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a02 LECTURE TO TIHIL CONGRESS,

and naction, extending to health, and extending, alas! to diseaso in
its deapest foundations, A littlo aid from books of learned men, of
the learned man of this branch of knowledge especially,—you know I
can only mean Darwin,—would help the seholar much ; but the nid
she will soon be led to find in the yet higher authority of nature
will hielp her most.  Sho will sco the descents from gool to good, and
even, though fortunately with decreasing ratio, from cvil to evil,
Sho will seo the conquest of death as n natural conquest over evil,
and being now in the groove of natwie, she will detect how even she
may availingly help nature,  One effort here as o Sanitarian wonld
call forth all her powers.  She will stand to vesist with ler full
persuasive might that process which I have elsewhero ealled the inter-
marriage of diseaso.  She will tell her sisters what that terriblo process
means.  Sho will tell that diseased heredity, united in marringe,
means the continuance of the heredity as certainly as that 1wo and
two mako four ; that madness, consumption, enncer, serofula, yes, and
certain of the contagious diseases too, may be perpetuated from ho
altar; and that the first responsibilities of parents towards the off-
spring they expect onght to be, not how to provide for wealth and
position over which they have nocontrol, hut that preliminary healthy
parentage, which is the foundation of health, and without which position
and wealth are shadowy legacies indeed.  Delicato ground, you may
say. I admit the fact. But in a world in which those who study
tho living and the dead most earefully rarely see & man or woman
hereditarily free from discase, even this ground must bo entered on
by the enlightened scholar. I touch on it hero for the hest of all
reasons, that the subject it includes, affecting deeply the human heart
in its sympathies and affections, is one on which the influence of
woman the arbitress of the natures that are to be, is all potent for
good or for evil,

To know the first principles of animal physies and lifo; to learn
the house and its perfect management ; to learn the simpler problems
relating to the fatal diseases; to ordnin the training of the younyg;
to grasp the elements of the three psycho-physical problems—the
human temperaments, the moral contagions with their preventions,
and the hereditics of discase with their prevention, these, in all
respect and earnestness, T set hefore this Congress ns the heads of
the educational programme for our modern woman in her sphere of
life and duty. Tet theso studies be hers, and once more may be
applied to her the promise of that wisest of men, with whose words
T opened this discourse: ¢She shall rejoice in time to come. The
heart of her husband doth safely trust in her.’ And—sun and sum
of all hopes, ambitions, happiness !—¢ Her children shall rise up and
call her blessed.’

~ Bexsaviy Warp Ricnahpson, M.D., F.R.S,
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SECTION III.

METEOROLOGY AND GIOLOGY.

The President of the Scction, Sir AxToN10 BRADY, F.0.8. y FML8, &,
delivered the following address :—

It is my privilege to address to you a few words, at this the fourth
congress of the Sanitary Institute of Great Britain, an institution
which, under owr enlightened President and the other veterans in
sanitary scionce with whom he is associnted, is, I hope and believe,
destined to do great things for the improvement of the health and
happiness of the people.

The greab aim of the Institute is to educate the people to a fuller
senso of the nceessity of better sanitary arrangements, and, secondly,

to train a class of inspectors and artisans capable of superintending .

and carrying out sanitary works, designed upon the most improved
principles of hygiene.

I feel much flattered by the trust reposed in me, of presiding over
the deliberntions of the section treating of meteorology, geology, and
geography, in relation to health, and I could have wished that it had
fallen into abler hands; but I must crave your indulgence while I en-
deavour to place before you some of the general leading facts and
experiences upon which we base the generalisations which are the
foundations of our science.

I shall venture to alter the order of the three parts of the subject
upon which I have been invited to address you, and as geology, or the
science treating of the history of the carth, is the basis on which the
others vest, I shall place this before meteorology and geography.

These sciences require a due nppreciation of the physical conditions
of the world in which we live, and the laws which govern the changes
to which it is subject, amongst which aro climatology, and the arrange-
ment and constant re-arrangement of the materials of which the earth
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200 METEORCLOGY AND GEOLOGY,

is formed, and the forces and agencies by which these physical changes
avo affected.

My greatest difficulty in treating of this most interesting subject
18 its vastness, comprehending, as it does, the wholo circlo of the
sciences, especially astronomy, the noblest of them all,

A fow words, thorefore, on tho general cosmogony of our world
may perhaps botter enablo us to grasp, and, in a measure, comprohend
the vast changes continually going on around us, and to perceive how
much depends on lifo and the hand of man in modifying the crust of
our globe, and making it a more ox less healthful residenco for the
people who inhabit it.

If modern scienco teaches us one thing moro than othor, it is that
this world of ours wag not created in its present form and condition,
but that it has nrrived at its present stato by slow degrees, and by
the agency of forces still in operation, though somo of them, porhaps,
not with tho same intensity as in tho earlicr pevieds of the world's
history.

By tho aid of that mest wonderful modern instrument, the spectro-
scope, we aro led to the conclusion that our earth was originally a
mass of nebulous, dim, hazy mattor, thrown off from tho sun, which
contained all tho elements of which our globe is composed; this
matter becoming condensed by the cold of space, first formed a crust,
not originally stratified like the rings of an onion, as some have sup.
posed. _

This crust, in progress of time, has been crunmpled up, and moun-
tains raised by the condensation and consequent contraction of its
parts. It has all been greatly modified by the action of the elements,
chemical agencies, and various other causes. The materials have been
re-arranged and stratified, again and again, by denudation—action of
currents in the ocean and rivers on land—so that new combinations
of land and water have been continually formed. Both sca and land
are constantly encroaching one upon the other, and are in a stato of
unstable equilibrium and constant chango, It has been caleulated
that but for the forces bringing np fresh lands from the bottoin of the
ocean, as the abrading influences continually at work destroyed the
existing lands, time enough has elapsed, and force enough has been

exerted, to have reduced the whole earth to a dead level, which would
in that case have been wholly submerged, and thero would have been
no dry land.

Heat is the principal agency by which these great upheavals have
been effected. The volecano and the earthquake are the existing
examples of this operation of force, and viewed in this light, instead
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of heing destruetive ngencies, they really prove great conservative
influences, modifying the other distwrbing causes, nnd preserving the
eartl in o slate fit for animals and plants to inhabit,

To the duo proportion of lind and water we owe the benign in-
fluences of mcteorology and the various elimates and soils suitable for
the production of food for man and beast ; hut many other subsidiary
causes have inall time tended to medify the crust of the carth, animal
life being ono of tho chief.  Somo of the least of created heings, acting
over wons of ages, have heen destined in the economy of the universe
to alter the nature of the surface of the earth, and even to form con-
tinents and islands out of the materials extracted by them from the
ocean,  Thus the minute confounds the wise, and magnifies the power
of the Almighty, who, hy such appavently insignificant means, has
cffected such magnificent results.

Out of many forms of animal lifo which have contriluted to this,
I will only allude to two, viz, the Globigerina of the chalk and the
coral insect of our castern tropieal seas. By the former our chalk
hills wero formed. The Globigerina lived and moved and had its
being in tho primitive ocean. Its shell is so minute that 400,000
would not occupy the space of a cubie inch, yet being showered down
Ly billions during untold ages, formed a deposit at the hottom of the
sea, which being by the forces already roferred to raised ahove the
waters in progress of time, formed dry land and the base upon which
the wholo of the rocks of the tertinry and post-tertinry systems, many
thousand feet in thickness, were deposited. These, being denuded
by the disintegrating and degrading forces hefore referved to, form our
downs in Sussex and other places, and the removed materials, the
débris of older rocks, made our newer stratified rocks, gravel beds,
and deltas, on the surfaco of which are the alluvial deposits, mineral
soils, and vegetablo earths forming our agricultural soils,

Of the coral insect, I will only remark that it is still working on
& grand scale.  Madrepore rocks, which are of analogous origin,
altered by heat, aro marbles which, when fico from impurity, form
the statuary marble out of which sprang, under the inspiration of the
genius of a Phidias and a Praxiteles, the greatest eflorts of art to
imitate the human form divine.

Of the Globigerina I wish to add a few words, and I trust I may
Lo excused the digression on account of its marvellous interest,

It will be apparent from the foregoing that our world is an ever-
changing scene, Though these changes ave effected by slow degrees, they
ave always tending to a higher and better state, and adapted to a higher
order of beings, At first appeared the little cozoon of Sir William
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208 METEOROLOGY AND GEOLOGY,

Logan, the oldest form of lifo as yet recognisable in tho rocks ; these
minute organisms form the mass of the Tauventian limostono iy
Canada, thousands of square miles in extent and of vast thickness,
Then, ns the world becamo fitted for their existence, appeared in due
order both in tho sea and on tho land the vavious creatures whicl
from timo to timo havo oxisted. Many forms of lifo havo passed
away, and are only known to havo over existed by the testimony of
the rocks.

