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General Conclusions. U

came to the following conelusion:—* That considered
niarely as the means of mitigating a nuisance, these pre-
cipitating processes are satisfactory, that the cost of them
in any case is such as town populations may reasonably
be called upon to meet; that the necessary works need
not, if properly mnducted, be a source of nuisance, and
that by modifications of the existing methods, even the
slightest risk of nuisance may be entirely obviated,” and
this opinion is endorsed by the Local Government Board
Committee in their Report of 1876, pp. 116, 121.

The Executive Committee of the Society of Arts Con-
ference also arrive at the following conclusions :—* With
regard to the various processes based upon subsidence,
precipitation, or filtration, it is evident that by some of"
them a sufficiently purified effluent can be produced for
discharge, without injurious result, into water-courses and
rivers of sufficient magnitude for its considerable dilution;
and that for many towns, where land is not readily ob-
tainable at & moderate price, those particular processes
afford the most suitable means of disposing of water-
carried sewage. It appears, further, that the sludge in a
manurial point of view is of low and uncertain commer-
cial value ; that the cost of its conversion into a valuable
manure will preclude the attainment of any adequate
return on the outlay and working expenses connected
therewith, and that means must therefore be used for
getting rid of it without reference to possible profit.’

Manures produced from water-carried sewage by
precipitation processes, where a considerable amount of
useless matter (in a manurial sense) is added with the
chemicals employed in treating the sewage, are alnost
valueless ; but where the materials used in the process are
small in bulk and increase rather than diminish the worth
of the manure, it has a moderate value. Dr. Voelcker, in
the Report on the Birmingham Sewage Inquiry in 1871,
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a4 Walter-carvied Sewage.

cordingly, under penalty of sequestration if the Order
were not complied with. The Company did comply with
this Order, and having enlarged the works they were put
in operation in November, 1875. The treatment of
sewage was reffewed, and continued with satisfaction to
the Court of Chancery up to August, 1876, when the
Company stopped, and the works came into the hands of
the Local Board. The effluent water at Nuneaton was
filtered through two acres of land, and in most respects
the process carried on was similar to that at Coventry.
The yield of manure was about a ton a day; and the
working expenses were (exclusive of pumping the sewage,
which cost 3001 a-year) as follows :—

i

P ,

£ s d

Labour and management . & 6 0
Coal ) y : A )
Alumina . g it T
Lime i A
Contingencies « 0 il A
Tﬂtﬂl . i . . . ﬂ E 'I}
e,

This, together with interest on capital expended on
works at 5 per cent., made it about the same as that of
Coventry, viz.: 1s. 8d. per head per annum of the popu-
lation, exclusive of any revenue from sale of manure.
The sewage of Nuneaton is of a very offensive character,
owing to the presence of a large quantity of manufacturing
refuse.

Tug Namve Guavo, ok A B C Process, patented
in 1868 by Messrs. Sillar and Wigner, consists mainly in
the use of alum, blood, and clay. One of the first trials
with it was made at LEICESTER, in 1868, by the Rivers’
Pollution Commissioners (under the superintendence of the
patentees), where it was tested in comparison with treat-
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Precipitation. 45

ment by lime. The constituents used under the patent
at that time for ordinary sewage were as follows :—

Parts,

Alum ., R . 6007 About 4 lbs. of this mix-
Blood ‘ ‘ T ture were added to
‘Clay . : o el 000 1,000 gallons of sew-
Magnesia . ; Ty or 1 ton 15 ewt,

te of potash . 10| 80 lbs. per million
Burnt clay . ’ . 25 gallons; and the sedi-
Chloride of sodium . 10 mentor sludge treated
Animal charcoal . < 2D with a small quantity
Vegetable charcoal . . 30 of sulphuric acid was
Magnesian limestone ' 2 |  dried into a manure,

Although no account of the cost of manipulation is
recorded, the other results of these experiments are thus
¥ given :—!

o ‘L. The Sillar and Lime processes remove to a great
~ and nearly equal extent the suspended matters contained
in sewage.
b ‘II. Sillar’s process increases the amount of dissolved
- solid matters in sewage, but reduces the quantity of pu-
. trescible organic matter. The Lime process reduces both
. the amount of dissolved solid substances and the quantity
. of putrescible organic matter; the reduction of the last
- being about the same as that effected by Sillar's process,
 viz.: rather more than one-half.
‘IIL. Both processes fail in purifying sewage to such
an extent as to render it admissible into running water.

‘IV. For the manufacture of solid manure from sewage,
Sillar’s process is greatly superior to the method of treat-
ment by lime, although it fails to extract from the liquid
more than a very small fraction of its valuable con-
stituents.’

The removal of organic matter from the sewage did
not appear to differ much in both processes, and the

' lst. Rep. Riv. Pol. Com., 1868, pp. 53, 55.




46 Water-carried Sewage.

chemical value of the resulting manure was put as
follows :—

£ s d
Manure from lime process . : . 013 per ton,
= Sillar's process : s L1810

In the year 1869 the process was in operation at
Lesyinarox ; filtration of the effluent water through
animal charcoal was added, and the Rivers’ Pollution
Commissioners again inspected its working. The weather
on that occasion being most unfavourable, the Com-
missioners did nof obtain any results, but did so upon a
subsequent inspection, when the specification was varied,
and the constituents used were as follows :—

Cwt. qrs. s,
Alum s 1. & 0
Sulphate of almmm. 0 8 7 | About 7:8 lbs.
Clay : 8 0 0 of this mix-
Am:rml charcoal . 0 2 0 ture  were
Clay_ and blood, cnntnmmg 5-& added to
pints of blood : 0 112 1,000  gal-
Mixture of potash, carbonate nf 7 lons of sewW-
potash, and carbonate of soda 0 0 6 age,or 3 tons
Previously manufactured ma- 5 ewt. 20 lbs,
nure . 0 014 per million
Strong solution of perchlnnde . gallons.
of iron : . : 1 pint |

At a further inspection by the Commissioners at Lea-
mington, on the 10th May, 1870, the specification was
again varied, and the ingredients used were as follows :—

: Cwt. qrs. 1bs, | About 8 Ibs.

Ammonia alum b T solid of this
Clay (moist) 6 0 0 mixture
Animal charcoal . 0 015 were added
Vegetable charcoal 0 020 to 1,000 gal-
Epsom salts 0 020 |> lons of sew-
Blood in a pml['ul of (:Iﬂ.jr- age, or 3 tons
magma . 0 0 4 11 cwt. 48
River water . about 1 135 gallons |  lbs. per mil-
] lion gallons.

! 29nd Rep. Riv. Pol. Com., 1868, pp. 10-13.
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Precipitation. 47

The cost of these ingredients is said to havebeen
15/ 18s. per million gallons of sewage.! Analyses
of the results of these experiments are given in the
Appendix.

The process was eventually given up at Leamington,
and arrangements entered into with the Earl of Warwick
for disposing of the sewage upon land.

The next practical test of this process was at CRossNEss,
where the Native Guano Company obtained a concession
of sewage from the Metropolitan Board of Works, and
erected works at the Southern Metropolitan outfall,
capable of treating 500,000 gallons of sewage daily.
In order that the results should be unquestioned, the

» works were placed under the immediate superintend-

ence of the engineer and the chemist of the Metro-
politan Board, whose reports thereon were published in
January, 1873.*) From them the following facts are
gathered. The working extended over eighty days
(nights and Sundays being excluded), and during that
period 11,672,737 gallons of sewage were treated with
upwards of 166 * tons of A B C mixture (which differed
from that which had been employed at Leicester and

:. Leamington), and was as follows :—

Parts
Eulphﬁﬂff]“mi“_ 155 | 321ba.of this mixture wereadded
mlch"? “f" ) " 180 to 1,000 gallons of sewage, or
With a little blood and | 14 tons 5 owt. 80 lbs. per
ionally lime. million gallons,

The yield of dry manure at the conclusion of the

experiments was 142 tons, of which it is caleulated that
about 61 were obtained from the sewage and 81 added in

' Proc. Inst. O.E,, vol. xlv., p. 150.

« ¥ The Standard, Jan, 23, 1873,
* Containing only 81 tons of dry material.
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with the Native Guano Company, whereby they con-
tracted to erect works ata cost of £16,578, and the Com-
pany undertook to defecate and purify the sewage. The
Corporation agreed to pay the working expenses of the
process, and to deliver to the Company one-fourth of the
manure made at the works. A portion of the sewage
only was dealt with, and the following is given as the
particulars of treating a daily flow of 1,035,000 gallons
for a period of 57} hours.! The chemicals used were as
follows :—

Tons ewt.
Sulphate of alumina . ‘ 5 | . 811
Cl.u{lm A
(waste uct of pruum of putllh
muﬁcmra]w 4 1
Blood, a small quantity

14
——

The cost as follows ;— :
£ s d

Labour - r E ~ « X 7T
Chemicals . . . 812 9
G:!u.l ? . 83 0 0
Miscellaneous . 018 0
2318 1
——

The process has been given up, it is stated, on account
of its great expense,® and another, which is referred to
elsewhere, has been substituted.

