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PEEFACE TO SECOND EDITION.

In thanking the Public and the critics for the favour which

has necessitated the preparation of a new edition of this little

Handbook, I would say a few words with regard to a fault,

and as far as I know the only one, that has been found

with my work,—that it is not long enough. My original

idea in compiling a 'Handbook of Sewage Utilization,'

was to bring out a book which, laying claim to no literary

merits, should as far as possible be all information. Nothing

was further from my intention than to produce an exhaustive

treatise on the subject, although the amount of reading

which I had devoted to the preparation of the work might

possibly have enabled me to do so ; but my little book

only laid claim to being a Handbook, and in some sort an

Index to much that had already been written upon the sub-

ject.
.
In the present edition I have been able to add a con-

siderable amount of new matter, and to modify in some

instances remarks that I had made with reference to certain

systems; but I have endeavoured to preserve strictly the

original character of the work, both as regards brevity and

impartiality.

1, King's Bench Walk, Temple,

June, 1873.



Digitized by the Internet Archive

in 2014

https ://arch ive .o rg/detai Is/b2041 041

4



PBEFACE TO FIRST EDITION.

* * . * * * *

An impartial review and comparison of the various systems

that have been tried in England and on the Continent for

some years past may, it is hoped, be of use, not only in

directing attention to the subject, but in enabling those who

are interested in it, by considering the causes of the success

or failure of the various systems under different circum-

stances, to determine what system or what modification of

any previous system may be best fitted for the requirements

and capabilities of their district. In recording the good or

evil fortune of the various experiments that have been tried,

this little book lays claim to no greater merits than that of a

compilation, and as such it is hoped it may be found a useful

one. A great portion of the information contained in it has

been collected from the Reports presented to Parliament by

various Commissions since the year 1858, and the sources of

information will be found in all cases indicated for purposes

of reference, and especially for the assistance of those who
desire to study any particular branch of the subject more
fully than in a general abstract like the present. To a

certain extent, therefore, this Handbook will be found to be

an epitome of most of what has already been written upon
the subject, and as such, it is hoped, be appreciated by those

whose time is of value, and who desire to have an oppor-

tunity of judging of the relative merits of the different

systems in a small compass. I took up the subject without

any prejudices or preconceived notions. I have no theory
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to support, no set system to advocate, and whatever may be

the shortcomings of the work, and I know how many they

are, I can at least lay claim to having been animated

throughout with a spirit of perfect impartiality, which will,

I trust, be evident in the composition of the following pages,

and may recommend them to the mercy of the professional

critics.

1, King's Bench Walk, Temple,

February, 1872.



LIST OF ABBREVIATIONS USED IN THE COUKSE
OF THIS WORK.

1st Report of the Commission appointed to inquire into

the best mode of distributing the Sewage of Towns, and

applying it to beneficial and profitable uses, 1858,

referred to as 1 &'. U. C.

2nd ditto, ditto, 1861, referred to as 2 S. U. C.

3rd ditto, ditto, 1865, referred to as 3 S. TJ. C.

1st Report of the Commissioners appointed in 1868 to

inquire into the best means of preventing the Pollution

of Rivers, 1870, referred to as 1 JR. P. C.

2nd ditto, ditto, 1870, referred to as 2 R. P. C.

3rd ditto, ditto, 1871, ditto 3 P. P. C.

4th ditto, ditto, 1872, ditto 4 B. P. C.

Report presented to the Tottenham Local Board of Health,

by P. P. Marshall, Esq., C.E., and others, 1871, referred

to as Tott. Rep.

Report of the Sewage Inquiry Committee, presented to

the Council of the Borough of Birmingham, October,

1871, referred to as Birm. Pep.





INTKODUCTION.

While few questions are of greater interest and greater im-

portance at the present day than that of the proper distri-

bution of the sewage of our towns, few are more beset with

difficulties of every kind. That any question, which has for

so many years defied alike the researches of science and the

experiments of practical men, must be intrinsically and

essentially difficult of solution, is almost self-evident ; but

the study of the subject under our consideration is farther

complicated and retarded by two artificial difficulties: the

prevalence of party spirit and the fallacy of statistics. As
regards the first of these two stambling-blocks, a well-known

sanitary reformer once said to us that he only knew one topic

besides polemics upon which men's party spirit got the better

of their good sense, and even of their regard for truth and

justice, and that was the treatment of sewage. An out-and-

out irrigationist would go to the stake in support of his

views, and would hardly even use an ABC dispatch box,

while the advocates of the various " systems " are equally

bigoted in their own way, and consider all those who differ

from them as quite outside the pale of sanitary or scientific

consideration. This excessive orthodoxy has the same effect

in sewage matters as it has in religious, and naturally tends

to make men narrow-minded and illiberal, and incapable of

taking a broad and impartial view of distasteful and especially

of novel themes.

As to the fallacy of statistics, using the expression generally,

a good deal of the evil may be laid to the score of the moral
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aberration consequent upon this sewage " bigotry " to which
we have just alluded ; and as almost all books or pamphlets
upon the subject of sewage utilization are written by partisans

with the avowed object of ventilating and lauding their own
pet system, we find the most hopelessly confusing discrepancies

in all values and quantities which should be but the data and
not the deduction of the various authors. A manure will be
spoken of by one writer as worth 31. 17s. 9±cl. per ton, while

another values it at 8s. llicZ. ; and when we have seen it

carefully proved by the most accurate statistics that a certain

deposit is not even worth its carriage for more than two or

three miles from the place of its production, we find in the

next brochure we take up that the farmers all over England

cannot get enough of it at 51. per ton ! This is bad enough,

but it is absolutely impossible for anyone who has not the

most accurate knowledge of the prices of the commonest

substance which can in any way be brought to bear upon

Sewage Utilization, to carry away any but the most confused

notions after a course of sanitary study. Clay, charcoal,

alum, coal, wood, ammonia, lime, and every conceivable sub-

stance, animal, vegetable, and mineral, are gravely valued at

prices so ridiculously different that it can only be assumed

that everyone must estimate them at either four times or

one-fourth of their actual value, according to his views or

predilections. Again, one high authority, whose reputation

entitles his opinion to the greatest respect, tells us that

irrigation pollutes not only the land but the surrounding

atmosphere, and that the neighbourhood of a sewage farm

must necessarily be extremely unhealthy. This seems simple

enough to understand until we come to read the statistics,

which prove that not only has the death-rate decreased in a

prodigious ratio since the year when the sewage farm was

established, but that the immediate neighbourhood of the

land under irrigation is the favourite resort of those who
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desire pure air ! But these discrepancies are as nothing

compared with those to be found in the purely chemical

statistics. One would think that when we had reached the

region of pure science a calm voice would speak from the

laboratory in the unprejudiced tones of perfect accuracy
;
yet

it is precisely here that the earnest student becomes utterly

and hopelessly bewildered. ProfessorA analyzes a gallon of

water, finds it contains three grains of nitrogen, and pro-

nounces it unfit for drinking. Professor B analyzes a gallon

of the same water, finds but one grain of nitrogen, and asserts

that even if there were three grains of nitrogen in the gallon,

which there are not, the water would be perfectly innocuous,

and even possibly superior to water not so fortified. The

presence of nitrates, again, is by some considered to indicate

a deadly amount of previous sewage contamination ; others

consider this opinion to be of a highly " sensational

"

character, and in no way warranted by science. Perfectly

pure water, we are told, on the highest authority, is unfit for

human consumption, while, on the other hand, we learn that

the smallest trace of impurity may involve a whole district

in cholera or typhoid fever.

There can be no doubt that too much caution can hardly

be used in dealing with any water that has at any time been

contaminated with sewage matter ; nor too high a standard

of purity demanded from those who profess to purify the

contents of our sewers, and discharge the effluent water into

our streams and rivers. But it is absurd to place too blind a

reliance upon statistics, or to act without the exercise of

common sense and practical observation. There is one thing

especially in which we think the dogmas of science have led

astray the most honest and impartial investigation, and that

is the undue importance that has been attached to the pre-

sence of certain constituents in sewage manure. For

example, in No. XV. of the ' Boyal Agricultural Society's
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Journal,' published in the spring of the year 1872. Dr.
Voclckcr has a paper on the " Earth-Closet System of Mr.
Moule," in which he gives it as his opinion, based upon
analysis, that the earth-closet manure is of such trifling

value as to render the adoption of the system, of which he
highly approves in almost all other respects, undesirable.

This paper induced Mr. Moule to publish a pamphlet in

reply

—

{Town Refuse the Remedy for Local Taxation)—in

which he lays claim to a much more extended sphere of

operations with the dry-earth system than the mere closet,

and proposes to absorb all the refuse liquid and solid of our

larger towns (utilizing for that purpose all that now finds its

way into the ashpits) in the preparation of the manure.

With regard to the value, he sets experience against analysis,

and proves his case conclusively, by references to numerous

most carefully conducted experiments, and to the inde-

pendent testimony of over a hundred agriculturists who,

after some years' actual experience, report deliberately and

most favourably upon the utilizing power of earth-closet

manure. There can be no doubt, indeed, that the earth-

closet manure possesses a very high agricultural value. It

appears to us that analytical chemists have rather overshot the

mark in professing to determine the precise manure value of

any preparation merely by the amount of ammonia and phos-

phates which they may be able to find in it. Admitting the

immense importance of the presence of these two agents in

any manure, can analysis be certain of discovering them,

in whatever form they may be ? And again, is the general

character of the whole a matter to be taken into no

account ? The hardness or the softness, the fineness or the

coarseness, of the manure under analysis, the very form in

which the valuable ingredients are found, appear to be lost

sight of by these closet agriculturists, who put blind confi-

dence in theirfetisch ofammonia and phosphates, and condemn
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manures whose practical value has been proved by a thou-

sand experiments. On this point Mr. Moule has the follow-

ing :
—" From a very little consideration of the infinitesimal

minuteness to which, before they can be absorbed into the

sap vessel, the nutritious particles of any manure must of

necessity be reduced, it will readily be perceived that the

aggregate amount of such nutritious particles requisite for

the healthy growth of a given plant or of a given crop must,

in its actual and immediate application, be very small indeed.

It may fairly, I think, be asked here, in immediate relation

to the value of manures, has the analytical chemist ever

calculated how small the needful supply for a healthy plant

or a healthy crop may be? and when ammonia or silex or

phosphate has by digestion and assimilation been reduced to

that infinitesimal minuteness requisite for absorption into

the radix does his science enable him to detect it ?
"

It appears to us that the solution of the whole question

lies in the consideration of the profound differences which

may result from the different conditions in which any sub-

stance may occur. "The water," says Professor Lewes,

"which will allay our burning thirst, augments it when
congealed into snow We know that a change in the

condition will cause a change in the manifestation of a force,

so that often what ordinarily takes place in the laboratory

will not take place in the organism The physio-

logical question is not ' What are the chemical constituents of

nutritive substances ?
' it is, ' What are the substances which

will nourish the organism ?' "— (Physiology of Common Life,

i., 115.)

A chemist might manufacture a substance which should be
similar under analysis to roast beef, yet this chemical roast

beef would not support life ; and the nourishment of plants

is not of so entirely different a character from the nourish-
ment of the body as to render the "digestibility," so to
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speak, or the condition under which nutritive substances are

presonted to the plant, matters of no moment; and it is

evident that these favourable or unfavourable conditions can

only be learnt from experience.

In fact, the nitrogen hobby has been already ridden to

death in the matter of human food : at one time beans

were put down as two and a half times as nourishing as wheat

because they contain two and a half times as much nitrogen

;

but the experience of mankind taught them to prefer bread to

beans, and to laugh at Liebig. It is surely but reasonable to

allow the plants as well as the men the benefit of experience

in the choice of their food, and to consider any particular

plant-food or manure as valuable as far as it is found to nourish

the plant, and not only as far as it satisfies some abstract

scientific standard. If chemistry can find no nutritive

element in a manure which experience has proved to be

nutritious, chemistry is at fault ; and the sooner it is ad-

mitted, the sooner are we likely to arrive at a proper under-

standing of the whole question.

Admitting that it is extremely difficult to obtain any exact

information with regard to the utilization of sewage, there is

at least one point which we must insist upon as one which we

think should never under any circumstances be lost sight of,

and that is the value of the sewage as a manure. This has been

ignored by so many reformers and disregarded to a greater or

less degree in so many " systems," that we think it necessary

to call attention to the enormous value of the human manure

that is annually wasted in this country, and of that which is

annually imported or manufactured to attempt in some measure

to supply its place, and prevent the soil, which has been robbed

of so many of its most valuable constituents without any

return, from refusing any longer to feed its thriftless popula-

tion. Everyone knows what an important part is played by

the live stock on any farm in manuring and fertilizing the
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laud, and tho former would justly be reckoned either fraudu-

lent or insane who allowed the dung of his stock to go to

wasto instead of applying it to the land ; and yet this is pre-

cisely what we are doing in England on a gigantic scale with

the manure supplied by the most highly-fed class of live

stock in the country—mankind.

In order to counteract the fatal results of this waste, an

enormous amount of manure is both imported and manufac-

tured artificially at great expense, and in the case of the

artificial manures the result is usually rather advantageous to

the pockets of the manufacturer than those of the cultivator.

Indeed, the number of artificial manure companies paying

large dividends, as well as the immense fortunes realized

by so many private manufacturers, has almost passed into

a proverb, and is perhaps the best index to the enormous

demand for artificial manure in this country, even although a

great proportion is known to be adulterated almost to the

point of worthlessness.

The most valuable of the imported manures, when it is

imported at all, and not " home-made," is, no doubt, the

guano ; and in spite of the amount of adulteration and the

large sale of worthless imitations, a prodigious amount of

genuine guano is annually imported into England from Peru
and other islands. So great, indeed, has been the consump-
tion of late years that the government of Peru has been
alarmed, and from the results of an official survey made of

the guano beds we learn that the supply of the best and
richest deposit will be exhausted in a very few years. Some
new beds have been discovered, but the guano is inferior in
quality to that of the Chincha Islands, whence the best
manure has always hitherto been brought ; and the supply
even from these newly-discovered deposits cannot last at the
utmost for more than ten years to come.

In fact, we read in the ' Evening Standard,' June 27, 1872.
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The reports about new discoveries of immense deposits of

guano on the coasts of Peru are exaggerated. Should no
new deposits be discovered the present stocks will not last

more than four years.—[Dispatch per ' Tasmanian.']

As to the value of human excrement as a manure,

Thorwirth, in his " Canalisirung grosser Stadte," says,

speaking of China, " We cannot but be surprised, on com-
paring the mournful experience of European states and the

exhaustion of their soil with this over-populated empire,

which, cut off as it was during thousands of years from all

intercourse with other nations, and consequently from all

importations of foreign breadstuff, always produced its own
food, and yet preserved the fertility of its soil. The only

explanation to be given is that the Chinese, like the Japanese,

by observation and experience ever knew the high value of

human excrement and human offal, and by carefully restoring

both to their fields, followed the only true course to afford

complete compensation to the soil and maintain its fertility

unimpaired for all time."

It is computed that the application to land of the entire

excrement of one person, in the form of manure, would yield

an increase of over three bushels of wheat per acre, worth,

say, about twenty shillings. From this computation we may
easily see how gigantic is the annual loss of food to the

country in consequence of the systematic waste throughout

England of the sewage manure.

The statistics on this head, as they must necessarily be

common to all systems, as indeed being, so to speak, their

starting point, are much more satisfactory than those con-

nected with any other branch of the subject ; and yet there

is a considerable difference in the various estimates of the

annual average value as a manure of the excrement of every

man, woman, and child of the popidation of this country, for

while some analysts compute it at but 6s. 8d., others (Liebig
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for instanoe) put it as high as 12s. 6d. About 8s. Qd., how-

over, as a fair mean between these two extremes, and also as

coinciding with the value arrived at by one of the most justly

celebrated of our analysts, may be accepted as about the real

value. Now, considering that the population of Great Britain

amounts to nearly thirty-five millions of human beings, we

find that the value of the human manure annually produced

in this country amounts to no less than 15,000,000Z. And

yet, until a very few years ago, all this was unblushingly

and systematically thrown into the sea, after having duly

polluted our rivers and watercourses, and carried sickness and

death along the banks of every stream.

And this brings us to what everyone must consider the

most important aspect of the subject— the influence of the

present mode of disposing of our sewage upon the public

health. And upon this point there can be no doubt that

nothing can possibly be worse than our present arrangements.

A great authority gave it as his deliberate opinion last year

that upwards of forty thousand deaths occurred annually in

England from what he called " preventible diseases "—or dis-

eases mostly of a low fever or typhoid character, whose origin

can be clearly traced to preventible causes—the poisoning of

the air and water by the improper and defective means adopted

for the disposal of our town refuse. This fearful loss of life

casts a great responsibility upon our governors, whether local

or imperial ; and should awake the attention and interest of

every thinking man. That educated men should be found to

sneer at the efforts of sanitary reformers, and to speak of a

" policy of sewage " in any other terms than those of respect,

if not of admiration, passes our comprehension. That the

diseases can be clearly traced to the causes assigned is capable

of the most conclusive and satisfactory proof, and it is only

doubtful whether drinking impure water or breathing impure
air is the more actively deleterious. Volumes might be filled

b
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with extracts from reports and opinions of medical men as to

the direct influence of sewage pollution on the health of the

people, hut we think that every well-informed member of

society is by this time aware of this great fact of modern

civilization, even though everyone may not be alive to the

extent and complications of the evil. The commissioners

appointed to inquire into the best mode of dealing with town

sewage, in their second Eeport, tell us that the South London

districts (comprising nearly a fifth of the entire population of

the metropolis) have been notorious for the great severity

with which cholera has visited them on each occasion of its

epidemic prevalence in England. During the last invasion

these districts were accidentally the seat of a gigantic sanitary

experiment ; and a difference in one sanitary condition was

seen to influence most remarkably the distribution of the

cholera-mortality. For throughout those districts during the

epidemic of 1853-4 there were distributed two different

qualities of water ; so that one large population was drinking

a tolerably good water, another large population an exceed-

ingly foul water ; while in all other respects these two popu-

lations (being intermixed in the same districts, and even in

the same streets of these districts) were living under precisely

similar social and sanitary circumstances. And when, at the

end of the epidemic period, the death rates of these popula-

tions were compared, it was found that the cholera-mortality

in the houses supplied by the bad water had been three and a

half times greater than in the houses supplied by the better

water. This proof of the fatal influence of foul water was

rendered still stronger by reference to what had occurred in

the epidemic of 1848-9 ; for on that occasion the circumstances

of the two populations were to some extent reversed. That

company which, during the latter epidemic, gave the better

water, had given, during the earlier epidemic, even a worse

water than its rival's ; and the population supplied by it had
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at that time suffered a proportionate cholera-mortality. So

that tho consequence of an improvement made by this water

company in the interval between the two epidemics was, that

whereas, in the epidemic of 1848-9, there had died 1825 of

their tenants, there died in the epidemic 1853-4 only 611

;

while among the tenants of the rival company (whose supply

between the two epidemics had become worse instead of

better) the deaths, which in 1848-9 were 2880, had in 1853-4

increased to 3476. And when these numbers are made pro-

portionate to the populations or tenantries concerned in the

two periods respectively, it is found that the cholera death

rates per 10,000 tenants of the companies were about as fol-

lows :—For those who, in 1848-9, drank the worse water,

125 ; for their neighbours, who, in the same epidemic, drank

a water somewhat less impure, 118 ; for those who, in 1853-4,

drank the worst water which had been supplied, 130 ; for

those who, in this epidemic, drank a comparatively clean

water, 37.

The quality of water which (as illustrated in the first three

of these numbers) has produced such fatal results in the

metropolis— causing two-thirds of the cholera deaths in

those parts of London which have most severely suffered

from the disease—has been river water, polluted with town

drainage ; water pumped from the Thames, within range of

the sewage of London ; water which, according to the con-

current testimony of chemical and microscopical observers,

was abundantly charged with matters in course of putrifactive

change.

But, as in too many other cases, it is the " indirect

damage " that is the greatest and the most to be deplored. A
large death-rate is as nothing compared with the enervation

and deterioration of the survivors; and is the less to be

dreaded, as by calling attention of itself to the evil it paves the

way to a reform. The evidence of those medical men who
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have devoted their attention to this part of the subject is

perfectly appalling.

Speaking of the inhabitants of Manchester, who are ex-

posed to the sewage malaria, Dr. Southwold Smith says

(' Second Eeport of Sewage of Towns Commission,' p. 46) :

—

" They do not appear to be labouring under any particular

form of active disease, but their general aspect indicates a

depression and want of energy. When questioned as to

their state of health, they very commonly answer, ' Cannot

complain much,' ' Not in very good health, but not to say

ill.' ' Feel very poorly, but have had no serious illness.'

Many look prematurely old, and of those who have chanced

to come under personal examination, a very large number

were found to be labouring under an enfeebled or positively

disordered state of the nutritive organs—a dangerous con-

dition of health, in which the power to resist the ordinary

causes of disease, such, for example, as the severer atmo-

spheric changes, is diminished ; in which the susceptibility to

the extraordinary causes of disease, as epidemics in all their

forms, is increased, in which the production of healthy off-

spring, the long retention of the ability to labour, and the

attainment of long life are impossible."

This is bad enough, but there is another, and perhaps the

greatest evil, of English social life—drunkenness, which

springs in but too many instances from our defective sanitary

arrangements. Nothing predisposes a man so much to indul-

gence in ardent spirits as the low state of bodily health, and

the deficiency of animal spirits engendered by drinking

impure water and breathing foul air ; and this is no vision

of a sanitary enthusiast, no exaggeration of the riders of

sanitary hobbies ; it is the calm and deliberate opinion of

some of our most respected and experienced medical men.

Let us turn from these distressing considerations to see what

can be done to alloviate so much suffering.
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We have complained in the first page of this article of

the partisan spirit by which the advocates of the various

systems are actuated, and wo are prepared in this place to

give expression to a somewhat novel opinion, namely, that

there is a great deal of good in most of the systems that

have engaged public attention. They may have failed more

or less, it is true, and their failure is sure to have been exag-

gerated by the advocates of all other systems ; but in many

instances the experiments have been conducted under un-

favourable circumstances, and the process, even if unable

alone to secure complete success, may possibly only require

to be supplemented in order to render the result eminently

satisfactory.

This combination of systems appears to us to be the great

secret of Sewage Utilization. Hitherto, no doubt, it has

been exceedingly difficult to bring about, on account of the

jealousy of the proprietors of the patents, and the advocates

of the various systems, but we hope that in future a more

liberal view may be taken by those interested in social

economy and the preservation of public health.

It has been the fashion of late with those who are too

clever to look into the details of such matters, to laugh at all

" systems " of sewage utilization. .
" Everyone knows," say

they, " that human manure is of very small value, and can

never pay the cost of collection, and as to the sanitary part of

the question, education will, no doubt, do wonders among the

working classes." While such or similar reasoning goes a long

way to retard practical sanitary reforms, the fact is admitted

by all who have impartially studied the various statistics, that

all systems of precipitation succeed in arresting a consider-

able portion of the valuable matter contained in the sewage

;

and it must be admitted, on all hands, that the collection of a

large part of the solid matter in the sewage, in the form of

a portable manure, is one of the greatest desiderata.
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This is undoubtedly accomplished by many widely-different

systems, such as the phosphate process (whose manure sells

for about 4Z. per ton), the A B C (SI. 10s.), Moule (31),

Goux, and Weares'. It is true there are certain disadvantages

in these systems which have led to their not being universally

adopted
; a great amount of effluent water has in every case

to be got rid of, and this is rarely sufficiently pure to be

allowed to flow into any stream from which drinking water

is to be drawn.