In progress of time there appeared on tho carth mosses, then
plants and trees, whose seed is in itself; in the air, insects, birds, and
flying reptiles; in the sea, zoophytes, nunelids, and creoping things,
molluses, and fishes, small and great, with the loviathan nlso, to take
his pastime therein ; on the land, soft-bodied molluscs, worms, nnd
creeping things innumerable, the vertebiata, and all'the host of them ;
lastly, man himself, the lord of all, to whom it was givon to people the
cuth and subdue it., ITo alone, of all creation, was endowed with
wisdom and the power to choose between good and ovil, and to select
the situation for his abode best suited to his health and well-heing,
Ho has for his guidance the accumulated experience and wisdom of
all mnen ju all ages.  If ho now neglects the laws of health, and tho
conditions of sanitary existence, ho has only himself to thank for the
inevitable consequences,

Whether all the forms of vegotable and animal life, which ministor
to man’s wants and comfort, were the result of separato creations, or
the development by evolution from n speck of primitive protoplasm,
which chemists tell us is the basis of all living matter, we will not
stop to inquire. The votaries of the evolution theory have no real
proofs to offer ; they admit they cannotshow all the links in the chain
of evidence; many are wanting, and great are tho gaps between them.
They show many varieties in species, and claim that, if time cnough
be granted, all ereatures may be accounted for by their theory, DBut
what is time enough? Some important types of life have disappeared,
and the only trace we have that they ever existed is the testimony of
the rocks in which their remains are found entombed, Indeed, whole
districts are formed of their mortal remains ; others have existed
through many geological erns, What period of geologieal time would

satisfy these evolution philosophers of the nineteenth century ! 'Will
the vast period of the world’s history, dating from the secondary epoch
to the present time? If so, we have direct proof to the contrary.
Our eminent philosopher, Dr. W. B. Carpenter, than whom no
greater authority on such a subject exists, stated in a recent lecture
this impressive fact: that the Globigerina of the chalk sea was still
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existing, nny, that its actual linenl descendants gtill live in our 5ea8

it is the Globigerina still, and exists in its primitivo simplicity un-
changed and undeveloped during millions of ages. It was thoe Iast
form of lifo found living in the Arctic Seas, by the naturalists of Siy
(George Narves' recent Arelic Expedition. Certainly, in this case, nt
least, no evolution hasg taken place, and the Globigering of the ch:llk
still lives amongst us the oldest of our aristoeracy—a marvellous
examplo of persistenco of form jn animal life,

Thus far it will Lo npparent that the changes described have been
cffected by eauses wholly independent of man, by cosmical and other
means, and by lnws impressed upon the matter of our globe, when, at
the fint of the Almighty, it was fivst Inunched into space. ,

It will, however, be scen jn the sequol that many and vast changes
havo also Leen and are still heing offected by the hand of man thm?rrh
not always for the better, nor for his own well-being, Mu::h \'O?y
much, depends on his reting in conformity with the lawsg which (:overn
all things terrestrial, though he sometimes violates them fro?n stu-
pidity, or earclessness, or for lemporary gain, or perhaps oftener stiil
without consideration, and pays the penalty for so doing,

Having discussed somo of the eflects of

geologicnl ehange upon the
earth, we will noxt consider

how meteorology causes modifieation of

climate, and 50 produces a distinet effect on health and discase,

METEOROLOGY.

In this short address we can only de:
referoutsiders to the intere
don last year, for

il with general principles, and
sting volumo of our* Transactions’ at Croy-
. it is not my purpose to trespasson the domain of the
sanitary engineer or the medical and othey professors of hygiene, I
must, however, eall attention to the recent addresses of our distin-
guished President, who, in his dream of Salutland, points out most
of the means by which n healthy existence may be arrived at, th.o
dream being about healthy houses, pure airy and pure water. Here

t?o, let mo express my admiration of the addresses of Captain Doun]as;
Galton, Dr, do Chaumont, Edwin Chadwick, C.B., Dr. Alg'ed

Cnl])evnter, Mr. Alfred Haviland, M.R.C.S,, and others,

_ We have scen how meteorological influences have assisted geolo-

gical changes in decomposing rocks and forming soils, &e. Tt ug

now see how fap they affect climate, and eause some parts to bo healthy
and others the reverse,
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210 METEOROLOGY AND GLOLOGY,

CLIMATOLOGY.

Solar heat is the primo mover and life-giving influenco ; it causes
winds to Blow, which are the great transporting power of the air, By
ovaporation it raises, in the form of vapour, all tho fresh water in the
carth to the height of tho clonds, and by the winds transports them
hither and thither to water the carth, form springs and mighty
rivers.

'Fo convert water into vapour or clowd the heat required is ven-
dered latent, and is given eut again when the vapour is condenscd into
water and falls in the form of rain.

Tow and where this happens is principally due to the distvibution
of land and water in the various geographical areas, modified by the
contour of the land and mountain ranges, and the vegetation and
forests on its surface.

Heat is also conveyed from the tropics by occan currents, and
moderates tropical, whilo tempering avctic climates,  For instance,
England and Ircland, between the same parallels of latitude as Nova
Scotia and part of Greenland, owe their temperate climato to the bene-
ficent influence of the Gulf Stream filling our seas with tepid water,
while the provailing westerly winds, ehnrged with vapour, heated by
passing over it, supply onr Jand with fruitful showers, and make
Treland the Emerald Isle of the ocean.

Professor Maury, in his ¢ Physical Geography of the Sca,’ says of
the Gulf Stream :—

¢ Thero is a river in the ocean.  In the severest droughts ib never
fails, and in the mightiest floods it nover overflows. Its Lanks and
its Dottom nre of cold water, while its current is of warm, The Gulf
of Mexico is its fountain, and its mouth is in tho Arctic Scas. It is
the Gulf Stream. There is in the world no other such majestic flow
of waters. TIts cwrrent is more rapid than the Mississippi or the
Amazon, and its volume more than a thousand times greater.’

T have previously reminded you that to convert water into
vapour alarge amount of heat is rendered latent, which on being con-
densed into rain gives out the heat so storcd up. Captain Mawry
computes ¢ that the quantity of heat daily carried off by the Gulf
Stream from tropical regions and discharged over the Atlantic i3
sufficient to raise mountains of iron from zero to the melting point,
and to keep in flow from them a molten stream of metal greater in
volume than the waters daily discharged from the Mississippi river.' !

1 Maury, Physical Geography of the Sea, § 155,

SECTIONAL IRESIDENT'S ADDRESS, 211

Such is the enormous quantity of heat transported from the tropics
aned distributed as a Dlessing over our native land, giving us frnitful’
seasons, and filling our hearts with food and gladness,

Viewing the plan of onr world, ns we find it most completo as
regavds its motceorology and geography, let us glance at some of
tho changes effected by theagency of man, both as regards elimate and
licalth and the production of food,

Originally, the greater part of the habitable land was clothed
will forests, and great and unforescen changes have often been
¢ffected Dby the indiseriminato clearing of the land by their destrue-
tion, Mere 1 venture to copy extracis from an important articlo
on the subject of forests and meteorology recently published in
a publication ealled ¢ Polybiblion,” which is very instructive, and
deserves to bo more widely known. The paper gives the results
of observations made during the last six years under trees, and
not far from the edgo of a forest, also in the plain, and fm',from
all trees, 1t states: ¢1, I'orests increase the quantity of meteoric
waters which fall on the ground, and thus favour the growth of
springs and of underground waters. 2. In a forest region the ground

receives as much and more water under cover of the trees than the
uncovered ground of regions with little or no wood. 3. The cover
of the trees of  forest diminishes to a large degree the evaporation of
the water received by tho ground, and thus contributes to the main-
tenance of the moisture of the Iatter and to the regularity of the flow
of watercourses. 4. The temperature in a forestis much less unequal
than in tho open, although, on the whole, it may be a little lower;
but tho minima are there constantly higher, and the maxima lower,
than in regions not covered with wood. These observations have bceJ;
made in the neighbourhood of Naney, and by the pupils of the
School of Forestry of that city, under the dircction of M. Mathieu
sub-divector of the School. On the other hand, M, Fautrat, when’
sub.—inspcctor-of forests at Senlis, made during four years, but on
a diffevent method, observations on forestrial meteorology which fully
and completely corroborate, in certain respeects, those of M. Mathieu.
The laws which scem to follow from the figures given by M. TFautrat
as well as an inspection of tho curves which graphically represenf;
them, are as follow :—

‘1. It rains more abundantly, under identical circumstances, over
fO}‘csts than over non-wooded ground, and most abundantly over forests
with trees in & green condition,

‘2. The degreo of saturation of the air by moisture is greater
above forests than over non-wooded ground, and much greater
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: over masses of Pinus Sylvestris than over masses of leafed e ¢ . . .
e e y s Colonel Corbett thus describes the influence of forest lands upon
] spec‘lgs. Tho leaf { buanoles of leafed trees intereept ono-thind the soil of n country :~—
T 3. The leaface and branches of leafed trees intercept one-thin N . . . ‘
1 u; i o ) PLo ' ¢ ¢ Lorests and woods preserve moisture in a country in so far as
Bataid g and those of resinous trees the half of tho vain water which after. hev provent or retar . . ;
U . they provent or retard surface-drainnge by their leaves, which fall
S IER TNt wards returns to the atmosphere by evaporation, On tho other hand,  for oft 1o : . .
qhH ) . . and form n soft porous carpet on tho swface; this, yearly increasing
RN ISR these samo leaves and branches restrain the evaporation of tho water . 1 . .
RN AE N | SR ) Cr, . in depth, holds water like n sponge, the lower layers gradually rot
{RiERsL N3 BEN which reaches the ground, and that evaporation 18 nearly four times bee . . R .
| A . . and become incorporated with the soil.  Thus, in the course of time
R i Jess under a mass of leafed forest than in tho open, and {wo and one- hora is in every for ' . ’
I ! e 3 as . there is in every forest (where not carvied away by surface-drainage)
1 ; third times only under a mass of pines. bovo tho minoral soi . 5
; above tho minoral soil a layer of loose humus, the remains of decayed

¢£, Tho laws of tho change of temperature out of and under
wood are similar to those which result from the observations of M,
i Mathieu, The general conclusion scoms to bo that forosts regulato

Jeaves, on which are other Inyers of leaves in varying stages of decay,
tlie wholo forming a mass which freely admits water, and prevents
its cscapo by swifaco-drainage,  Tho shade of the trees prevents the

g
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the function of water, and cxerciso on the temperature, as on the
atmosphere, an eftect of “ ponderation " and equilibrimm,’

Tho following is from the Stateaman of June 1 of this year, n
review published in connection with the Friend of India, Caleutta,
Tirst, it appears the plains of India wero burnt up, nnd rendered
desolato by the destruction of tho forests by invading armies, or to
clear more land for agricultural purposes, which led to droughts and
floods. Then by tho canal system of irrigation, injudiciously carried
out, many of the fertile lands of Oudo and Upper India have, inafow
years, been rendered sterilo and salt wastes by the deposit of Reh, o
galt perbups unknown to many of my audience, and frightful famines
have been the result :—

t A century ago, Hindostan was o richly-wooded country ; bub
since that time, n variely of destructive agencies have been at work
upon the beautiful groves which gavo fertility to the soil, and cool and

incilence of the direct rays of the sun ; and the trees break the force
of the wind, and prevent the swrface of the ground being swept and
diied by them. ‘Thus forests preserve moisture in thoe country,
firstly, by theiv soil being in a condition to arrest and retain water;
and, secondly, by the trees preventing the incidence of the sun’s
ays on the surfice, and checking the force of the wind; thus, the
two chief causes of evaporation are absent.” (Pp. 31, 32.)