At Sovrnamprron, with a population of 55,800, and a
domestic sewage, the Native Guano Company entered into
a contract to deal with the sewage. About 10,000/, were
spent in preparing tanks and connecting sewers, and it
was estimated that the cost of the works when completed
would be 21,0007, exclusive of 1,500/ for the purchase

! Loe. Gov. Bd. Rep., p. 87,
* Roseb. Ret. p. 18; also Soc. Arts, p. 4.
E
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Precipitation. 51

further cost of 14,000/, If the Company made any
profit then, they pay to the Corporation 5 per cent. upon
the cost of the works, exclusive of land; beyond this if
any profit remained, 15 per cent. to be handed over to
the Corporation. The works to be carried out from the
plans and specifications provided by the engineer to the
Native Guano Company, and the Company to be paid 2}
per cent. for such plans and specifications.” The Corpora-
tion at once purchased the land, and performed their part
of the agreement by erecting experimental works, by
which, in October, 1871, the Company were able to com-
mence the treatment of about 1,000,000 gallons of sewage
daily. The chemicals or mixture used on this occasion
appears to have been as follows :—

Tons ewt. qrs. Iha.
Alom . . « ¥38° 1T 9
Carbon (animal carbon, =
being refuse from i tity was
h;wh) A .gguu* of sew-
C s ' . 2 12
Blood mixture 0O 0 2 O i
Lime 0 1 218
Total . 8 2 0 3

The cost of these ingredients is said to have been
7l. bs. After carrying on these trials for some time, the
Company gave notice on the 14th of March, 1873, that
they were not in a position to continue their operations
at Leeds. The Corporation thereon agreed to release the
Company from their contract, upon condition that they
were allowed to use all or any of the Company’s patents
free of royalty, and took possession of the works on the
Ist of June, 1873, and invited other patentees to make
experiments.

In the meantime; the Corporation were proceeding

B2







Precipitation. 53

Tons cwt. grs. Ibs.
Lime ; . . 613 320 )3tonsldewt. 1 qr.
Carbon . : . 8 6 02 6 Ibs, of this mix-
Spence’s alum . . b 61 4 ture were added
Clay . . e 1 g N to a million gal-
Carbolic sulphite . 0 0 0 5%) lons of sewage.
Total . .33 8 3 1§

The cost of these ingredients was 29/. 11s. 9d. or at
the rate of 3. 5s. 9d. for one million gallons of sewage.

An error appears to have crept into a certificate given
by the SBewage Committee of the Leeds Corporation (and
printed in Health and Sewage of Towns, Society of Arts,
1876, p. 40), as to the cost of the chemicals per million
gallons. It is stated to be 1/. 17s. 0d., but this was
reckoning the flow of sewage to be between twelve and
fourteen instead of nine million gallons per day.

Analyses of the effluent water and of the manure pro-
duced from this trial are given in the Appendix.

The Company having made these experiments, were
allowed to continue working for a while, the results of
which have not yet been published. Opportunities were
then given to other patentees to try their processes on
the new works, and the one now under trial is referred
to elsewhere.

The following report of the manure produced from
the A B C process at Leeds, is published :—* Sixty
gentlemen have made trials of one or two tons each of
the dried manure from the A B C process, and the effect
on turnips, potatoes, general garden produce, and grass,
is reported upon favourably by forty of them, and un-
favourably by twenty,’ but some of these latter remark
that the season was ‘too dry for a fair trial to be
obtained.’

The A B C process is at present being worked at
















58 Water-carried Sewage.

phosphate of alumina, and that the manure contains much

more worthless matter derived from the precipitating
mixture.’ !

IL.—Processes which employ Lime as the chief
Precipitating Agent.

Hiue's Process, patented in 1870, employs lime,
tar, salts of magnesium, or other chemicals, and the
products arising from the calcination of lime, the effluent
water being afterwards filtered, either through artificial
filters or through land, or it may be used for irrigation
purposes. The patentee starts with the following common-
sense and commendable assertion: ¢TI do not propose to
manufacture from sewage, water fit for drinking pur-
poses, or a highly valuable artificial manure. But I do
profess to produce by my process an effluent water, at a
reasonable cost, which is good enough, for all practical
and sanitary purposes, to be discharged into any river,
and a sewage deposit which is perfectly harmless and
inoffensive.” *

The process is in operation at the following places :—

Evmonton, Middlesex, with a population of 15,000,
and an average daily flow of about 800,000 gallons of
sewage of a domestic and dilute character. The sewage
is pumped to a height of 27 feet. The Local Board
possess about 114 acres of land, purchased for a farm,
which is used as an auxiliary to the process, It is stated
that 26,2001 have been spent on sewage works, and that
the cost of carrying them on with this combined process
during four months was at the rate of 7504 per annum,’

' Treatment and Utilisation of Sewage, by M. I1, Corfield, M.A., M.B,,

1870, p. 211.
* Pamphlet by F. Hille, 1876, s Roseb. Ret., p. 26.
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Precipitation. 59
but the details of this sum are not given, and the com-
plete cost of treatment has not elsewhere been published,
excepting as stated by Mr. Eachus, that ¢ the results of
six months tiial at Edmonton were found to be that both
irrigation and a precipitation process, that known as Hille's,
had cost the Local Board in each case about the same,

~ mnamely, 6/. per million gallons treated, or 1s. 2d. per

head per annum, inclusive of interest on capital expended
for the two systems.’?

The materials are added to the sewage in the form of
a thick fluid compound in the proportion of 3 tons 7 cwt.
to a million gallons ; but the proportion of moisture in this
fluid mixture is not given. The residue from each day’s
sewage is stated to be 3 tons, and its theoretical value to
be 26s. per ton.?

TorreNnam, Middlesex, with a population of 23,000 ;
about 5,000 water-closets are in use, and there is a
domestic sewage (the refuse from India-rubber mills
being now kept out of the sewers)® amounting to an
average daily flow of about 1,200,000 gallons. The pro-
cess has only recently been put in operation. Tt is stated
that upwards of 11,0002* have been expended on sewage
works, and that the cost of carrying on such works
during the year 1875 was 1,979L°

GraxTiAM, and also at TAuNTON, the process has been
experimentally in operation, and is about to be adopted
at the latter place.

WinsLEDON, Surrey, with a population of 12,500 ;
the process was tried here on temporary works for six
years, and gave sufficiently favourable results® to induce
the local authorities to adopt it, and to construct per-
manent works. In these works provision has been made

! Proc. Inst. C.E., vol. xlv. p. 199,

* Pamphlet by F. Hille, 1878.  * Roseb, Ret., p. 20, 4 Ihid.
* Roseb. Ret. and Soc. Arts, p. 16.

* For avalyses of effluent water and manure, see Appendix.
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Precipitation. 65

and the value assigned to it was 4/. 3s. 6d. per ton ; it is
also said that it appeared to meet with a ready sale.

Very conflicting reports of the quality of the effluent
water have been given. It has been stated in one place
that it was satisfactory, and in another that it contained
more phosphoric acid than the filtered sewage, so that
there was a positive loss in that respeet." The Company
subsequently went into liquidation, the sewage works
reverted to the Local Board, and another process has
been adopted, to which reference is made elsewhere.

CampBELL’S PROCESS, patented in 1872, employs phos-
phate of lime in a soluble state, This is added to the
sewage, and then precipitated by a further addition of
lime. It was worked for six consecutive days in July,
1872, at Torrexnam, and the results are stated * to have
been that 3,500,000 gallons of sewage were treated with
the following chemicals :—

Bone ash : ll]l 976 lbs. of these were added
Su]phu:m: acid 4 15 to 1,000 ns, or 4 tons
I.u:nu . 4 0 Tul:tn.!l Ibs. to a million
—_— of sewage,
Total : . 15 B 3 2
The cost of these chemicals was 571 2s. 6d., or 161, 6s. 5d.
per million gallons of sewage.

The yield of manure was 22 tons, the chemical
value of which was estimated to be about 5/ a ton:
analyses of the manure and the efluent water are given
in the Appendix.

The experiments at the Tottenham Sewage Works
were then discontinued, and small works, capable of

' Paper read at Soc. Arts, by W, Thorpe, F.C.S.
* Proc, Inst. O.E., vol. xlv. p. 149,

r




66 Water-carried Sewage.

treating a maximum quantity of 5,000 gallons in twenty-
four hours, were erected under one of the arches in the
viaduct of the London, Chatham, and Dover Railway,
and permission obtained from the Metropolitan Board of
Works to pump sewage, for the purpose of experiments
thereon,! _

The experiments on these works commenced in
September, 1873, and between that date and May, 1875,
thirty-one trials were made—155,000 gallons of sewage
were dealt with, and it was eventually found that to pro-
duce a good effluent water the following chemicals were
required :—

Superphosphate of lime . 10 lha. ] This was added to 1,000

Lime . X ool gallons, or at the rate

e of b tons 16 ewt. 8 lbs.
Total g LA per million gallons of

T HEWH-EE*

The first experiment was with 5,900 gallons of sewage,
the chemicals used being—

Superphosphate of lime . 56 lbe.

Dry lime . it | These were used in the

proportion of 5 tons
o Y cwt. to a million
Total . . A2 5 gallons of sewage.

The chemicals cost 4/. 2s. per ton, or 22/ 6s. per
million gallons of sewage.

The dry manure obtained was 112 lbs. and was
valued at 47, 9s. per ton.

The second experiment was with 3,358 gallons of
sewage, the chemicals used being—

Superphosphate of lime . 32 Ibs,| These were used in the

Dry lime . : R roportion of 5 tons
i —-i 1;1 cwt. 1 1b. to a
Total : . 413, million gallons of sew-

— n,g‘e‘

1 Proe, Inst. C.E,, vol. xlv. p. 1561,
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The chemicals cost 4/. 2s. per ton, or 22/ 15s. per
million gallons of sewage.
f The dry manure obtained was 56 lbs., and was valued
 at 41. 17s. 4d. a ton.
The third experiment was with 3,724 gallons of
. sewage, the chemicals used being—

Superphosphate of lime . 36 Ibs."} These were used in the
Dry lime . R 1 proportion of D tons
— 12 ewt. 77 Ibs. to a
Total . o AT million gallons of sew-
e age.
The chemicals cost 41 2s. per tom, or 23l 2s. per
~ million gallons of sewage.