But on the other hand, there are systems of filtration and

irrigation whose success is endangered or prevented by the

amount of solid matter in the sewage to be filtered, which

chokes up the pores of the land, requiring continual re-

oxidation, and in the case of irrigation, polluting the surface

of the ground, and fouling the surrounding atmosphere with

deadly gases.

Why should not the water which is unfit to be poured into

the river, and although deprived of all its solid or suspended

impurities, containing a very large portion of fertilizing

ingredients, be passed through a charcoal filter, or used for

irrigating the neighbouring meadows ? Or, again, the solid

matter might be intercepted at a still earlier stage by the

use of earth or charcoal closets, leaving only the "house

slops," and possibly the surface-water to flow into the drain ?

Above all, the system, or combination of systems, to be

adopted must depend upon the place in which they are to be

used, and nothing can be more absurd than to expect to dis-

cover a sort of sanitary philosopher's stone in the shape of

some one system of transcendant merit which is at once to

solve the question, to become a panacea for every sanitary ill,

and to be adopted with equal advantage in every town through-

out the land. If we were to set to work quietly to utilize

our present experience instead of seeking for what we are

never likely to find, we might do more towards bettering our
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condition than we have at present accomplished. That tho

same system should succeed on the top of a hill or in a

valley, in a large city or a small village, or a sandy plain or

in a rocky or mountainous country, is too much to expect of

anything on this side of the grave. Suffice it, then, to sum

up in conclusion.

The object of any system of sewage disposition must be

threefold : (1) the extraction of as much of the valuable con-

stituents of the sewage as possible
; (2) the perfect defsecation

of the sewage during treatment ; and (3) the securing of a

pure effluent water in the end. We have never yet seen any

single system which accomplished all these ends to a satis-

factory extent ; but we have no doubt that a judicious com-

bination can bring about the object desired.

In country houses, public institutions, prisons, and in very

small towns, we would recommend the interception of the

solid faecal matter ab initio, by means of Moule's earth

closets ; or in case that charcoal can be procured at a very

moderate cost, of Weares' charcoal closets. In either of

these cases the house slops must be disposed of by distribu-

tion over the cottage gardens, or neighbouring fields and

paddocks, being collected in the first instance in barrels or

cisterns, as far as convenient from the dwelling-house, and

emptied every day.

But, as a general rule, we would recommend the adoption

of a system of precipitation, or General Scott's process, in

combination with a system of irrigation in places where the

natural circumstances (a proper fall, suitable land, &c.) are

favourable, or in other cases with charcoal filtration. The
more the subject is impartially studied, the more apparent,

will it be that the true secret of success is to be found in

Combination.





A HANDBOOK
OP

SEWAGE UTILIZATION.

I.—NATURE OF THE EVIL.

Although the scope of this book is strictly confined to the

treatment of sewage with a view to its deodorization and

utilization, it may be as well, before reviewing the various

modes of treatment which have been hitherto suggested as

remedies for the existing evil, to devote a few pages to a

consideration of the evil itself. According to the old Spanish

proverb, " To understand the disease is half the cure." The

evil of which we have to speak is of two kinds : positive and

negative. The one is the imperfect and dangerous manner in

which the drainage of our towns is removed, entailing the

pollution of our rivers, the destruction of fish, the defilement

of water for domestic, and in many cases even for manu-

facturing, purposes, and the contamination of both air and

water with a deadly poison, to which numbers of our popula-

tion annually fall victims. The other is the systematic waste

on a gigantic scale of valuable manure.

These two evils are necessarily and intimately connected,

for the sewage which is so deadly in a watercourse or a cess-

pool, when properly distributed upon land, becomes as

valuable as a manure as it was previously noxious as a poison.

According to the late Lord Palmerston, " Dirt is a useful

thing, at present put in the wrong place." The most perfect

B
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system of sewage treatment therefore is that which leaver the

smallest amount of filth where it should not be, and conveys

the largest amount to where it should.

The most noxious as it is the most common effect of our

present system of dealing with the drainage of towns is un-

doubtedly the pollution of rivers, wells, and watercourses.

What account, say the Eoyal Commissioners of 1868, do

the various municipal bodies give of the state of the stream

as it comes to them ? They all complain that the water is

polluted by sewage .... that it is most offensive to the

sight and smell ; that it is unfit for use; that even when used

for steam-engines it clogs up the boilers, and is injurious to the

machinery . . . . [1 B. P. C, p. 12.] Again .... when

taking samples at Throstlenest Weir, below Manchester, say

the Eoyal Commissioners of 1868, we saw the whole water of

the Eiver Irwell, then 46 yards wide, caked over with a thick

scum of dirty froth, looking like a solid sooty-crusted sub-

stance. Through this scum, here and there, at intervals of

six and eight yards, heavy bursts of bubbles were continually

breaking, evidently rising from the muddy bottom ; and

wherever a yard or two of the scum was cleared away, the

whole surface was seen simmering and sparkling with a con-

tinual effervescence of smaller bubbles rising from the various

depths in the midst of the water, showing that the whole

river was fermenting and generating gas. The air was filled

with the stench of this gaseous emanation many yards away.

The temperature of the water was 76° Fahr., and that of the

air 54°. [1 B. P. C, p. 16 in note. See also on this subject

2 S. U. C, pp. 11-13, and note.] It is not pleasant to know

that the water of the Thames is contaminated with the putre-

fying sewage of no less than 880,000 persons before it

reaches the spot whence our water companies draw the water

for the use of the metropolis ; nor to find on examination

that this water contains a larger amount of impurity derived
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from fecal matter than filtered sewage. [Tott. Bep., p. 57
;

1 B. P. C, p. 66.]

Memorials and petitions to Her Majesty on the subject of

river pollution from Birmingham, Huddersfield, Nottingham,

Eotherham, Sheffield, and York, will be found among the

Parliamentary papers for 1865 (ordered to be printed 6th

March—Lord Eobert Montagu). [See also on river pollution

by sewage generally, 2 S. TJ. C, pp. 11-13, and notes.]

The amount of this pollution is almost incredible, and

will startle those who have not yet studied the statistics. An
analysis of the river Corribrooh just before its junction with

the Irioell, in June, 1868, gave the following results. In

100,000 parts of the water in the river, there were :—Total

solid matters in solution, 142 • 90; organic carbon, 4 "209;

organic nitrogen, • 243
;

ammonia, 852 ; total combined

nitrogen, *994; nitrogenous nitrates and nitrites, -049;

chlorine, 38*97; salts of lime and magnesia, considered as

" hardness," 67 • 70 ; matter in suspension, 64*40. The most

injurious constituents of this water are, of course, the organic

carbon and the organic nitrogen, inasmuch as they serve as a

measure of the animal or vegetable matter with which the

water is polluted. A comparison of this with the composition

of the Mersey water near its source may be instructive. Total

solid matter in solution, 7*62; O ic carbon, • 222 ; O io
nitrogen,

0 ;
ammonia, 002 ; total combined nitrogen, 023

;
chlorine,

• 94 ;
hardness, 5 • 02

;
suspended matter, 0. The " hardness,"

which in this latter case represents more than one-third of the

entire polluting matter [1 B. P. O., 15], is in no way injurious

to life. [See 1 B. P. C, 16, note.]

Although there can be no possible doubt as to the deleterious

effects of water that has been contaminated with sewage, it is

exceedingly difficult to obtain any exact chemical details upon
the subject. Thus Dr. K. P. Thome, .... examining into
the causes of an outbreak of typhoid fever in 1867, in the

b 2
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village of Terling, reports [Tenth Beport of Medical Officer of
Privy Council, 1867], that the outbreak was caused by the

drinking of water from certain wells ; chemical analysis did

not discover any noxious substance in the water, but tbe ana-

lytical results gave for three of the wells a previous sewage or

animal contamination as follows :

—

Well 1.—Previous sewage or animal contamination in

100,000 parts of water '.. 24,850
Well 2.—Ditto 9,160
Pump—Ditto ..

' 10,980

This is an amount of pollution hardly conceivable, being in

the case of well No. 1 nearly one quarter of the entire volume

of water. Again, at Guildford, in 1867, in consequence of an

outbreak of typhoid fever, Dr. Buchanan went down to make

investigation as to the causes, and turned his attention to a

new well which had for a short time supplied over three

hundred houses, many of which were visited by the epidemic.

It was found that a sewer ran within 10 feet of the well, and

that the sewage leaked through the joints of the brickwork

and saturated the soil just above the spring which supplied

the well. The water was afterwards analyzed, and although

no ingredient was found that could be pronounced noxious,

the results showed that each 100,000 lbs. of it had been

previously polluted with a quantity of animal matter equiva-

lent to that found in 7330 lbs. of average London sewage.

[1 B. P. C, 114. See also on this subject, Beport of the

Boyal Commission on Water Supply, 1869, pp. 73-94. Evidence

of Mr. Simon, Minutes of Evidence, p. 167; and that of Brs.

E. Parlces, Farr, Letheby, Brodie, FranMand, and other

celebrated analysts].

As the evidence of these gentlemen may be somewhat diffi-

cult to be understood by those who are not practical chemists,

especially as to how water, in which no present impurity is
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to be found, may yet be pronounced to have been previously

contaminated with so much sewage, we will say a few words

in explanation of this branch of the subject, and refer such

of our readers as desire to find a fuller expose, at once popu-

lar and practical, to Professor Boscoe's ' Progress of Sanitary

Science (1871),' from which we quote the following :

—

" You will understand," we read [at page 127] " that the

danger lies in the water being impregnated with animal de-

composing matter, and with sewage matter generally. . . .

Although no chemist can tell whether any particular water

contains the typhoid poison, yet he is able to tell the dif-

ference between pure water and a water which contains

animal impurity, for when the decomposition of an animal

body occurs, the nitrogenous portions which are thrown off,

that is the liquid and the solid products, get into the sewers

;

and if we can find in water a large quantity of this nitro-

genous animal matter, we may be certain that that water is

not fit to drink. . . . 4

" By a chemical analysis of water we can at once detect,

by the organic or albuminous nitrogen, whether it still con-

tains animal impurity, and by the ammonia and nitric acid

whether the water has been polluted by animal matter which

has since been destroyed, or by the absence of excessive

quantities of these nitrogenous bodies, whether the water has

never been in contact with animal matter. It is thus possible

to calculate by a very simple process how much sewage has

come into such a water."

As to the mode of detecting impurities by the permanganate

of potash, see Boscoe, 1 Progress of Sanitary Science,' p. 131

;

but this test is a rough one at best, and in many cases fal-

lacious.

" There is still another means which chemists have of tell-

ing whether water is pure, and that is by the presence of

common salt. Pure spring-water ought to contain very little
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common salt; but water which contains the infiltrations of

sewage brings in with it a large quantity of common salt

derived from the urine. Any water which contains more
than one part of common salt in 100,000 is almost sure to

have that salt brought in by sewage, and will therefore be
impure. This does not apply of course to water flowing

through salt districts."

As regards this branch of the subject, which, in the words

of the Koyal Commission on Water Supply, " is beset with

difficulties," we cannot do better than quote the conclusions to

be found on pp. 116, 117 of the 1 B. P. C. :—
" 1. There is at certain times, in human excreta, some

material capable of producing disease of a very fatal charac-

ter in the human subject. 2. That this morbific matter can

be detected only by its specific action upon the human sub-

ject, and cannot be distinguished either by chemical or

microscopic analysis, even in the concentrated excreta, much

less in water mixed with the excreta. 3. That inasmuch as

the organic matters of sewage are oxidized and destroyed

with extreme slowness in running water, there is great pro-

bability that the morbific matter will escape destruction,

and be conveyed to great distances in rivers and streams.

4. That owing to the rapid oxidation and destruction of the

organic matters of sewage during filtration through porous

soils, the passage of this morbific matter into deep wells care-

fully preserved from the admission of surface water is but

little to be feared."

But however difficult it may be to trace the existence of

morbific matter in water, there can be no possible doubt of

the deadly influence of water that has been contaminated by

sewage, on health. There is no need of argument upon this

point, and instances might be endlessly multiplied; the

inquirer is, however, referred to some very interesting sta-

tistics furnished by Dr. Farr in a letter to the Registrar-
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General (printed in the quarterly return of the births, mar-

riages, and deaths for the quarter ending 31st December,

1854), as to the cholera epidemic in 1849, giving details as to

the respective number of deaths in houses supplied by the

various water companies both in 1849 and in 1854.

With regard to the influence of the contamination of water

by sewage on health generally, see 2 S. U. C, Appendices

2, 3, 4, 5, Professor Boscoe's ' Progress of Sanitary Science,'

pp. 123-8, and Birm. Bep., pp. 131-150. Finally we give

the suggestions of the R. P. C. as to what is to be deemed

pollution [1 B. P. C, 130].

(a) Any liquid containing in suspension more than 3 parts

by weight of dry mineral matter, or 1 part by weight of dry

organic matter, in 100,000 parts by weight of the liquid.

(6) Any liquid containing in solution more than 2 parts

by weight of organic carbon, or 3 parts by weight of organic

nitrogen, in 100,000 parts by weight.

(c) Any liquid which shall exhibit by daylight a distinct

colour when a stratum of it one inch deep is placed on a

white porcelain or earthenware vessel.

(d) Any liquid which contains in solution in 100,000 parts

by weight more than 2 parts by weight of any metal, except

calcium, magnesium, potassium, and sodium.

(e) Any liquid which in 100,000 parts by weight contains,

whether in solution or in suspension, in chemical combination

or otherwise, more than *05 part by weight of metallic

arsenic.

( / )
Any liquid which after acidification in the sulphuric

acid contains in 100,000 parts by weight, more than 1 part

by weight of free chlorine.

(g) Any liquid which contains in 100,000 parts by weight

more than 1 part by weight of sulphur, in the condition

either of sulphuretted hydrogen or of a soluble sulphuret.

(h) Any liquid possessing an acidity greater than that
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which is produced by adding 2 parts by weight of real

muriatic acid to 1000 parts by weight of distilled water.

(i) Any liquid possessing an alkalinity greater than that

produced by adding 1 part by weight of dry caustic soda to

1000 parts by weight of distilled water [1 B. P. C, p. 130].

It may be interesting to compare this with the standard

of purity required by the Thames Conservancy Board, so

frequently referred to in all questions as to the admissibility

of any water into running streams.

1. That the effluent water will be perfectly free from

offensive odour.

2. It shall not contain more than 3 grains to the gallon

of suspended matter, and shall not exhibit by daylight a

distinct opacity when a stratum of it 1 inch deep is placed

in a white porcelain vessel.

3. It shall not be more acid than 1 of muriatic acid in

1000 of water, nor more alkaline than 1 of dry caustic soda

in a like quantity of water.

4. It shall not contain more than 70 grains of solid matter

to the gallon when dried at 260° Fahrenheit.

5. It shall not contain more than 2 grains of organic

carbon to the gallon.

6. Nor more than fths of a grain of organic nitrogen.

7. When exposed for 6 hours mixed with a quantity of

river water which, in relation to the effluent water, shall be

in the same proportion as the quantity flowing into the river

is to the quantity of effluent water from the sewers, 1 grain

of organic carbon and 1 half grain of organic nitrogen per

gallon shall be considered as innocuous matter.

It has frequently been alleged that the natural flow of a

river, however largely impregnated with sewage matter,

would rapidly purify the volume of water by oxidation. It

was asserted [Beport of Boyal Commission on Water Supply,

p. lxxix.] that if sewage were mixed with twenty times its



NATUKE OF THE EVIL. 9

volume of river water, the organic matter which it contains

will be oxidized and completely disappear while the river

is flowing a dozen miles or so. Experiment has, however,

demonstrated the fallacy of this vague assertion, and we find

that of sewage matter mixed with twenty times its volume

of water, less than two-thirds would be destroyed by oxida-

tion in a flow of 168 miles at a rate of one mile an hour

[1 B. P. 0., 21]. It is evident therefore that there is

no river in the United Kingdom long enough to effect the

destruction of sewage by oxidation.

The destruction of the fish forms a very important con-

sideration in this sewage pollution of rivers, and especially

in Scotland and Ireland : when the fisheries represent a pro-

perty of large annual value to all classes of the community,

it is of the highest importance, as population increases, that

proper preventive measures be adopted. It is most encou-

raging to learn that even where the fish have been entirely

banished by the pollution of the water, yet when the stream

has been purified by the adoption of an improved system of

sewage removal, the fish return to their old haunts. This

happy result has occurred, among other places, at Leicester

[1 S. U. C, p. 11]. It may be remarked in this place that

it appears to be the decomposed matter which proves so

fatal to the fish ; the fresh sewage, except in very hot

weather, being beneficial rather than injurious [2 S. U. C,

p. 11, note].

With regard to the second branch of the evil, the waste of

a great quantity of valuable manure, let us consider for a

moment how much the fertility of land depends upon the

amount of live stock that is kept upon it. Their excrement

forms, indeed, one of the most valuable sources of the farmer's

profit ; and yet although one-third of the live stock of England
is mankind, human excrement is turned to no valuable

account. This will seem the more incredible when we con-
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sider that as a consequence of the superior richness of the

food of man to that of cattle, his excrement is in every way
more valuable as a manure that that of any other animal.

Yet, notwithstanding this, we learn [1 B. P. C, 72] that the

excrement of a sheep is worth at least five shillings a year to

the farmer, while the annual value of the excrement of a man
is worth (in South Lancashire) something less than fourpence

halfpenny! The annual loss to the country from our

wanton waste of human manure amounts to many millions

sterling ; and while we are compelled to import guano and

other manures from distant countries at great expense, we
allow our own valuable human manure not only to go to

waste, but to pollute our streams and spread deadly diseases

over the country. We might take a lesson from the Chinese

in such matters. A good account of their mode of treating

the excrement would be a most interesting contribution to

our Sanitary literature : a few words may be found on the

subject in Oliphant's ' China,' p. 118. See also Corjield,

' Utilization of Sewage,' p. 290.

II.—KEMEDIES.

The few facts that we have gathered together with regard

to the evils attendant upon the present system of treating our

town sewage must have been sufficient to convince anyone

of the urgent need for reform in the matter. Although we
have taken a most cursory glance at the subject, we have

endeavoured to give such statistics and references as may
direct the mind of the inquirer to the nature and differences

of the various forms of evil which have to be guarded against,

so that he may be able to consider with advantage the various

remedial schemes which it is now our purpose to lay before

him.
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Of these schemes there are two great classes, of which the

first proposes to go to the very root of the evil, and prevent

the sewage from getting into the drains at all ; and the second,

to direct, deodorize, and utilize it when it has got there. Of

the first class, the ordinary privy and ash-pit system is the

commonest example. There are not wanting advocates even

at the present day for this well-known nuisance, and although

the filthy and pestilential " middens " are universally con-

demned, the " privy," with various modifications, has been

preferred—most unfortunately as we think—to the water-

closet, at Manchester, Kochdale, Halifax, Leeds, Nottingham,

Stamford, Hull, Birmingham, and other towns. [V. Bir-

mingham Beport, 1871, pp. 11-13.] At Manchester the

privy is so contrived that ashes can be emptied only through

the seat, which is capable of being raised for this purpose.

At Eochdale receptacles containing disinfecting fluid are

placed under the privy seat and removed weekly in covered

carts. For a full description of the Manchester and Eoch-
dale privies, see Birm. Be]?., pp. 25-28 and App. xii. At
Birmingham the desire to reduce the volume of sewage has

led to the adoption of a privy system and a tax on water-

closets. [Y. Birm. Bep., pp. 37-42.]

According to Professor Corfield, the best form of midden-
closet is that in use at Hull. [' Sewage Utilization,' p. 32.]

For an account of Fosses mobiles, the various modifica-

tions of the " midden " and " cesspool " systems adopted in

various continental towns (especially Paris and Brussels) see

Corfield op. cit, pp. 35-45 and 54-62
;
Krepps, ' The Sewage

Question,' pp. 81-111; but as we have never heard it

suggested that any of these continental systems (except

possibly Liernur's, on which see post, p. 24) could be ad-
vantageously adopted in this country, it would be superfluous
to give any detailed account of them in a work like the
present.
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The fallacy of the privy as a preventive system is suffi-

ciently evident from a comparison of the analysis of the

sewage flowing through the drains of a town like Manchester

and Salford, where the proportion of privies to water-closets

is about six to one with that of London, where the water-

closet is universally adopted. These statistics may be found

in foil on pp. 26-29 of the 1st Eep. of the E. P. C, 1870.

We will at present content ourselves with remarking that as

the " middens " are usually in some way connected with the

sewers, a considerable proportion even of solid excrement,

partly in solution and partly in suspension, finds its way
into the sewerage system. Indeed the figures show a very

slight diminution of the strength of the sewage of a " midden "

town, although the volume is somewhat less in about the

proportion of 1066 to 1154 ; the cause of this differ-

ence in volume being obviously to be sought for in the

increased quantity of water needed under the water-closet

system.

The very slight difference in the volume and strength of

the liquid sewage in "privy" towns and "water-closet"

towns is somewhat surprising, and is certainly an additional

argument in favour of the water-closet system. [See also

1 B. P. C, p. 30, where it is stated that the case is not sub-

stantially different when the earth-closet is substituted for

the midden.] But the failure in a financial point of view of

the privy, and the numerous ingenious modifications of it

that have been hitherto tried, is to be attributed to the fact

that they are only able to deal with the solid matter—the

least injurious and the least valuable part of the excreta

[1 B. P. C, 48], while the greater part of the urine—so rich

in ammonia— and the whole of the fluid refuse from the

kitchen and house generally, is passed direct into the sewer.

It is evident therefore that by all these systems a great

quantity of dangerous polluting matter is suffered to flow
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into the sewers, not much decreased either in volume or

polluting power from ordinary raw sewage ; while that

portion which is intercepted is deprived of a great portion

of its most valuable constituents, considered as a manure.

The argument of the E. P. Commissioners [1 B. P. C,

30], that the abolition of water-closets diminishes but to a

very slight extent the sewage pollution, appears to be

founded on the supposition that the privies must allow not

only all the liquid excrement [30], but even' some of the

solid [27], to find its way into the sewers. This was no

doubt the case in the old-fashioned privies ; but nothing can

be so fallacious as to make use of this argument, and the

elaborate Tables [28, 29] of the relative amount of polluting

matter in the sewage of " midden " and " water-closet

"

towns, whereas in only one instance (Broadmoor Asylum)

earth-closets were even " partially used." In all other in-

stances, of course, the old-fashioned privies, which no doubt

polluted the drains, were established. It is perfectly evident

that in the case of earth or charcoal closets nothing of this

kind can take place ; and we very much regret that no

statistics are to be had of the relative strength and volume

of sewage in places where water-closets are in use, and that

in which dry closets have been adopted. In the latter case

only the " house slops," containing, no doubt, a large amount

of urine, would find their way into the drains. And, although

we readily admit that such polluting matter, however much
diluted in the surface water, should not be allowed to flow

into any stream or river, it is evident that the difficulty of

treating the sewage at the outlet would be greatly dimi-

nished, as not only the strength, but the volume, would be
considerably lessened ; for not only would the amount of water

otherwise required for water-closet purposes be saved by the

consumers, and kept out of the sewers, but the sewers them-
selves would rarely, if ever, require flushing. Even supposing,
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in spite of obligatory sink-traps, a certain amount of solid

foreign substances found their way into the drains with the

house slops—and no system is worth anything which depends

in any degree upon the carefulness of servants—yet the

house water (and surface water, if allowed to run into the

sewer) would be quite sufficient to carry everything down to

the outlet. It is the greasy and highly tenacious nature of

the faeces which renders it so difficult to cleanse any drain or

sewer in communication with a water-closet ; and in any

system which only allowed the liquid refuse to pass into

the sewers, this great difficulty would of course be entirely

obviated.