¢t follows in n country like Upper India, where the sun shines
with an intolerable heat, and fieree, hot winds sweep ncross the
plaing, that thesoil, in the absence of trees, will be entirely desiceated.
And this evil will be aggravated by the effects of surface-drainage,
The clearing of the hill-sides results, necessarily, in Lringing down a
heavier rush of water upon tho plains, This pours over the hardened,
and desiceated higher lands as it might do over stone or marble,
whilo it floods all the low lands. Thus, the upper lands are sterilised

refreshing shade to the people.  First in time and in destructiveness
were the Mahrattas and the Sikhs. These savage conquerors over

Iy the absence of moisture, and the low lands ave desolated by excess

. . ofit. TIrom tl T -i ' trhett, 4t

ran the whole of Central Indin, of the North-west Provinces, and the of l)‘ll‘l‘(‘li ;:nd:ii:i:;bef’ flcco‘xldmg ltt(') ,C;I?Hﬂ f orbett, ° t}le.extent

Tand of tke Five Rivers. And wherever they came, they cut down - ; cave. porhans Sosm;nn)loel:y c.u 1-1\.51 (ti u. Jow 'ploducmg ne

the trees and used them as fireewood, In this way, some of the . cmi;ing 2 DOYRADS, poor grass in the rains—is yemly in-
. 2 . : . » rae . . t 1 .

most beautifully-wooded districts of India were swept as clean as he Tl sun beats on theso bare, unsholtered plains, and the Liob
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palm of a man's hand. Sinco the country liag passed into our
possession, though not carried on with the blind folly of savages, the
process of denudation has not been stayed.  Probably, the work
having Leen done more systematically, and with an object, has also
been done more effectually. The enlargement of the area of cultiva-
tion has occasioned the clearance of large tracts of woodland. Our
railways have been grievously destructive to the trees of India. They
have been cut down by the hundred thousand to supply fuel to the

winds sweep across them, drying them up to the hardness of stone.
The heat is further intensified by this state of the surface soil, which
refains and refleets it as a rock or stone would. The true remedy for
this condition of the soil would be & system of deep ploughing. The
land thus broken up would absorb and retain a far laxger quantity of
moisture than is possible for the present glazed surface to do.  But
deep ploughing, in the present condition of native agriculture, is out
of the question. The native cultivators possess neither tho draught-
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engines. cattle nor the plough requisite for deep ploughing. The ploughing of
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a field in India is little moro than a slight searifying of the surfuce,
If tho rains be withheld, the carth literally becomes iron, and delics
the puny efforts of the cultivator to prepare it for the reception of
seed.  Hence aroso the notion that if wo could cover India with »
network of canals, so that every cultivator should havo n stream of
water brought to his field, we should bo independent of tho yainfull,
The aid which tho enltivator requives, in order to break up the i,
would never be wanting to him, 'There was, of course, a certain
measure of truth in this suppoesition; but the canal engineers, not
being agriculturists, were ignorant of the evil latentin their proposed
remedy. By irrigation, Colonel Corbett tells us, “the wholo suifice
soil is brought into the condition of sun-dried bricks : the morowater
that has been applied to the land, the lader the soil becomes ; amd
while its powors of abzorption and mdiation nre reduced, those of
roflection nnd retention of heat aveo inereased ; and we also find that
the power of capillary attraction possessed by the land is inereasel,
and that tho soil so compacted will sooner become dried np than soil
left looso and open.”  Asg an illustvation, he deseribes what takes
Place in a field of wheat, duly ivrigated, but the extract is too long to
quote,

‘Thus, tho direet and inevitable effects of canal frrigation are evil
in every way. DBy hardening the soil they dimiunish its produclive-
ness ; and yet the cultivator is driven, by the fact of this hardening,
to depend upon this poisonous agency before he can, in the absence of
the rain, prepare the soil for cultivation at all.  In other words, by
the extension of canal-irrigntion we obtain a temporary and pre-
carious advantage, at tho cost of the permanent sterilising of the soil.

¢ But worse, far worse, than any of the cvils we have yct enume-
rated as the consequences of irrigation, is tho production of what is
called Rk, which follows in the wake of our eanals like black care
behind the horseman. So far back as 1850, the officiating superin-
tendent of the Western Jumna Canal, in forwarding to Caleutta
some samples of Jiek for analysiz, wrote thus :~—

¢# The attention of the Civil and Canal Authorities in theso parts
has, for a considerable period, been directed to o change which is
taking place in the soil in various parts of the country irrigated by
these canals. A white efilorescence has made, and is making, its
appearance in various places, destroying all vegetation with which it
comes in contact. The barren space gradually increases in arvea, and
speedily the ground thus affected is deserted by the cultivators, who
forthwith assail the civil officers with petitions for remission of
revenue.”
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In the twenty-cight years which havo elapsed since the foregoing
was written, thero has been a most appalling oxtension of Zel in the
canal-irrigated distvicts of the North-west Provinces. In 1874, a
el oflicer vecords his opinion in the following cmphatic lan-
aungo =—

¢ Canal waler creates flek, especially when it runs above the
surface of the ground-level, It is with canal-water that the disease
is propagated.  “Uho canal, in its passage through oeosar lands, draing
off tho saline matter in the ceser, and deposits ib clsewhere,  Z%rce
to seven years i3 the time requived to poison the land, and the ek to
show tselfs No physical law governs tho eharacter of the land in
which feke nppears. 1t is only necessary to iirigate good land with
poisoned water for four or fivo years to propagate fck.”’

Other notable instances of change of climate are those of the Holy
Land and part of Asin Minor respeetively. ‘Thus Mr, Geo, P, Marsh,
in “'The Eurth as Modified by Human Action,” page 450, says :—

¢ The swummers in Bgypt, in Syria, and in Asia Minor, and even
Lumelin, aro almost 1ainless. In such climates the necessity of
irrigation is obvious, and the loss of the ancient means of furnishing
it hielps to explain the diminished fertility of most of the countries in
question,  The surfuce of Palestine, for example, is composed in a
great measure of rounded limestone hills, once no doubt covered with
forcsts, ‘Theso wero partially removed before the Jewish conquests,
when the soil hegan to suffer from drought, and reservoirs to retain
the waters of winter wero hiewn in the rock near the tops of the hills,
and tho declivities were terraced.  So long as the cisterns were in
good order and the terraces kept up, the fertility of Palestine was
unsurpassed ; but when iisgovernment and foreign and intestine
wars occasioned the negleet or destruction of their works, traces of
which still meet the traveller’s eye at every step, when the reservoirs
were broken and the terrace walls had fallen down, there was no
longer water for irrigation in summer, the rains of winter soon
washed away most of the thin layer of earth upon the rocks, and
Palestine was reduced almost to the condition of a desert.

‘Tho courso of events has been the same in Idumea. The
observing traveller discovers everywhere about Petra, particularly if
he enters the city Ly the route of Wadi Ksheibeh, very extensive
traces of ancient cultivation, and upon the neighbouring ridges ave
the ruins of numerous cisterns, evidently constructed to furnish a
supply of water for irrigation. In primitive ages the precipitation of
water in these hilly countries was in great part retained for a time
in the superficinl soil, first by the vegetable mould of the forests, and
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then by the atificial mrangements T have desevibed. The water
imbibed by tho carth was partly taken wp by diveet evaporntion,
partly absorbed by vegetation, and partly cavvicd down by infiltiatioy
to subjacent strata, which gave it ont in springs at lower levels;
and thus a fertility of soil and a condition of the atmosphere were
maintained suflicient to admit of the dense population that once
inhabited thoso now avid wastes. At present the rain water runs
immedintely off’ from the suvface, and is carried down to the sea or i
drunk up by tho sands of the wadis; and the hillsides which onco
teemed with plenty are bare of vegetation and seared by the scorching
winds of the desert.!

The following nppeared in the ¢ Daily Telegraph,' September 7,
1880 :—

* In consequenco of the reckless and extravagant felling of timler
that has prevailed throughout Western Russin during the greater
part of the present century, sevoral of the streams feeding tho Dueiper
have becomo dried up, whilst others contributo so littlo water to the
great river that its navigation has alrendy suffered serious prejudice,
and is, in somo portions of its course, threatened with nbsoluto inter
ruption. Rocks and sandy islands in great number, forming scctions
of its bed, may now be seen whero a fow years ago from twelve to
fifteen feet of water hid thom from view., As the Dneiper traverses
and largely contributes to the prosperity of no fower than nine
Russian provinces, or  Governments,” this falling off in its dimen-
sions and eapacities is in veality little short of n national calamity,
for which, however, Russian landowners and the Mir Lave only to
thank their own ignorance and improvidence.”

NOXIOUS TRADES.