. The dry manure obtained was 80 Ibs. 8 oz., which
- was valued at 3/, 15s. per ton.

: It will be observed that in none of these trials has the
. cost of labour, coals, interest for outlay on works, &e.,
been added. Tt has been assumed to be 1/. 8s. 10d. per
ton of the manure produced, and that this, added to the
cost of the chemicals, would show a small profit on the
- manufacture of the manure. There would be, in addition
to the risk of much of the valuable chemicals passing off

~ in the effluent water and being lost, the risk of those
- which are precipitated undergoing a change from a soluble

- to an insoluable form, and thus losing much of their value

for manurial purposes.

Haxssox's Process, patented in 1875, employs lime,

* black ash, and red hematite treated with sulphuric acid.

The black ash used in this process is said to be soda or
tank waste, consisting essentially of the sulphides of calcium
and sodium, a refuse from alkali works,! and obtainable

! Soc. Arts, p. 82,
r2
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Precipitation. 71

taking having failed, attempts were made to continue the
process for sanitary purposes, but even in this respect it

has been given up at Tottenham, where another process
has taken its place, and it is also about to be abandoned

- at Leicester for some more sanitary mode of dealing with

—

the sewage.!

In 1858, the Rivers’ Pollution Commissioners reported
in favour of the lime process as carried on at Leicester, Tot-
tenham, and Cheltenham, as ‘a method likely to be made
available in many other places with advantage ;' but in
1867 and 1868 the Commissioners alter this opinion by
condemning thetreatment of sewage with lime at Leicester,
Luton, and Tottenham, as well as at Hertford.®

A more recent report by Captain Flower* on the
treatment of town sewage in the valley of the Lee, re-
cords very fully the insanitary results of the lime process
at some of these places, and it appears that at Birmingham
also it is not successful, as it entails there as heavy a
charge upon the town as a more sanitary process would.
The analysis of the effluent water given in the Appendix

| - shows that the purification of the sewage is not complete.

The accounts also state that heavy compensation was re-
cently paid to an adjacent landowner on account of foul-

- ing the stream. ‘It is also the case that the large amount

of sludge demands an increased area of land for the pur-
pose of burying it, and that such cannot be obtained

~ without heavy expense.

At Worksop and at S8outhborough, injunctions against
the process have recently been granted, and out of thirty
places where it has been used it has already been given
up at sixteen ; the remaining fourteen cannot be said to

' Proc. Tnst. O.., vol. xlv. p. 194 ; and Soe. Arts, p. 82,

'h&ﬂnv.ﬂd.ﬂ::.,p.;]:;: g

ﬁ;ﬁlmni Rep., 1867, pp. xi. xii. xiii. ; First Rep. Riv. Pol. Com., 1868,
i A







e ——
i

Precipitation. 73

sive gases with black masses of putrid mud floating on the
surface.” Analyses of the sewage and effluent water are
given in the Appendix.
BirmiyeuaM may be regarded as the head-quarters
of the lime process. Although the town of Leicester
adopted it some eighteen years earlier, the authorities there
have come to the conclusion that some other and more effi-
cient method must take its place. Attempts to utilise the
sewage of Birmingham were made nearly forty years ago,
and for some time it was endeavoured to dispose of it by
irrigation.  Various experiments with land were made on
~ amore or less limited scale, but eventually in 1859 the
~ town authorities were compelled by legal proceedings to
- construct tanks for the reception of the sewage. In these
~ several modes of filtration were tried, but found to be in-
- effective. In 1861, the Corporation purchased 28} acres

of land for 8,000L, and, in 1867, took on lease 128 acres of

land at a yearly rent of 855/, when irrigation was again

tried, and the land prepared at a cost of 11,2507, but it was

not successful, and, in 1870-71, eflorts were made to ob-

tain power to acquire some 2,000 to 2,500 acres of land
- near Kingsbury, but without success. The costs incurred
- on this account amounted tc 10,644, The Corporation
then purchased twenty-four acres of land that had been
held on lease, for the sum of 8,000L, and an additional
101 acres for the sum of 29400L In 1872, the lime
process was resorted to at a cost for works of 58,8801,
notwithstanding that Mr. Hawksley advised the use of
sulphate of alumina and lime.! At the present time
Birmingham contains a population of about 350,000, with
about 8,000 water-closets in use, and discharges by gravi-
tation through two main outlet sewers at Saltley, an
average daily volume of 12,000,000 gallons of sewage,
containing a very large quantity of manufacturing refuse

! Birm. Sew. Enq., p. 87.
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+15,154L 1ls. 5d.;' if to this be added 5 per cent.

interest on capital expended, the total average annual
cost amounts to 22,4601, involving a charge of 5l. 2s. 6d.
per million gallons of sewage, or 1s. 3}d. per head of
the population. In the face of this cost Birmingham can
scarcely be held up for imitation in respect to the dis-
posal of its water-carried sewage.

Sir Joseph Bazalgette has recently said :? * The sewage
of Birmingham was now being utilised by the lime pro-
cess, under the able direction of Mr. Hawksley, past
President, Inst. C.E., and it was being carried out as well
as it possibly could be; but he thought Mr. Hawksley
himself would admit that it was only a palliative, and
that it was not such a process as could be applied to most
towns.! This opinion will be endorsed by all who con-
sider that the system costs the ratepayers about 1,871L
per annum for each 1,000,000 gallons per day of sewage
treated, and that it is not a sanitary success. There are
other difficulties also, ereated principally by the use of this
process, which the Corporation of Birmingham sooner
or later will be called upon to meet, and which tend
to show that as a system it is not complete. The
enormous quantity of sludge produced by the lime pro-
cess will in time require more land in which to dig or
bury it, and unless a system for lessening the quantity be
adopted, the cost of extra land, even if it can be obtained
at all, must prove a very heavy addition to the rates of
the borough.

The trial on a small scale of General Scott’s system
for converting sludge into cement is in operation at
Birmingham sewage works, but the composition of the
sludge there does not appear to be very favourable to
this mode of disposing of it.

' General and detailed financisl statements of the borough of Birmingham
for 1873-75. * Proc. Inst. C.E., vol. xliii. p, 211,
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spinning, manufacturing, dyeing and dressing works.
In 1868, the sewage poured into the Bradford Beck, and
an injunction was granted against the Corporation. In
the same year the Peat Engineering and Sewage Filtra-
tion Company attempted to filter the sewage through
peat charcoal. Arrangements were entered into and
works erected by the Corporation at a cost of 60,000. ;
but the undertaking failed, because the sewage choked
the filters, the Company losing upwards of 30,0001
In 1875 the following process was commenced :—The
sewage is first dealt with by screening, then precipitation
by milk of lime, and, finally, filtration through coke
screenings. For this purpose the works were altered, and
altogether 63,618/ have been spent on them. The pro-
portion of lime used is one ton per million gallons of
sewage.
The cost for the year 1876 is given as follows : —

£
Management . ‘ : . . . 300
Labour . . . . : . . 2,710
3,000 tons of lime . . d . LB7H
2,000 tons of breeze for filters : . . 125
Fuel . g : ! . 4 . 642
Miscellaneous . " g . . . 624
Total : " . ; . 62761
—_—

This, together with 5 per cent. interest on capital,
amounts to an annual cost of 9,456/ or at the rate of
3l. 4s. 10d. per million gallons of sewage, or 1s. 13d. per
head of the population ; but this does not include drying
or in any way disposing of the sludge, which it is said
amounts to about 22 tons per day ; there is no sale for it,
it accumulates at the works, and the Corporation propose
to adopt artificial means for drying it.®

' Roseb. Ret., p. 46. * Loc. Gov. Bd. Rep., p. 44.
* Loc. Gov. Bd. Rep., p. 43,
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tion before it passes into the Brent. Lime treatment has
been in operation for the former during ten years, and
the cost is stated to be about 375/, a year.! Three years
ago it was stated that no nuisance had arisen from this
mode of treatment,? but no further information on this
point appears since to have been published.

HarBoRNE, Staffordshire, with a population of 5,103,
and a domestic sewage. Lime is used to a small extent
in conjunction with filtration through gravel, coke, and
charcoal. No reports as to results have been published.

Leicester, with a population recently increased to
115,000, has 6,500 water-closets in use, and a manu-

ing sewage containing refuse from dye, india-

~ rubber, fellmongers’, and soap works. Twenty-five
- years ago, Mr. Wicksteed proposed to utilise the sewage
by treating it with lime, and manufacturing the residuum
or sludge into manure. The subject was approached
more as a commercial than a sanitary work, but it was
intended to serve both purposes. It was believed at that
time that the manure resulting from this treatment of
sewage would be worth- 5/ per ton, and Mr. Wicksteed
formed a company, who erected works at Leicester for

- this purpose at a cost of about 30,000L, but only to dis-
- cover that the product was next to worthless, The con-
- sequence was, that after three years, according to agree-
ment with the Corporation, the whole of the works fell
into their hands free of cost, the company having failed

to carry out their undertaking. The Corporation continued
lime treatment. The works and process were investi-

gated by the Rivers' Pollution Commissioners in 1868,

who state that, ‘the machinery employed is very perfect

and efficient, but the method obviously failed in the puri-
fication of the sewage to such an extent as to render it

admissible into a river’; and, further, ‘that it was a

! Roseb. Ret., p. 28, * Roch. Ret., p. 27,
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lution Commissioners, bear a good sanitary character.
They say: ‘The sewage is clarified by a liming pro-
cess.” ‘The effluent water, more or less clarified, flows
direct into the stream of the Lee” ‘This process of
clarifying sewage improves it in so far as the solids
are removed, but the fluid remains sewage, and if
allowed to stagnate will become putrid and offensive.’!
A more recent report by Capt. Flower says: ¢ These works
being of a temporary nature, cannot be called satisfactory,
though the discharge of fluid from them, in consequence
of the care with which they are carried on and the enor-
mous dilution of the fluid by subsoil water, is at times
fairly admissible into the river. Although clarified, how-
ever, it is not purified sufficiently to be passed into a
river of small volume from which drinking water is
drawn.” The sludge at Luton is said to be ‘like all lime
deposit, very filthy."*

Ormessy (Norrn), Yorkshire, with a population of
6,000. Treatment with milk of lime and filtration
through coke were in use in 1874, and had been for six
years, during which time no nuisance had arisen® No

recent information has, however, been published.
- Lime treatment has been tried and given up at the
following places: —

Baxpury.—First, carbolic acid and lime, and, second,
perchloride of iron and lime, were tried and failed pre-
vious to the adoption of irrigation.*

CoveNtRY.—Previous to the system now in operation,
treatment with lime was tried and abandoned.® It has
also been recently tried in the present works, but with
1 nsanitary results.