The statement made by the E. P. Commissioners that the

volume of sewage is only less in the proportion of 10 to 11 in

midden than in water-closet towns is, of course, based upon

the same assumption as that to which we have just referred

(p. 13), with regard to the extent of the pollution. [On the

subject of water-closets in general, especially as to the supply

of water, the " trough " closet, " tumbler " closet, &c, a great

deal of valuable information will be found collected in

Corfield's ' Sewage Utilization,' pp. 105-125.]

Under the old-fashioned privy and cesspool system, an

intolerable and dangerous nuisance is created by the accu-

mulation of sewage filth within a few yards of the dwellings

of the people ; and the noxious emanations consequent upon

every removal of the accumulations are often the cause of

various forms of disease. And this is' the less to be wondered

at when we learn that in many instances the privy refuse can

only be removed by being carried into the street from the

back door to the front, through the very room in which a

large family is crowded at the time. This deadly nuisance,

at least, is guarded against in Moule's, Goux's, and the

Eureka system, which are all improvements upon the privy.

There is no doubt that some of these systems, or modifica-

tions of them, may be introduced with advantage into large
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country-houses, public institutions, or small villages ; and

we will say a few words upon them before leaving this

branch of the subject. Those who wish to enter more fully

into the question we have just been discussing will find an

elaborate comparison between the privy and water-closet

systems on pp. 23-30 of the Keport of the E. P. C. (1870),

and are farther referred to the Transactions of the Institu-

tion of Engineers in Scotland, vol. x., in which is printed a

paper by a Mr. Hoey, of Glasgow, on the best means of

economizing the water in water-closets.

In the Eureka system, which was tried at Hyde, near

Manchester, boxes containing a small amount of deodorizing

mixture were fitted in at the back of every privy, and, as

they became full, were exchanged for empty ones, after a

certain number of days, according to the number of persons

making use of the closet. The boxes, when removed, were

covered with closely-fitting lids, and carried away in covered

vans to the manufactory. Here the rags were first removed,

and sold to the paper-makers. More disinfectant was then

added, and the matter concentrated by distillation, the dis-

tilled water being sold to the dyers and bleachers. The
residue, thus thickened, was then mixed with coal ashes,

which had previously been collected in the houses of the

district and finely ground, and was ready for distribution as

a manure. Messrs. Lawes and Gilbert, however, found by an

analysis that it contained scarcely 2 per cent, of ammonia,

and would obviously, therefore, not be worth more than its

carriage beyond a few miles. [See Notes on the Composition,

Value, and Utilization of Town Seivage, reprinted from the

Journal of the Chemical Society, 1869. Harrison.]

The great objection, however, to the Eureka system, as

conducted at Hyde, was the proximity of the manufactory
to the town. The mode of collection of the sewage was
unobjectionable, but the works themselves were considered

by many to be a nuisance ; and for this reason, as well as
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the weakness of the manure manufactured, the system was

abandoned at Hyde. [See 1 JR. P. C, 50, 51.]

The system in operation at Milan (a city of some 200,000

inhabitants), advocated by Mr. Gilbert Child [see ' Times

'

newspaper, August 29, 1867, January 2, 1868, and November

20, 1871], consists in the collection of all the house sewage

in cesspools, which are frequently emptied by means of an

iron barrel from which the air has been exhausted, and

which sucks up all the sewage through a hose, without the

carrying and necessary odour resulting from the ordinary

mode of emptying cesspools. The sewage is afterwards

deodorized, and sold to the neighbouring farmers. [See

further as to the Milan system, and generally as to those

pursued in North Italy, including the Lombard Irrigation,

1 8. U. G., 38-53, and First Eep. Health of Towns Commis-

sioners (1844), pp. 405-6, &c]

Goux's system is similar in principle to the Eureka, differ-

ing chiefly in that the box or tub is lined with absorbents in

order to preserve the fasces in a dry state. The final treat-

ment is also somewhat different : but the manure manufac-

tured is equally feeble and perfectly inoffensive. The system

has been adopted at Halifax, Bradford, and "Wakefield.

We add a description of the working of a " Patent Sani-

tary Closet," proposed by Mr. Goux as an improvement upon

his ordinary " absorbing " privy :

—

" By the use of these patent closets, the objections raised

against dry closets in general are entirely obviated and

done away with. They not only screen from the sight the

contents of the tub placed under the seat, but they actually

absorb and completely deodorize all the gases, which, under

the best conditions, still escape from other dry closets—

a

thick dust of disinfecting powder being spread evenly over

every motion, from a box which is so placed under the seat

that it constantly covers the contents of the container, and
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thereby intercepts all emanations which might arise from

Tinder. The mechanism is self-acting, totally independent

of the action of the occupier, and so simple that there is

hardly a possibility of its getting out of order.

" This closet may be used for one or even two weeks with-

out removal ; the only care required is to refill the box with

any kind of disinfecting powder. About two ounces of

powder being used at each motion, one hundredweight

would suffice for nearly one year for three persons."

In the Goux system the absorbents that line the con-

tainer taking up all the liquid, a very small quantity of

powder suffices to cover the solid portion that remains. No
other dry system admits of this advantage.

When the seat is occupied, the box is removed to one side

automatically, and, as soon as the weight of the person is

removed from the seat, the box returns with a jerk, and the

powder contained in it falls in a shower of dust, covering the

droppings, and preventing effectually all emanation of gases.

The box, when full, may serve for about thirty motions.

When it requires refilling, the powder is introduced through

the hinged opening on the top. When the container itself

is sufficiently filled, it is removed and replaced by another

container prepared beforehand.

The full container should be emptied under a shed, and
the contents treated in exactly the same manner as stable

manure. After two or three months the produce is ready

for use as manure.

The Corporation of Eochdale has adopted a system not

very different in principle from Goux's, and of which we
may advantageously give a brief description.

In 1872 the population of Eochdale was 45,000 ; the

number of houses about 9900. The number of water-closets

300 ;
the number of privies on the old system 2700 ; and the

number of privies on the new system 1770.

c
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The mode of collection is as follows :— The town is

divided into six districts, and each privy numbered conse-

cutively in a district register, so that in case of any conta-

gious or infectious disease arising in the town, the numbers

of the privies attached to the houses in which the disease

exists can be communicated to the local authority, when

arrangements can be made for the daily disinfection of the

privies and for the isolation of the excreta.

All privies are emptied once a week, to insure which the

driver of the collecting van on his return to the works gives

in a list showing the number of each privy he has collected,

the public thus not having to give notice for emptying, or

being annoyed by privies unfit for use, the entire onus of

removal resting upon the Corporation.

No emptying or filling takes place in this weekly collec-

tion, the privies being supplied at each collection with a

fresh receptacle which has been well washed, and in which

is placed a liquor deodorizer and disinfectant, which retards

decomposition till the next removal.

The collections are made during the day, and to prevent

any nuisance arising from the collecting vans when passing

through the streets on their return to the works, air-tight

lids are placed upon each receptacle collected. The ash and

refuse tubs are also systematically emptied, being collected

in open carts.

The process of manufacturing the manure is as follows :

—

The house refuse is tipped from the carts on to drying floors,

and when thoroughly dry is passed through a riddling ma-

chine worked by steam power, which takes out the paper,

shells, and vegetable refuse, and separates the cinders in

two sizes from the ash, the ash being carried forward by

machinery into another shed, where it is deposited ready

for use, and the cinders removed and used on the works for

generating steam, heating the drying floors, for the engines
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at the public baths, and for sale. All the saleable refuse,

such as iron, &c., obtained by this riddling is disposed of,

and the vegetable refuse is burnt and used in the. manure.

The nightsoil or excreta, upon its arrival at the works, is

emptied into a trench formed by a banking of ash which has

previously been brought into the shed from the riddling

machine ; and ash is thrown upon the excreta as the trench

is being filled. Whilst in the trench the contents are treated

with sulphuric acid, to cause the evaporation of the water,

and to retard the formation of ammonia. The whole mass is

occasionally turned during about three weeks, when it is

pulverized and bagged for sale. According to the Eeport

published by the Corporation of Kochdale in June 1872, the

objects attained by the new system are—an improved health

of the people, by the town no longer being soaked with

nightsoil, and by the consequent relief from the abominable

exhalations arising from the decomposition of animal and

vegetable matter, and the offensive system of emptying

(both of which seem to have been specially arranged for

spreading the maximum of disease) ; a power to limit the

spread of infection arising from the faeces of fever and

choleraic patients ; a cleanly mode of removal ; a reduction

in the cost of erecting privies ; and an ultimate saving of

1600Z. per annum, or, in other words, the whole of the cost.

Of all the modifications of the privy, the best that has as

yet been invented is, no doubt, Moule's. In this system a

quantity of common dry earth is placed above the closet, and

after use, a certain amount (about 1^ lb.) of this earth is

by a simple and ingenious mechanical contrivance, made to

fall upon the excretion, which is thereby perfectly deo-

dorized. The receptacle containing this dry excrement is

emptied from time to time without any smell or danger, and
after storage for as long as may be necessary in a sheltered

place, the mixture forms a valuable and inodorous manure,
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worth from 21. to 3/. per ton. (See Moule's Pamphlet, p. 12.)

If it should he desirable, this manure, when dry and pul-

verized, may be again used three or four times over, instead

of common dry earth, the value of the manure being neces-

sarily increased after each using. The amount of this in-

crease has not, as far as we know, been calculated, so it yet

remains to be seen whether using the dry fascal matter over

again, or introducing new earth into the closet-cistern, is

more profitable in the value of the total amount of manure
produced. Mr. Moule's earth-closets have been introduced

with success at Wimbledon Camp [see Appendix to Twelfth

Annual Beport of the Medical Officer to P. Council by Dr.

Buchanan] ; and has met with such success in India as to

obtain for its inventor a donation of 500Z. from the Secretary

of State for India, together with the most flattering eulo-

giums. [Pamphlet, pp. 1 and 23.]

The advantages of the system have been so ably sum-

marized by Dr. Buchanan, that we give his words in extenso :—
" 1. The earth-closet, intelligently managed, furnishes a

means of disposing of excrement without nuisance, and

apparently without detriment to health.

" 2. In communities, the earth-closet system requires to

be managed by the authority of the place, and will pay, at

least, the expenses of its management.

"3. In the poorer class of houses, where supervision of

any closet arrangements is indispensable, the adoption of the

earth system offers especial advantages.

"4. The earth system of excrement removal does not

supersede the necessity for an independent means of re-

moving slops, rain-water, and soil-water.

" 5. The limits of application of the earth system in the

future cannot be stated. In existing towns, favourably ar-

ranged for access to the closets, the system might at once be

applied to populations of 10,000 persons.
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"6. As compared with the water-closet the earth-closet

has these advantages :—It is cheaper in original cost ; it

requires less repair; it is not injured by frost; it is not

damaged by improper substances being thrown down it ; and

it very greatly reduces the quantity of water required by

each household.

" 7. As regards the application of excrement to the land,

the advantages of the earth system are these : the whole

agricultural value of the excrement is retained; the re-

sulting manure is in a state in which it can be kept, carried

about and applied to crops with facility ; there is no need for

restricting its use to any particular area, nor for using it at

times when, agriculturally, it is worthless; and it can be

applied with advantage to a very great variety, if not to all,

crops and soils. After the disposal of excrement by earth,

irrigation will continue to have its value as a means of ex-

tracting from the refuse water of a place whatever agricul-

tural value it may possess, for the benefit of such crops and

such places as can advantageously be subjected to the process."

There can be little doubt, however, that 10,000 is too large

a limit, for in order to ensure the proper and advantageous

working of the system, it appears to be necessary that all

the closets should be under the supervision of one authority,

which would be difficult to bring about in practice in a town

of 10,000 inhabitants. It will be observed also that the

valuable liquid filth is not in any way treated by Moule's

system, so that in order to prevent river pollution in any

district where the earth-closets have been set up, a system of

irrigation, filtration, or some other approved mode of dealing

with the liquid sewage would have to be adopted in addition.

Taking for granted that irrigation is the most successful of

them, it will be a question whether the liquid sewage, minus

all the valuable constituents abstracted by Moule's process,

could be utilized in such a manner as to pay its expenses.
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We fear, however, that the difficulty of dealing with the

liquid sewage (apart from the solid excrement) would be too

great to permit of the adoption of earth-closets, in large or

even moderate-sized towns.

At the same time, while considering Mr. Moule's system,

it may be remarked that in the highly successful mode of

treatment of the sewage by irrigation pursued at Bedding-

ton (Croydon), the solid matter is separated from the liquid

before distribution over the land.

How far the liquid sewage may be enriched by the pre-

sence, even for a very short time, of the solid faecal matter,

I know not how to estimate, but I should imagine that the

solid refuse was more likely to gain in fertilizing power than

the liquid ; which is borne out by the fact that although Mr.

Moule, in his own pamphlet, only claims a value of from 21.

to SI. per ton for the solid manure refuse from his closet, we

learn through Mr. Latham that the manure manufactured

from the solid matter retained in the filters at Beddington

is worth about 31. 10s. per ton. Theoretically, then, there

would seem to be no reason why the " dry earth " and the

" irrigation " system should not be adopted together in any

moderate-sized town or district; but how far, in practice,

such a combination would be superior to the water-closet and

irrigation system, as has been adopted at Beddington and

elsewhere with so much success, has yet to be determined.

We confess that we are not very sanguine as to the result,

although we have no doubt that in villages and large public

buildings, especially in the country, where the liquid sewage,

house slops, &c, can be easily and profitably disposed of and

utilized on the neighbouring gardens and fields, we think the

earth-closet may be adopted with very great advantage. [As to

Dr. Voelcker's estimate of the composition and agricultural

value of earth-closet manure, sec ' Journal of the Boyal

Agricultural Society,' No. XV. (1872), Article 6.]
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In MorreU's system fine ashes have heen substituted for

dry earth. The advantage of having the deodorizing material

necessarily on the premises is very great, not only as saving

the carriage of the earth into the town, but inasmuch as dry

earth is not always easily procurable in the immediate neigh-

bourhood of a large town. Unfortunately, however, ashes

are by no means as suitable for the purpose required as dry

earth, requiring about three times as much material to deo-

dorize the excrement, and retaining a smaller proportion of

the ammonia. It will thus be seen that while the amount to

be carried out of the town is trebled, the value of the manure

is lessened.

Mr. E. C. Stanford, F.C.S., has lately patented a modifi-

cation of the dry-earth closet system, which he claims to

be applicable to large towns with greater advantage than

Moule's or any other similar system. The deodorizer em-

ployed instead of earth is either seaweed, charcoal, or char-

coal derived from the carbonization of the excreta themselves.

The inventor considers that one-fourth the weight of earth

required to deodorize the excrement will be sufficient in the

case of charcoal, and he estimates the quantity required for

the treatment of the entire excrement, fluid and solid, of one

person at less than 9 cwt. of charcoal per annum. For a

further account of this system see 4 It. P. C, 53-54.

An attempt has been lately made [1 B. P. C, p. 50] by

Mr. W. J. Garnett, of Quernmore Park, near Lancaster, to

get the house scavenging of the town done upon a modifica-

tion of the dry-earth system, and to deal with the whole

excrement of the household instead of only the solid refuse.

By daily collection in tubs and pans the whole excrement

is collected from a large number of houses, and the pay-

ment of a penny per week per house is said to secure the

collection of the chamber slops as well as of the privy con-

tents. Nearly one-tenth of the town is thus dealt with.
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Earth is sent round daily and thrown into the privy holes,

and when the pit is full the whole is taken to a depot, where

it is mixed with material derived partly from street sweep-

ings and ash-pit refuse ; and heing thereafter piled beneath

a shed built upon a farm near the town, the whole is soaked

with the collected urine. A sample analyzed proved to

contain—

Organic matter and ammonia containing • 207 of tot. comb. nit. 6 • 671

Mineral matter containing 326 of phosphoric acid . . . . 66 782

Water .. .. 26-547

These figures indicate a practical value much smaller than

would have been supposed, and it is evident from the small

amount of total combined nitrogen, that much of the urine

escapes preservation. The results are certainly curious.

[1 B. P. C, p. 50.]

A comprehensive but somewhat complicated system of dis-

posing of the sewage of towns, invented by a Captain Liernur,

may be appropriately noticed in this place, although it can

hardly be said to fall under any specific classification. It

has been adopted to a certain extent at the Hague and at

Haarlem, but has met with but little favour in this country.

The most important features of the scheme are as follow :

—

Small iron reservoirs are placed under the pavement of all

principal street-crossings, each reservoir being connected by

means of small iron pipes with the privies of the houses next

to it, in such a manner that no offensive gas can escape. The

communication between each privy and its street reservoir

can be established or cut off at will by means of a valve, which

can be worked from the street by a handle. These valves

always remain hermetically closed, except at the moment

when the privy contents are being discharged into the reser-

voir, which is done once in the course of every twenty-four

hours, at night, by means of a locomotive engine working an
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air-pump, and sucking all the contents of the privy into the

street reservoir, and thence into the portable reservoir at-

tached to the engine. The urine, which exceeds the feces in

volume about eight or nine times, affords sufficient moisture

to render this process perfectly easy, especially as the suction-

power of the air-current is, as may be supposed, enormous.

(On this point, however, vide ante, Introduction.) The

pure sewage, undiluted by water and unincumbered by earth,

is then emptied into closely-fitted barrels, and conveyed at

once to the fields, when it is ploughed into the soil. This

system, of which we give but the briefest outline, has been

elaborated by Captain Liernur with very great ingenuity.

The construction of the privies, the pipes, the reservoirs, en-

gines, barrels, and even ploughs and machines for applying

the sewage to pasture lands, have all been considered, and an

account of them may be found in Krepp's ' Sewage Question,'

pp. 112-177.

This system appears to us to merit the very greatest atten-

tion. It is dismissed by Mr. Corfield in a few words. " We
have no evidence of the practical working of such a plan, but

we know what air-tight carts filled by pneumatic pressure are

in continental towns, and we have no desire to see their dis-

gusting nocturnal processions in London or anywhere else
"

(p. 40). A fairer and more practical objection taken by

the Lancet (March 30, 1867), is that the water used for do-

mestic purposes, and all that fluid matter known in English

households under the general name of "slop," would infal-

libly find its way into the drain-pipes. Captain Liernur would

apparently dispose of these by passing them into the sewer

;

but we fear we cannot agree with him that " the fluid can

advantageously be discharged into rivers and watercourses."

On the whole, and in spite of the contention of Mr. Krepp
that this system has solved the great problem of sewage utili-

zation, we think that it is far more ingenious than practical

;
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and we are sure that the cost, as estimated by the promoters,
is very greatly under-estimated.

Those, however, who desire a more intimate acquaintance
with the details of the system, are referred to Mr. Krepp's
work on the subject, mentioned above ; a book written by a

somewhat violent partisan, but containing a good deal of

useful information, especially as to the various methods of

disposing of towns' sewage on the Continent.

III.—CHEMICAL TREATMENT.

The second class of remedies of which we have to speak

are those which deal with the sewage after it has been passed

into the drains and mingled with the entire liquid refuse of

the houses and streets of the district, and most generally

under our present system of town drainage, with the surface

water and unintercepted rain-water of the place. There are

three principal ways, under this head, in which it has been

attempted to deal with town sewage :— 1. Precipitation by

chemical means ; 2. Filtration ; 3. Irrigation. Of these the

second is, in practice, only an artificial and imperfect modi-

fication of the last ; but we are not prepared to say that under

peculiar circumstances and in certain localities an artificial

system of filtration may not be adopted with advantage, and

we will say a few words upon the subject in connection with

what has been called plant-filtration, or irrigation.

Precipitation by chemical means is certainly the most at-

tractive form of sewage utilization, and although nothing has

as yet been achieved at once practical and remunerative, it

seems impossible, considering the rapid advance of scientific

knowledge, that we can long remain without some chemical

composition which will fulfil all requirements. The pre-
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servation of the ammonia can alone render any process of pre-

cipitation remunerative, but that subtle chemical enigma has

so far eluded the vigilance of the chemists ; and never fails to

fly off during treatment, either entirely or in such large pro-

portions as to leave nothing but a worthless manure behind it.

We will now notice the principal experiments in this

direction, with their success or results.

1. The sewage has been treated with lime at Tottenham,

at Blackburn, and at Leicester. The modus operandi is simple,

but the treatment entirely fails to get rid of the organic nitro-

genous matter in the sewage, and consequently to render the

liquid sewage admissible into a river. We subjoin a Table of

the analyzed results of the lime process, which may be inter-

esting in many ways.

Precipitate op Sewage bt Lime.

Before
Treatment.

After
Treatment.

Precipitate.

Organic matter :

—

(a) Insoluble suspended .

.

39-10
(6) Soluble 19-40 19-35 35 41

10-13 9-28 14 80
1-42 0-94 0 22
4-01 2-26)
3-66 3-80[ 1 02

Common salt .. 26-40 24-49)
Sulphuric acid 5-34 5-99 1 11
Phosphoric acid 2-63 0-45 2 06
Carbonic acid 9-01 5-19 8 92

Silica, sand, oxide of iron, &c. 6-20 0-23 5 96

127-30 71-98 69 50

7-48 7-50 2 80
in solution only. in solution only.

1st. It may be remarked that no organic matter is precipi-

tated except that which would have been equally separated
by mechanical filtration.

2nd. The ammonia in the precipitate is entirely due to
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the same insoluble organic matter, and none of the ammonia
of the liquid is saved by this process.

3rd. Five-sixths of the phosphoric acid are precipitated.

But as this is the only element of agricultural value pre-
served by the lime process, it may be safely affirmed that
it can never be profitable in an agricultural sense. [See

2 S. U. C., p. 69, and Tott. Bep., p. 10.]

2. Lime and chloride of iron have been tried without satis-

factory results at Northampton. The chloride of iron delayed,

without preventing, the putrescence of the effluent faecal

matter; and the Court of Chancery at length stepped in

and restrained the Improvement Commissioners from dis-

charging any more sewage into the river after June 1, 1870.

[1 B. P. C, 58.]

3. At Stroud, in Gloucestershire, sulphate of ammonia has

been tried with partial success, but under circumstances

which would not warrant its adoption elsewhere ; the sewage

being very weak and the effluent liquid containing more

solid matter in suspension than the sewage before treatment.

[1 B. P. C, 59.]

4. A somewhat more complicated mode of treatment,

known as Holden's process, seems to combine all the dis-

advantages of the foregoing system. The sewage is treated

with a mixture of sulphate of iron, lime, and coal-dust, and

has been tried, among other places, at Bradford. According

to the analysis on page 60 of the B. P. C, we find that not

only is the amount of the putrescible organic matter in

solution in the sewage absolutely increased by treatment,

but that the amount of solid matter in solution is also

increased, and the effluent water rendered in addition so

permanently hard as to be very objectionable for manu-

facturing purposes. In addition to this the solid refuse

obtained may be considered practically worthless as a manure.

[1 B. P. C, 60.]
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5. Experiments have also been tried at Stroud, Chelten-

ham, and other places, with crude sulphate of alumina (Bird's

process). The results were not very different from those

obtained by the lime process [see Table, ante, p. 27] ; the

precipitate being, however, on the whole, of somewhat less

value as a manure. [2 S. U. C, pp. 70, 71.]

Dr. CorfieU (' Sewage Utilization,' ed. 1871, pp. 211, 308)

states that this process has been abandoned at Cheltenbam

in favour of irrigation
;
but, according to Dr. Letheby (April,

1872), this system has of late given much satisfaction at

Stroud. There is no doubt of the value of alumina, in almost

every form, as a precipitant for sewage, although it yet

remains to be decided in what form it may be used with the

greatest advantage.