Dr. Richardson’s dream of a Salutland in last year's address
consists mainly of ideal, healthy, well-drained, well ventilated houses
with plenty of pure air, pure water, and wholesome food,

To obtain all these blessings is the object of Sanitary Seience
and Sanitary Legislation. Each division of the subject has Dbeen
already so well and ably treated by master minds, that 1 will not
venture to add to what has Leen advanced by them, but I will say a
word or two on the result of modern sanitary legislation, which has
to a great extent failed in its object. It is a notable example of how
not to do it, for it places the power of dealing with and abating
nuisances mainly in the lands of those who creato them, and it is
only in very serious cases, with great difliculty and expense, that public

BECTIONAL PRESIDENT'S ADDRESS, 217

opinion is able to compel local nuthorities to put the Acts in force,
These public aunthorities scem to be under no responsibility ; they
consist mainly of officers appointed and removable by the large
micpayers, who, somoe of them being manufacturers carrying on
noisome trades and living «l « distance, think more of saving the
rates and less of the health or comfort. and happiness of the populous
neighbourhoods cursed by their unwholesomo factories, They scem
to bo under no obligation to carry on their works with the Zeast
possible injury to their neighbows, and often neglect the means
afforded by science of doing so, frequently to their own loss.  If they
were compelled to oither abate the nuisance or remove their
factorics, thoy would soon find the way to do it ! The question is one
of saving expenso in altering plant, and adopting improved processes.
It is well known that necessity is the mother of invention. Waste
products chiefly creato the nuisance, and ought to ho utilised and
made a source of profit, instead of poisoning the air we Lreath or
tho water we drink, Tor example, the obligation imposed on the
makers of gas of getting 1id of gas refuse led to the invention of
aniline dyes, from which splendid fortunes have resulted ; and many
other instances might e adduced.

The whole mischief of noxious vapours being driven off into the
atmosphiere might bo avoided if only the vicious system of permissive
legislation were changed, and the law compelled the authorities,
however appointed, to put the law in force, and held them, not only
collectively but individually, personally responsible by fine on
imprisonment for neglecting their duty, Ispecially Sanitary In-
spectors and Medical Ofticers of Ilealth, T submit, should be appointed
by tho State, but however appointed, they should be protected by it
in the performance of their duties. As it is, the members of
local boards, in view of re-election by ignorant ratepayers, think more
of saving the rates than the health, of the neighbourhoods adjoining
and surrounding ; and the air is often polluted for miles by their neglect.
Their interest would seem to be leissez fuire—which reminds me of
the advice given by that crafty old statesman Talleyrand to a young
aspirant for promotion, who had shown too much anxiety to do his
duty, ¢ Avant tout, mon ami, point de ztle )’

I have the misfortunc to live in the far east of London. When I
was a young man and first came to live there, more than forty years
ago, omrs was a subwrban village, and the population of the whole
parish was under 10,000, By the improvements in London, and the
removal of the dens of St. Giles, the City, Shoreditch and Whitechapel,
the population has been driven east, and West ITam is now a town
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of more than 120,000 inhabitants, daily increasing, It has also be-
come a now centre of industry, and, by tho formation of magnificent
docks, n very important part of London. The Metropolitan Bond,
having regard to the metropolis only, drove the filthy factories of Bow
Common over the border (that is, the River Lea) into lissex.  They
took refuge in tho adjoining pavish, West IHaw, where, in the midst
of a crowded population they carry on their noisome trades with
impunity, mainly owing to tho protection given to them by tho eurso
of peumissivo legislation. Why shoulil not animal chavconl makers,
artificial manure makers, Wood boilers, chemical works, and other
kindved trades (if allowed at all to come into populous places) be
compelled to uso retorts or other means which seienco could point
out to vemedy this stato of things?  When the wind sots our way wo
canunot open our windows without being covered with smut, or
sickencd by filthy smells, especinlly at night, which is a great
misfortune in sultry weather,

We cannot even get tho Smoko Acts wdopted, and our town is
becoming the beaw ideal of a Black Country.

An article in ¢ Houschold Words,” edited by tho late Charles
Dickens, published September 12, 1857, did much good in calling
attention to the dangerous stato of parts of West 1am for want of
proper drainage, A providential attack of cholera was the cause of
drainage works on o large seale being carried out. They have been
a great blessing, aud why should not the Local Government Board
again interfere, and, by an amendment of the law, drain our atuo-
sphere from pollution?  The law protects our property and our
liberties, why shounld not our lealth and lives bo equally the care of
our legislators?

HEALTIIY IIOUSES,
\

In regard to our houses too much care cannot be taken to have
them built on dry soil. Our sticets should be laid out as far as prac-
ticable in the divection of the prevailing winds, that they may blow
through them. Tho walls should be built of suitable materials, and
of sufficient thickness to be warm and dry. The rooms should be
carofully ventilated, and the sanitary mrangements should reccive
the utmost attention of the architect. Tho local surveyor also
should seo that the drainage and water supply are properly attended
to. In no case should the same cistern be used for drinking purposes
and sanitation, Water absorbs gases, and the overflow pipes from
cisterns should never discharge into closet traps, as is too frequently
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permitted ; nor into cesspools.  All such pipes should discharge over
propor]y trapped sinks with a space of several inches of air between
them, 50 that no connection exists between the discharge pipe and
the receiving sink.

WATER.

Al thoe fresh water in the world has been distilled fromt the sea, and
tansporled in the form of clonds and vapour to water theeavth. The
lnvgest Inkes or inland seas, the most mighty rivers, and all springs
and fountaing, owe their origin to this source,

Whero rain falls depends on meteorological causes and on the con-
tour of the land, its forests, and the prevailing winds,  Thus, on the
eastern side of the Andes, the heavily-Inden c¢louds coming from the
tropics and the Atlantic ave precipitated more or less according to
the natwre of the soils, the vegetation, and the districts they passover,
until, erossing the upper ranges of the lofty chains of the Andes, above
the Jimit of perpetual snow, cvery particle of vapour forming the
clowds is condensed, and, so to speak, every drop of water is wrung
out of them; they arve practically destroyed. Consequently on the
western glopes there is a cloudless sky, min is almost unknown, and
what vegetation there is is supported by noctwrnal dews, which are
diawn from the ndjacent water of the Pacific Ocean.

Thus on the east of tho great mountain range, the heavy rains
caused by the condensation of the clouds give rise to lakes and inland
s'ng and mighty rivers, some of which flow for thousands of miles
through alluvial plains, destined henecforth to grow corn, and feed
cattle for the food of oller inhabited and more densely populated
lands, which, like England in the present day, are quite unequal to
grow suflicient food for themselves.

The same thing, on a smaller seale, takes place in our own country.
The clouds travelling over the warm water of the Gulf Stream, a
branch of which impinges on our shores, ave precipitated by the
mountains and high lands of Treland, Devonshire, Cumberland, West-
moreland, and Scotland. On the west side, therefore, of these ranges
there is an abundant rainfall. At Seathwaite, under Seatollar, it is
sometimes as much as 179:12 inches,

Thoe wettest spot in Fngland is the Stye, hall a mile from Sea-
thwaite, in Borrowdale, at the south end of Derwentwater, and 1,077
feet above the sen, The mean fall there is 175 inches; at Seathwaite,
about 600 feet lower, and Lalf a mile off, 140 inches; while at Kes-
wick, about ten miles off, it is only 60 inches.
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All along the west coast, Penzance, Pombroke, Lancashive, West
of Iroland, Dumfiies, and the flatter parts of the West of Scotland
the wainfall is 40 inches, but is more where the ground is hilly.

The mean rainfall of—

All Cumberland is about . . . . . G0 inches,

yy Westmoreland ,, . . . . . 0,
»» Northumberland ,, . . . . 25,
» Durham . . . . 2,
,»» Eastern Counties, about . . . 2N,

, London (Greenwich) 1841 to 1870 Lo,

while at the driest spot in England (near Bedford) it is only about
23 inches.*

1t is obvious from tho foregoing that more water cannot be drawn
from any watershed than falls as vain within it; and even all this iy
not available, for much runs off divect into the vivers, and flows again
to the sea to Lo re-distilled and re-distributed, while the remainder
sinks into tho soil.

The Royal Commission appointed to inquire into the future
sources of pure water for London and other large cities, have accurately
mapped out all the various watersheds, and ealeulated the rainfall in
each, The report of these ablomen, drawn up, I believe, by my friend,
Joseph Prestwich, F.R.S., F.G.S,, the Oxford Professor of Geelogy, and
one of the ablest geologists living, hing exhausted the question of whence
London and our other large cities can derive abundant supplies of pure
water. It will be for Parliament to choose from amongst the many
schemes proposed that which, in their wisdom, after due inquiry, they
may deen the best, and to pass the necessary Acts to enable our sanitary
engincers to carry out this great object. Where the local watersheds
cannot supply the required quantity, it is clear it must be brought
from & distance.

Smaller towns and villages may be supplied by the way. And
when Parlinment shall have scen fit to provide the mecans for enforeing
the law nagainst the pollution of tho streams and rivers made by
nature for the benefit of all, it is hoped that at no distant date all our
streams and rivers may afford the local inhabitants a supply of reason-
ably pure and wholesome water, It has been shown in the section
on Geology how, by the breaking up of the older rocks, new combina-
tions have been formed, and beds of sand and gravel deposited with
water-bearing strata on impervious ones. These sands and gravels

-

-are the great nnturnl filtering beds to clear the water of our springs

* I give this on the autherity of my friend Mr, G, J. Symons, F.ILS,

Yra it
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and wells from any impurities it may have contracted in passing
through tho surfuco soils. Thus all has been proparing for the wel-
fare of man, nnd for providing him with pure water, one of the first
necessaries of life,

I fear I havoe exhausted your patience. Yet I have tried, as far
as I could in the short timo allowed for this address, to show that,
from the carliest history of our globe, geclogy, moteorology, and the
kindred sciences prove fo demonstration that this world of ours has
heen prepaved by laws given by Almighty wisdom to fib it for the
well-being of tho creatures destined to inhabit it, and that the hand
that made it is Divine. Thero nre tongues in trees, books in the
running brooks, sermons in stones, and good in everything.