CueLTENHAM.—Previous to the adoption of irrigation,

Second Rep. Riv, Pol. Com., 1867, p. xi.
Soe. Arts, p. 41 * Roch. Ret., p. 28.
Soc. Arts, p. 2; and Roch, Ret., p. 4.
Soc. Arts, p. 38; also Roch. Ret., p. 24.
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II1.—Processes in which salts of iron are used as
precipitants,

Salts of iron have been used for more than a century
for disinfecting night soil and foul waters, and have
formed the subject of various patents for the treatment
of sewage, but in practice they are found to be too
expensive.

At NorruamproN, chloride of iron in conjunction
with lime was tried with the sewage of 40,000 people,
about six gallons of chloride of iron and twelve bushels
of lime being added to each million gallons of sewage,
The effluent water was then filtered upwards through a
stratum of calcined iron ore, eight inches thick. It then
flowed along a culvert for a mile and a half, in which it
mixed with about one-sixth of its volume of spring
water, an analysis of which is given in the Appendix. The
results were, however, not successful, as in 1870 the Court
of Chancery granted an injunction against the Corpora-
tion, and the system was abandoned.

At Cuirrox, sulphate of iron and lime were tried and
given up.!

Previous to the adoption of irrigation, experiments
on a small scale were made at CHELTENHAM with per-
chloride of iron, but were not satisfactory.?

IV.— Miscellaneous Processes.

Experiments on a small scale have been made with
various processes—such as Hiees', DALE’s, axp Dims-
DALE'S, at CroypoN, and have been reported on unfavour-
ably.?

' Roch. Ret., p. 24.  * Soc. Arts, p. 105.  * Roch. Ret., p. 7.
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fhic&h, through recent experience, are now well recog-
nised.

From the amount of matter published upon this sub-
ject (much of which being expressed long ago is lost
sight of), it may not be out of place to repeat some of the
conditions which should govern the disposal of sewage
by irrigation.

In 1862, Dr. Voelcker stated in evidence before a
select committee on sewage of towns, ¢ that liquid manure
may be applied with great advantage on light porous soils
and all soils resembling more or less in character such
land ; but on heavy clay land it cannot be applied with
advantage, especially when the land is so cultivated as to
produce in dry weather large cracks, through which the
liquid manure necessarily will flow."?

At the same time Professor Way stated, ¢ that though
valuable materials were contained in sewage, they were
coupled with a condition which obliged you to limit your
use of them ’; also, ¢ there is no doubt that if you laid iron
pipes over a farm and told me that T might have the sewage
when I liked to apply it, I should be very glad of apply-
ing it when it was there, and I should be still better
pleased if I could take it when I liked and could leave it
when I liked.’ ?

Further, he said : * I believe that under given condi-
tions the sewage is of immense value merely as water,
and that under other conditions the water is so objection-
able that you would rather lose the manure than be
obliged to have the water.”?

On the same occasion, Mr. Mechi said he was of opinion
that sewage could only be applied to grasses, particularly
Ttalian rye grass, and that 8,000 tons an acre per annum
of sewage cannot be used without nuisance to the neigh-
bourhood, or without nuisance to the running streams of

! Report, p. 68. 3 Ibid., p. 96 ¥ Ildd., p. 40.
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the neighbourhood. He further said, ¢ 200 or 300 tons
per acre in his opinion would constitute a very excellent
dressing for a cereal crop’;' he, however, only applied 48
or 50 tons per acre, thinking that to be a sufficient
stimulus, though he used 100 tons per acre for irrigating
grass. His opinion was, also, that it would not be free from
nuisance if more than 1,000 or 2,000 tons of sewage per
acre per annum were applied, and even this proportion
must be upon artificially underdrained land.

These statements from one so experienced in agricul-
ture, and also in sewage agriculture, as Mr. Mechi, are
valuable ; they show: 1st, that sewage ought not to be
applied to land for agricultural purposes in a proportion
so large as a daily flow of 1,000,000 gallons to 200 acres ;
2nd, that a proportion of 1,000,000 gallons to 33,000 acres
is sufficient for cereal crops; 3rd, that a proportion of
1,000,000 gallons to 16,393 acres is sufficient for irriga-
ting grass; and 4th, that it would not be safe generally
to apply it in a greater proportion than 1,000,000 gallons
to 1,000 acres. The true proportion of sewage to land
for economical purposes is here pointed out, but, unfortu-
nately, in practice, the limit laid down by Mr. Mechi has
been enormously overstretched, and in this lies one of the
chief reasons of non-success in sewage farming.

The Rivers' Pollution Commissioners, after an enquiry
into the Croydon, Norwood, Worthing, Carlisle, and
Edinburgh examples of irrigation in 1866 (Report, pp.
13, 15), came to the following conclusions :—

‘Sewage irrigation requires to be undertaken and con-
ducted with strict attention ; the site must not be too near
to dwellings, adjoining wells should be watched, and, if
the soil be very porous, disused ; the sewage must be
supplied fresh and over a sufficient area of land. There
may be difficulty in some cases in finding land available

' Report, pp. 58, 57.
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¢ Nowhere have experiments on agricultural subjects been
more extensively tried than in England ; and, seeing the
great success of irrigation with liquid manure in Flanders,
where the soil is almost barren, men have thought that
the system ought to be equally successful in this country,
and have perseveringly tried it. Sometimes the results
have been advantageous, but generally they have been a
complete failure, and have been abandoned.” A principle,’
 he says, ‘like that which informs us that fertilising
matters produce their maximum effect in liquid form,
may be true in the abstract, or with reference to particu-
lar kinds of plants, or in certain climates, or with re-
ference to soils of a particular character; but in other
climates or other soils there may be operating causes
which render it by no means advisable to administer
manuring matters in a state of solution.’

Had these foregoing opinions been kept steadily in
view there is reason to believe that much of the expendi-
ture upon sewage farming in this country might have
been saved, impracticable and costly schemes might have
been avoided, and some other mode of meeting the diffi-
culty been sought for.

The unsuitability of the English climate for irrigation
purposes has been too much disregarded in considering
this subject. The favourable results with irrigation in
India, and on the continent of Europe, where the climate
is totally different from that of England, have frequently
been advanced in support of its being successful in this
country.

*In Spain, Northern Italy, and British India, irriga-
tion on a large scale has proved highly useful. In
Piedmont, about 1} million of acres are so treated, and
in Lombardy, nearly six millions. The soil in both these
countries is composed of deep beds of gravel overlaid
with light sand. The volume of water annually used
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permits, or discharged into an outfall channel, but the
pramplmted matter may be used as a manure. That
irrigation, or any one process in itself, is insufficient, is
clearly evidenced by the fact that many of the objections
which exist to an individual process disappear when two
or more processes are taken in combination with each
other.

Sewage Farm showing (exclusive of management)
a profit.

WrexnaM, North Wales, has a population of 8,537,
and water-closets are used by 30 per cent. of the
inhabitants. The sewage contains refuse from leather
manufactories and breweries, and amounts to an average
dry weather daily flow of 300,000 gallons, which, along
with storm water, is conveyed by gravitation to a farm of
84 acres in extent, having a gravelly and loamy soil. It is
held on lease by the Corporation at an annual rental of
320L. For two years the local authorities greatly mis-
managed the farm, and, in February, 1872, it was sublet
(for 350L a year)! with the sewage, to Lieut.-Colonel
Jones, V. C. who, residing on the spot and devoting his
whole energy and skill to managing the undertaking, has
achieved a fair amount of success. The sewage is first
of all allowed to subside in tanks, and about 600 tons of
sludge per annum is in this way removed from it, and
sold at 1s. 6d. per ton.* The character of the soil being
suitable, the expense of underdraining it, with the excep-
tion of mains, has thus been saved. Storm water is not
excluded from the sewers, but the flow of liquid sewage
on to the farm in wet weather is limited to 500,000
gallons a day, or about one-half the flow after 24 hours’
rain.  All surplus liquid over and above that quantity in

! Roch. Ret., p. 17. ? Boc. Arts, p. 27,
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gravelly and loamy character of the soil is most favour-
able. The amount expended on the pumping station,
preparation of the land, &ec., has been 9,200L' The
average annual working expenses for the years ending
December 31, 1874-75, inclusive of rent, and the cost of
pumping, has been 2,560/ The average annual return
from sale of produce during the same periods has been
2,4211..2 so that, inclusive of 5 per cent. interest on the
capital, the annual expense amounts to 599Z.,0r2/. 6s.101d.
per million gallons of sewage, or at the rate of 81d. per
head of the population. The farm is distant only
about 1,000 yards from the town, and almost all circum-
stances here are favourable to the undertaking, including
the rent, which is moderate. The character of the soil is
so suitable, that, with the exception of mains, it has not
been found necessary to underdrain it, and the cost of its
preparation has not exceeded 15/ an acre. The farm is,
moreover, situated in a locality well suited for the sale of
produce, and no difficulty is experienced on this point. It
has been in operation seven years. The proportion of
land used is 261 acres to a daily flow of 1,000,000
gallons of sewage.