6. Since the first edition of this book was published, a scheme

has been laid before the public in which it is proposed to

use sulphate of alumina and lime as the deodorizing and

precipitating agents. The plan at present proposed is a

modification of the processes of Stothert and Bird, the

former of which was shown by the Sewage of Towns Com-
mission (2nd Beport) to give results not greatly different

from those of the lime process, the manure from which (ante,

p. 27) has already been shown to have very small value

as a fertilizer. It has been tried at Coventry on the recom-

mendation of Dr. Anderson. "The tank contained" (see

Dr. Letheby on the Sewage Question) " 100,000 gallons of

sewage on each occasion, and these were treated with 9J cwt.

of the sulphated material, which, after thorough agitation,

was precipitated with If cwt. of lime previously slacked."

Dr. Letheby states that the sulphate is produced by adding

1 part of common sulphuric acid to 2 parts of ordinary clay,

and then mixing it with its own bulk of water. Dr. Ander-
son says that the total cost of producing one ton of manure
by this method is lis. ; 7s. 6d. being for the chemicals and
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3s. Qd. for labour, &c, and the value of the manure is esti-

mated at 30s. per ton.

7. An interesting system was pursued for some time at Ely
;

but we do not know whether it has been permanently adopted.

The process was as follows :—At the end of the main sewer,

on the top of it, a tank was placed in which clay and lime were
mixed with water, and allowed to run down through a pipe

into the sewage. This mixture fell into a movable strainer,

which, when full, was hoisted up, being immediately re-

placed by another empty one. The full strainer was now
emptied on a floor higher up, where the deposits were mixed

with charcoal and gypsum, at the rate of four parts deposits,

two of charcoal, and one of gypsum, and then left to dry.

The floor was ventilated by a chimney, which served also as

a channel for the strainer to move in. The liquid portion,

falling below, was filtered upwards through a perforated

floor, overlaid with twelve inches of charcoal and six of

ground gypsum.

8. In, Blyth's process, the polluting matter in the sewage

precipitated by soluble phosphate of magnesia ; but the

results of experiments are not satisfactory. [2 S. JJ. C, 71, 72.]

9. In Lenlc's process, the sewage was treated with a pre-

paration of alum, the deposit being valued as a manure by

Professor Voelcker at about 21. 2s. per ton dry, and 25s. to

30s. in a semi-dry state. The deodorizing fluid was tried at

Tottenham with very fair results
[
Totten. Sep., pp. 30-35]

;

and Dr. Voelcker reports favourably upon the disinfecting

power of Lenk's composition [id., p. 34].

10. Sulphites of lime and magnesia (McDougall's compound)

in conjunction with some products derived from tar, have

been employed to some extent in the purification of sewage.

The sulphuretted hydrogen is destroyed by the sulphurous

acid of the sulphites, and animal decomposition and fermen-

tation are to a certain extent prevented. But unless the sul-
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phurous acid is used in great quantities, it soon ceases to

exist in the sewage. Tar merely masks the smell ; and the

precipitation depends upon the amount of lime in a free or

caustic state. [2 S. U. C, p. 16.]

11. Stothert's process consists in the addition of a mixture

of sulphate of alumina, sulphate of zinc, and fine charcoal to

each gallon of sewage, with slaked lime
;
but, although the

clarification of the sewage was greater than in the Lime

process, the manure was of even less value. [Corfield,

1 Sewage Utilization,' p. 211, and 2 S. U. C, 70.]

12. The best practical precipitants of sewage, according

to Messrs. Hofmann and Frankland [Rep. add. to Met. Bd.

of Works, 12th August, 1859, whose opinion is endorsed by

the Eoyal Commissioners in their Second Report (1861)],

are the persalts of iron. Of these, the perchloride of iron

may be considered as the most valuable ; and its high price

alone appears to interfere with its adoption. But it has

been suggested that, in case of a large demand, it might be

produced "at a price sufficiently moderate to allow of its

general employment in the purification of sewage" [2 S. U. C,

1861, p. 18, and id., Appendix, 6]. We cannot do better than

quote the words of this Report as to the advantage of sewage

treatment with perchloride of iron. " When perchloride of iron

is added to sewage, a precipitate is formed which rapidly

settles down, leaving above it a clear liquid. This precipi-

tate is chiefly composed of peroxide, of iron, precipitated not

by the acids of the sewage, as in the case of the alkaline

precipitants, but by the alkalinites of the carbonate of

ammonia and other compounds of the same nature which

exist in, or are rapidly formed from, the urine and faeces of

the liquid. The deposit so formed contains, of course, all

the suspended matter of the sewage, whether organic or

otherwise. It also contains, and to a greater extent than in

the case of the lime process, the phosphoric acid previously
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existing in the sewage in a soluble form
;
moreover, and this

constitutes about all tlie advantage of tbis metbod of pre-

cipitation, in tbe precipitate is removed tbe sulphuretted

hydrogen, which in the case of the lime process remains as

a sulphuret in the liquid. The value of a precipitating

process depends upon the extent to which it fulfils the very

different, but equally necessary, requirements of a mechanical

clearing of the liquid and of its chemical purification. Salts

of peroxide of iron (or, more properly, persalts of iron),

when neutralized by an alkali, give a large fiocculent pre-

cipitate of peroxide of iron, which is extremely well adapted

for the mechanical separation of the suspended particles.

The resulting precipitate rapidly settles down, and the clear

liquid is easily separated from it. In this respect, the iron

compounds hold a high rank as a means for the purification

of sewage. But, moreover, in this precipitate is removed,

as we have before seen, the sulphuretted hydrogen in the

form of sulphuret of iron, a compound quite innocuous, and

not readily decomposed by subsequent agencies. Oxide of

iron has also the property, like alumina, of carrying down

with it organic matter in solution ; and we have reason to

believe that it does practically remove animal matter which

would otherwise be left in the discharged liquid. The result

of these conjoined actions is, that with the iron process we

are able to separate town sewage with great facility into

solid and liquid, both of which are comparatively free from

noxious or offensive smell, and neither of which is liable to

a recurrence of this evil quality." [2 S. TJ. C, pp. 16, 17.]

As regards the best mode of obtaining perchloride of iron,

see Appendix, id. p. 73.

13. We have now to notice a chemical process which

takes a high place among all those that have hitherto been

invented, and seems likely to play a very prominent part in

sewage utilization, namely, the Phosphate process. The most
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interesting experiments upon this system have been made at

Tottenham, where the Lime process adopted some time ago

may be said to have almost completely failed ; and we refer

our readers, for an admirable expose of the new system, to a

Eeport published on the subject by Mr. P. P. Marshall, C.E.,

the engineer to the Tottenham Local Board of Health.

The sewage is treated in this process with phosphate of

alumina, a natural product existing in large quantities on

the island of Altavela, near St. Domingo, in the West Indies,

and procurable at about 31. 10s. per ton. The essential

difference between this and any other system of deodorizing

sewage is, that the agent employed contains the most valu-

able fertilizing properties itself; and these properties can

only be made available by a process of precipitation. " All

other methods are simply precipitant ; and the consequence

has been that the manure made from the sewage has been

little better than mud." [See ' Analyses of Composition,'

pp. 18 and 28.]

The phosphate process has a twofold character, and com-

bines the principles of irrigation and chemical precipitation

;

or it can be used independently of irrigation, if that course

be preferred. In one case, if the phosphate of alumina alone

is used, the sewage is defecated, the solid matter in the

sewage is precipitated, and the water is left, the latter, it is

stated, " still maintaining all its nitrogenous and valuable

properties, plus any excess of phosphoric acid which has

been added, and therefore highly useful for the irrigation of

cereals and other crops, and at the same time perfectly in-

offensive." This application of the process would be suitable

where it was deemed desirable to use the water as a fertiliz-

ing agent for irrigation purposes. In the case of towns

where sewage irrigation presents peculiar difficulties, and

where it is desired to render the sewage sufficiently clear

aud pure to mingle with a river or stream, this object, it is

D
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stated, " can be obtained by adding a small quantity of lime

to tbe sewage, after tbe treatment by the former process, by
wbicb means tho excess of phosphate and organic matter is

precipitated
; and tho water so clarified is rendered tasteless

and harmless." In either case it is claimed that the sewage

is effectually defecated, and rendered free from all trace of

putridity. Of course, the precipitate or deposit has to be

removed from the precipitating tank and dried in order to be

converted into a portable manure. This is accomplished by
means of an Archimedean screw ; and the precipitate is dried

and pulverized in a large open shed.

Process.—The phosphate of alumina is rendered soluble

in water by the application of sulphuric acid in proportions

of about 2 to 1, and is then mixed with water until the

whole is reduced to the consistency of thick chocolate for

drinking. [Marshall, Bep., p. 7.] This composition is then

applied to the sewage, and afterwards run into a series of

tanks. After precipitation, " the water is finally passed

through a filter composed of coke, charcoal, or some other

carbonized substance, so as to remove any organic matter

that may' remain in solution. This filter is reoxidized by

exposure to the atmosphere, the water being run out and the

air admitted every twelve hours alternately." The deposit

is afterwards removed into shallow pans to dry, and, when

of sufficient consistency, is made into bricks and air-dried.

The whole process is remarkably free from smell, in conse-

quence of the phosphate in the precipitating composition.

The practical results of the process are most satisfactory

;

and for a detailed account of them we must refer our reader

to Mr. Marshall's exceedingly impartial Keport [pp. 9-18],

and to Dr. Voelcker's letter or Eeport on the whole process

(6th April, 1871), and printed in the Appendix to Mr.

Marshall's work. [See also 'Evening Standard,' December

26, 1871.]
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Professor Voelcker's analyses show that the raw sewage

at the time of his visit contained 16^ grains of suspended

matter per gallon; while the effluent water yielded "no

perceptible and weighable suspended matters." The gallon

of raw sewage held 57 grains of solid matter in solution

;

while the effluent had 63 grains, there being a large increase

of sulphate of lime. Of organic matter, the gallon of raw

sewage held in solution 6 • 35 grains, and the effluent 5 74.

In suspension, the raw sewage held 11 '41 grains, and the

effluent none. Of mineral matter, the gallon of raw sewage

held in solution 50*80 grains, and the effluent 57 - 71. In

suspension, the raw sewage held 5*11 grains, and the effluent

none. Thus, the total solid matter, organic and mineral, was

73 * 67 grains per gallon in the raw sewage, and 63 • 45 grains

in the effluent. The total organic nitrogen in the gallon of

raw sewage was 1*60 grain, of which 0 • 96 was in solution.

The effluent had simply 0*47 in solution. This would be

equal to 1 • 94 grain of ammonia in the raw sewage, and

0 • 57 in the effluent. The saline ammonia in the raw sewage

was 2 • 66 grains, and in the effluent 3 32. Finally, the total

nitrogen, calculated as ammonia, was 4 60 grains per gallon

in the raw sewage, and 3*89 in the effluent. "It follows

from these results," says Professor Voelcker, " that sewage,

by treatment with the phosphate of alumina process, is de-

prived of by far its largest proportion of nitrogenous organic

matter."

Theoretically, and indeed as far as the experiments have

so far shown, the process is highly remunerative, the value

of the manure having been estimated by Professor Voelcker

at from 21. 10s. to 71. Is. per ton. Mr. Marshall estimates

the cost of producing three tons of manure at Tottenham

at about 9Z. [Report, p. 16.] The manure which has been

produced at Tottenham by some experiments conducted

under decidedly unfavourable circumstances sells for 4L per

D 2
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ton, thus giving a profit of 11. per ton on the estimated

working expenses. The extreme simplicity of the phosphate

process is one of its greatest recommendations ; we cannot

believe in the practical success of any system that cannot be

worked in a rough way. As far as deodorization is con-

cerned, the phosphate leaves nothing to be desired; and

speaking from personal observation we can say that not only

the effluent water, but the deposited mud, is perfectly free

from any offensive odour.

14. We have now to notice somewhat more fully a process

which has attracted a large share of public attention, and

which is known by the name of the ABC system, or Sillar's

patent. The following is the specification filed at the Great

Seal Patent Office :

—

" We add to the sewage to be purified a mixture consisting

of the following ingredients :—Alum, blood, clay [whence

the title
C A B C], magnesia, or one of its compounds, by

preference the carbonate or the sulphate, manganate of

potash, or other compound of manganese, burnt clay other-

wise known as ballast, chloride of sodium, animal charcoal,

vegetable charcoal, and magnesian limestone. Of these

substances the manganese compound, the burnt clay, chloride

of sodium, and magnesian limestone may be omitted, and it

is not essential that both animal and vegetable charcoal

should be used. If any of the ingredients named should

from any cause be present in sufficient quantity in the sewage

it may of course be omitted from the mixture. The pro-

portions in which the ingredients are to be used vary

according to the nature of the sewage to be purified, as, for

instance, if a large proportion of urine is present we increase

the proportion of clay; if the sewage is much diluted, we

slightly increase the proportion of alum and blood ; if it

contains a large proportion of street refuse we decrease the

proportion of clay.
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" For ordinary sewage the following proportions have

answered well :

—

Alum 600 parts.

Blood 1 „

Clay 1900 „

Mngnesia 5 „

Mauganate of potash 10 „

Burnt clay 25 „

Chloride of sodium 10 „

Animal charcoal 15 „

Vegetable charcoal 20 „

Magnesian limestone 2 „

" These substances are mixed together and added to the

sewage to be purified until a further addition produces no

further precipitate. The quantity required will be about

4 lbs. of the mixture to 1000 gallons of sewage. In many

cases it is preferable to mix the above compound with a

small quantity of water, and add it in a liquid state to the

sewage. The sewage must then be thoroughly mixed with

the compound and allowed to flow into settling tanks. The
greater part of the organic and other impurities will be

immediately separated in the form of large flakes, which

rapidly fall to the bottom, leaving the supernatant water

clear and inodorous, or nearly so. The water may then be

allowed to flow away into a river, or be disposed of in any

other way, and the sediment or mud allowed to accumulate

at the bottom of the tank. In some cases it is preferable to

add the compound of manganese to the water after the sedi-

ment produced by the other ingredients has been allowed to

subside. The sediment will be found to possess the power

of precipitating a further quantity of sewage ; it must there-

fore be pumped or otherwise taken from the tank and mixed
with fresh sewage, the sediment being allowed to subside in

the same way as before . The sediment may be used five or
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six times over in this way." When the sediment no longer

possesses the power of precipitating the impurities in the

sewage, it must be removed from the tank and allowed to

dry
; when partially dry a small quantity of acid, by prefer-

ence sulphuric acid, may be added to the mud, for the

purpose of decomposing insoluble phosphates, and of fixing,

as a sulphate, any free ammonia to prevent loss of the latter

in the drying process. " When dried the sediment will be a

valuable manure."

A series of experiments were conducted, chiefly at Leicester

and at Leamington, upon the "ABC" system, and the results

published in the early part of the year 1870 as the Second

Eeport of the E. P. C. They were, on the whole, unsatis-

factory ; and the patent mixture appears to have been in no

way superior to lime in its effect upon the sewage.

The advocates of the "ABC" process, however, assert that

these experiments were carried on under unfavourable cir-

cumstances, and in an unsatisfactory manner ; that the

Commissioners were inclined to investigate the working of

the process in a somewhat hostile spirit; and that, finally,

improvements have been effected both in the substitution of

crude sulphate of alumina for ammonia alum, and in the

subsequent drying of the residuum for manure, or native

guano. We will, therefore, add some statistics which have

been furnished by the promoters of the "ABC" process,

together with the personal observations made at the model

works of the Native Guano Company, at Crossness, to the

conclusions arrived at by the Commissioners, and published

on page 13 of their Beport, which are as foUow :

—

" 1st. That of the dissolved matters those left on evapora-

tion were increased in weight by nearly one-half the amount

of soluble ingredients added to the sewage ; for the 'ABC
mixture, making up 100,000 parts with the sewage to which

it was added, contained, according to our analysis, 27*8 parts
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of soluble matters left on evaporation ; whilst the increase of

soluble matters left on evaporation, shown in the above Table,

amounts to 13*2 parts.

" 2nd. That the organic carbon in the dissolved matters

was diminished to the extent of 37 * 5 per cent.

" 3rd. That the organic nitrogen in the dissolved matters

underwent no alteration. Consequently, the organic matters

precipitated from solution by the ' A B C ' mixture were non-

nitrogenous, and therefore valueless as manure.

" 4th. That the proportion of ammonia was augmented,

because more was added in the 'ABC mixture than was

precipitated by the action of that mixture upon the sewage.

100,000 parts of the 'ABC mixture gave, on analysis,

132*1 parts of ammonia. There was consequently added

to each 100,000 parts of sewage in the 'ABC mixture,

1 • 32 part of ammonia ; whilst the augmentation of ammonia

shown in the above Table is '668 part.

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

" 6th. That the total combined nitrogen was augmented

by the ammonia added in the 'ABC mixture. Conse-

quently, as regards soluble constituents, the effluent liquid

possessed a greater manure value than the raw sewage, the

increase in value being due to the ammonia in the chemicals

employed.

" 7th. That the proportion of chlorine remained unaltered.

" 8th. That the matters in suspension, both mineral and

organic, were almost completely removed, although the defe-

cated sewage remained perceptibly turbid."

With regard to the manure value of the solid refuse, after

treatment by the "A B C " process, it seems clear that,

unless the mud is greatly strengthened by the addition of

other substances valuable as manures, its practical value is

exceedingly small ; for although, in theory, a certain number
of tons of valuable constituents are separated daily from the
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raw sewage, yet they are mixed with so large an amount of

clay and other substances of no value as to render the refuse,

on the whole, hardly worth the carriage.

Now, with regard to the value of the manure, in the first

place, the advocates of the "A B C " process assert that the

" native guano " contains about 4 per cent, of ammonia, and

9 per cent, of phosphate of lime. The accuracy of this

representation is denied by Dr. Voelcker [Journal of the

Royal Agricultural Society, pp. 421-2]
;
but, notwithstanding

the expression of his opinion, the company find a ready sale

for their native guano at 31. 10s. a ton, and have, indeed,

frequently been offered more. As far as we can learn, also,

the farmers who have used this manure are almost invariably

well satisfied with the results, and desire to continue its use.

For once, the teachings of the laboratory do not seem to be

borne out by the experience of the field
;
and, without pre-

suming to offer a decided opinion upon so vexed a question,

it is evident that, in- getting the farmers to take away their

manure at all, the "ABC" process has accomplished what

few, if any other, systems of precipitation have succeeded in

doing; that, in doing so, they have overcome at least one

of the difficulties of sewage utilization. But they have done

more ; for a pamphlet lies before me in which are collected

together over a hundred favourable testimonials as to the

value of the " A B C" manure, judged by experience, and the

results obtained by the writers—farmers both in this country

and in Belgium.

With regard to the effluent water obtained by the "A B C"

process, Mr. Crookes, the company's chemist, " doubts whether

it will ever be possible to get it up to the standard of the

Bivers Pollution Commission" [see ante, p. 7],^but says [Bep.

upon the "ABC" process, by W. Crookes, F.K.S. (1871),

p. 4] : " If it is required only to remove all nuisance from

sewage, and not to render the effluent water pure enough to
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drink, I think the "ABC" process effects the object very well.

A water which is as bright and colourless as ordinary spring-

water ; which is sufficiently free from colour, taste, and

odour to be taken into the mouth and swallowed without

repugnance ; which does not putrefy or develop unpleasant

smell on standing for several days in a warm room ; and

which does not deposit any sediment, cannot certainly be

considered an unfit water to throw into a river.

At the same time, having in view the large amount of

volatile matter, ammonia, decomposing organic matter, and

chlorine present when it is compared with even a somewhat

inferior kind of potable water, I should not recommend that

this effluent "A BC" water be cast into a river near a spot

whence the water supply of a town is taken."

An analysis of the "A BC" effluent water as compared with

other water may be interesting in this place. The " irriga-

tion effluent" is from the Lodge Farm at Barking; the

" Lambeth water " is that supplied to the inhabitants of

Lambeth for drinking.

Parts in 1,000,000.

"ABC" Irrigation Sewage Lambeth
Effluent. Effluent. Filtered. Water.

501-2 450-3 254-4
Ditto volatile .. 47-2 134-4 47-0

548-4 584-7 291-4
58-4 99-0 104-0 16-8

Organic matter decomposing .

.

1-9 1-3
Ditto albuminoid .

.

•5 1-1 i-3 0-14
Ditto, fully decomposed'!

0-4
Nitrates and Nitrites . . J

2-5

24-0 0-3 24-4 o-oi

Finally, it has been proposed, in cases when the effluent

water after "ABC" treatment is not considered sufficiently

pure to be allowed to flow direct into a river, that it should
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be further and finally purified either by means of filtration

through charcoal or by intermittent irrigation of a small

amount of land. But as this plan might be adopted with the

effluent water from almost every system of interception, de-

struction, or precipitation of the solid matter in the sewage,

we merely allude to it casually here.

In conclusion, we refer those who desire fuller information

upon the "A B C " process to the ' Standard ' newspaper for the

year 1871, under the dates of September 2nd and 30th ; Octo-

ber 7th, 12th, 16th, 23rd, and 31st, and November 6th.

15. Among the systems of treating sewage by chemical

means, we must not omit that recently invented by Major-

General Scott, B.E., and which has been tried under his super-

intendence at Easing.

In this process the sewage is treated with lime and clay,

made into a thick paste and mingled with the sewage, as it

flows into a tank about 60 feet in length; and while the

effluent water flows out of the depositing tanks in a compara-

tively pure state, the remaining sludge or semi-solid matter is

burnt and converted into a valuable cement. The strongest

cement known, the Portland cement, is made by thoroughly

incorporating, by mixture with a large body of water, chalk,

or lime and clay, in the proportion of two parts of quiclc-lime

to one part of clay, allowing the compound to settle in large

tanks, drying the mixture on hot plates, and then calcining it

at a high temperature, and grinding the burnt material to a

fine powder.

Lime and clay are both well-known precipitants for sewage

water, and the latter certainly exercises a strong decolourizing,

deodorizing, and preservative action. The first is an inex-

pensive substance, very widely met with, and the other is in

most localities of a nominal value only. When added to sew-

age water they form a precipitate which rapidly subsides,

carrying with it all the suspended mineral and organic
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matters, together with a considerable portion of such, matters

as exist in the sewage in a state of solution. The organic

matter carried down generally amounts to one-third or one-

fourth of the whole, and supplies almost a sufficiency of fuel

for the calcination of the lime and clay even to the point at

which Portland cement is produced. It is only necessary to

set the dried mixture fairly alight, and it will burn freely.

As to the cost and profits of this most original system, the

following estimate has been made by the inventor.

To deal with 1,000,000 gallons of ordinary sewage, the

process requires

—

For materials : £ s. d. £ s. d.

li ton of lime at 12s. 0 16 0

| „ clay at 2s. 6d 0 18
0 17 8

For labour and fuel

:

Mixing ingredients 0 2 6

Collecting and drying precipitates .. 0 12 8

Burning and grinding, &c 0 6 6
1 1 8

Cost of materials and labour for 2 tons of cement .

.

1 19 4

Value of 2 tons of cement (wholesale) 3 0 0

Balance of selling price over cost of production, not
including first outlay, wear and tear of plant, &c. £1 0 8

Note.—This estimate makes no allowance for the increase in the
mineral matters of the deposit (lime and clay) derived from the sewage
itself, which we may estimate at more than 20 per cent. It often
exceeds 30 per cent.

General Scott himself says [Paper read before the Society
of Arts, May 15th, 1872], a "year's supply of chemicals at

a place like Leeds would, in the 'ABC process, which
is now being tried there on a portion of the sewage, cost
upwards of 30,000Z. The supply of materials for the same
period for the cement process would not exceed 6000Z. or
7000Z. I say nothing about the value of the manure resulting
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from the ' A B 0 ' process, or the cement producer! by mine,

the point to which I desire to draw your attention here being

simply the amount of capital required for the purchase of the

materials in the two cases. For the phosphate of alumina

process the cost of the chemicals would exceed 45,000Z. per

annum in such a case as Leeds, and for the sulphate of

alumina system would considerably exceed 20,000Z. per

annum."