SEWAGE,

Mr. Haviland, whom I have before quoted, has well said that sani-
tary seience ought not and does not consist in expedients for correct-
ing tho fault of others; we ought to go to the root of matters, and not
first poison our rivers with manufacturing refuso and the sewage of
large towns, and then again pay millions for guano to fartilise our
fiolds and replace tho sewage, while we pay millions more to construct
sewers to convey it to the sea in utter waste, instead of using it to pro-
duce grass and grain for food, and to provent our fields from becoming
sterile by over-cropping, like the Campagna of Roimne, once the granary
of Enrope. Obviously there should be returned to the soil what we,
take out of it, or its equivalent, which is the object of manuring.

Sewers, under the circumstances of large communities aggregated
in small areas, huddled together in towns, built without any previous
plan or regard to sanitary srrangements, are a necessity ; for the land
around large cities is not capable of chemically deodorising or purify-
ing such prodigious quantities of sewage as arve daily produced, to-
gether with the volume of water used to carry it. It would infallibly
soon drown the land with the sludge, which would stagrate, putrefy,
and generate malarin.  Nature's laboratory—the soil and atmosphere
—in such case would be unequal to oxygenate and purify either the
solid particles or the water used to carry it. 'This is the great danger
in over-tasking sewage farms, Chemistry always ncts by equivalents
and in definito proportions, and we must not attempt impossibilities
or sin against natural laws. In such a case wo must submit to the
lessor evil of sewers, which are nothing more or less than elongated
cesspools, 'These, for convenience, we conneet with onr dwellings;
and wo mush do our best to keep the sewer gas out, first by ventilat-
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ing the sewers and making them as far as possiblo self-cleansing, so
that no accumulating pressure of gas shall forco its way in,  This is
certain to happen if flood waters or waters used for flushing cannot
mono freely escapo otherwise. At best a trap is only closed by the
weight of two or threo inches of water, which peut-up gases, often
equal to a pressuro of thirty inclies, can easily displace, and then there
is divect communication with tho inside of our dwellings, In the first
placo we must look to our engincers for the most scientific form of
traps they can furnish, and then seo them fixed efliciently by skilful
plumbing. Great danger and vast mischief have avisen from bad traps
and defectivo plumbing, M, Eassie, C.E,, one of our Council, did
great servico to sanitation at the Jixhibition at the Croydon Congress,
last year, by exhibiting traps which were defective, or had becomo so by
corrosion in use, and which did deadly mischief hefore tho cause was
discovered. Rats also frerquently burrow into the cellars and make
free vents for sewer gas. It is feared that many fover dens exist
from similar defeets to those shown, DMucly, however, may be done
to lessen tho inherent danger of sewers Ly ventilation and constant
flushing. TFresh sewago does no harm, unless fermenting or contami-
nated by the emanations, whether germ or gases, from fever or other
contagious diseases, which, under certain circumstances of heat
and fermentation, if not multiplied, ave, at least, often conveyed by
the sewers.  What the nature of contagion and infection is, whether
by germs sui generis or otherwise, is not yet thoroughly known or
understood, but, I believe, the favourite theory of some eminent medi-
cal men is the germ theory. This I know is disbelieved in by others
cqually eminent ; and who shall decide when doctors disagree? Dr.
William Proctor, in his valuable treatise on ¢Tho ITygicne of Air and
Water, the Effects of their Impurities, their Detection, and the Modes
of Remedying them ’ (London : R. Hardwicke, 1872, p. 67) says :—
¢If it be true, a3 modern science has almost demonstrated, that
the real agents of such discases a3 infectious fevers, cholern, rinderpest
and other allied (zymotic) aflections are living germs and not a
gas, or vapour, or dead organie matter, it becomes a physiological
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these germs nro capable of destruction by oxidation in the atmnospheie
or water is an unsettled question, We do, however, know that these
gorms ave destroyed by a high temperature, that thoy nre killed by
a Jargo number of caunstie substances, and that they cannot resist the
action of certain agents, such as earbolic acid, which act on them as
specific poisons.  Therefore to this class, rather than to oxidising
agents, wo look for their removal.  And in the case under considera-
tion, tho rclinblo ngent is heat. [This agrees with my late dear
friecnd Dr. Craco Calverts experiments, but he found that a very
much higher temperature than boiling water was necessary to destroy
them. Vide ¢ Transactions of Royal Society.’)

"Then as to the ultimato disposal of sewage. It must no Ionger be
allowed to pollute our rivers, poison our drinking water, breed fever,
and destroy our fish,  Wo ean do something to mitigate the mischief,
We can precipitato and deodorise the solid matter by the aid of proper
agents and intercepting tanks, and thus render the efiluent water
sufliciently harmless to justify its return to our streams and rivers,
whero tho current is sufliciently strong to dilute it, so that the oxygen
of the atmosphere, vegetation, and animal life may in twrn purify
it in nature’s laboratory, and .render it ngain fit for use. I know
not how, with my present limited knowledge of chemistry, the salts
of sownge in solution ean bo got rid of ; and, to say the least, it is a
filthy idea, that water, if ever impregnated or any way contaminated
by sewage, or by passing through cemeteries, should be allowed to be
supplied to our cities by water companies who take their supplies from -
polluted rivers. Towever bright and sparkling to the eye water may
appear, if it contains any trace of sewage in solution, it is not fit for
the use of man. In nll eases of doubtful water, it should be boiled,
left to cool, and be filtered through animal charcoal, which will eli-
minato a laxge portion both of organic or mineral impurities,

For small communities and villages with plenty of dry earth to
be Iiad, and fields and gardens for its disposal, any attempts at sewers
would, T submit, be inexcusable ; they would never be kept in order;
and under proper regulations earth closets seem the natural remedy.

P
R
A

They have even been adopted with success in some large towns in the
north. But doubtless the disposal and utilisation of sewage and a
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4 rather than a chemical question to decide on the best means fitted for
' their destruction, ‘That which has been proved in respect of smali-
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pox and other allied diseases is very applicable to the present inquiry
so far as it relates to the most probable existence of germs in the
water we may drink. The agents, then, of these diseases, it is be-
lieved, are living germs, capable of remaining dormant for an uncer-
tain but not indefinite time, and then springing into activity when
they find the conditions requisite for their development. But whether

pure water supply are the great sanitary problems of the day.

MARSII FEVER.

I have latoly been reading an exhaustive work of great research by
Dr. Maceuttoch, published in 1827, on the production and propagation
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of malavia, which desorves to Lo better known and studied than it
iz, Tt contains some sound advice and somo startling facts, I
doctor proves that, in all parts of tho world, tho same causes produce
the same effects, and that drainage, cleanliness, and ventilation mo
the sovereign remedies.* o conclusively shows that deeaying vege.
table or animal matter under a lot sun in damp soils, swamps, or
swampy stagnant pools, however small, i3 capablo of generating the
poison of malarin in suflicient quantity to poison thoso who inhalo it,
aud cause fever which i3 often mistaken for, and treated as, typhoid,
Many oxamples ave given, The sourco of the poison is well known,
but what that poison is, or lhow generatod, our chiemists have
not yet beon ablo to determine.  Without going to Indinn jungles,
tropical rice-fields, or Afriean swamps for examples, we havo the
melancholy fact that some of the fairest portions of tho earth have,

in all ages, been suffering from it in thoso pavts where drainage -

has been neglected and naturnl swamps oxist, especially on river
banks.

Need T name Italy, with its Roman or Pontine marsh fever, and
Greece? and this in spite of warning and the accumulated experience of
ages, though tho remedy, drainage, hasbeen well known from tho carliest
time of which we havo any record. Mr. Iaviland writes, in a recent
paper of his, read at Croydon (sco pago 193, vol. i., of our ¢ Transac-
tions’) :—¢ Hippocrates, who lived between two and threo thousand
years ago, was a physician and the founder of medicine. Ife was in
advance of the age in which he lived, and, in many things, in advance
of that in which we live. This extraordinary man lived at o time
when there were, as contemporaries, spme of the most brilliant men
the Greck Isles ever produced. He taught, at that romote poriod,
how necessary it was to study the nature of the soil in relation to
disease, the qualities of the water which cither sprang from it or had
flowed over it, He laid down certain rules, which are applicable now
to the same locality wherein he practised, as to the sclection of sites,
&e. ; and be wrote a philosophical treatise on airs, places, and waters,
which may be read now with advantage, and especially by those who
think thero is nothing like the learning of the nineteenth century,
for they will there see clearly and distinctly shown, that discases have
a geographical distribution, and that the soil on which a man lives
must- be studied by the physician who would wish to combat sue-

cessfully with disease.

“The graphic deseription of the effect of the swampy country around

* Mr, Dunnage tells me that in all his experiences in New Zealand swamps
he never heard of a case of fever or malaria,

S ST
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the viver Phasis on the dwellera thero, shows how keenly he observed

and how highly he nppreciated the facts which nature pointed out to |

him on the bosom of mother earth. Hippoerates well knew that, f

whilst the crust of the earth remained as it was in his day, whilst i

there wero deltas, swamps, and Ingoons exposed to the heat of the o

sun, that diseaso would avise ; and that, unless these spots wore pointed i A
]
|

out by the pliysiciang, men would heedlessly settle there, and in the
sequel pay tho heavy penalty of jgnorance, which we ave doing every
day, All this knowledge had been gathered, digested, and sent forth,
in the most choice lnnguage that man eould write, centuries before the
Christian era ; and yet we ave, in this owr boasted nineteenth century,
piling up statistics, binding them in blue covers, placing them on our
shelves, and converting these volumes that contain them into simple
dust collectors, I say thig is humiliating, and certainly does not
encourage us in believing that the efforts which sanitary institutions
are making now will ho followed by the anticipated success, at
least in thig country,” Amnd here let me pay my willing tribute of
respect to the zeal and ability with which Mr. Ilaviland in his work
hng followed the teaching of his great master.