Bisnors StortrorD, Hertfordshire, has a population
of 6,250, and a daily flow of about 500,000 gallons of
sewage proper (the flow, owing to large quantities of
subsoil water getting into the sewers, is about double),
containing no manufacturing refuse. This is an instance
of a sewage farm which, having been in operation four
years, in a sanitary point of view is spoken well of : ¢ The
sewers have a very large quantity of infiltrated subsoil
waters, and the sewage is very weak. This being the
case, and to save pumping, about four or five hours of
the night-flow is filtered through gravel and charcoal,

' Loe. Gov, Bd. Rep., pp. 7 and xxxviii.
* Published accounts for borough of Bedford Irrigation Farm, 1874-75.
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quantity of land used is in the proportion of 152 acres to
a daily flow of 1,000,000 gallons of sewage.

LeayingroN, Warwickshire, has a population of
24,000, and the sewage amounts to a daily average flow
of 800,000 gallons. It is purely domestic, there being
about 8,000 water-closets in use, with no manufacturing
refuse. In 1861, the authorities constructed tanks and
outfall works at a cost of 8,000/, and used the lime pro-
cess ; but an injunction was granted against them in 1866
for polluting the river, and, as proper steps were not
taken to abate the nuisance, in 1867 an order of seques-
tration was issued. Lime treatment was then aban-
doned, and, after a trial of the A B C process in 1868,
an offer made by the Earl of Warwick was accepted.
During that year, however, the authorities spent 1,500L
in improving the condition of the river, and also a sum of
5,000. in legal expenses. The authorities of Leaming-
ton have acquired no land, but have the privilege of
pumping the sewage on to the Earl of Warwick’s farm at
Heathcote, near Warwick, not only without payment, but
his lordship pays the Corporation 450/ a year for doing
so. This arrangement has been entered into for a term
of thirty years from 1871. The cost of the n
works for pumping the sewage on to Lord Warwick’s
land, a distance of 2} miles and a height of 120 feet,
has been 16,239/, making a total expenditure of 30,739/
The working expenses for pumping are about 1,000/ a
year, so that, inclusive of 5 per cent. interest on the
capital expended, and deducting the payment made by
Lord Warwick, the total annual cost to Leamington
amounts, exclusive of supervision, to 2,086/, or at the
rate of 7l 2s. 10Ld. per million gallons of sewage, or
ls 84d. per head of the population. Lord Warwick
publishes no report as to whether he derives any benefit
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from this sewage or not. The farm upon which it is
pumped is a well managed one, and is, perhaps, the best
nstance of sewage farming to be met with; but this is
undoubtedly due in a very large measure to the following
facts : The farm upon which the sewage is delivered com-
prises 375 acres of a loamy, sandy, gravelly soil, of the
most suitable quality for the purpose, and it is supple-
mented by Lord Warwick’s tenantry, who at times take
some of the sewage, making altogether an area of
1,000 acres available for receiving it. This large pro-
portion of land of the best quality, upon which the
sewage 1s delivered at small cost to Lord Warwick, and
under good management, accounts for the favourable
agricultural results attending the Leamington Sewage
Farm. Although the Corporation of Leamington have
not purchased. or leased any land, the disposal of the
sewnge, as shown above, is attended with considerable
cost, and there is this disadvantage, that in twenty-five
years the present arrangement will come to an end ; and
as the Corporation of Longton, in Staffordshire, pay the
Duke of Sutherland 5007, a year for a similar privilege, it
is not improbable that Lord Warwick may decline to
confinue 1t on the same terms,

The proportion of land available for treating the
sewage of Leamington is 1,250 acres, that of the farm
upon which it is delivered, 469 acres, to a daily flow of
1,000,000 gallens.

West Dersy, Lanecashire, has a population of
31,400, of which 24,100 only at present contribute to
the sewage farm. The sewage from the remainder of the
population discharges into the Liverpool sewers. There
are about 3,220 water-closets. The sewage amounting to a
flow of 723,000 gallons per day, is domestic in character
without manufacturing refuse. Tt is delivered without
pumping on to a farm of about 207 acres, fifteen of
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which are not under irrigation, being detached from the
remainder by the river Alt. The chief portion (about
150 acres) is of a sandy soil, the remainder of a clay
subsoil. The works, which have been in operation three
years, have cost up to March, 1876, as follows :—.

* = &

Purchase of land ‘ 5 " . 3032 2 0

Compensation, &c. . : . . 3916 1 9

Laying out land . . . " . 8934 9 8

Engineering, legal, and other expenses . 18,697 12 4
Estimated amount required to complete farm

works . : . ) 1,476 14 3

Total . . . . . 63,350 0 0!

The cost of carrying on the farm for the year ending
March 25, 1873, was 2,334/, and the receipts from the
sale of produce during the same period, 3,349/ So that,
inclusive of 5 per cent. interest on the capital expended, but
exclusive of supervision, the annual cost of this work
amounts to 2,176/, or 8/. 4s. 11d. per million gallons of
sewage, or at the rate of 1s. 91d. per head of the popula-
tion contributing to the sewage dealt with, The legal ex-
penses incurred by an injunction appear to have been
large, and although other circumstances seem favourable,
a very heavy charge upon the ratepayers is the result.
The land is used in the proportion of 265 acres to a
daily flow of 1,000,000 gallons of sewage. The price
paid for the land has been about 166/ per acre, and the
cost of laying it out about 43/ per acre.

Merrayr Tyoriu, South Wales, has a population of
54,500, but of these,6,000 are on the mountain sides, and
in isolated groups beyond the range of thessewers, so that
only 48,500 contribute to the sewage. There are about
4,000 water-closets in use, and the sewage is purely
domestic, containing no manufacturing refuse. The daily

' Loe, Gov, Bd. Rep., p. 30
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average flow amounts to 1,200,000 gallons. Tn 1868 an
injunction was granted to prevent the pollution of the
river Taff, and the local board obtained parliamentary
powers to acquire 400 acres of land for dealing with the
sewage. In the following year, a plan was adopted
for irrigating 375 acres, situated at from 8 to 11 miles
from Merthyr; and, in 1873, the extensive outfall sewers
to this land were completed; but whilst they were in
progress the authorities, being hastened into immediate
action by order of the Court, adopted a temporary ex-
pedient in the preparation of 20 acres of the land for
filter beds by deep underdraining. For a few months,
(viz. from January to May, 1871), the sewage (from
some 20,000 people) was applied to these 20 acres, but
after that date one-half of the sewage was conducted to
the land prepared for irrigation, and during the years
1871 and 1872, one-half of the daily sewage went to each
of the two remedial areas of land, being at the rate of
22,500 gallons per acre on the filtration area, and about
8,000 gallons per acre on the irrigation area.! These
filters were worked up to the year 1872, and though
retained, have since been treated as ordinary irrigation
ground,? and the local board has found it necessary to
continue the preparation of nearly the whole of the land.
The chairman, in May, 1875, writing to Mr. Baily Denton,
who constructed these filters, says, ‘T also desire to dis-
abuse your mind that the board contemplates the aban-
donment of the filtration areas. It contemplates nothing
of the kind, but looks upon them as being that which
cannot be described better by any other term than the
one you use, namely, a safety valve.! He further writes,
«I may also add that we have it in view, if the land we

! Extract from Report to the Local Government Board by Mr. Amald
Taylor, dated Nov. 8, 1872,  Fide Rep. Ass. Pres. Riv. Scot., 1875.
* Loc. Gov. Bd. Rep,, p. 24.
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shall have acquired be found to be too limited for wide
irrigation, to lay out a set of filter beds on the Park
Newydd Farm, which we have just bought.’! The ex-
perience at Merthyr Tydfil shows that these filtration
areas or beds are only useful to a certain extent, and are
not sufficient for dealing with the whole of the sewage.
The formation of this land is the very best that can be
found for the purpose, and is in this respect almost ex-
ceptional. It is the delta of the river, a bed of fine friable
loam or coarse gravel, 50 feet deep.” It is drained 7 feet
deep at intervals of 40 yards

The whole work has now been in operation four years,
and its cost up to March, 1876, is as follows :—

£ s d

Purchase of land (including Park Wawydd
Farm, &umqumd for 9 IT'[l'I.] 27,860 18 11

Constructing outfall sewers . . 16002 9 10
Legal expenses . 10,721 19 9
Miscellaneous, mclnding mgmaermg ex-
P &;i:lnnd, cluding Park N i
nFnuun in Ar arrydd
arm . . ; : A . 18,898 10 11
Compensation . - . : . H38 10 9
Total . . . ; . 70,159 10 ¢3

The sewage flows by gravitation on to the farms.

The average annual cost of working the farms during the
years 1873, 1874, 1875, and 1876, was 2,506/ 12s,
1d.* and the average annual return by sale of produce
during the same periods was 1,511/ 6s. 3d.” so that, in-
clusive of interest at 5 per cent. on the mpltal the total
annual cost, exclusive of supervision, amounts to 4,500/,
or at the rate of 10/ 5s. 53d. per million gallons of
sewage, or 1s. 10}d. per head of the population.

! Boec. Arta,, p. 25. * Proe. Inst. O.E., vol. xliii. p. 210.