Although this process makes no attempt to extract any of

the valuable manurial ingredients from the sewage water, its

peculiar advantages are undeniable and most practical. It

extracts from the sewage water additional lime and other

mineral matter valuable in cement-making, and leaves an

effluent far better suited for irrigation than the original

sewage water, for it increases the quantity of ammonia in it.

It also promotes the oxidation of the dissolved organic

matter by the slightly alkaline condition imparted to the

liquid. It removes from the liquid the whole of the faecal

matter which would choke the pores of the soil and injure

vegetation. And when the land will bear no more irriga-

tion, it enables the effluent to be dealt with and rendered

completely pure by a comparatively small filtering area.

Finally, it has been proposed by the inventor of the cement

process, with the view of introducing a more perfect system

for the deodorization and precipitation of sewage matter (see

patent obtained by him, and dated 2nd December, 1870),

that the chemicals employed shall be introduced into the

sewers at a distance from the depositing tanks, and by taking

advantage of the running water in the drains, the necessity

of mixing machinery be obviated. The joint precipitating

action and clarifying effect of the lime and clay, or other

chemicals employed, is thus promoted to the fullest extent

by the natural agitating process to which the mixture is

subjected. Moreover, the sewage matter undergoes purifica-
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tion while flowing through the drains, and thereby the

generation of noxious gases, which now find their way into

our streets and houses, is prevented.

16. In Hille's process, which has been tried with some suc-

cess at Wimbledon, the sewage is treated with lime, tar, salts

of magnesium, and the products arising from the calcination

of the lime, and by other chemicals, according to locality.

The effluent water is afterwards filtered on the downward

intermittent principle (post, p. 51) ; the results thus obtained

have been found to reach the standard of purity required by

the Thames Conservancy, and also that mentioned in the

Eeports of the Eivers Pollution Commission (ante, pp. 7, 8).

The disinfecting compound is applied to ordinary town

sewage in the proportion of about 1 in 1000 of sewage, as it

flows into the works.

The thorough amalgamation of the chemical compound

and the sewage here takes place, after which the whole is

allowed to accumulate in the deposit tanks, where nearly the

whole of the suspended matters are deposited, together with

a considerable quantity of the various matters held in

solution.

After the sewage water has risen to a height of two-thirds

of the total depth of the deposit tank, the liquid is drawn off

by means of a floating outlet through a regulating valve.

This outlet is formed of strong galvanized wire, the interior

of cage being filled with vegetable charcoal.

The maximum speed of filtration is at the rate of one

gallon to each superficial yard of filter, which is so designed

that the filtering materials have time for thorough and com-

plete aeration.

Into the filtered effluent water carbonic acid gas is forced,

and complete purification takes place. This gas is a waste

product of the lime which is burned on the premises.

The outlet_ chamber is provided with a second floating
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outlet with a governor regulating valve. The water is then

in such condition as to bo admissible into rivers.

The works, and everything connected therewith, are in

duplicate, and may be used alternatively.

The deposited sewage residue is removed daily from the

tanks, through valves, into a tunnel constructed in the

divisional wall, and raised by the steam-engine into the

hydro-extractors ; from thence the semi-dried sewage is

placed on a drying-kiln, the gases evolved being drawn off

and consumed in the boiler's furnace.

It is contended that the whole process can be worked
without the least nuisance, and that the works may be
constructed in populated parts of towns without injury to

the health of the inhabitants.

The value of the sewage precipitate will vary in different

districts, but it is calculated to realize on an average 26s. per

ton in its raw state.

IY.—FILTEATION.

The process of filtration through charcoal, sand, gravel,

chalk, or certain kinds of soil, if properly carried out, is the

most effective means for the purification of sewage which has

yet been discovered; indeed, irrigation, as now carried out,

owes no inconsiderable amount of its success to the contem-

poraneous effect of the filtration of the sewage through the

soil of the irrigated fields ; for it is precisely in those cases

in which the sewage is absorbed and disappears in porous

land, that we have observed, in the effluent water from drains,

the most complete purifying effect.

The water pumped from the shallow wells in London is

nothing but filtered sewage, a large volume of which, be
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it remarked in passing, exists in the ornamental water in

St. James's Park, which is supplied from the well on Duck

Island.

Irrigation is, of course, the most natural way of getting

sewage filtered, and while its adoption has generally met

with success, all the more artificial systems of filtration

which have been hitherto tried have proved complete

failures.

At Ealing, for instance, the liquid sewage was received in

tanks, and forced upwards through filters of burnt clay, bal-

last, gravel, and charcoal. The process, which will be found

fully entered into in 1 B. G. P., pp. 60-70, entirely failed

to transform the soluble putrescent organic matter into inno-

cuous mineral compounds. This failure, (we quote the

Report), is due partly to the filters being too small for the

volume of sewage dealt with, and partly to the circumstance

that the filtration is performed upwards instead of down-

wards. For efficient purification by filtration, it is essential

that the atmospheric oxygen should have frequent access to

the interior of the filter, a condition which is entirely ex-

cluded in upward filtration. The superiority of downward

over upward filtration in consequence of the difficulty of

refreshing the filter with air in the latter system, and the

consequent impossibility of nitrification, or conversion of the

ammonia and animal organic matter into nitrates, is most
strongly insisted upon by the R. P. Commrs. (1st. Eep.

p. 63). We think that filtration has not had a fair chance
;

in fact, because it has not performed everything, and that

exactly in the, particular way that may be desired, it is

condemned as worthless. The Rivers' Pollution Commis-
sioners do not appear to have tried any experiments with

pure charcoal as a filtering medium, and it is in our opinion

the best, if not almost the only one, that could be adopted
with advantage.
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A charcoal filter has been tried with great success, among
other places, at Stoke-on-Trent, and there seems no reason-

able doubt that it is only the high price of charcoal at

the present day which forms any bar to its general adop-

tion. A company, however, has recently been formed for

manufacturing charcoal from peat, and the directors contend

that they will be able to supply pure vegetable charcoal in

unlimited quantities, and at such a price as to render the

filtration of sewage and the sale of the result for manure
highly remunerative. (Vide 1 Concerning Sewage,' by F.

Hahn Danchell, C.E., pp. 26, 27.)

Stoke Workhouse has about seven hundred inmates,

and is fitted with water-closets, the daily outflow of sewage

being in dry weather about 10,000 gallons, and in wet about

20,000. The system in operation is thus described by Mr.

Danchell :—" The sewage is first discharged into a depositing

tank, where the heavier matter is allowed to subside, and is

then passed through a rough filter of coarse cinders and char-

coal into a second tank, two-thirds filled with the same filtering

material. After leaving the second tank, the sewage passes

into a chamber in which is placed a cage filled with charcoal,

which can be raised, renewed, and replaced, when required.

At this point the suspended matter is for the most part

removed, and the sewage is then conducted to a second series

of smaller filters, three in number, filled with finer charcoal

and cinders, and the clear effluent water is allowed to escape

into a drain. The various tanks are periodically emptied,

and their contents thrown into the first tank, which is cleared

out once in eight months, its contents mixed with ashes to

ensure dryness, and carted to a manure factory at Newcastle-

under-Lyme. At the factory it is watered with a mixture of

sulphuric acid and ammonia to bring it up to a standard

strength, sifted to a finish powder, packed in bags, and sold

for 4Z. a ton. The Birmingham Committee of Inquiry, who
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visited the sewage works and the manure factory, report that

in neither place could they detect any offensive odour."

This system of charcoal filtration is being experimented

upon, on a large scale, at Bradford.

While we are upon the subject of artificial filtration, it

may be interesting to many to learn the views of the late

Prince Consort, contained in a letter written to the Eoyal

Agricultural Society by his secretary, General Grey. If the

experience of the last twenty years has shown the superiority

of downward over upward filtration, the remainder of the

system so modestly advocated by His Eoyal Highness is

worthy of the most respectful attention.

" Buckingham Palace, April 12, 1850.

" Sir,—The subject of turning the sewage of towns, which

is now the cause of disease and pestilence, into a source of

national wealth by its application to purposes of agriculture,

has, along with the general interest which it has lately ex-

cited in the public, become also a matter of interest and

study to His Eoyal Highness Prince Albert ; and I am com-

manded by His Eoyal Highness to bring, through your

mediivm, before the Council of the Eoyal Agricultural

Society, for their consideration and inquiry—should they

think the subject worthy of it—what has struck His Eoyal

Highness as being a simple plan for effecting this object.

" Leaving it to more competent judges to decide whether

the sewage should be used as a liquid manure or solidified,

upon which point His Eoyal Highness wishes to give no

opinion himself, he has confined his consideration to the

latter mode of application for two causes :

—

" First, that in that shape it could be more easily trans-

ported; and,

" Second, could be obtained at the least possible expense.

" The plan which His Eoyal Highness proposes is simply

E
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this : to form a tank with a perforated false bottom, upon

which a filtering medium should be laid, and to admit the

sewage into the tank below the false bottom, when, according

to the principle of water finding its own level, the sewage

will rise through the filters, and will run off into the drain,

if the filtering medium has been of sufficient thickness and of

the proper nature, as clear as spring-water.

" This medium will then have absorbed all extraneous

matter, and consequently become the richest manure, which,

when the further supply of sewage matter is stopped, can be

taken out by a common labourer with a shovel, and carted or

shipped wherever desirable.

" His Eoyal Highness has tried the operation on a small

scale with apparent success.

" The medium which His Eoyal Highness has used is

charcoal, gypsum, and burnt clay, substances in themselves

highly useful as manures.

"Charcoal is admitted to be the most perfect filter for

obnoxious water, and is known to retain effectually extra-

neous matters.

" Chemists describe, as one of the chief uses of gypsum as

a manure, its property of fixing ammonia and other volatile

substances.

" Burnt clay, from its aluminous ingredients, has a similar

property, and, in addition, the power of extracting ammonia

in the alkaline salts present in manure; and is cheaply

produced.
" It will remain to be decided what is chemically the best

and what the cheapest substance for the filter—what the

cheapest and best construction of the tanks—how long the

sewage will pass before the filter becomes choked—and how

soon the filter would be sufficiently saturated to make it pro-

fitable as a manure.

(Signed) " C. Gbet."
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We have already expressed our regret that the Eivers'

Pollution Commissioners did not make any experiments in

filtering sewage through pure charcoal, but a very interest-

ing course of experiments upon filtration will be found

recorded in 1 B. P. C, pp. 60-70, and Tottenham Rep.,

pp. 49-69. Average London sewage was filtered through

sand, sand and chalk, Beddington soil, Hambrook soil, Bark-

ing soil, Dursley soil, and Leyland peat, with various results.

There is no doubt that the sewage may be effectually purified

by filtration through almost any porous soil, when applied

in quantities not greater than 5£ gallons per cubic yard of

soil per diem, in almost all soils up to nearly 10 gallons per

cubic yard in the case of Dursley soil, the most efficacious

in this respect of any which were submitted to experiment.

In the case of peat, an application of about 4 gallons per

cubic yard was successful.

It is computed that the sewage of a water-closet town of

10,000 inhabitants could be cleansed upon five acres of land

drained to the depth of six feet [1 B. P. C, 65], Upon this

purifying power of the soil (discovered, as we are reminded

by the 1 Gardener's Chronicle,' June, 1872, by Dr. Frank-

land) is based Mr. Bailey Denton's ingenious scheme of inter-

mittent downioardfiltration, a scheme which is every day excit-

ing a larger share of public attention, notwithstanding the

unfavourable report of the Eivers' Pollution Commissioners
(3rd Eep., p. 70), which may be summarized as follows :

—

1. It is entirely unremunerative, the amount of sewage
applied to a given area of land being probably in such a

case too great to admit of the growth of any ordinary agri-

cultural crop.

2. The whole of the manure ingredients of the sewage
would be absolutely wasted.

3. The collection of solid faecal matters upon the surface
of the soil, with no vegetation to make use of them, would

E 2
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probably give rise to a formidable nuisance, especially in

hot weather. . . . The action of the filter must not be
considered as merely chemical. The process carried on
in it is also mechanical. Filtration, properly carried out,

results in the oxidation and transformation of offensive

organic substances in solution, as well as in the mere
mechanical separation of the suspended solid matters, which,

when in motion, sewage conveys with it. [Tott. Bep.,

pp. 67, 68.J

It is only proper, however, to state, that this system of

intermittent downward filtration has been adopted after

careful and serious consideration at Birmingham, as the best

adapted to the requirements of that town. The population

of Birmingham is nearly 400,000, with a few water-closets

(see ante., p. 11) ; and the scheme, as set forth in their

Keport, involved the purchase of about 900 acres of land, to

be used as a filter. The total cost of the proposed works and

purchase of land is estimated at 324,000Z., the annual expen-

diture for payment of interest and part repayment of capital,

at 14,160Z., and the annual income at 9200Z., leaving an esti-

mated annual loss of about 5000Z. {Birm. Bep., xxiii. p. 70.)

As to the intermittent downward filtration at Merthyr Tydvil,

see id., pp. 74-79, and 4 B. P. 0. (1872), p. 56.

As regards the chemical aspects of this scheme, Professor

Voelcker says :
—" The greater portion of the soluble alka-

line medicinal salts, together with the products of oxidi-

zation of the nitrogenous constituents of fasces and urine,

cannot be removed by filtration through any amount of soil.

The effluent water is not fit for use until mixed with other

pure water."

Practically, the following are the conditions necessary for

the successful conduct of downward intermittent filtration of

sewage :—1. The soil of the land to be used must be porous.

2. A- main effluent drain, which must not be less than six
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feet from the surface, must be provided. 3. The surface of

the soil to be so inclined as to permit the sewage stream to flow

over the whole land. 4. The filtering area should be divided

into four equal parts, each part to be irrigated with the

sewage for 6 hours, and then an interval of 18 hours to

elapse before a second irrigation takes place; each of the

four parts would thus be used for 6 hours out of the 24. It

is said that an acre of land so prepared would purify 100,000

gallons of sewage per day.

"We take the following description of the filtering beds at

Merthyr Tydvil from a pamphlet on the subject of intermittent

downward filtration, by Mr. T. J. Dyke, of Merthyr Tydvil.

Premising that the sewage of about 25,000 persons is treated

by Mr. Bailey Denton at Merthyr, that the sewage is very

weak, and that the extent of the filtering area is about 20

acres.

" About 20 acres of the land, immediately adjoining the

road on which the tanks are placed, have been arranged into

filtering areas or beds on a plan devised by Mr, J. Bailey

Denton. The land is a loamy soil, 18 inches thick, over-

lying a bed of gravel. The whole of these 20 acres has been

under-drained to a depth of from 5 to 7 feet. The lateral

drains are placed at regular distances from each other, and

run towards the main or effluent drain. This is everywhere

6 feet deep. The surface of the land is formed into beds

;

these have been made to slope towards the main drain by a

fall of 1 in 150. The surface is ploughed in ridges; on
these vegetables are planted or seeds sown ; the line of the

ridged furrow is in the direction of the under-drain. Along
the raised margin of each bed in each area delivering carriers

are placed, one edge being slightly depressed. The strained

sewage passes from the conduits into the delivering carriers,

and, as it overflows the depressed edges, runs gently into
and along the furrows down to the lowest and most distant
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part of the plot. The sewage continues to be so delivered

for 6 hours; then an interval of rest of 18 hours takes

place, and again the land is thoroughly charged with the

fertilizing stream. The water percolates through the 6 feet

of earth, and reaches the lateral drains, which convey it to

the main effluent drain. As to the purity of the effluent

water after this process, nothing can be more satisfactory

(see 4 B. P. C, p. 56). As to the profits, Mr. Dyke says,

" Italian rye-grass will yield five crops this season, averaging

60 tons per acre, and yielding a net profit of 24Z. per acre.

A plot of cabbages planted in October has yielded a gross

sum averaging 43Z. per acre. A plot of onions has lately been

sold at the rate of 63Z. an acre !

"

Finally the Eivers' Pollution Commissioners, in their last

Eeport (4 B. P. C. (1872), pp. 56, 57), considerably modify the

unfavourable opinion they had formed of the Merthyr pro-

cess in their former report, but suggest that the area of the

filtering beds should be enlarged. Mr. Bailey Denton him-

self, however, proposes to increase the number of filtering

beds, upon which point, and others of equal interest, we refer

our readers to his last publication, { Intermittent Filtration

through Natural Soil.'

The last method of dealing with seTOge"whion -vrm engage

our attention is Irrigation, or continuous application of the

sewage to cultivated land, which is laid down by the S. U.

Commissioners in their third Eeport, 1865, p. 3, to be " the

right way to dispose of town sewage, and the only one by

which the pollution of rivers can be avoided." Although

this is, perhaps, going rather too far, there can bo little
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doubt that, regarded from many points of view, Irrigation is

on the whole the most practicable mode of disposing of town

sewage that has yet been tried. To obtain a maximum

amount and gross value of produce from a given amount of

sewage, it should be applied in small quantities per acre and

in dry weather ; but the great dilution of town sewage, its

large daily supply at all seasons, and its greater amount in

wet weather, when the land can least bear or least requires

more water, render it quite inappropriate for application on

a comprehensive scale to arable land for corn and other

ordinary rotation crops. As to the mistakes that have been

committed in adopting systems of sewage irrigation, espe-

cially as to the area of the land under irrigation, the use

of hose and jet, and the kind of crops to be manured, see

1 S. U. C, pp. 17-20 and Corfield's ' Sewage Utilization

'

(1871), pp. 261-267.

Having regard to the cost of distribution, it is probable

that the most profitable mode of utilization would be to

limit the area by specially adapting the arrangements for

the application of the greater part, if not the whole, to

permanent or other grasses laid down to take it the year

round
;
trusting to its occasional use to other crops within

easy reach of the line or area so commanded, but relying

mainly on the periodically broken-up rye-grass land, and on

the application to arable land of the solid manure resulting

from the consumption of the sewaged grass, for obtaining

other produce than milk and meat, by means of sewage.

Judging both from the results of the experiments and

from the experience of common practice, it is considered that

the most profitable utilization of town sewage will in most
cases be attained by the application of about 5000 tons per

acre to meadow or Italian rye-grass, but that the farmer

would not pay fcZ., and probably not ±d. per ton the year

round for sewage of the average strength of that of the
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metropolis (excluding storm-water) delivered on his land.

[3 S. U. C., pp. 78-80.]

It is also necessary, in order to bring about the most pro-

fitable results, that tbe liquid sewage sbould only be applied

to sucb crops as are known to be specially benefited by it.

Tbere seems to be no doubt tbat meadow land is tbe most

fitted for tbe reception of sewage ; and of all grasses, per-

liaps tbe Italian rye-grass is tbe crop tbat derives most

benefit from its application. Tbere is no doubt tbat many
otber crops, sucb as turnips or mangold-wurzel, would be

immensely improved by occasional sewage dressing ; but it

must always be borne in mind tbat in order to make sewage

irrigation successful, it must be constantly applied to tbe

same area of ground. We bave already shown tbat it is

most undesirable to extend tbe operation over too large an

extent of land, and it is evident tbat if tbe sewage is to be

applied to a small area, it must be continually flowing on to

tbe land. Now in no crop can this be permitted but on

grass land. A system of intermittent application to various

fields on a farm by means of hose and jet has been tried, but

the expense as well as the difficulty of applying the sewage

'

only when it was required by the crop led to its failure.

Upon this branch of the subject, see 1 S. U. C, 17 ; and as

regards the pumping of the sewage to enable it to flow over

the land, see Corfield's ' Sewage Utilization' (1871), pp. 259,

260. As to the distribution of sewage in the neighbourhood

of large towns, see Tottenham Bep., p. 91, where it is stated

that the visit to Barking " satisfied the Committee that sew-

age/arming near London ought to be market gardening."

It will be well to bear in mind, while considering the

various modes of sewage irrigation, that the chief valuable

ingredients in ordinary sewage are : 1st, the various forms

of nitrogen; 2nd, phosphoric acid. The money value of

these constituents in solution in 100 tons of average sewage
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is about 15s. ; while the matter in suspension in the same

quantity is worth only about 2s. [Tottenham Bep., p. 9], The

latter only is retained by precipitation, the former can only

be separated by chemical agency or by the action of plants

growing in the soil through which the sewage is filtered.

The advantage of plant-filtration, which retains the matter in

solution, over merely mechanical filtration, which only retains

that in suspension, becomes immediately clear.

Before proceeding any further to consider the merits of

sewage irrigation, we will say a few words as to the dis-

advantages of the system, which are chiefly : 1st, that the

cost of partial distribution prevents the profitable application

of the sewage to any but grass land
;
2nd, that a vast amount

of sewage is applied to land when it does not need it
;
3rd,

that owing to the dilution of the sewage with the surface

water, its application in wet weather may be positively in-

jurious; and 4th, that during frost the sewage cannot be

filtered at all, but must be run off the land into the nearest

stream without any attempt at purification. It will be re-

marked, however, of the first three of these disadvantages that

they only touch the farmer and not the sanitary reformer

;

and the success in an economic point of view of the system

in some places proves that however much these disadvantages

may detract from the benefits to be derived from the appli-

cation of sewage to land, irrigation can be successfully carried

on in spite of them. In fact, the first difficulty may be got

over by laying down the farm to be sewaged almost entirely

with grass crops, which, as long as hay and beef and milk

continue to be in large demand, must always be a profitable

crop. The second disadvantage can only be moderated by
the treatment of a proper area of land and a judicious dis-

tribution of the liquid sewage, and even this may be greatly

diminished, if not entirely done away with, by not permitting

the surface-water to flow into the drain with the sewage;



58 IRRIGATION.

a system which is already recommended [see Birm. Rep.,

Bateman, 'Report on Sewage of Oxford,' 1857, and 'Times,'

Jan. 2, 1868, ' Letter on Sewage,' by Gilbert Child] in many
quarters and for many reasons ; at Tottenham, for instance

;

and at the Broadmoor Asylum, under the auspices of Mr. Men-
zies. There is indeed another disadvantage in the application of

raw sewage to land, namely, that in course of time the solid

particles are left on the surface, interfering with the proper

growth of the plant and giving off an offensive odour ; and it

is contended that the sewage farm itself may become in time

a " stinking morass," a nuisance to the neighbouring popu-

lation, and polluting the very crops that it produces. On
this point we give the evidence of Dr. Letheby, taken before

a Board of Inquiry at Slough, April 20, 1872. He said he

had visited most of the sewage farms in operation throughout

the country, and whenever he had gone to them without his

visit being made known, they had all been in an offensive

condition, and at almost all of them the sewage was allowed

to flow into the neighbouring watercourses. He visited

Aldershot on one occasion, and saw the sewage by well-

worn channels running into the Blackwater stream, and not

a drop going on the land. At Edinburgh, Banbury, and

Rugby he had witnessed the same thing. He had investi-

gated the condition of things at Croydon, and found that the

wells were nearly always polluted. Sewage farms on the

irrigation principle were apt to become like a stinking

morass. He investigated the cause of disease at Haileybury

College, and attributed it to a neighbouring sewage farm.

He visited Shaftesbury in 1862 at the request of the local

authorities. One-eighth of the population had been attacked

with fever of a typhoid type, which was owing to the distri-

bution of sewage on the land. They were now about to try

a system of precipitation with crude sulphate of alumina. If

it was found that that did not precipitate sufficiently they
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would use lime as well. His opinion of nearly all the sewage

farms in the country was that they were offensive and

dangerous to the public health. At the Westmoreland and

Cumberland Lunatic Asylum there was an outbreak of

dysentery, which ceased when the neighbouring sewage farm

was discontinued (' Times,' April 22, 1872).