Dr, Macculloch conclusively shows that in our country some small _
spaces are suflicient to generate this poison, and cause fever where
least expected, though, of cowse, in large districts, such as the Fen
Country, it is more prevalent and more virulent, 1t occurs more o |
or less on the marshy banks of owr own rivers; and the Essex S A
marshes on the banks of the Thames are not free from its dire effects. . 3
Tho ¢ Times ' of October 8, 1879, had the following interesting account AR Cl
of the poison of marsh fever, which shows a laudable attempt to iRRE
discover its nature :— i
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¢ THE POISON OF MARSII FEVER.

¢The physical causoe or poison to which marsh or intermittent
fovers are due, wns made the subject of special investigation during
the spring of the present year, by Signor Tommasi, Professor of
Pathological Anatomy at Rome,in conjunction with Professor Xlebs,
of Prague. According to an account laid? by the former before the
Academy of Rome, the investigation was rewarded with complete '
success, The two investigatorsspent several wecks during the spring
season in the Agio Romano, which is notorious for the prevalence of
this particular kind of fever. They examined minutely the lower
state of the atmosphere of the district in question, as well as its soil
and stagnant waters; and in the two former they discovered a micro-
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i A $ 1)
L . 1 1o f istine of : -oable shinine og, of . . A I 1§
SHIRE1IEREE scopio fungus, consisting of numerons moveablo shining spores, ol a : . . RN
AR RS mn gus, e Mimetro in di t-'b '1{]0"1: existenco. Illumined by the Jight of modern teaching, we can entor- R
. ! Lty longish oval shape, and & micvo-millim tro in dinmeter, iis fungus : i i A . R
¥ il ot v o . . ; ) . b tain but little doubt that the dreaded sweating sickness, which created Cip
SR SRR was artificially generated in vavious kinds of soil ; the fluid matter I havoe in the relens of Tenry V1 \ . I R 1K I
: S ERRRE 1 ined was fil Land » Uy washed  the resid such lio reigng of Henry VIIL and his son, was entively due RN T
B thus obtained was filtrated and repeatedly washed, and the residutm to the nlmost Fastern condition of things then apparent in our syst ol
i L it left nfter filtration was introduced under the skin of healthy dogs, ¢ drainne 1 ventilati Hgs Yhen app , ystem |
1 m thine was 4 with tho fiom microscopieal particl of drainngo and ventilation, such as it was in those days. The houses E
LR ERE 10.same ""C’_ was dong 1_ l ! non i | o 1 ,'c € even of tho great harboured filth and ditt, which were allowed to re- |
; obtained by washing large quantitivs of tho surfuce soil.  Tho nnimals main unremoved, and thus to exhale their noxious gases with fatal i '
: i . . . ¢ g - ; 2 a i '
i oxperimented upon all had the fover with the regular typical course . " . Al
,E q}l Sy freo 'lte el lasting various lengths ;f tim(.alu o« 'i: fws:dom. The narrow streets were the receptacles for all garbage, i
it 1 i‘o“ ms ll INervais, Htl‘ ihl t nf‘.tl blood ll \ '?]) whilst open sewers slowly rolled their contents towards a polluted B i
: i "3 eas wr : W0 L g . . . 1)
3 : 1ours, and an mereaso in “‘n(““l““- ““]‘ ob tht ; oo dunhg the yiver, which became continually more polluted still, Pure water for 1
A1 shivering fits up to nearly 42 degrees, the nora : to:.npcrutmc:‘m drinking purposes was scarcely to bo had. "Tho brewers, it is stated, 4 é
SR lne:'dtl:y dogsf 'b.cmg {.'rom 38 dog_grcc&:. to 39.(10;;1‘&‘05 Centigrado.  Tho monopolised the springs for their trade, whilst the conduits, which b
it animals avtificially infeeted with intermittent fever showed pre- even # century before had heen insuflicient for the wants of the
iy cisely tho same acute enlargement of the spleen ns human patients peaple, now simply mocked ab th requirements of the town, Meat
- . . [] . ' i . €4
who have caught the discaso in the ordinavy way. And in the ot .
. it 14 slated, was N ; 4 « thei
i leens of these animals a lrge quantity of the characteristic form of ]’- vas cheap, and tho Tnglish people notorious for their ro-
;:1 $ e g 80 q { found lb. , t i o bust appetites. Tt is not, therefore, surprising that men breathing
o \Y 31 . ins w als L uin 1 3 : .
ungus was presen o fungus was also found abundantly in other in their own homes, and out of doors, a feetid atmosphere, with their

lymphatic vessels of the animals. As the fungus hero grows into

blood heated by heavy consumptions i
the shapo of small rods, Tommasi and Klebs gave it the namo of y heavy eonsmmnptions of animal food, should fu'l exsy

victimg to & pestilence which their own offensive habits had helped

that, as in the latter case, so against tho poison of the diphtheritic
A fungus and that of splenetic inflammation, medieal science will sooner
- or later discover their appropriato antidote. Further particulars of
the experiments and discovery of Tommasi and Klehs will be found
in the July number of the ¢ Zeitschrift,” edited by Professor Klebs!

’ t Bacillus Malarie, The strictest scientific method pursued in this o engender and encourage
‘ * investigation does not admit of a doubt that the nccomplished inves- |
: (IR ERE ' tigators havo really discovered tho real causo of the disease in ques- :
AT tion. The discovery may bo regarded as another of the geries of ATMOSPHERE.
i 'L o which thoso in conmection with inflammation of the spleen and Tn treating ¢ ) _ ¥
1 ! i B EE diphtheritis were earlier examples, Against tho intcrmittent fever - ;I t;e.ttfl.]g ot;Jthe geological part of our su.b_]c.zct,I have 5P oken of the
B e poison, which is connected with this newly discovered microscopic fea, bub 1b 13 E?'Ifl observed that our planet is invested with Zwo great.
IR ERE fungus, the medical art was formerly as powerless as it still is ngainst OETI“S]—O?B “B;, © the ther invisible ; oneentirely el}\’elop es.lt' and RIRN N
K g ;1 EEED diphtheritis and inflammations of the spleen.  For intermittent fever, ?’lcc 10 )'Sltl (:;n o 'Ulls. we live; the o.ther covers t‘-vct-thu-ds of its sur- E R E i
lﬁ L l el however, medicine was provided with a remedy, when the virtues tlh Ll cu 10 waters of the one weigh about 400 times as much asall ST
(Kl ;1i 1 of quinine were mado known, and it may bo reasonably oxpected o aiv of the othm:. We used to speak of the seca as unfathomable, BRI i
it 1 but, by modern improved instruments, it is ascertained that the ' 1 i

greatest depth is from four to five miles, which is about the height of Kt
the lofticst mountains above tho sea; whilst the shoreless arinl en- i
velope, tho great laboratory of nature—the atmosphere—is about 50
miles high ; but air being 2 highly elastie fluid, it is impossible to ob- ; SEHIL
tain its exact depth. If the air were a non-elastic fluid like water, L

we could ascertain the height of the atmospherical ocean with the |
barometer, and gauge it by its pressure, but, owing to its elasticity, .
the lower strata ave pressed down by the superincumbent air with a * I
force of about 15 1bs. to the square inch, while those at the top aro i
inconceivably light, and at the top of high mountains it is so attenu-
ated that it is difficult to breathe. Chemists who have made the ana-
lysis tell us that, out of 100 parts of atmospheric air, 95'5 consist of
Q2
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Towards the beginning of the sixtcenth eentury a very terrible
malady made its first appearance in this land. The origin of the evil,
called Sudor Anglicanus, was at that time supposed to be wrapped in
mystery. ‘The disease popularly known as the sweating sickness was
looked upon as one of those visitations which have so often been attri-
buted to an offended Providence, instead of to the true cause of their
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oxygen and niirogen, mixed in the proportion of 21 of oxygen to 79 of
nitrogen by volumo, and of 23 to 77 by weight; the remaining lalf
part consists of 05 of carbonic acid and 43 of aqueons vaponr,
Mixed with these there is genevally & minute quantity of ammonis,
and o small portion of oxygen in a highly electrical stato, to which
Schinbein gave the name of ozone.

Tho importance of ozono in the cconomy of nature has only quite
recently been ascertained and appreciated.  During tho thirty yeavs
which hava elapsed sinco tho famous researches of Schinbein, ozono
lias een studied by somo of the most illustrious scientific mon of the
century. The most recont work on the subject which has como wnder
my notice is by Dr. Cornelius 1. Fox, and it containg a resumé of all
that was known up to the dato of its publication in 1873.

Schinbein, in his work on the action of oxygen (the life-giving
principlo in the air), expressed his opinion that the bloed globules,
like phosphorus, ave endowed with the property of chemically polar
ising the oxygen of tho air with which they are brought in contact in
the lungs, and of thus splitting it up into ozone and anti-ozono, 1
must not, however, quote further, but vefer my heavers for full parti-
culars to the many learncd treatises on tho subject, which treat of the
abstract principles of experimental chemistry. All I can add about
it here is, that it is believed to bo the chief oxidising principlo of the
air wo breathe, and is ono of the chicf agents by which the many im-
purities contracted by air and water aro removed nltogether, or
changed into harmless oxides.

Breathing consists of two acts, viz : inspiration or taking into
the lungs pure air (when it may bo had), and expiration, or expelling
it again from the lungs in an impure state—for, by the act of breath-
ing, it is deprived of its vital oxygen, which is replaced by carbonie
acid, accompanied by & variable quantity of organic substances, con-
sisting of fatty matter and particles of epithelium or skin, cstimated
for an adult at as much as 30 to 40 grains a day.

This is the cause of the disagreeable odour of eloso and crowded
rooms. The watery vapour given out in respiration, laden with these
impurities, condenses on the walls of confined and ill-ventilated bed-
rooms and buildings, is condensed, and trickles down in fetid streams,
Hence the absolute necessity of ventilation if we wish to enjoy a
healthy home. '

One means of preventing the air becoming continually more 1m-
pure by the gases discharged into it, is the chemical law of diffusion,
by which they are diluted and carried away by the wind, which sub-
stitates a fresh supply of pure air.