* Published Accounts of Local Board of Health for 1872, 1874, 1875,
and 1876, ¢ Ihid. ¥ Ihid.
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land, &ec., a sum of 1,150/ was expended. This attempt
to purify the sewage was, however, so futile, that in 1875
an injunction was obtained against the authorities. This
act of the Court of Chancery was appealed against, but it
was confirmed by the Lords Justices, and in the latter part
of the same year, the Court, upon the application of the
plaintiff in the case, issued a sequestration order. Inorder
to meet these difficulties, the authorities, in the same year,
purchased land at a cost of 2,200/, and took on lease for
a term of twenty years, at an annual rent of 300/, a farm
of 247 acres (120 acres only of which are available
for irrigation). These works are now in operation, the
estimated cost of laying out the land and conveying the
sewage to it being 3,216/. The legal expenses in this case
have amounted to 3,920/. To prevent the sewage of High
Harrogate from polluting the streams in the neighbour-
hood, the authorities have also purchased 13} acres of
" land, at a cost of 1,000/, which has been made available,
and laid out at a further cost of 3,484/, for the utilisation
of about 42,000 gallons per day of the sewage from that
portion of the town. This land, with the sewage, has been
let at a yearly rent of 52/

These works, though not yet completed, have cost up
to the present, as follows :—

£
Purchase of land . - X : . 8,200
Outlet works and preparation of land . . 7,850
Compensation and legal expenses . X . 9,500
Total . : A : ‘ - 20,550

The sewage flows on to the land by gravitation.
Forty-seven acres only were employed for irrigation in
the year 1874, when the expenses, inclusive of rent,
were 282/ 10s. 5d., and the return by sale of produce
during the same period was 562L 11s. 14> Therefore,

' Loe. Gov. Bd. Rep., p. xli. ¥ Ihid,, p. 1R,
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exclusive of any charge for supervision, is 770., or at the
rate of 26/, 7s. 5d. per million gallons of sewage, or
bs. 14d. per head of the population. The land here is of
very suitable quality, and is used in the proportion of 375
acres to a daily flow of 1,000,000 gallons of sewage.
Easr Barser, Hertfordshire, has a population of
2,924, A farm of 52 acres of land of a clayey
character, with oceasional strata of heavy gravel, has
been acquired for the disposal of the sewage; 37)
acres of this land have been purchased for 11,3171
10s. (about 300L per acre); the remainder of the land
has been taken on lease for 21 years, at 58/ 14s. per
annum (about 4/, an acre), and about 6,000/, has been
spent upon the necessary works.! No account of the
expenses are given, and it is not stated if the latter sum
includes the cost of sewers or not. BStill, even under
favourable circumstances, there will be a burden of 900L
or 1,000/ a year thrown upon the rates by this under-

taking.

Sewage Farms from which partial information only
has been published, including some that are reported
insanitary, and others where the population does not
exceed 5,000,

AsuBY-DE-LA-ZoucH, Leicestershire, has a population
of 4,200; 28 acres of loam and clay-land are used
for the sewage. The land is leased for 20 years, at an
annual rental of 200/. and it has been in operation 5 years.

Boomix, Cormwall, 1s a small place of 4,672 inhabi-
tants, where the sewage is purely domestic, containing no
manufacturing refuse, and where there are 200 water-
closets. It is used to irrigate grass land,

BraiNTree, Esser, has a population of 4,790; 47

! Roch, Ret., p. 6.
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when they liked. Thus they were freed from one of the
greatest practical difficulties which stands in the way of
this mode of disposing of sewage. Some important and
reliable facts in reference to sewage irrigation from the

icultural point of view have, however, been elicited and
recorded through this undertaking.

It was in 1866 that the Metropolis Sewage Company
acquired about 200 acres of land of a light gravelly soil,
and established the Lodge Farm at Barking, for the pur-
pose of ascertaining whether the application of sewage to
land would be attended with the results which were pre-
dicted. A portion of the Metropolitan sewage, amounting
to about 562,454 tons a year, was pumped from the
outfall into the Thames near Barking on to the farm. The
table on the following page gives the results of the under-

taking :—
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intended at first only to purchase 765 acres, and to pre-
pare 80 acres of it for irrigation, including 10 acres as
a filtering ground. The sum of 252,557/.' has been
authorised, and 234,917/.2 has already been borrowed.

WoLverRHAMPTON, Staffordshire, has a population of
70,000; there are about 750 water-closets in use. The
sewage contains manufacturing refuse from galvanising
and brass foundry works, and amounts to an average daily
flow of about 2,500,000 gallons, passing on to the farm
by gravitation. In the year 1868, the Corporation
adopted a scheme for acquiring 900 acres of land for
utilising the sewage. A commencement was made by
purchasing a farm of 283 acres of a loamy sand, mixed
with peat and light soil, at the following cost :—

&
Sewage farm . 2 % . 32,000
Works on sewage farm o i 9:391
Compensation and survey ehlrl:! : . 5,150
Total . A Ve g . 46,5413

This farm was let on lease for 7 years from 1868, at
an annual rental of 7501 It soon became apparent, how-
ever, that the tenant was more of a farmer than a
sanitarian, and that he did not hesitate to use only such
quantities of sewage as he needed. The Corporation,
therefore, paid him 1,000/, compensation to give up the
farm, and have since kept it in their own hands,

The difficulty experienced here in obtaining more
land upon anything like reasonable terms is so great, that
it is endeavoured to treat the sewage upon this limited
area ; but satisfactory results are not obtained, and are not
likely to be until additional land is acquired, or some other
plan adopted.

! This amount appears to include also the cost of sewering the town, and
improvements to the water-works.
* Roseb. Ret., p. 4. * Boe. Arts, p. 17.
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direct into the river Lee, at Bow Creek, without any
treatment, at a cost, in the year 1875, of 1,740/}

WimBLEDON. — The authorities here acquired 48}
acres of clay land at 306/, per acre, and have supple-
mented it by precipitation works, which are referred to
clsewhere.

. LeEps. — The idea of irrigation was at one time
entertained, but abandoned as impracticable. It would
have involved either pumping the sewage to a con-
siderable height, or conveying it a distance of some
25 miles towards the Humber before sufficient suitable

- land could be obtained. The great outlay involved by

~ cither of these plans led to their unanimous rejection by

the Committee.? Precipitation works have been adopted,

and a reference to them is made elsewhere.
KinastoN-ox-TraMes.—The sewage goes direct into

the river, and the Thames Conservancy recently obtained
a summons against the Corporation for penalties to the
extent of 100,000/. for not abating the nuisance. Several
years ago the authorities purchased 106 acres of a sandy
soil, at a cost of 9,0000% with a view of irrigation, and
the necessary works were estimated to cost 28,875/ ; but
the scheme has been abandoned, and it is now proposed
to treat the sewage by precipitation.

Places specially illustrating the requisite quantity of
land for irrigation.

An account of the successful utilisation of the sewage
of STaFFoRD JAIL on land has been recorded.* The
number of inmates of the gaol was 1,300. The flow of
domestic sewage was 36,720 gallons a day. The land

! Roseb. Ret.,, p. 12.  * Soe. Arts, p. 36.  * Roch. Ret., p, 8
* First Rep. Riv. Pol. Com., 1866, Appendix, p. 42.
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lordship was successful in growing good crops, but he
says: ‘I think that my operations just pay, and that is
all’; and this work, upon which so much labour and
expense had been bestowed, was subsequently discon-
tinued. An injunction having been granted against the
local board of Watford (the population having increased
to 7,461), they now employ a very elaborate system
for the treatment of the sewage. It 1s a combination
of precipitation by lime, filtration, and irrigation, and
is thus described : *First, irrigation on eighteen acres
of land ; second, (auxiliary) precipitation by lime, with
small quantity of chloride of lime added. Horizontal
filtration through coke; upward filtration through coke;
downward filtration through cocoa matting, shingle,
. and gravel; horizontal filtration through screens of
charcoal.’! There are 1,400 water-closets in use; the
land used s a gravelly loam in character, and the sewage
is partly pumped and partly delivered by gravitation.
This plan has been in operation four years, but little
information is afforded as to its results. The intercepting
sewers and works are said to have cost about 1,400L, and
the land rental to be 44L per annum. The cost of
dealing with the sewage, for the year 1875, is said to be
7250, 14s..2d., but it is not stated if the cost of pumping,
rent of land, and interest on capital are included. The
income from sale of crops, during the same period, is given
at 5231 9s. 6d.°

Contemplated Sewage Farm.

NorriNgHAM has a population of 90,000.* and there
are about 3,000 water-closets in use; there is also manu-
! Roseb. Ret., p. 14. * Boc. Arts, p. 17.
* It is proposed to include six adjacent places in the sewe scheme
which would make the population to be dealt with 150,000 and rf.nlfnenga
daily flow of sewnge 5,000,000 gallons,

M
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PART IV.—FILTRATION.

ExcepriNG in laboratory experiments, and a few instances
upon a very small scale, filtration of crude or untreated
sewage apart from irrigation has never yet succeeded.
Experiments were tried by the Rivers’ Pollution Commis-
sioners, in 1868, with filtration of sewage through various
soils, und they came to the very natural conclusion,
¢ that the process of filtration through sand, gravel, chalk,
or certain kinds of soil, if properly carried out, is the
most effective means for the purification of sewage.”! Tt
should, however, no longer be lost sight of that the
Commissioners’ experiments were all upon a very limited
scale, and were not carried on uninterruptedly for any
length of time. 1In dealing continuously with sewage
of a town by filtration, two great difficulties are in
practice found to arise, which are not perceivable in
merely experimental measures. Whatever the filtering
medium may be, land, gravel, charcoal, or other substances,
the result in the end is the same, viz.: 1. The pores of
the filter become choked after a time with the solid
matter contained in sewage; and sooner or later when
they are choked, the filter acts only in a partial manner,
ceasing to purify what sewage may find its way through
it, and eventually is unable to filter at all. II. The col-
lection of solid faecal and other matter deposited from
sewage upon the surface of the soil, or filter, does give
rise to a formidable nuisance. Attempts have been made
' First Rep. Riv. Pol. Com., 1868, p. 00,
M2
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then through a bed of coke or slag and two beds of
charcoal. It is not satisfactory.!