In answer to these and similar charges the advocates of

irrigation say that when a sewage farm becomes a nuisance

it is entirely the result of mismanagement, and not to be

attributed to any inherent defect in the system itself. Pro-

fessor Christison of Edinburgh says [1 B. P. C, 1, 90] :

—

" I am satisfied that neither typhus nor enteric fever, nor

dysentery, nor cholera is to be encountered in or around

them, whether in epidemic or non-epidemic seasons, more

than in any other agricultural district of the neighbourhood."

For Dr. Littlejohn's opinion that the Edinburgh (Craigen-

tinny) sewaged meadows are in no wise injurious to health,

see 4 B. P. C, pp. 49-50. Dr. Corfield goes a step farther,

and denies the fact of nuisance in the present sewage farms.

" Persons who have accompanied us to see sewage farms have

invariably been surprised at the absence of nuisance."

[Corfield, 'Sewage Utilization,' 273]. The opinions of Mr.

Baldwin Latham and Dr. Alfred Carpenter on this point

will be found farther on in this work.

But another charge has been laid against sewage irrigation,

and one which may, we trust, have the fullest investigation,

before many more steps are taken towards irrigation on a

large scale. Dr. Cobbold, a man who even according to his

opponents " has the best right to give an opinion upon any
question relating to entozoa," is of opinion that profuse distri-

bution of sewage tends both directly and indirectly to propa-

gate no inconsiderable variety of parasitic diseases; and
suggests that the Bilharzia, a parasite which infests the blood-

vessels of the natives of many parts of Africa, may be intro-
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duced into this country by sewage irrigation. Dr. Letheby

tells us, again, that large entozoa parasites have been found in

the Craigentinny meadows, and although Mr. Corfield says

that there is no evidence of any disease having been produced,

we think the presence of entozoa is decidedly unsatisfactory,

and, coupled with the opinion of Dr. Oobbold, even alarming.

As to whether a dry-earth system is less likely, as maintained

by Dr. Cobbold, to produce parasitic entozoa than sewage irri-

gation, see Corfield, ' Sewage Irrigation,' pp. 319-322 ; and

generally on the whole question of entozoa being produced

by sewage, Eeport on Sanitary Improvements in India, 1869

to 1870, p. 72
;
Eeport of the British Association, 1870, p. 52

;

Dr. A. Carpenter's ' Physiological and Medical Aspect of

Sewage Irrigation,' passim; and Corfield, op. cit. 274-281,

and Appendix, ' Entozoa Question,' pp. 318-322.

We cannot forbear quoting in this place a remark of Mr.

W. Hope, V.C., at the Society of Arts (May 15th, 1872), in a

discussion on this point. "In nine cases out of ten the bad re-

sults were produced, not by the food, but by the water which

the animals were supplied with. Last year he had an ox

killed on his farm, after having been shut up in the house and

fed on sewage-grown grass for twenty-two months. That ox

was dissected by Dr. Cobbold, assisted by Professor Marshall,

of University College, and Professor Corfield, professor of

hygiene ; and although they examined the animal with the

utmost attention, and even with the utmost jealousy on the

part of Dr. Cobbold, they were entirely unable to find the

smallest trace of any disease whatever. In addition to that,

several veterinary surgeons and butchers said that they had

never seen a more healthy animal. He attributed this result

to the fact that the ox had had water from the house-well

instead of from the horse-pond."

It is impossible to overrate the importance, whether for

man or beast, of pure and wholesome drinking water.
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However ill-founded the entozoa theory may be, and we

sincerely trust it is, Dr. Letheby's evidence (p. 58) is incon-

trovertible, and the more the subject is studied, the more

essential to the success of any system of sewage irrigation

does the separation of the suspended matter and the deodori-

zation of the liquid appear. This has already been effected

to a great extent at Croydon, by an ingenious contrivance of

Mr. Baldwin Latham ; but on the whole, it would appear to

be effected in the most satisfactory manner by the phosphate

of alumina, which, while completely deodorizing the liquid,

renders the effluent water as rich in manurial materials as

the raw sewage (see ante, p. 32).

It would be beside our plan to give a detailed account of

the various experiments and analyses connected with sewage

irrigation, but an exceedingly interesting analytical expose

of the whole system, based upon experiments conducted at

Rugby in the year 1861, is to be found in 2 S. U. C, 1861,

pp. 23-37, and Appendix VIIL, pp. 88-133. It will be

sufficient for the purposes of the present work to quote the

Conclusions based upon these experiments and analyses.

1. By the application of large quantities of dilute town

sewage to permanent meadow land during the spring and

summer months, there was obtained an average increase of

about 4 tons of green grass (which owing to the lower pro-

portion of dry substances in the sewaged grass was equal to

only about three-fourths of a ton of hay) for each 1000 tons

of sewage supplied, until the amount of the latter approached

the rate of about 9000 tons per acre per annum. The largest

produce obtained was about 33 tons of green grass per acre.

The period of the year over which an abundance of green

food was available was, with the largest amounts of sewage,

between five and six months.

2. Oxen tied up under cover and fed on cut green grass

alone, whether sewaged or unsewaged, gave a far lower rate
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of increase than the average obtained by animals fed on ordi.

nary good fattening food ; but when, for a few weeks, oil-cake

was given in addition to grass, they yielded a good average

rate of increase.

3. Cows tied up under cover and fed on cut green grass

alone, after previously receiving oil-cake, fall off considerably

in their yield of milk, and about equally whether the grass

was sewaged or unsewaged. The cows on unsewaged grass

consumed more food and gave more milk in relation to their

weight than on sewaged grass ; but the amount of milk yielded

for a given amount of fresh food consumed was almost the

same in the two cases, though, in proportion to the dry or

solid matter which the food contained, the sewaged grass

yielded considerably more milk than the unsewaged. Milk

to the gross value of 32 Z. per acre was obtained where the

largest quantity of sewage was applied. The gross value of

the milk from the increased produce of each 1000 tons of

sewage was between 5Z. and 6Z.

4. The composition of the Eugby sewage water varied very

much during the course of the season, being much more con-

centrated during the drier months. On the average over

about seven months, 1000 tons of sewage contained about

21^- cwt., or little more than 1 ton of solid matter, about

212 lbs. of ammonia, or about as much as is contained in

11 cwt. of Peruvian guano, and probably represented the ex-

crements of twenty-one or twenty-two individuals of a mixed

population of both sexes and all ages for a year. This aver-

age composition agrees very closely with that which pub-

lished analyses indicate for the sewage of London.

5. On the average the sewaged grass contained, as cut, a

considerably lower proportion of dry or solid substance than

the unsewaged, but the dry substance of the sewaged grass

generally contained a higher proportion of nitrogenous com-

pounds.
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6. Analysis shows very little difference in the quality of

the milk yielded respectively from sewaged and unsewaged

grass. The difference in composition, such as it is, is

slightly in favour of the milk from unsewaged grass when

grass was given alone, and slightly in favour of the sewaged

grass when oil-cake was given in addition. [2 S. TJ. C,

pp. 36-37.]

Some experiments were made in applying sewage to oats,

which appear to have been very successful [3 S. TJ. C, p. 78] ;

but various circumstances seem to have unduly favoured the

crops, and the results are not to be taken as indicating what

might be expected in average seasons. It seems probable,

however, that an application at the proper time, of about

500 tons of sewage per acre to arable land might be attended

with the most satisfactory results, the real difficulty being the

expense and impracticability of an intermittent system of

distribution. Indeed, Mr. Eawlinson considers that the

expense of distributing 500 tons of sewage by the hose-and-

jet system would be greater than that of distributing 5000 tons

by the open-channel plan. [Duthie, ' Utilization of Towns'

Sewage,' p. 19.] In the third Eeport, S. TJ. C, 1865, pp. 5-28

and 51-65, and Appendix I., may be found the details of

further experiments at Rugby during the years 1861-2-3,

which are most interesting, and should be carefully read by
all who are studying the subject of sewage irrigation ; but as

no new principle appears to have been evolved in the course

of these experiments, we content ourselves with referring the

reader to the Eeport for the details, merely quoting the sum-
mary to be found in pp. 73-74 of the Eeport.

1. As there is a daily supply of sewage the year round
which, on sanitary and engineering grounds, it is essential to

dispose of as soon as it is produced ; and as passing it over
the land is the best mode, both of purifying and utilizing it,

it should be employed for purposes of irrigation, and be



64 IRRIGATION.

applied in winter, when of comparatively little value, as well

as in summer when of more.

2. Italian Bye-grass.— By the application of sewage to

grass land during the winter months a very early cut or bite

of green food may be obtained ; but the amount of increased

produce due to the winter application is comparatively small

for the amount of sewage employed.

3. By means of sewage irrigation the period during which

an abundance of green food was available was extended con-

siderably at the end as well as at the beginning of the seasons,

and the more so the larger the quantity of sewage applied,

almost up to the highest amount employed—9000 tons per acre.

4. One of the experimental fields gave much less produce

per acre without sewage than the other, and analysis showed

its soil to be much less naturally fertile, but it gave fully as

much produce per acre under the influence of liberal dressings

of sewage as the naturally more fertile soil.

5. Taking the average over three years, and in the two

fields, the amount of produce obtained without sewage was

about 9^ tons of green grass per acre per annum, equal to

about 3 tons of hay ; and with 3000, 6000, and 9000 tons of

sewage per acre per annum, the amounts were respectively

22£, 30£, and 32A- tons of green grass, equal respectively

(reckoned according to the percentage of dry substance in

each) to about 5, 5|, and 6J tons of hay.

6. The largest quantities of produce per acre were obtained

in the third year of the experiments and with 9000 tons of

sewage per acre per annum, namely, in one field 35 tons, and

the other 37 tons of green grass, equal respectively to about

6 tons 12£ cwt. and 7 tons 1 cwt. of hay.

7. The average increase obtained for every 1000 tons of

sewage was, when 3000 tons per acre per annum were applied,

4 tons 2^ cwt. ; and when 9000 tons were applied, 3 tons

3^ cwt. of green grass.
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8. The amount of increase per acre was the greater, the

greater the quantity of sewage applied, up to 9000 tons per

acre ; but the amount of increase of produce obtained for

a given amount of sewage was the less where the greater

amounts were applied.

9. Experiments with rye-grass were made in one season

only
;
sewage was not applied until the end of April, and

comparatively small quantities were put on. The result so

obtained indicated much about the same amount of increase

of produce for a given amount of sewage as for meadow grass.

10. When cut and given to fattening-oxen tied up under

cover, more sewaged than unsewaged grass, reckoned in the

fresh or green state, was both consumed by a given weight of

animal within a given time, and required to produce a given

weight of increase ; but of real dry or solid substance, less of

that of the sewaged than of the unsewaged grass was required

to produce a given effect.

11. When cut grass was given alone, the result was very

unsatisfactory ; but when oil-cake was given in addition, the

amount of increase upon a given weight of animal in a given

time, and for a given amount of dry substance of food con-

sumed, was not far short of the average result obtained when
oxen are fed under cover on a good mixed diet.

12. The money return, whether reckoned per acre, or for

a given amount of sewage, was much less with fattening-

oxen than with milking-cows.

13. When cows were fed on sewaged or unsewaged grass,

as much as they chose to eat, a given weight of the animal

was more productive both of milk and increase, but especially

of milk, on the unsewaged than on the sewaged grass.

14. From a given weight of unsewaged grass reckoned in

the fresh or green state, more milk was produced than from
an equal weight of fresh sewaged grass ; but a given weight

of the dry or solid substance supplied in sewage grass was
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on the average more productive than an equal weight supplied

in unsewaged grass.

15. The milk-producing quality of the grass was very

different in different seasons, and at different periods of the

same season ; it was very inferior in the wet and cold season

of 1862, and towards the close of the seasons as compared

with the earlier periods. It appears probable that Italian

rye-grass deteriorates less towards the end of a season than

meadow grass. On the average, about six parts by weight of

fresh grass yeilded one part by weight of milk.

16. By the aid of sewage, the time that an acre would keep

a cow and the amount of milk yielded from the produce of

an acre were increased between three and four fold.

17. So far as the results of the experiments afford the

means of judging, it is estimated that with an application of

5000 tons of sewage per acre per annum to meadow land, an

average gross produce of not less than 1000 gallous of milk

per acre per annum may be expected.

18. In experiments conducted with Italian rye-grass (but

in one season only), more milk was obtained by the use of a

given amount of sewage applied to it than to meadow land.

19. "With an application of about 5000 tons of sewage per

acre per annum, an average grass return of from 30Z. to 35Z.

per acre in milk, at 8d. a gallon, may be anticipated.

It must be well known to everyone who is interested in

the utilization of sewage, that the ammonia contained in it

constitutes its most valuable manurial quality, and we have

already seen how the various systems of chemical precipita-

tion have failed to secure the volatile substance; and it

becomes a question, in considering the advantage of the

irrigation system, to see how far this ammonia is liable to be

wasted by the conveyance of the liquid sewage in open con-

duits ; a mode of distribution which must of course greatly

diminish the expense and increase the practicability of all
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irrigation operations. The experiments have been most

satisfactory, and show that while in twenty-four hours the

loss of ammonia is scarcely appreciable, after three clays

the proportional loss amounts to little over thirteen per

cent. Another extremely satisfactory fact connected with

this loss of ammonia is that when sewage becomes putrid

the ammonia which it contains is diminished in quantity, so

it becomes the interest of the farmer as well as the public to

apply the sewage before it becomes offensive. For detailed

account of the experiments, see 1 R. P. C, 93, 94.

The disposal of sewage by means of irrigation is as old as

it is simple and natural. As early as the year 1561 there

was a sewage farm near Edinburgh, and the irrigation of the

celebrated Craigentinny meadows was begun before the year

1760. The sewage of Edinburgh is still applied to these

meadows with great success and profit, and those who desire

a full and detailed account of the works and operations gene-

rally, will find a very interesting account by Mr. McPherson,

engineer to the city of Edinburgh, quoted in the Tottenham

Report, pp. 72-80 ; 3 S. U. G., p. 198 ; and 1 R. P. G, p. 74.

There appears to be a great waste of sewage, owing to the

insufficient area of the land under treatment, and many im-

provements might be made in the formation of the channels,

yet the success of the works in a sanitary point of view is

most encouraging, and the profits derived from the crops

almost incredible ; the crops of rye-grass fetching from 25Z.

to 361. per acre. The lower end of the Craigentinny estate

was simply sea-shore, until the sewage was applied to it ; it

is now as fertile as the rest of the farm, getting richer and
richer every year, notwithstanding the enormous crop annually
taken off it.

The two most successful sewage farms in the South of
England are Norwood and Croydon, the clay land at the
former place appearing to be equally successful in purifying

F 2
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the sewage as the light porous soil of Croydon. As to the
value of differently constituted soils, see 1 R. P. C, pp. 65-70.
It must always be borne in mind that the plant or vegetation

has infinitely more to do with the purification of the sewage
than the nature of the soil itself. As to the relative success

of the works at Croydon and Norwood, see Tott. Report,

pp. 80-90, and 1 R. P. C, pp. 85-87.

As to Barking, where a farm of about 220 acres has been
laid out by the Metropolitan Sewage Eeclamation Company,
under Mr. Martin, see Tott. Rep., 90, and 1 R. P. C , 76.

The land was cropped with early carrots, onions, parsnips,

potatoes, and mangold, as well as rye-grass, and the agri-

cultural result appears to have been most satisfactory, the

value of the crops in some instances reaching 381. per acre.

At Aldershot, again, the best cabbages that come into the

London market are said to be grown on the sewage farm.

[Tott. Rep., 93, and 1 R.P. C, 77.]

But perhaps the irrigation system has been carried out

with the greatest success at Croydon. The soil and " lie of

the land" are most favourable for the adoption of the system,

and while citing Beddington meadows as an example of the

advantages of the irrigation process, it is not to be supposed

that the results could be quite so favourable in every locality,

though an examination of the comparative Table, 1 R. P. C,

94, 95, will show that in many other places the results have

been nearly as satisfactory. The soil at Beddington is open,

on a gravelly subsoil, with just sufficient slope to render easy

the distribution of the liquid sewage over and through it, and

there is just 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 the fields below before it drains finally

away. The works now in the hands of the local authorities

were planned by Mr. Baldwin Latham, whose admirable

letter to the 'Echo,' Sept. 29, 1871, will give as good an
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account of the past and present state of Croydon as it is

possible to have in a few words. He says :

—

" Before the year 1849 Croydon was governed by various

authorities, each having a separate jurisdiction. Soon after

the passing of the Public Health Act of 1848 it was adopted

in Croydon, and a Local Board was established in August,

1849. Previously to this period Croydon had long been

known for its unhealthiness. An Act of Parliament was

passed in 1809, to enable the Archbishop of Canterbury to

alienate the site of the Palace at Croydon, the preamble of

the Bill stating that the site was ' damp and unwholesome.'

Before the formation of the Local Board little or nothing

had been done in the way of alleviating the sufferings which

had arisen from sanitary neglect. No wonder, therefore, that

the rate of mortality in 1848, when the population slightly

exceeded 19,000, was upwards of 28 per thousand, and that

the average rate of mortality for seven years before the

completion of the first operations of the Local Board was

over 23 per thousand.

" In the matter of the disposing of the sewage the authori-

ties were, at one time, very unfortunate. The first operations

for purifying the sewage consisted in the construction of

filter works for filtering it through charcoal and other

materials. These works were erected near the town, but even

before the whole works of sewerage were complete their in-

sufficiency became apparent, as numerous complaints were
lodged with the Board by those living on the stream as to the

state of pollution into which the river Wandle was being
brought by reason of the filtered sewage being discharged

into it. Then followed a series of experiments, with all

kinds of material, to attempt to precipitate and deodorize the
sewage. Some of the first chemists of the day were consulted,

but it is rather a significant fact that the more the money
spent in deodorizing, the greater the number of the com-
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plaints of the people living lower down the stream. In fact,

when the sewage was discharged into the stream in its

normal state it created a great nuisance near the outfall,

but a species of self-purification took place, consequently

the water lower down the stream was not in a very bad

state ; but when deodorizing agents were used the sewage

was preserved, or pickled, but its noxious elements were

not removed or destroyed.

" In the midst of their troubles they appealed from autho-

rity to authority, but could meet with no remedy or repose

;

at last, driven to extremities by the Court of Chancery, the

Local Board took a farm at Beddington on the recommen-

dation of the chairman, Mr. C. W. Johnson, F.Ii.S., upon

which to apply the sewage. The farm was subsequently let

to, and laid out by, Mr. John Marriage, and shortly after-

wards a second farm was taken at Norwood. Since the first

acquisition of land for irrigation purposes, the area has been

considerably increased, and the mode of treating and distri-

buting the sewage has undergone considerable improvement.

The sewage of Croydon and a portion of Upper Norwood is

conveyed to the Sewage Irrigation Farm at Beddington, com-

prising an area of 450 acres, of which about 400 acres are

now under sewage irrigation. The works at Norwood are in

the hands of the local authorities, and during last year they

received for the produce of 33 acres the sum of 888Z., or

27Z. per acre. These works, inclusive of outfall works, cost

the authorities about 2500Z. After paying rent at the rate

of 101. per acre, taxes, tithes, labour, purchase of imple-

ments, seeds, &c, and the cultivation for ensuing year, there

was left a profit of 173Z., or a sum nearly equal to 7 per

cent, on the gross outlay for works. The rent paid for land

is excessive, for before the local authorities acquired the

land for sewage purposes it was let at 18s. per acre, and was

considered dear at that price.
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" Tlic works at Beddingtou liave been worked from tlie

25th March, 1870, by the Croydon Farming and Irrigation

Company, Limited. The area they had under cultivation last

year was about 270 acres. The Company paid the local

authorities of Croydon, during the year, 974Z. 10s. for rent of

land, and 900Z. for the sewage. The gross receipts from the

land were 4818Z. 2s. 2d., or about 18Z. per acre. The gross

outlay for rent, sewage, seed, labour, &c, was 4209Z. 7s. 2d.

The profit made in the year, after writing off about 12 per

cent, for depreciation, and one-sixth the preliminary ex-

penses, was 608Z. 6s. &d. The capital called up by the

company was 2028Z., the amount earned in the year being at

the rate of 30 per cent, per annum. The total cost of these

irrigation and outfall works to the local authorities, exclusive

of the purchase of land, has not exceeded 8000Z. The 900Z.

received for the sewage would pay a dividend of 11 per cent,

on this outlay.

" The mode of dealing with the sewage consists, first, in

separating the solid fasces, sand, paper, &c, from the liquid

sewage. The liquid sewage alone, in the state conveyed by

the sewers, is applied in its fresh state to the land. When
sewers are perfectly constructed they discharge their con-

tents with rapidity, the sewage conveyed by such sewers

having the appearance of slightly dirty water, in which are

suspended faecal and other matters ; in this state sewage

is by no means very offensive ; but if the sewers are not

properly constructed, and become sewers of deposit, the de-

composition of the faecal and other matters takes place before

the sewage arrives at its outfall, and it is then discharged as

a blackish, loathsome, stinking liquid. At Croydon the solid

sewage is removed from the liquid before the decomposition

takes place
;
consequently the sewage is comparatively sweet,

and needs no deodorizing. The apparatus used for the pur-

pose of separating the solid and liquid sewage consists of an
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upright vertical revolving screen, impelled by the liquid

sewage, so that the liquid sewage in motion is made the

motive power to remove the solid sewage, just as fast and
continuously as it is conveyed to the outfall. The amount
of solid sewage daily removed at the Croydon outfall is

about one-tenth of a pound per head of the population con-

tributing to the sewers, being a greater amount than was
found to be removed by the phosphate of alumina process

recently tried at Tottenham. The Farming Company are

now about to manufacture this solid sewage into a portable

manure, worth 3Z. 10s. per ton. After leaving the separating

works, the sewage is distributed by means of carriers over

the surface of the land ; the area daily under sewage treat-

ment is about one-tenth of the whole farm. All kinds of

produce are grown with the liquid sewage, and at the present

time may be seen on the land crops of mangolds, rye-grass,

onions, cabbages, broccoli, celery, potatoes, and parsnips,

which are not to be equalled in the neighbourhood ; and so

great is the repute in which the produce is held in the open

market, that buyers are known to wait to ascertain if the

Farm Company's carts are coming before they will purchase

from other persons. The health of the stock on the farm is

remarkably good ; when disease has been imported it has

taken the mildest type, and although the Farm Company

have had a large number of cattle on their farm, they have

not lost a single head from disease. The milk produced by

the dairy stock is very rich, often containing 16 percent, of

cream, and is sold, unadulterated, to large customers at lOcl..

and to small customers at Is. per gallon.

" As regards the effect of irrigation on the purification of

sewage, the reports of the Kivers Commissioners, who have

made repeated analyses of the effluent water, show that the

system, properly managed, is a perfect purifier of sewage.

The Eoyal Rivers Commissioners also investigated the
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matter, and took samples of purified Croydon sewage and

river water for analysis, and gave the results, showing that

the river Wandle at Mitcham, after receiving Croydon

purified sewage, was purer than the Thames above Beading.

With regard to the influence of sewerage and sewage irriga-

tion works on public health, the evidence on this point is

conclusive. At the present time the population of Croydon

is close upon 60,000 ; the average rate of mortality, for ten

years past, has been under 19 in the thousand ; and—what

is still more remarkable—the districts in closest contiguity

with the irrigation works have had the lowest death-rate."

With regard to the last paragraph in the letter, see Eep.

Social Science Meeting at Bristol, Oct. 2, 1869, a paper by

Dr. A. Carpenter, whence we take the following statistics.

Death rate for Norwood population, about 5000, for six

years :

—

1863 18-76

1864 18-89

1865 18-17 (Sewage Farm established).