SECTIONAL PRESIDENT'S ADDRESS. 299

When the air stagnates, whether in mountain valley, or in
closely shut rooms, or in crowded courts and alleys into which a
breath of air or gleam of sunshine can searcely enter, there can be
littlo wonder thut diseaso and death ave tho result,

Tho legislature has passed Acts for the purification of the atmos-
phero of smoke and noxious vapours, but has not taken measures for
putting these Sanitary Acts in force. Nature is more beneficent, and
by the aid of winds does much to remedy the pollutions made by man,
by diluting them by ventilation on a grand seale; and we ought to
sce that no impediment is Inid in their way.

I'aleoner, in his beautiful poem, ¢ The Shipwreck,’ makes the pious
sailor say :—

I'erhaps this storm is sent with healing breath,

From neighbouring shores to scourge discase and death ;
Tis ours on thine Almighty Wisdom 1o rely,

Thy mercy supplicate if doomed to die,

Rain also hng a beneficial influence in washing out many of the
more solid impurities floating in the air, and we Londoners welcome a
heavy rain to wash owr dirty streets, and clear away a London fog,
which is mainly smoke, and ought economieally to be burnt, and not
mixed with the damp and vapour of a winter’s day. Rain also
washes out of the atmosphere the ammonia suspended in it, and assists
greatly in fertilising the soil.  Snow has a similar heneficial cffect.

In all the books on ventilation, I find reference is made to tho
dreadful tragedy at Caleutta, when 146 people were shut up in what'
was called the Black 1lole, and in the morning 123 were found to be
dead, and others dying, ‘That is an extreme case, but too much stress
camnot be laid upon tho necessity of ventilating our houses, and it
has been well remarked, that wo have too many Black Holes from
overcrowding and closely shut-up bedrooms. Sometimes a broken
window is a positive blessing, and it is a good precaution to lay out
streets in the direction of the prevailing winds, that they may blow
through them as much as possible.

A man consmmes the vital principle of & gallon of air every minute,
and a eandle or lnmp burns the oxygen of the air in proportion to the
size of its flame, and, if placed under a receiver, is extinguished as soon
as the oxygen is consumed.

A ready mode of ascertaining tho amount of earbonie acid thrown
off from our lungs is by breathing through a tube inserted into clear
lime water; the water soon turns milky, and the lime is thrown down
in the form of a earbonate.

Need more be said to enforce the necessity of ventilation ?
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BAD 100D AND JEWS,

Bad food, and especially diseased animal food, as well ns unvipe or
decaying fruit, is tho causo of mnny serious illnesses, which our phy-
cleians find it difficult and often impossible to grapplo with, Too great
soverity cannot be visited upon thoso villains who knowingly sell dis-
eased meat, poultry, ov fish. The immunity of the Jows from serofula
is a great fact. Thoy avoe forbidden by their law to eat the foul animal,
Tho pig (sus scrofu) is the prineipal—nearly the only-—unimal food
of tho inhabitants of the Western prairies,  Scvofuln (from sus serofi)
I learned when in Amevica was the canseof much suffering from that
cad disease. It is fivst cousin to consumption, which is tervibly futal
in the United States.

Tho following extict from the ¢ Eeclesiastical Roview '’ of July 31,
1880, fully bears out the above expericnce, and is a very remarkablo
testimony in favour of carcfully-selected animal food, it being well-
known that ho chosen peoplo only cat food killed by their pricsts,
after careful examination, and that nny beast discovered to by in any
way unhealthy, or found to he in any way defective, is disearded, or
more probably sold to Christians, who ave not so particular :—

¢3What he (Dr. Thring) states as to the survival of Abiaham's
children is very interesting, and fully borno out by vital statistics as
well as by Scripture propheeies. A Jow’s life (ho says)is found on an
averagoe to be worth fifty-seven years in duration, whilst a Christian’s
in the same country is only worth twenty-seven, or less than half as
much. Dr. Septimus Gibbon, speaking ab the Pathological Socicty
of London, in 1876, said :—* The Hebrews of the wetropolis are
notoriously exempt from serofulous and tubereular {aint. During the

last twenty-five years I have attended a large number of Hebrews,
both as hospital and private patients, and lave nover met witha
single case of pulmonary consumplion amongst them ; and a former
colleague at the London Iospital, who had a largo clientéle nmongst
this favoured people, told me that for forty years he had only met
with two cases. ‘The medical officer of one of their large schools has
remarked that their children do not dic in anything like the ratio of
Gentile children; and in the distriet of Whitechapel the Medical
Officer of Health has reported that on the north side of the igh
Street, occupied by Jews, the average death-rate is 20 per 1,000 in-
habitants; whilst on the south side, occupicd by English and Tvish,ib
is 43 per 1,000."'—(* Trans. of the Pathological Society,’ vol. xxvii,

p. 437.
) Axtoxio Braoy, F.M.S, F.G.S.
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The Bisnor of Excter,in proposing a vote of thanks to the President,
«n1d ho did'not think it was possible to have listencd to his address with-
out feeling more and more interested. There was a great deal in it for
after considerntion.  The lecture contained a great denl of that which
was altogether new to the majority of them. It was impossible that
they conld have listened without interest to tho causes to which wero
attributed the famine in India,  Scientific men had done much for
wood and cvil, for xcientific men had made mistakes, and there still
remained a great deal for seience, with cantion, to do. IIo did not
propose to criticise the irvigation system of India, but they must all
feel an interest in their fellow-men, and could sce the value of a hetter
application of seientific principles to these matters, Il did not think
it was possible to abstain from expressing their gratitude to one who
had given them such valuablo information, and e loped it would
stimulate those who had listened o it to the scientific investigation of
these matiers in the interest of human life.

Mr. Rawrixsox seconded the motion.  The paper was so discursive
that it would bo impossible to attempt to deal with all its points.
With some of the opinions expressed he ngreed, but he must confess
that there was o considerable portion of the opinions expressed on the
paper with which he did not agree, and it would be hopeless for
humanity if they were true.  They had heard a great deal about
tree-planting.  No donbt tree-planting did modify the climate, but,
unquestionably, it did not in any great featwe change it; and
when they heard that springs and rains were enused by it he looked
upon the statement with great hesitation,  They had also leard of
malaia,  Very few men had had the opportunitics of considering
what was ealled malaria that he had had, and he had come to the
conclusion that in the vast proportion of these cases the cause of
mortality was not the earth or the climate, but the filthy habits of
the people upon the surface. Climate was not so deadly a thing as
even scientific men supposed.  ITe would give them an instance.
Before he went out to the Crimea he read Dr. Clark’s Travels, and
was there told that in the Crimea fevers were the great cause of com-
plaint ; that if you were exposed to the morning sun you were liable
to fever, and that if you were exposed to the evening dews or drank
the water you were lable. When he got there what did he find ?
The Government had sent out the finest army that had ever left our
shores—seasoned men in the maturity of health. They knew how
shamefully our soldiers were neglected, and how they werc kept under
conditions in which life was sacrificed to o shocking degree. There
were Dritish resiments there that in three months lost 700 men onb
of 1,000, 1Ic did not wish to take credit to himself, but the Govern-
ment of that day selected him and certain medieal gentlemen to go oud
to the great hospitals on the Bosphorus and in the Crimea, and sce if
it was possible to modify that state of things. At the same time a
Commissarint Department was sent ouf, and, public indignation being
aroused, all sorts of relief despatched, and therefore the Sanitary Com-
mission could not take all the credit : but he maintained that they
did good they did not receive credit for. Instead of the climate of
the Crimea being the deadly one represented, after their arrange-
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233 METEOROLOGY AND GEOLOGY.

ments wero carried out the soldiers were in a better position than thev
were in their own barmcks at howme, although they were exposed
morning and evening,

Dr. Ricuarpsox said the address had brought forward Colone]
Corbett’s veport, and if that should twmn out to be true nothing weuld
bo more remarkable. Thoe statement in it was that the canal systen
in Indin had been an utter failure, and that if the process went on
the whole of the iirigated part of Indin would lo soon n sevile
desert, Io knew that if his friend Colonel Cotton was present, he
would declare that this was not the ease. e mentioned this {o show
that this matter was controverted, o Limself had tried to get ni
tho facts through the natives, but their accounts were very contra
dictory.

Sir Axroxio Brany, in responding, said that he must not he held
responsible for all that was in his paper. 1o should not have ¢uoted
as he Liad unless ke had believed in what was written, but as he had
not been nble to verify the statements, he had given his authority for
them. Ilis desive was that this matter should be discussed.

Observations on the Geology of Exeter, and the Im-
probability of there being a Subterranean Water
Supply for Economical Purposes.

In consequence of an alleged insufficient supply of water from
its source in the Xxo for the City of Excter, the Corporation, nbout
two years and a half ago, purchased the Water Works from the Com-
pany, in order that such alterntions and additions should be made as
might from time to time be considered necessary. Sinco then the
possibility of a sufficient subterrancan supply has heen frequently dis-
cussed in the loeal newspapers. It has heen argued that inasmuch as
Exeter is on the New Red, an undoubted supply 'of very pure water,
enough for drinking purposes, might be obtained ; that is to say,
enough for the wants of from 45,000 to 50,000 persons.