LupLow, Shropshire, filters the sewage simply through
broken stone and fine gravel, but no sanitary accounts of
this work are published.

Moriey, Yorkshire, has made an attempt to filter the
sewage, but it gives rise to a nuisance.?

NEWCASTLE-UNDER-LYME, Staffordshire, passes the sew-
age through *wickerwork and perforated planks, filled
in with charcoal, coke, and sandstone, broken in pieces.’
The process, however, gave rise to a nuisance, and com-
pletely failed.®

OswesTRY, Shropshire, filters the sewage at the outlet
of depositing tanks, through 6 inches of gravel laid upon
perforated iron plates, and covered with similar plates,
but the result is not satisfactory.*

Sr. TroMAS-THE-APOSTLE, Devonshire.—An attempt
to deal with the sewage, amounting to about 200,000
gallons a day, was made. First, a small dose of carbolic
acid and lime was added, it was then passed through sub-
siding tanks, and next through a coarse strainer of per-
forated iron, and finally filtered through a lateral filter of
coarse gravel about 2 feet thick. It then flowed away
in an open gutter for 2 miles, but the result, though
better than some instances of filtration, does not appear
upon the whole to have been satisfactory.?

SAFFRON WALDEN, Essex, passes the sewage into sub-
siding tanks, and then through gravel filters, but no re-
ports of results have been published.

SovrHaM, Warwickshire, filtered the sewage through
perforated elm boards, filled in between with gravel,
burnt soil, or coke, but it completely failed.®

! Roch. Ret., p. 21. * Roch. Ret., p. 22, ¥ Ihid. 4 Ibid.
* The SBew. Quest., p. 34 ; and Roch. Ret., p- 22.
% Roch. Ret., p. 22.
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and is frequently carried in shore by currents in a
decomposing state. It is, therefore, of little use to run
it into deep water, for it will rise to the surface like a
cork, nor is distance from the shore of much avail, for
it will be brought back again by the tide. These results
have frequently been observed and recorded. It is stated
by Mr. Hanvey that at Dover ‘a bay is formed by the
Shakespeare Cliff and the Admiralty Pier, with Archley

 Fort almost in the centre, where the outlet pipe dis-

charges; the result was that for a considerable period
there was slack water, a quantity of sludge was deposited
- and flocculent matter was seen floating about. This passed
~ on towards the pier, and remained there until a north-
easter, or some other powerful agent, carried it away.
Efforts had been made for many years to get rid of the
~ nuisance. Some persons thought the best mode would be
to lay a pipe to the end of the Admiralty Pier, while
others considered the pipes should be extended into a
depth of seven fathoms. He had himself made experi-
ments with corks at different times of the tide, which in
about a quarter of an hour returned to the bathing
machines on the Marine Parade. He also put in some
corks in front of Archley Fort, and in about the same
- time they were on shore. There was a south-west breeze
- for about nine months in the year, which carried any
- floating matter in towards the shore. In quiet seasons
the matter suspended in the water was precipitated, with
what result might be easily imagined.'! In the neigh-
bourhood of Carnarvon it has been said by Mr. Humphreys
(Mayor of Carnarvon) that the sewage is cast into the
estuary of the harbour, and a great deal of the sludge
is left at corners on the beach where it is thrown by the
current. The nuisance is so great that the authorities
are desirous of adopting some means of obviating it.?
' Proc, Inst, C.E., vol. xliii. p. 221, * Soe, Arts, p. 87,
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the outfall at Portobello remains to be seen, but
no sooner was the work completed, than a new
difficulty arose, viz., that of sewer gas. This trunk
sewer, 71 miles long, and averaging 6 ft. in diameter, has
its outlet closed by the sea to such an extent as to be
ravely able, if ever, to completely empty itself. It is
clear, then, that the sewer became practically an enor-
mous elongated cesspool. Large quantities of sewer
gas generated, more than could escape through the
ordinary ventilators, and as the tide rose, the sewage
rising in the sewer would diminish the space available
for holding gases, and they would be forced up the
branch drains into the houses. Mr. Abernethy states
that ‘a similar intercepting culvert to that at Brighton
had been made at Aberdeen, and it was found that during
the period when the tidal valve was closed and the sewer
had no outlet, the noxious gases generated in the main
culvert found their way up the various drains and sub-
sidiary sewers into the higher part of the town.”! During
this stagnation of sewage another evil also oceurs, the
solid matter deposits, and a large accumulation of sludge
takes place in the sewer.

Although the works were only completed lately,
complaints have already been made on the subject, and
the Brighton authorities have been obliged to endeavour
to meet these difficulties by introducing a ventilating
arrangement, consisting of a furnace and chimney, to
produce a draught through a portion of the sewer about
one mile eastward of Kemp Town.

The sludge deposited in the sewer is removed at
night from the catch pits at the rate of six to twenty-one
loads or cubic yards per week.?

So far as the cost is concerned the authorities of

! Proc. Inst. C.E., vol, xliii. p. 208, ® Ihid., p. 223.
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Brighton would not have had much to complain of, as
the works involve a charge of 5/ 10s. per million gallons
of sewage, or about 1s. per head per annum of the popu-=
lation ; but at present it is impossible to foresee what
further expense may become requisite, inasmuch as the
sanitary results must be regarded as uncertain,

The sewage of GrasGow is discharged direct into the
Clyde; it has for years produced a most intolerable
nuisance, and has been the subject of more than one
enquiry. Up to the present time the prevailing idea has
been to convey it miles away from the city to the sea.

The population of Glasgow, together with that of the
small burghs and suburbs which are now included in it
for drainage calculations, has been recently estimated at
(80,000. The sewage from these places is of a manu-
facturing character, and has lately been stated to amount
to an average daily flow of 48,000,000 gallons.! 1In the
year 1868 it was proposed by Messrs. Bateman and
Bazalgette to construct intercepting sewers to connect the
various outfalls from the city of Glasgow itself, which
discharge into the Clyde, and to convey the whole of the
sewage to the sea by means of a large trunk sewer 9 ft.
in diameter, and 27 miles in length, having a fall of 20
inches per mile. This outfall sewer was for the greater
portion to be in tunnel, and was to have its outfall in
Irvine Bay, midway between Irvine and Ardrossan, on
the west coast, opposite to the Isle of Arran, which
1s distant about fourteen miles, the invert of the sewer
being on a level with low-water ordinary spring tides.
The cost of this entire work, including the necessary
pumping stations, was estimated at 1,089,756/, and
the probable outlay at 1,253,256/% At that time the
population to be dealt with was estimated at 500,000,

! Sir John Hawkshaw's Report on the Purification of the Clyde, p. ix.
* Hewage of Glasgow : Bateman and Bazalgette, p. 50.
N3
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and the volume of sewage at thirty-five million gallons
per day, so that 5 per cent. interest upon the above ex-
spenditure, exclusive of the cost of pumping the sewage
and maintaining the works,! would have entailed a charge
of about 5/. per million gallons of sewage, or at the rate
of 2s. 6d. per head per annum of the population, This
plan embraced the proposal of irrigating 11,000 acres of
land with a portion of the sewage on its way to the sea.
Further steps were not taken in reference to this
subject until the year 1874, when Sir John Hawkshaw
was appointed by Royal commission to examine and
report upon the best means for the purification of the
Clyde. Accordingly he held an enquiry at Glasgow in the
early part of 1875, and his report was issued in the early
part of the following year. This investigation embraced
more than the sewage of (flasgow, and extended to other
places, situated in the valley of the Clyde, the sewage
from which also pollutes that river. Sir John Hawk-
shaw states in his report that, * considering the Filtration
and Irrigation systems?® inapplicable in this case, it
remains to be considered whether it would be advisable
to discharge the sewage into the Clyde at Whiteinch after
subjecting it to some process of deodorisation, or to
convey it still farther and to discharge it into the river,
or Firth of Clyde, or the sea, at some place to be decided
upon. By the addition first of suitable deodorising and
precipitating substances, such as alum, clay, lime, and
charcoal, to the sewage, thus allowing the solid matter to
subside, and afterwards filtering the liquid through pre-
pared filters to be used intermittently, I believe that the
whole of the sewage of the district under consideration

1 Estimated at 4,870, per annum,
2 According to practical data the quantity of land for this purpose would

amount to 18,864 acres,
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might be discharged into the Clyde at Whiteinch without
causing a nuisance to the neighbourhood.”' Sir John
Hawkshaw having thus pointed out the practicability of
dealing with the sewage by precipitation, was deterred
from advising its adoption for two reasons—1st. The seem-
ingly heavy cost of a chemical process; and 2nd. The
difficulty of disposing of the large amount of manure that
would be produced. The former he estimated, inclusive
of pumping and labour, at 80,000.. a year, and the latter
at from 400,000 to 500,000 tons annually. These de-
ductions appear to have been drawn from the results
of lime treatment and of working the A B C process at
Crossness. It should, however, be noticed that treatment
of sewage by precipitation has made considerable progress
since those data were published, and that a suitable
chemical process could deal with sewage like that of
Glasgow, at an annual cost for chemicals not exceeding
25,0004 for treatment of 48,000,000 gallons per day,
and that the amount of dry manure produced could be
brought down to 40,000 tons per annum, or 150,000
tons containing 75 per cent. of moisture suitable for
carting.