1866 15-34

1867 14-21

1868 12-07

See also 1 B. P. C, 91, as to the entire absence of smell

or nuisance at the farm at Beddington; at Barking, Tott.

Bep., p. 93 ; and at Saltley, Birm. Bep., pp. 168-171 ; and
generally upon the merits and demerits of sewage irrigation

from a sanitary point of view, ante, pp. 57-61.

Having now concluded what is, I hope, an impartial review

of the principal systems of sewage utilization that have been
tried in this country, I bring this work to a close, with the

hope that my little book may be of some use in directing and
assisting the labours of those sanitary reformers whose efforts

are attracting so large a share of public interest, and whose
success is so ardently to be desired by all.
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APPENDIX I.

A List op Places in England where Sewage Operations have

BEEN CARRIED ON, WHICH HAVE NOT BEEN DESCRIBED IN THE

COURSE OF THE FOREGOING WORK ; WITH REFERENCE TO REPORTS

AND OTHER SOURCES, WHERE A FULL DESCRIPTION OF THE WORK
IS TO BE FOUND.

Aldershot 1 R. P. C, 77.

Ashby-de-la-Zouch .. .. 2 S. TJ. C, Appendix VII.. pp. 75-87.

Banbury 1 R. P. 0., 80, and Birm. Rep., 187.

Barking 1 R. P. C, 75.

Bedford 1 R. P. C, 83, and Birm. Rep., 187.

Bilston 2 S. U. C, pp. 75-87.

Birmingham Ditto, and Birmingham Report, 1871.

Bolton . . . . Birm. Rep., pp. 22-24.

-r, /Report of British Association, 1870, pp.
±5URT

\ 49-72.

Cambridge Ditto.

Carlisle 1 R. P. C, 78, and Birm. Rep., 190.

Chelmsford 2 S. U. C, pp. 75-87.

Cheltenham Ditto, and Birm. Rep., 191.

Clifton 2 S. U. C, pp. 75-87.

Coventry Ditto.

Ely Ditto.

Glasgow 4 R. P. C, pp. 13-16 and 53.

Hull Birm. Rep., 37.

Leeds Birm. Rep., pp. 31-36.

Leicester 2 S. TJ. C, pp. 75-87.

Leith 3 S. TJ. C, Appendix V.

Liverpool Birm. Rep., pp. 19-22.

Luton 2 S. TJ. C, pp. 75-S7.

Norwood 1 R. P. C, 85.

Nottingham Birm. Rep., 36.

Penrith 1 R. P. C, 79.

Plymouth 2 S. U. C, pp. 75-87.
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Preston Duthie, Utilization of Sewage, pp. 31-39.

-r> " /n x ) r \ (Report of British Association, 1870, pp.
Romford (Breton s farm) ..

{ 4
P
9_72. and Birm, Eep., 63.

'

Rugby 1 R. P. C, 79, and 2 S. U. C, pp. 75-87.

Stroud 2 S. U. 0., pp. 75-S7.

UXBRIDGE Ditto.

Warwick 1 R. P. C. 82, and Birm. Rep., 193.

Woking.. 1 R. P. C, 89.

Wolverhampton Birm. Rep., 194.

Worksop .. 2 S. U. C, pp. 75-87.

Worthing 1 R. P. G., 82.

A brief account of the sewage operations that have been carried,on

at Alnwick, Blackburn, Bradford, Dover, Hastings, Hexham, Lan-

caster, Portsmouth, Sunderland, Swansea, Tynemouth, Wigan, will

be found in the Report on Indian Sanitary Improvements, &c, 1868.
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APPENDIX II.

India.

It has been suggested that a few words upon sanitary

matters in our Eastern possessions might be interesting to

many readers of this little book ; and I cannot do better, by
way of giving a notion of the nature of the evil in that part

of the world, than quote a few lines from a pamphlet re-

cently published by an educated and thoughtful native of

India who has lived for some time in this country, Mr. Syed

Abdoollah.

" The houses of an Indian town are generally situated in

enclosures which present towards the street or alley a dead

wall of sun-dried bricks, stone, or mud, a small doorway

being the only opening seen. On entering this doorway, the

visitor finds a yard from ten to twelve feet square, on the

sides of which are a number of dark rooms or cells with an

open verandah before them, in which the people live. The

rooms are for the most part very badly ventilated, and are

lighted by an aperture about a foot square. The yard often

communicates with others of the same kind, forming a laby-

rinthine succession of such courts. Some houses are visited

by mehtars (sweepers) at stated intervals ; but the poorer

classes perform the office for themselves. Of drainage, there

is absolutely none at all.

" There are vile and offensive receptacles in nearly every

enclosure ; and these diffuse the most abominable and

poisonous effluvia around. In some dwellings, the occupants

do not even take the trouble to provide a vessel to receive

the filth, but throw it carelessly behind a thin partition wall
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upon the bare ground, which thus becomes completely satu-

rated with putrescent organic matter.

" The foul waste water of houses abutting on a street is

discharged into a side gutter, and is there allowed to evapo-

rate. Where no such gutter exists, an unglazed earthen jar

is sunk at the side of the lane or street, and a pipe formed

of baked clay, passing through' the wall, discharges the

noisome liquid into it. When full, the jar is supposed to

be carried away and emptied on the nearest ghura (or dung-

hill), one of which is placed opposite nearly every native

gentleman's house, and forms a convenient receptacle for the

offal and refuse of the neighbourhood ; and as the manure

thus collected is looked upon as valuable property, the

owner continually places a veto upon its removal.

" Instead of the porous jar, cesspools of masonry are con-

structed inside some of the wealthier houses. When these

become full, the contents are baled or thrown out indis-

criminately over the thoroughfares, there to be absorbed or

to evaporate.

" Many families merely dig a hole at the side of the street

for the reception of the liquid refuse. This is the most

pernicious of all cesspools ; for the absorbent nature of the

soil causes a longer time to elapse before it is actually filled.

From the fact, also, that it gives so little trouble, it is

unfortunately the form most frequently adopted in poor

neighbourhoods. When its removal at last becomes impera-

tively necessary, the fetid abomination accumulated in it is

scattered broadcast over the vicinity.

" Were it not for carrion crows, hungry pariah dogs,

swine, and other creatures which perform the office of

scavengers, and for the extreme dryness of the air, human
life could scarcely" be maintained under these pestilent con-

ditions. Again, tho fields and maidans are covered with all

sorts of offensive objects. . .
."
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But, in addition to all this, there is a very great reluctance

on the part of the natives of India to fall in with any
schemes for bettering the sanitary condition of the country.

It is with great difficulty that the lower classes at least can

be induced to make use of privies ; and the pollution of the

maidans or fields in the neighbourhood of the towns is still

a deadly nuisance. The prejudices of Caste, again, interfere

with the sanitary reformer, as none but those of the very

lowest class will assist in the removal or other treatment of

the excrement in any way. And finally, it is very difficult to

make proper sanitary provisions in camps, even in those of

regular soldiers, and in the case of pilgrims moving about in

large numbers almost impossible.

But, in spite of all these difficulties, a good deal has been

done, and a good deal more is being done every day. We
have but lately set the good example in England, and now
public attention has been called in India to the bad and

unwholesome water supply, especially that from shallow

ivells, which is always largely polluted with the sewage and

other offensive matter. These shallow wells are the chief

sources from which the water supply is derived, both for

troops and native inhabitants ; and the number of instances

in which outbreaks of fever, cholera, and other diseases

have been traced to the use of contaminated water are too

numerous to mention, but will be found in the various

Beports on sanitary improvements and on the outbreaks of

disease in India which have been published by the Govern-

ment during the last ten or twelve years. Beports on the

sanitary improvements in the various provinces of India are

now regularly published, and abound with interesting infor-

mation for those who desire to pursue this branch of the

subject further. To quote from one of them :

—

The Indian Army Sanitary Commissioners say :
" This as

yet partial examination of Indian waters has opened an



APPENDIX. 79

entirely new chapter of the diseases caused in India. . . .

London was formerly scourged with fever and dysentery,

just as India is now The practical solution of

the water question is the same for India as it was in

London."

But in many cases water itself, apart from the sewage, is

a source of disease in India, and it need hardly be said that

marshes are perhaps the most deadly parents of ague and fever

malaria. The greatest care is needed to preserve the water

in tanks so as not to be injurious to health, and even the well

requires the closest supervision. In a letter from Miss

Florence Nightingale, printed in the Eeport on Indian Sani-

tary Improvement, 1870, p. 46, we read that " all the drown-

ings reported—1608 in number—took place in wells and

tanks. No fewer than 1100 bodies were taken out of wells

during the year in this Presidency alone !

"

With regard to the more immediate question of the treat-

ment of sewage in India, there can be no doubt that a dry

system of dealing with the sewage is the best adapted to a

country where the temperature of the air, and especially of

the water, is always high ; for whenever the temperature of

the water rises above 60° Fahrenheit it ceases to absorb gases

to any extent, and therefore becomes a bad vehicle for the

removal of organic matter in a state of decomposition or

putrescence.

Under these circumstances the value of a system like Mr.
Moule's (q. v., ante, pp. 19-23) in India becomes at once

apparent. In ' Some Unsolved Problems in relation to the

Public Health, by W. B. Cornish (1861),' the author, now
Sanitary Commissioner at Madras, regards the Moule system

as " an almost complete solution of the practical difficulty of

establishing an efficient dry conservancy for Indian towns
and military stations." Mr. Cornish suggests that all vessels

for receiving the excretion should be painted or soaked in
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coal tar—a valuable and practical suggestion. He also

admits the value of charcoal, on which point see ante, p. 48.

The dry-earth system, indeed, has been viewed with con-

siderable favor by the Indian Government, as we have before

had occasion to mention (ante, p. 20). " Nowhere," writes

Dr. de Eenzy, " is the dry-earth system carried out to greater

perfection than in the Punjab jails."

At the same time it is only right to give both sides of the

question, and in the Report on Indian Sanitary Improve-

ments, 1869, pp. 208-212, is printed a memorandum by the

Army Sanitary Commission, which is decidedly unfavourable

to any " dry conservancy " system. The main objections put

forward are, first, the expense, said to amount tc £420 per

annum for every 1000 men
;
secondly, the waste, as far as

the sewage is concerned, of the great amount of water which

must under any circumstances be dealt with, amounting to

about 12 gallons per head per day, and in the case of sick

persons to as much as 35 gallons ; and lastly, the amount of

dust resulting from the use of earth which a tropical sun has

torrified almost to powder.



( 81 )

INDEX.

XX

A.
PAGE

ABC system, or Sillar's patent 36-42

Aldershot, sewage operations at 68

Ammonia, loss of, from putrescence of sewage 67

„ undue importance attached to xii.-xiii

Amount of pollution of river water 3

Arable land, application of sewage to 63

B.

Barking, sewage farm at 68
Beddington 70
Bird's process 29
Birmingham 11, 52
Blackburn, treatment of sewage at 27
Blyth's process 30
Bradford, treatment of sewage at 28
Broadmoor Asylum „ 58
Buchanan, Dr., on advantages of Moule's system 20

„ on water pollution at Guildford 4

C.

Charcoal, purification of sewage by 47, 49
Child, Gilbert, letters on Milan system 16, 58
Chinese, utilization of sewage by xvi., 10
Cobbold, Dr., entozoa theory 59, 60
Combination of systems xxi.-xxiii
Cornbrook, pollution of river 3
Craigentinny Meadows, irrigation of 59, 67
Croydon, sewage farm at 67-73
Crookes, F.B.S., defence of A B C 40, 41

D.

Danchell's charcoal filter system 48
Denton, Bailey, intermittent downward filtration 51-54
Disease, preventible xvi

G



82 INDEX.

E. PAGE

Ealing, treatment of sewage at 42, 47
Edinburgh, „ 59
Effluvia, absence of, on sewage farms .. 73
Ely, sewage operations at 30
Eureka system, description of 15

F.

Farr, Dr., evidence on pollution of water 4, 6
Filtration 46-54
Fish, how influenced by sewage pollution 9
Fosses mobiles 11
Frankland, Dr., evidence on pollution of water 4

Or.

Garnet, W. J., experiments at Lancaster 23
Goux's system, description of . . ] 6, 17
Grass, comparative value of sewaged and unsewaged . . . . 61-66
Guano, failure of supply of . . . . xv
Guildford, cause of outbreak of typhoid fever at, 1867 . . . . 4

H.

Hille's process, description of 45, 46
Hofmann and Frankland, Messrs., on the best precipitants .. 31
Holden's process 28
Hope, V. C, on sewage irrigation 60
Hose and jet, irrigation by 55
Hyde, treatment of sewage at . .. 15

I.

India 76-80
Ingredients, valuable, in sewage 35
Irrigation 54

„ disadvantages of 57

„ entozoa resulting from 59, 60
Irwell, pollution of 2
Italian rye-grass, suitability for sewage irrigation 56

K.

Krepp's sewage utilization 26

Li.

Latham, Baldwin, Esq., on irrigation at Croydon 68, 73

Lawes and Gilbert, Messrs., analysis of manure produced by
the Eureka process 15



INDEX. 83

PAGE

Leamington, ABC experiments at 38

Leicester, treatment of sewage at 27, 38

Lenk's process 30

Letheby, Dr., evidence on water pollution 4

Liernur, Capt., system 24, 25

Lime process 27

„ and chloride of iron, experiments with 28

Lombard irrigation referred to 16

M.

Manchester, privy system at 11

„ sewage malaria at xx
Marshall, P. P., Esq., C.E., report on phosphate process .. 33

McDougall's compound .'. . . 30
Mersey, comparative purity of 3

Merthyr Tydvil 52-54
" Midden " towns, strength and volume of sewage in . . . . 12
Milan, system in operation at 16
Milk, effect of sewage on amount of ' 63
Modes of detecting impurity in water 5

Morrell's system 23
Moule's earth closets 19-22

„ in India 79

N.

Nightingale, Miss Florence, on water pollution in India . . 79
Northampton, treatment of sewage at 28
Norwood, sewage farm at ; 67

„ low death-rate at 73

P.

Parkes, Dr., evidence on water pollution 4
Perchloride of iron, value of 31
Peroxide of iron used as a precipitant 31
Persalts of iron, value of, as a precipitant 31
Phosphate process 32 36
Pollution of water, what should be deemed (R. P. C.) . . . . 7

(Thames Conservancy) 8
Prince Consort, H.R.H., system of sewage filtration .. ..49,50
Privy and ash-pit system ' H

„ water-closet compared 12

R.

Rochdale, treatment of sewage at 17-19
Roscoe, Professor, on contamination of water '

*

57



84 INDEX.

PAGE

Rugby, sewage water 62
Running water, self-oxidization of 8

S.

Scott, Major-G-eneral, R.E., system of utilization 42-45
Simon, Mr., evidence on water pollution 4
Slough, Dr. Letheby's evidence at 58
Stanford, dry-earth system 23
Statistics, fallacy of x
Stoke-on-Trent 48
Stothert's process „ 31
Stroud, treatment of sewage at .. .. . 28
Sulphate of ammonia, experiments with 28

„ alumina, „ 29
Syed Abdoollah, on the sanitary condition of India .. .. 76, 77

T.

Terling, cause of outbreak of typhoid fever at, 1867 .. .. 4
Thames contamination of water above London 2

Thome, Dr., on pollution of certain wells 3, 4
Throstlenest Weir, sample of polluted water at 2

Tottenham, treatment of sewage at 27, 30, 33
Town sewage, most profitable mode of utilizing 55

V.

Value of human excrement xvi., xvii... 10

Voelcker's analysis of results of phosphate process .. .. 35

Voelcker on Moule's system xii., 22

„ on ABO „ 40

W.

Wimbledon camp, earth-closets at 20

„ Hille's process at •. .. 45

( LIBRARY
jw

LONDON : FEINTED BY W. CLOWES AND SONS, STAMFOKD STUEET AND CHARING CEOSS.



? BJL/ATALOGUF OF
RELATING TO

OOKS

PRACTICAL SCIENCE
PUBLISHED AND SOLD BY

E. & F. N. SPON.

LONDON: 48, CHARING CROSS.

NEW YORK: U6, BROOME STREET.

Architects' Handbook.
A Handbook of Formulae, Tables, and Memoranda,
for Architectural Surveyors and others engaged in

Building, by J. T. Hurst, C.E., tenth edition,

thoroughly revised and re-written, royal 321110, roan 5 o

Andre's Handbook of Mapping-.

Containing Instructions for the Preparation of En-
gineering, Architectural, and Mechanical Drawings.,

with numerous coloured examples, crown 4to, cloth 15 o

Blast-Furnace.

Researches on the Action of the Blast-Furnace, by
Charles Schintz, translated from the German byW. H.
Maw, and Moritz Midler, plates, crown 8vo, cloth 8 6

Bridges.

Estimates and Diagrams of Railway Bridges for
Turnpike, Public and Occupation Roads, in the Em-
bankments of Double or Single Lines, and Cuttings
of Double Lines, with Form for Calculating Quan-
tities in Skew Structures, etc. ; also Culverts of
various dimensions, and at Station Buildings, by
J. W. Grover, M.I.C.E., second edition, enlarged,
with 37 coloured plates, folio, cloth 31 6

. c

E. & F. N. SPON : LONDON AND NEW YORK.



4 CATALOGUE OF SCIENTIFIC BOOKS.

Bridges.
Iron and Timber Railway Superstructures and
General Works

;
giving Dimensions and Quantities

for the Standard 4ft. 8^m. guage and the Metre 3ft.

3$in. guage, with some Earthwork Tables and Out-
lines of a Specification and Requirements, by J. W.
Grover, M. Inst. C.E., folio, cloth £220

Bridges.
The Strains upon Bridge Girders and Roof Trusses,
including the Warren, Lattice, Trellis, Bowstring,
and other Forms of Girders, the Curved Roof, and
Simple and Compound Trusses, by Thos. Cargill,

C.E.B.A., T.C.D., Assoc. Inst. C.E., Member of the

Society of Engineers, with 64 illustrations, drawn
and worked out to scale, 8vo, cloth 12 6

Bridges.

Construction of the Great Victoria Bridge, in Canada,

by James Hodges, Engineer to Messrs. Peto, Brassey,

and Betts, Contractors, vol. 1, imp. 4to, illustrated

with 17 coloured plates, and numerous wood engravings

;

vol. 2, royal folio, containing 28 double and 19 single

plates, together 2 vols., half-bound in morocco £4 14 6

Bridges.
Long-Span Railway Bridges, comprising Investiga-

tions of the Comparative Theoretical and Practical

Advantages of the various adopted or proposed Type
Systems of Construction, with numerous Formulae

and Tables giving the weight of Iron or Steel required

in Bridges from 300 feet to the limiting Spans ; to

which are added similar Investigations and Tables

relating to Short-Span Railway Bridges, second and
revised edition, by B. Baker, Assoc. Inst. C.E., plates,

crown 8vo, cloth S &

Builders' Price-Book.
Spons' Builders' Pocket- Book of Prices and Memo-
randa, edited byW. Young, architect, royal 32mo, roan 4 6

or cloth, vermillion edges 3 6

Published Annually.

Cabinet Making.
The Cabinet Maker

;
being a Collection of the most

approved designs in the Mediaeval, Louis-Seize, and

Old English styles, for the use of Cabinet Makers,

Carvers, etc., by R.Charles, 96 plates, folio, half-bound 21 o

E. & F. N. SPON : LONDON AND NEW YORK.



CATALOGUE OF SCIENTIFIC BOOKS. J

Carpentry.

Elementary principles of Carpentry, by Thomas

Tredgold, revised from the original edition, and

partly re-written, by John Thomas Hurst, contained

in 517 pages of letterpress, and illustrated with 48

plates and 150 wood engravings, second edition, crown

8vo, handsomely bound in cloth 18 o

Compensations.

Compensations, a Text-book for Surveyors, in tabu-

lated form, by Banister Fletcher, crown 8vo, cloth $ o

Coffee.

The Coffee Planter of Ceylon, by William Sabona-

diere, with an Appendix, containing various extracts

and letters from other authority, bearing on the same

subject, second edition, enlarged aud revised, illus-

trated by plates and wood engravings, crown 8vo, cloth 7 6

Coffee and Chicory.

Coffee and Chicory ; the Culture, Chemical Com-
position, Preparation for Market, and Consumption,

with simple tests for detecting adulteration, and prac-

tical hints for the Producer and Consumer, by P. L.

Simmonds, F.S.S., author of 'The Commercial Pro-

ducts of the Vegetable Kingdom,' ' Dictionary of

Products,' etc., etc., illustrated by numerous wood en-

gravings, post 8vo, cloth 2 o

Cotton Cultivation.

Cotton Cultivation in its various details, the Barrage

of Great Rivers, and Instructions for Irrigating,

Embanking, Draining, and Tilling Land in Tropical

and other Countries possessing high thermometric
temperatures, especially adapted to the improvement
of the cultural soils of India, by Joseph Gibbs,

Member Institute Civil Engineers, with 5 plates,

crown 8vo, cloth f 6

Curves, Railway.

Treatise on the setting out of Railway Curves, with
full Tables of the Angles, Distances, and Offsets

required, especially arranged for the use of Measure-
ments in feet and imperial links, but also adapted for

the use of any other unit of Measurement, by David
Livingstone, crown 8vo, cloth 10 6

E. & F. N. SPON : LONDON AND NEW YORK.



4 CATALOGUE OF SCIENTIFIC BOOKS.

Curve Tables.

Tables for setting out Railway Curves, arranged by
Chas. Pullar Hogg, C.E., a series of cards arranged
for Manipulation, with a sheet of Explanations and
Examples, in neat cloth case 4 6

Dilapidations.

Dilapidations, a Text-book for Architects and Sur-
veyors, in tabulated form, by Banister Fletcher, Fel-

low Royal Inst. Brit. Arch. (Author of Model
Houses), showing who are liable for Dilapidations,

and the extent of the liability of Lessors, Lessees,

Tenants at will, Tenants by elegit, Statute, Merchant,
or Staple Tenants in fee simple, Tenants in tail, Ten-
ants for life, Tenants for years without impeachment
of waste, Mortgagor, Mortgagee in possession, Yearly

Tenants, Tenants in common, and joint Tenants,

Rights of comparceners, also what are dilapidations

and waste, and further fully instructs the surveyor
'

how to take and value them, to which is added the

duties of surveyors, with a table of legal cases, em-
bracing the most recent, and illustrated throughout by
examples drawn from the author's experience, and

latest legal decisions, crown 8vo, cloth $ o

Earthwork Tables.

Tables for Computing the Contents of Earthwork in

the Cuttings and Embankments of Railways, by W.
Macgregor, royal 8vo, cloth 6 o

Economy in the Use of Steam.

A Statement of the Principles on which a Saving of

Steam can be best effected, by Frank Salter, B.Sc,

crown 8vo 3 6

Electrical Standards.

Reports of the Committee on Electrical Standards

appointed by the British Association, revised by Sir

W. Thomsom Dr. J. P. Joule, Professors Clark,

Maxwell, and Fleeming Jenkin, with a Report to the

Royal Society on Units of Electrical Resistance, by

Prof. F. Jenkin, edited by Professor Fleeming

Jenkin, F.R.S., plates, 8vo, cloth 9 o

E. & F. N. SPON : LONDON AND NEW YORK.



CATALOGUE OF SCIENI'ific BOOKS.

Electric Telegraph.

Electrical Tables and Formulas for the Use of Tele-

graph Inspectors and Operators, compiled by Latimer

Clark and Robert Sabine, with wood engravings,

crown 8vo, cloth

Engineering1

.

Spons' Dictionary of Engineering, Civil, Mechanical,

Military, and Naval, with technical terms in French,

German, Italian, and Spanish, 3100 pp., and nearly

8000 engravings, super-royal 8vo, in

8 divisions, cloth 13.?. 6d. each £$
8 „ half-morocco . £6
8 „ French morocco £j
Complete in 3 vols., cloth £$
Bound in a superior manner, half-morocco, top edge

gilt, 3 vols. £6

Engineers' Companion.
The Office and Cabin Companion for Engineers and

Officers of Steam Vessels, consisting of observations,

rules, and tables to facilitate such Calculations as

Naval Officers and Engineers are called upon to make,
by J. Simond Holland, second edition, i2mo, cloth

Engineering Drawing.
An Elementary Treatise on Orthographic Projection,

being a new Method of Teaching the Science of

Mechanical and Engineering Drawing, intended for

the Instruction of Engineers, Architects, Builders,

Smiths, Masons, and Bricklayers, and for the use of

Schools, ivith numerous illustrations on wood and steel,

by William Binns, Associate Institute Civil Engi-
neers, late Master of the Mechanical Drawing Class

at the Department of Science and Art, and at the
School of Mines, formerly Professor of Applied
Mechanics, at the College for Civil Engineers, etc.,

eighth edition, 8vo, cloth

Mr. Binns' system of Mechanical Drawing is in successful

operation in all the Art Schools of the United Kingdom.

Engineering Drawing.
The Second Course of Orthographic Projection

;

being a continuation of the new Method of Teaching
the Science of Mechanical and Engineering Drawing;
with some Practical Remarks on the Teeth of Wheels,
the Projection of Shadows, Principles of Shading,

E. & F. N. SPON : LONDON AND NEW YORK.



6 CATmuGUE OF SCIENTIFIC BOOKS.

and the Practice of Making to Scale Drawings from
Actual Machinery. Intended for the Instruction of

Engineers, Architects, Builders, Smiths, Masons, and
Bricklayers, and for the use of Science Schools and
Classes, with numerous illustrations, by Wm. Binns,

Consulting Engineer, Associate I.C E.,late Master of

the Mechanical Drawing Class, at the Department of

Science and Art, and at the Royal School of Mines

;

formerly Professor of Applied Mechanics at the Col-

lege for Civil Engineers, etc., 8vo, cloth 10 6

Engineers' Pocket-Book.
The Pocket-Book of Pocket-Books, being Moles-
worth and Hurst's Pocket-Books, printed on India

paper, bound together in one volume, royal 32mo,
Russia, gilt edges 126

Engineers' Pocket-Book.
A Pocket-Book of Useful Formulae and Memoranda,
for Civil and Mechanical Engineers, by Guilford L.

Molesworth, Mem. Ins. C. E., Consulting Engineer

to the Government of India for State Railways,

eighteenth edition, revised, with considerable addi-

tions by the author
;
together with a valuable contri-

bution on Telegraphs, by R. S. Brough, 321110, roan 6 o

Ditto, interleaved with ruled paper for Office use 9 o

Ditto, printed on India paper, for the waistcoat pocket 6 o

Engineers' Price-Book.

Applebys' Illustrated Handbook of Machinery and

Iron Work, with the Cost, the Working Expenses,

and the Results obtained in the use of Steam and

Hand Cranes, Pumps, Fixed and Portable Steam

Engines, and various other 'Machines ; with Weight

Measurement, etc., etc. 3 also Prices of Tools, Iron

Works, Stores and Materials required by Civil and

Mechanical Engineers, Merchants, and others
;

together with numerous Tables and Memoranda,

by Appleby Bros., Engineers, many hundred wood

engravings, 8vo, cloth 12 6

Engineers' Tables.
Spoils' Tables and Memoranda for Engineers, selected

and arranged by J. T. Hurst, C.E., Author of 'Archi-

tectural Surveyors' Handbook,' ' Hurst's Tredgold's

Carpentry,' etc., 64mo, roan, gilt edges, second edition 1 o

Or in cloth case •' °

E. & F. N. SPON : LONDON AND NEW YORK.



CATALOGUE OF SCIENTIFIC BOOKS. 7

French Measures.

French Measures and English Equivalents, by John

Brook. For the use of Engineers, Manufacturers of

Iron, Draughtsmen, etc., i8mo, roan 1 o

" In a series of compact tables the English values of the French measures

are arranged from one to a thousand millimetres, and from one to a hundred

metres ; the fractions of an inch progressing in sixteenths are also reduced to

French values. The little book will be found useful to almost every engineer."
—Engineering.

French-Polishing
-

.

The French-Polisher's Manual, by a French-Polisher,

containing Timber Staining, Washing, Matching,

Improving, Painting, Imitations, Directions for

Staining, Sizing, Embodying, Smoothing, Spirit

Varnishing, French -Polishing, Directions for Re-
polishing, royal 321x10, sewed o 6

Gas.

Analysis, Technical Valuation, Purification and Use
of Coal Gas, by the Rev. W. R. Bowditch, M.A.,
with wood engravings, 8vo, cloth 12 6

Gas Works.
Instructions for the Management of Gas Works, by
W. C. Holmes, Engineer, 8vo, cloth 4 o

Gunner's Pocket-Book.

Bridges' Gunner's Pocket-Book, compiled by Captain
T. W. Bridges, H.P. Royal Artillery, crown 321110,

roan, iy. 5 or morocco 1 6

Handrailing.

Handrailing cut square to the Plank, without a

Falling Mould, as discovered and taught at the
Mechanics' Institution, Liverpool, by John Jones,
Staircase Builder, containing seven plates, with full
instructions for working them, fol. boards 6 o

Hydraulics.

Practical Hydraulics : a Series of Rules and Tables
for the use of Engineers, etc., etc., by Thomas Box,
fourth edition, numerous plates, post 8vo, cloth 5 o

Iron.

Iron as a material of Construction, forming a Hand-
book for the use of Students in Engineering, by
William Pole, C.E., F.R.S., cuts, post 8vo, cloth 6 o

E. & F. N. SPON : LONDON AND NEW YORK.



8 CATALOGUE OF SCIENTIFIC BOOKS.

Iron and Steel,

The Journal of the Iron and Steel Institute, edited
by Jno. Jones, F.G.S., and David Forbes, F.R.S.,
published half-yearly, 8vo, each Part 7 6

Indian Engineering.

India and Indian Engineering : Three Lectures
delivered at the Royal Engineer Institute, Chatham,

"

in July, 1872, by Julius George Medley, Lieut.-Col.

R.E., Assoc. Inst. C. E., Fellow of the Calcutta
University, Principal Thomason Civil Engineering
College, Roorkee, crown 8vo, cloth 3 o

Link-Motion.

Link-Motion and Expansion-Gear practically con-
sidered, by N. P. Burgh, Engineer, illustrated with

90 plates and 329 wood engravings, small 4to, hand-
somely half-bound in morocco £2 2 o

Mechanical Engineering.

The Mechanician and Constructor for Engineers,
comprising Forging, Planing, Lining, Slotting, Shap-
ing, Turning, Screw-cutting, etc., by Cameron Knight,
illustrated by 96 4to plates, containing 1147 illustra-

tions, and 39J pages of letterpress, 4to, cloth £2 10 o

Or, half-bound French morocco ^2 12 6

Mechanics.

The Essential Elements of Practical Mechanics, based

on the priuciple of work, designed for Engineering
Students, by Oliver Byrne, formerly Professor of

Mathematics, College for Civil Engineers, second

edition, illustrated by numerous wood engravings, post

8vo, cloth 7 6

Mechanics.

The Principles of Mechanics and their Application

to Prime Movers, Naval Architecture, Iron Bridges,

Water Supply, etc., by W. J. Millar, C.E., Secretary

to the Institution of Civil Engineers and Shipbuilders,

Scotland, crown 8vo, cloth 4 6

Metric Weights and Measures.

Scales for the Ready Comparison of British and

Metric Weights and Measures, by A. L. Newdigate,

M.A., in neat cloth case 5 o

E. & F. N. SPON : LONDON AND NEW YORK.



CATALOGUE OF SCIENTIFIC BOOKS. 9

Military Terms.

A Handy Dictionary of Military Terms, by Major W.
W.Knollys, F.R.G.S., 93rd Sutherland Highlanders,

Garrison Instructor, Home District, etc., i8mo, cloth 2 o

Mill Gearing*.

A Practical Treatise on Mill Gearing, Wheels, Shafts,

Riggers, etc., for the use of Engineers, by Thomas
Box, post 8vo, cloth, with eight plates

Millwright's Guide.

The Practical Millwright's and Engineer's Ready
Reckoner, or Tables for finding the diameter and
power of cog-wheels, diameter, weight and power of

shafts, diameter and strength of bolts, etc., by
Thomas Dixon, fourth edition, nrao, cloth

Mine Engineering.

A Practical Treatise on Coal Mining, by George G.
Andre, Mining Civil Engineer, F.G.S., Assoc. Inst.

C.E., numerous plates, 2 vols., royal 4to, cloth ^3 12 o

Mining*.

Records of Mining and Metallurgy
; or, Facts and

Memoranda for the use of the Mine Agent and
Smelter, by J. Arthur Phillips and John Darlington,

in crown 8vo, cloth, illustrated with wood engravings 4 o

Oilman's Calculator.

The Oilman's Calculator, containing Tables showing
the Conversion in Imperial Gallons of any Weight
of Oil of a specific Gravity of from '700 to "960, from
1 lb. to 400 cwt. ; Prices per Gallon equivalent to

Prices per Ton at t 6 different Weights, from £3 to

£100 5 Contents of Circular Tanks in Imperial Gal-
lons from 3 feet to 36 feet diameter ; Conversion of
Foreign Moneys and Weights into British Value,
etc., by James Ireland, 8vo 7 6

Pyroloffy.

Pyrology, or Fire Chemistry ; a Science interesting

to the general Philosopher, and an art of infinite im-
portance to the Chemist, Mineralogist, Metallurgist,

Geologist, Agriculturalist, Engineer (Mining, Civil,

E. & F. N. SPON : LONDON AND NEW YORK.

5 0

3 0



io CATALOGUE OF SCIENTIFIC BOOKS.

and Military), etc., etc., by William Alexander Ross,
lately a Major in the Royal Artillery, with plates and
woodcuts, crown 4I0, cloth £1 16 o

" A work which we have no hesitation in pronouncing original and invaluable.
The author is not a chemist trained in the orthodox school outside which there
is no salvation : for cooked results and unproved theories he shows very little

respect. We can strongly recommend this book to Analysts, Assayeks,
Mineralogists, and to all persons interested in Mining and Metal-
lurgy. "—Chemical News, August 6th, 1875.

Railway Engineering-.

Manual of Railway Engineering, for the Field and the

Office, by Charles P. Cotton, C.E., second edition,

revised and enlarged, post 8vo, cloth / 6

Rennie, Sir John.

The Autobiography of Sir John Rennie, Past-Presi-

dent of the Institution of Civil Engineers, F.R.S.,

etc., etc., edited by his son, C. G. C. Rennie, with
portrait, 8vo, cloth 12 6

Reservoirs.

On the Construction of Catch-water Reservoirs in

Mountain Districts for the supply of Towns, or for

other purposes, by C. H. Beloe, Author of ' The
Handbook of the Liverpool Waterworks,' plates, 8vo,

cloth 5 o

Retaining Walls,

Surcharged and different Forms of Retaining Walls,

by J. S. Tate, cuts, 8vo, sewed 2 o

Ropemaking.
A Treatise on Ropemaking as practised in public and
private Rope-yards, with a description of the manu-
facture, rules, tables of weights, etc., adapted to the

Trade, Shipping, Mining, Railways, Builders, etc., by

R. Chapman, formerly foreman to Messrs. Huddart
and Co., Limehouse, and late Master Ropemaker to

H.M. Dockyard, Deptford, second edition, i2mo, cloth 3 o

Sanitary Engineering.

Proceedings of the Association of Municipal and

Sanitary Engineers and Surveyors, Vol. I., 1873-4,

edited by Lewis Angell, Mem. Inst. C.E., F.R.I.B.A.,

etc., etc., 8vo, cloth 10 6

Ditto, Vol. II. 7 6
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Sanitary Engineering-.

A Series of Lectures givea before the School of

Engineering, Chatham. Division I. Air. Division

II.

&
Water. Division III. The Dwelling. Division

IV. The Town and Village. Division V. The Dis-

posal of Sewage. Copiously illustrated. By J. Bailey

Denton, C.E.,F.G.S., Honorary Member of the Agri-

cultural Societies of Norway, Sweden, and Hanover,

and Author of the ' Farm Homesteads of England,'
' Storage of Water,' etc., etc., royal 8vo, cloth 21 o

Sanitary Works Abroad.

Report of the Commission appointed to propose

Measures for Remedying the Pollution of the Seine
;

with a Description of the Works in course of execu-

tion for the Sewerage of Berlin, and the Application

of Sewage to Irrigation at Marienfelder and Falken-

burg. Translated from the French by Robert
Manning, M. Inst. C.E., Cheif Engineer to Her
Majesty's Board of Public Works in Ireland, 8vo,

sewed 2 o

Sewage.

A Handbook of Sewage Utilization, by Ulick Ralph
Burke, Esq., Barrister-at-Law, crown 8vo, cloth 3 6

This work treats : I. Of the evils of the present System of Sewage Treatment,
the Pollution of Water, and the Waste of Manure. II. Remedies, Privy, and
Ash-pit ; Eureka System ;

Milan, Goul, and Moule's Systems. III. Treatment
of Sewage by Chemical means

;
Experiments with Liine ; Lime and Chloride of

Iron
;
Sulphate of Ammonia ; Holden's Process

;
Sulphate of Alumina

; Persalts
of Iron

;
Blyth, Lenk, Phospate, A.B.C., Scott, and HiJle Processes

; Filtration.
IV. Irrigation. With an Appendix, including the Law relating to Sewage
Utilization.

Sewage.

The Sewage Question ; on the Treatment and Utili-

zation of Sewage, the Preparation of Land for Irriga-

tion, and for Intermittent Downward Filteration, by

J. Bailey Denton, Mem.Inst.C.E., F.G.S., 8vo, sewed 2 o

Silver Mines.

Vazeeri Rupi, the Silver Country of the Vazeers, in

Kulu : its Beauties, Antiquities, and Silver Mines,
including a Trip over the lower Himalayah Range and
Glaciers, by J. Calvert, F.G.S., Mem. Inst. C.E., *

illustrated with a map and coloured plates, 8vo, cloth 16 o
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Slide Valve.

The Slide Valve practically considered, by N. P.

Burgh, Engineer, seventh edition, containing 88 illus-

trations and ia t pages of letterprees, crown 8vo, cloth 5 o

Slide Valve. Designing Valve Gearing*.

A Treatise on a Practical Method of Designing Slide

Valve Gearing, by Simple Geometrical Construction,

based upon the principles enunciated in Euclid's Ele-
ments, and comprising the various forms of Plain

Slide Valve and Expansion Gearing
;
together with

Stephenson's, Gooch's, and Allan's Link-Motions, as

applied either to reversing or to variable expansion

combinations, by Edward J. Cowling Welch, Memb.
Inst. Mechanical Engineers, crown 8vo, cloth 6 o

The system described in this work enables any draughtsmen or foreman to
" get out " in a feiv minutes, and with the greatest precision, all the details of a
Slide Valve Gear, without recourse to models or other similar appliances.

Steam Boilers.

Practical Treatise on Steam Boilers and Boiler-

making, by N. P. Burgh, Mem. Inst. Mec. Eug., illus-

trated by 1 1 63 wood engravings and 50 large folding

plates of working drawings, royal 4to, half-morocco £3 13 6

Steam Engine.

Modern Marine Engineering applied to Paddle and

Screw Propulsion
5
consisting of 36 plates, 2^9 wood

engravings, and 403 pages of descriptive matter, the

whole being an exposition of the present practice of

the following firms : Messrs. J. Penn and Sons
;

Maudslay, Sons, and Field
5
James Watt and Co.

;

J. and G. Rennie ; R. Napier and Sons
; J. and W.

Dudgeon ; Ravenhill and Hodgson
;
Humphreys and

Tenant ; Mr. J. F. Spencer ; and Messrs. Forester

and Co. By N. P. Burgh, Engineer, 4to, cloth £250
Steam Engine.

Modern Compound Engines, being a Supplement to

Modern Marine Engineering, by N. P. Burgh, Mem.
Inst. Mech. Eng., numerous large plates of working

drawings, 4to, cloth 18 o

The following Firms have contributed Working Drawings of their best and

most modern examples of Engines fitted in the Royal and Mercantile .Navies :

Messrs. Maudslay, Rennie, Watt, Dudgeon Humphreys, Ravenhill, Jackson,

Perkins, Napier, Elder, Laird, Day, Allibon.
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Steam Engine.

Practical Treatise on the Condensation of Steam :

contained in 262 pages of letterpress, and illustrated

with 212 engravings, by N. P. Burgh, Engineer,

super-royal 8vo, cloth £150
Steam Engine.

A Pocket-Book of Practical Rules for the Proportions

of Modern Engines and Boilers for Land and Marine

purposes, by N. P. Burgh, fifth edition, revised, with

Appendix, royal 32mo, roan 4 6

Details of High-Pressure Engine, Beam Engine, Condensing, Marine Screw
Engines, Oscillating Engines, Valves, etc., Land and Marine Boilers, Proportions
of Engines produced by the rules, Proportions of Boilers, etc.

Steep Gradients on Railways.

A Treatise on the Improved Method for overcoming
Steep Gradients on Railways, whereby an ordinary

locomotive capable of hauling a given load up a gra-

dient r in 80, can take the same up 1 in 8, by Henry
Handyside, 8vo, sewed 1 o

Strength of Beams.
On the Strength of Beams, Columns, and Arches,
considered with a view to deriving methods of ascer-
taining the practical strength of any given section of
Beam, Columu, or Arch, in Cast-iron, Wrought-iron,
or Steel, by B. Raker, numerous cuts, crown 8vo, cloth 9 o

Strength of Beams.
New Formulas for the loads and Deflections of Solid
Beams and Girders, by William Donaldson, M.A..
Assoc. Inst. C,E., 8vo, cloth 4 6

Sugar.

The Practical Sugar Planter ; a complete account of
the cultivation and manufacture of the sugar-cane,
according to the latest and most improved processes,
describing and comparing the different systems pur-
sued in the East and West Indies, and the Straits of
Malacca, and the relative expenses and advantages
attendant upon each, being the result of sixteen years'
experience of a sugar-planter in those countries, by
Leonard Wray, Esq., with numerous illustrations,
8vo, cloth TO f.
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Short Logarithms.

Short Logarithmic and other Tables, intended to
facilitate Practical Calculators, and for solving Arith-
metical Problems in class, by Professor W. C. Unwin,
8vo, cloth 2 o

Sulphuric Acid.

The Chemistry of Sulphuric Acid Manufacture, by
Henry Arthur Smith, cuts, crown 8vo, cloth 4 6

Surveying.

The Principles and Practice of Engineering, Trigono-
metrical, Subterraneous, and Marine Surveying, by
Charles Bourne, C.E., third edition, numerous plates

and woodcuts, 8vo, cloth 5 o

Surveying.

A Practical Treatise on the Science of Land and En-
gineering Surveying, Levelling, Estimating Quali-

ties, etc., with a general description of the several

Instruments required for Surveying, Levelling, Plot-

ting, etc., by H. S. Merrett, 41 fine plates, with illus-

trations and tables, royal 8vo, cloth, second edition 12 6

Table of Logarithms.

Table of Logarithms of the Natural Numbers, from
1 to 108,000, by Charles Babbage, Esq., M.A.,
stereotyped edition, royal 8vo, cloth 7 ^

Tables of Squares and Cubes.

Barlow's Tables of Squares, Cubes, Square Roots,

Cube Roots, Reciprocals of all Integer Numbers up

to 10,000, post 8vo, cloth 6 o

Teeth of Wheels,

Camus (M.) Treatise on the Teeth of Wheels, demon-

strating the best forms which can be given to them

for the purposes of Machinery, such as Mill-work and

Clock-work, and the art of rinding their numbers,

translated from the French, third edition, carefully

revised and enlarged, with details of the present

practice of Millwrights, Engine Makers, and other

Machinists, by Isaac Hawkins, illustrated by 18

plates, Svo, cloth 5 0
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Telegraphy.

Journal of the Society of Telegraph Engineers,

including original Communications on Telegraph)'

and Electrical Science, edited by Major Frank Bolton

and G. E. Preece, Parts I. to XII., demy 8vo
3
sewed,

with wood engravings, each 5

To be continued quarterly.

Torpedo Warfare.

A Treatise on Coast Defence 5 based on the experi-

ence gained by Officers of the Corps of Engineers of

the Army of the Confederate States, and compiled

from Official Reports of Officers of the Navy of the

United States, made during the North American War
from 1 861 to 1865, by Von Scheliha, Lieutenant-

Colonel and Chief Engineer of the Department of

the Gulf of Mexico, of the Army of the late Confe-

derate States of America ; with numerous fine plates,

imperial 8vo, cloth, top edge gilt ] 5

Trevithick.

The Life of Richard Trevithick (Inventor of the

High-pressure Steam-engine), with an account of his

Inventions, by Francis Trevithick, C.E., 2 vols.,

medium 8vo, cloth, illustrated by a steel portrait,

lithographs, and numerous beautiful wood engravings,

including many accurate illustrations of Cornwall, its

Mines, and Mining Machinery , reduced to 12

Turbine.

A Practical Treatise on the Construction of Horizon-
tal and Vertical Waterwheels, with 1 1 plates, specially

designed for the use of operative Mechanics, by
William Cullen, Millwright and Engineer, second
edition, revised and enlarged, small 4-to, cloth 12

Turning*

The Practice of Hand-turning in Wood, Ivory, Shell,

etc., with Instructions for Turning such work in

Metal as may be required in the Practice of Turning
in Wood, Ivory, etc. ; also an Appendix on Orna-
mental Turning, by Francis Campin, second edition,
with wood engravings, crown 8vo, cloth (a book for
beginners) 6
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Valve-Gears.
Treatise on Valve-Gears, with special consideration
of the Link-Motions of Locomotive Engines, by Dr.
Gustav Zeuner, third edition, revised and enlarged,
translated from the German, with the special permis-
sion of the author, by Moritz Midler, plates, 8vo, cloth x i 6

Ventilation.

Health and Comfort in House Building, or Ventilation
with Warm Air by Self-acting Suction Powder, with
Review of the mode of Calculating the Draught in
Hot-air Flues, and with some actual Experiments, by
J. Drysdale, M.D., and J. W. Hayward, M.D., second
edition, with Supplement, demy 8vo, with plates, cloth 7 6

The Supplement separate o 6

Weight of Iron.

Tabulated Weights of Angle, T, Bulb, and Flat Iron,
for the use of Naval Architects and Shipbuilders, by
Charlas' H. Jordan, M.I.N.A., i8mo, sewed, second
edition 1 g

Wood-working Factories.

On the Arrangement, Care, and Operation of Wood-
working Factories and Machinery, forming a com-
plete Operators' Handbook, by J. Richards, Mechani-
cal Engineer, woodcuts, crown 8vo, cloth 5 o

Wood-working Machines.

A Treatise on the Construction and Operation of

Wood-working Machines, including a History of the

Origin and Progress and Manufuctnre of Wood-
working Machinery, by J. Richards, Mechanical En-
gineer, 25 folding plates and nearly 100 full-page

illustrations of English, French, and American Wood-
working Machines in modern use, selected from the

designs of prominent Engineers, 410, cloth £150
Workshop Receipts.

Workshop Receipts for the Use of Manufacturers,

Machinists, and Scientific Amateurs, by Ernest Spon,

crown 8vo, cloth 5 o

Royal 8vo, cloth, Js. 6d.

Spans Engineers and Contractors' Illustrated Book of
Prices of Machines, Tools, Ironwork, and Contractors' Material.
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