Sir John Hawkshaw, influenced, however, by the
considerations above mentioned, hesitated to advise pre-
cipitation and fell back upon almost a similar recommen-
dation for the city of Glasgow and its immediate neigh-
bourhood as that made by Messrs. Bateman and Bazal-
gette eight years before. He, however, abandons the
idea of applying any of the sewage to land on its route
to the sea. He also changes a portion of the line for
the main sewer so as to pass through about two miles and
a half less of mineral country, and to discharge into
the Firth of Clyde, at Farland Head, nine miles farther

! Sir John Hawkshaw's Report, p. xi.
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north than the spot selected for an outfall by Messrs.
Bateman and Bazalgette, five miles and a half from Ar-
drossan, six miles and three quarters from Saltcoats, and
one mile and a half from Little Cumbrae Island.

The length of the outfall sewer is the same, viz.
twenty-seven miles. It would be in tunnel the entire
way from Whiteinch to Farland Head, at depths below
the surface ranging from 20 to 470 feet. The proposed
internal diameter is thirteen feet and the gradient 10}
inches in a mile. The estimated cost of this outfall
sewer is 1,500,000/., which at 5 per cent. interest (exclu-
sive of pumping the sewage and maintenance) would
involve a charge equivalent to 4/. 5s. Td. per million
gallons, or 2s. 21d. per head per annum of the popu-
lation dealt with. This work would only provide for the
requirements of Glasgow, Paisley, Johnstone, Renfrew,
Coatbridge, and Ardrie, so that upwards of two and
twenty other towns and villages, including Greenock,
Gourock, Port Glasgow, Helensburg, Dumbarton, Barr-
head, Thornliebank, Neilston, Busby, New Cathcart,
Wishaw, Motherwell, Hamilton, &c., with a united popu-
lation of upwards of 150,000, would continue to pollute
the Clyde and remain still to be dealt with.  Objections
can easily be made to any plan for dealing with the
sewage of Glasgow and its neighbourhood, but experience
with long outfall tunnelled sewers having very little
inclination and discharging at low water does not point
to this plan being unobjectionable, and it would be
well to carefully consider the following points before a
work of such magnitude is carried out.

I. The discharge of 48,000,000 gallons of raw sewage
daily into the sea in the neighbourhood of Ardrossan,
Saltcoats, Great Cumbrae, Little Cumbrae, and DBufe
Islands, may be attended with serious nuisance in those

localities.
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II. The line of sewer will apparently pass through
at least two miles, and immediately along the border
for nine miles, of land liable to be undermined by coal
or mineral workings. There is, therefore, a risk, although
it may be but a small one, of the sewer being deflected
or fractured by subsidence of the strata so as to render
it inoperative.

III. The great length, the small amount of fall, and
the fact that the mouth of the sewer would be closed for
a considerable portion of time, might cause a repetition
of the difficulties which have occurred in the Brighton
outfall sewer as regards ventilation, sewer gases, and the
deposit of sludge.

At WesroN-suPer-Magre, Sr. Leoxarps, TorqQuay,
EastBourNe, Lraxpupyo, and other sea-coast places the
sewage has been discharged into the sea. At the latter
place, in Carnarvonshire, with a resident population of
3,000, works have been recently carried out to convey
the sewage 1,200 yards into the sea to a point below
low-water mark, where it is said the currents both
at high and low water are all seawards. The cost of
this work with sewering the place was estimated at
23,000, which would impose an extra rate of ls. in
the pound.

The following may be noticed - as efforts to unite
together for sewage purposes perhaps more than as pro-
posals to cast sewage into the sea.

During the session of 1875, the West Kent Main
Sewerage Board obtained parliamentary powers for
uniting the parishes of Bromley, Beckenham, Hayes,
Orpington, Chislehurst, Mottingham, the Crays, Bexley,
Crayford, East Wickham, Erith and Dartford, in one
drainage scheme, and to convey the sewage from those
places in one trunk outfall sewer thirteen miles and a half
in length to Long Reach in the River Thames, eight
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PART VI.—APPENDIX.

Analysis of Sludge, produced by the Coventry process, by
Dr. Voelcker, F.R.8.!

Nore.—This analysis is taken from the Report of the Loeal Government
Board Committee, and the value of the same containing 15 per cent. of
moisture is also here given, to correspond with other analyses in that report.

Moisture . . 47-36
Organic matter {mnmmng mtmge.n 069 aqual to
ammonia (-84 ; or, approximately, if reduced
for 15 per u;.ﬂrnt. of moisture, ammonia 1°50) 1595

Oxide of iron and alumina 2 - . &17
Tribasic phosphate of hme . . . 181
Carbonate of lime . . 2 . 782
Sulphate of lime . a : ¢ . I19

Alkaline salts and magnesia (containing potash
0-20, and chloride of sodium 0-02) . . 288
Insoluble siliceous matter . . ‘ . 1882

100-00

) £ od £ o 4
Estimated money value of sludge

(containing 4736 per cent, of

moisture) per ton . 016 941
Corrected for manure containing

15 per cent. of moisture - 1 7 13
Market value of sludge (con-
taining 4736 per cent, of
moisture) . 0 b 6100 8 413
Corrected for manure cnntnm:ng
15 per cent. of moisture . . 0 B 10§, 013 5}
! Loe. Gov. Bd. Rep., p. 49. * Ibid. p. Lxiii.
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¢The water contained a few flakes of suspended matter,
which rapidly settled to the bottom of the bottle in which it
was received. It had no perceptible smell, and was free from
colour ; the residue which was left on evaporating the water
was only slightly coloured yellow.’

¢ The sample of effluent water contains but little orgnni{,
(albuminoid ) ammonia, and not much more than half a grain of
saline ammonia per gallon. From this sample the nitrogenous
organic constituents of raw sewage appear to have become oxy-
dised and changed into nitrates, to a very large extent.’

Analysis of Dry Powdered Sewage Manure, from the Works at
Coventry, by Dr. Voelcker, February 27, 1875,

Moisture . : : : a : . 743
nic matter and water of combination (containing
1-38, equal to ammonia 1'67) . . 264
Phonphnm of lime . . . . . . 375
Sul of lime . : ‘ - . . 193
nate of lime . . . i : . 1146
Oxide of iron - : : : . . 375
Alomina : : . . T98
Alkaline salts and m:g;neun ; . i . 276
Insoluble siliceous matter 3 : ; . 3450
lﬂﬁ'ﬂﬂ

Jmlym of Sewage Manure, produced by the Coventry process during
experiments made in 1871 ( previous to the erection of the Sewage
Works), for the Corporation, by Dr. Voeleker and Dr. Odling on three

DCCOASIONS,

Constituents Dir. Vosloker Dr. Odling
Mostwre . . . . . . . 12:01 | 1:15-?0 2016
Organic ma : - . ’ - .| 26-80 3188 2208
Bone phosphate . . . . . .| 260| 2455 2-20
Other mineral ll-lllt.u . i . . - 661 | 1033 16-47
Siliceous matter and clay . ¥ ; .| 61'8D | 390-66| 3819

Total . . . .|100:00 10000 10000
Ammonia from organicmatter . . .| 1390| 122 1-44
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Tribasic phosphate of lime . i : . 384
Carbonate of lime . : : i . 2786
Sulphate of lime . 2:36

Alkaline salts and magnesia {uunta.mmg putuah 0 '?r
and chloride of sodium 0-52) i . 352
Insoluble siliceous matter . : : S |
10000

Analyses of Hertford Sewage and Eftuent Water Produced by Lime

Estimated money value of one ton £1 0 1
Market vhlue of one ton £0 6 Bto£0 10 0

and Chloride of Lime Treatment, November, 1867.)

Constituents per gallon Raw sewnge Effiuent water
. E Gralns Graing
Matters in solution 25-00 2838
Organic matter 250 1-25
Ammonia . 0-343 0457
" Dl'gﬂlllﬂ . (480 (-5660
Nitrogen as nitrate : : 0-026 0-001
Oxygen required to oxydise . 02043 0281 .
Matters in suspension . 1-42 043
Organic matter . . 072 017
Mineral ,, ‘ . 070 026
Analyses of Efftuent Water from Hertford Sewage treated with Lime.?
| Parts per million Grains per million
ooy | Almenod |15 st | o rsde
15875
Agpril 19 . . ; 2244 1-175 162 298-7
M}:.y T 1-925 154 902
Tuy2 . . . .| 9888 14175 154 278
August20 . . .| 885 1-295 140 26:8
September 23 4 : HEH 1-156 133 279
October 18 . . .| 876 11 154 2583
1876
May 10 2 Py 4056 175 154 2004

’fl_ e e T,
b ————

it a—".ﬂ-iﬁl‘ g i el @

S e .+ R A

.-m#'mh -m-rll-ﬂ#h'li—?—'

¢ In no case did the effluent water contain suspended mat-
ter. In all cases the effluent had a very slight taste of lime,
but had no pereeptible odour.’

! The Sewage Question, p. 56. ? Soe. Arts, p. 108,

B L o o ek
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The following are taken from The Rivers' Pollution Com-
missioners’ First Report, 1868 :—

201

Treatment of Northampton Sewage with chloride of iron and lime.
Results expressed in parts per 100,000

R gsﬁ

HE
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4

Snspended mattirs

]

Sewage before treat-

ment . « o B8O
Al 'Eﬁlﬂ‘ﬂ%ﬁ%’

£

':h

16-40 83
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Raw and Efftuent Sewage, Lodge Farm, Barking. Resulls expressed
in parts per 100,000,
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N s nitrates
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Baw and Efftuent Sewoge, Banbury. Resulis of analyses expressed in
parts per 100,000,

- |Msl1l
il

1|

g ["oras~

2283/ 2 4251325 ;

£l |§

£ | & § | g
Sewage . [111:56: 2-;23' lﬂﬁﬂﬂ]‘iﬂ-ﬂ' “]ﬂﬂ!-‘i-ﬂﬂ
Effluent .| T0-p2-24]! - 52| R4
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