The purpose of this paper is to raise the question among scientific
men as to the probability or improbability of so much water being
obtained by bLoring within the city or its environs,

Of course, nll subterranean water must have, nt some time or
other, percolated through the cracks and rents of the surfico rocks,
and the quantity of water must Jargely depend upon the surface con-
figuration of the locality. A flat surface is more likely to retain the
water than rising ground. Remembering that Exeter is on a tongue
of land, and, except towards the cast, is surrounded by valleys, it
may be fairly assumed that more than the average quantity of rain-
water finds its way to tho sea, An authority on these matters stated

ANDREW ON THE GEQLOGY OF EXETER, 233

at a recent meeling of the British Associntion that probably one-third
of the rinfull entered the rocks,  But I question very much if such
a proportion will Le found in tho rocks of Exeter,  Necessavily, any
computation as to the proportion of the 30 inches of anmual rainfull
that enters its rocks must be hypothetical, It must also be remems-
bered that the inelinntion of the Leds from or towards the city will be
an important factor, us water usually works its way along the plane of
the beds. I have known instances of well-water being abundant on
one side of a valley, and none to be met with at similar depths on
the other side.  But with this T will deal more fully hereafter,
Referenco to a geological map will show that Exeter is in part on
carboniferous shales, in part on the Trap, and also on the New Red.
During thoe formation of the shales, and most likely towards the close
of the carboniferous period, the whole of this neighbourhcod—and
more or less, from Dartmouth to the Land's End—was greatly ex-
posed to carthquakes and voleanic eruptions.  De In Beche says:
¢The whole of the Slates and Sandstones are intermingled with the
Trappean in & way to show that there must have heen considerable
igmeous action, during which ashes and vesicular lavas showing little
pressure were gjected contemporancously with the deposit of the slates
and the sandstones.”  This authority here more particularly refers to
the district between Davtmoor and the Land’s End; but it appears
that a similme voleanie action chavacterised the termination of the
ghale period in this locality.  Between Exeter and Dartmoor are
several voleanic vents, ind everywhere in this locality the shale is
contorted and torn in almost every conceivable manner. I might
also ohserve that in an important section of the New Red in the
Heavitree Quarry, the cleavage joints are for the most part so filled
with carbonate of lime as to vender it impossible for water to find its
way throngh them, Ilence the action of springs in that quarry.
Exeter, geologicnlly, may be divided into several aveas :— :
1st. From the South Westeyn Railway Station to the hottom of
Exe Lane, nlong what was formerly the Drook, then around the
Princess oad to Tore Street ITill, and thence by Fore Street Hill to
the West of England Insurance Office, an aven will be described
which has a stratum of clay from 2ft. to 4ft. thick, of a yellowish
colomr and very tough, and beneath the carboniferous shale, com-
nonly called shillet, to a considerable depth. My friend Mr. Parfis,
of the Devon and Exeter Institution, has kindly supplied me with the
noles of & boring at St. Ann's Well Brewery, commenced in March
of last year, This well will be found situated about midway between
Queen Street Station nnd Exe Lane, and before the filling up of the
valley for railway purposes was on the ‘nap’ of the hill descending
to the valley. ‘The boring commenced in the shillet and only reached
water at a depth of 305 feet, and then only in quantity not much in
excess of the requirements of the Brewery. DMr. Parfitt has also fur-
nished me with the notes of a horing of a well for the City Brewery
in 1849, At a depth of 15 feet the boring was through water gravel,
then for 85 fect through the shillet, for 54 feet more through alternate
layers of trap and red shillet, then for 90 feet through blue shale, for
3ft, through water sand, and for 23 feet more through blue shale,
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making n totai of 270 feet. This great depth was necessary in ovder to
obtain water, and althouglh in a valloy, you will porecive, is not much
less than the number of feet necessary to be bored for the St. Amn's
Well Brewery.

In digging wells in this rock the dopths at which water is obtained
differ very extraordinnrily, A well hasa fuivly good supply at a depth
of nine or ten foet in one place, while others not 20 vards off
have not had water at less than 50 or GO feet, and in the cases of
tho St. Ann's and City Brewery Wells an approximate depth of 300
feet had to be reached, This probably results from the preseanco
of numerous faults, or slides of large 1asses of rock, from varions
causes, but. mainly voleanie, .\ very good seclion of this rock may
be seen in the Princess Road, close to Head Weir

ond. If another line be drawn from Gandy Street up High Street,
along Tongbrook Street, then descending to tho bottom of the street
and following the line of the ancient brook to the Soutl Western 1iail-
way station, it will he found to encivelo the igneous rock on which
the Castle of Excter stands.  The least exposed portion of this vock
is very compact and ponderous, and when a portion of the base of
the hill was cut away for the South Western station it was thought
that the stone way sufticiently hard forr the bridge which spans the
ailway near tho prison ; but after a few years of exposure the stone
softened and gradually crumbled away. It has a granulated, or small
grainy, and purple ground, sprinkled with minute shining points,
It has numerons fissures crossing in all divections, or filled with
white hard veins of ealcarcons spar.  After long exposure this stone
degenerates into a ved clay, and this clay composes the swifacao of the
Castle 1Lill, from whenee no "doubt this eminence devives the name
of ‘Rongemont.” 'This, it must be remembered, was a voleanie rock,
and was probably thrust up at the close of the carboniferons period,
which will probably account for the very broken and disturbed con-
dition of the smrounding shillet.

3rd, From St. Stephen’s Bow to St. John's Hospital, including
Bedford Circus, the stratum is of sand and gravel ; this is followed by
clay, mixed with small masses of the disintegrated rock of the Castle,
and the masses becoming larger and moro compact soon form a rock
of the same kind. The wells in this area are from 20 feet to 30 feet deep,
and give excellent water, The well water of this loeality is far
preferable to that of the shale; but immediately heyond the Circus,
or Southernhay, we find water certainly nnfit for domestic use,  In o
well bebind my own house, in the middle of Southernhay, the water
was declared by the city analyst some twelve months ago to be unfit
for such use. I have been unable to trace the cause of the presence of
g0 much ammonia in this water.

4th. Above St. John's Hospital and Longbrook Strect, tho second
stratum is a fine red sand about 60 feet thick. Under this, in some
places, is a bed of soft mar] from 4 feet to 6 feet deep, and then again the
red sand.  The sand extends all over St. Sidwell’s to the Black Boy
Turnpike Gate. The soil of the adjacent fields has been for n century
and upwards used by the brickmakers. But in this area of the Now
Red there is less water than might be supposed. At Lion's Holt
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there hins been a very fine spring from time immemorial, and although
it comes through the thin bed of tho Trias ab that place, I have been
Jong in doubt whether it really came from the New Red or from the
shale underneath, At Polsloe Itoad the wells ave from 20 feet to 30 feet
deep, and yicld an average supply of water, but, as I am told, not
much in excess of the wants of the owners thereof. Mr. Hitt, of
1leavitree, told meoa fow days ago that thero was a well 100 feet deepin
the New ted at the corner of the rond leading from Magdalen Road
to the Barnficld, and, although at so great n depth, there was searcely
any waler

sith. But to he more comprehensive it may Do briefly stated thab
a Jino deawn from Taylor and Boxley’s iron foundry in Commereinl
Toad to Lion's 1lolt, thence to the Blackboy Turnpike Gate, will
deseribe the houndary Jine between the shillet and the Trins, In
other words, tho half ‘of tho city on the north and west sides will be
altogether on the shillet, and that on the south and castern portion
will o on the New Red ; but, necessarily from its conjunction with
the shale, there will he no considerable depth of New Red exeept ab
some distance from the city.

My conclusions are, first, that in aud around Iixeter natural
underground basins for the collection of water are nob likely to be
met with, and that the improbability is rendered greater by tho
presence in the very heart of the city of an extinet voleano, which has
considlerably upheaved the beds aud broken them in alinost every con-
ceivable variety of manner. 2nd, that the depth at which water can be
obtained in the shale, indeed the finding of water at all in any large
quantity, is o uncertain as scarvcely to justify the expenditure neces-
sary for an experiment.  3rd, that the New ted on the south-
castern side of the ity being o thin, and the surfaco configuration of
this part of the city unfavourable to the collection of a large quantity
of water, I am unable to believe that water in anything like a largo
supply ean possibly be obtained at & nearer point than the lower part
of Hcavitree, about one mile and a half from the centre of the city.
Troyas Axpuew, ING.S.

My, Martiy, C.E., said that, as a citizen, he desired to say that
thoy ought to feel greatly obliged to Mr. Andrew for the light he had
thrown on the subject. 'They had been reminded from time to timo
that there was a report by a distinguished hydraulic engineer which
recommended them to scarch for water immediately under their feet.
'That report had not been published.  He thought it a pity that they
should be so often reminded of ihis without their knowing its ten-
dency. He guite endorsed the remarks as to the supply of water ab
Liow’s Holt.  Mr. Andrew did not say in divect terms, but left them
to infer, that tho water issued from the carboniferous mass and simply
oozed ont through the new red in the lower part of the valley. Ho
hnd under consideration the boring of a deep well at Teignmouth,
and on making inquiries as to the boring of wells, he was surprised
at the result. Two cases were mentioned by Mr. Andrew. At
Exminster the boring was made in the new red sandstone, and then
they had to go to n great depth into the carboniferous shale. He
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mentioned the depths of the wells in several places to show to what
extent they had to bore, viz, at Exminster, 473 feet; at Crediton,
246 feet ; at Silverton, 257 feet ; Topsham, 220 feet. I they had to o
to such a great depth they would have te pump it up at some cost.
They were told from time to time that there was abundanco of water
at Lion's Holt to supply the city. Teople imagined that because
there was water upon the smfaco there was an inexhaustiblo supply
underneath,  Some time ago he was asked to go to Marypolo Head
and report on a supply theve. A report from a gentleman who signed
himself ¢C.E.,’ stated that theve was abundaneo of water on tho top
of Marypole Head. 1lo went there, but declined to report, as thers
was not enough to yeport on.  There was just enough water to flow
through an inch pipe.

Mr. Parritr said they must bear in mind that from the rviver
Exe, extending abonut 13 milo in an easterly dircetion, was the
collecting ground of the water, broken up by geological ¢fuults,’ and
he was certain that it would bo impossiblo to collect from this
Iand suflicient water for Exeter. Just helow Polsloo Farm thero was
a very thin layer of the new red sandstone over the earboniferons; it
lay along the whole of the valley ent by tho South-Western
Railway, Two gunshots beyond that, there was a cutting, whero the
brook had cut its way down to 30 feet or 40 feet, and this showed
that it was ¢ faulted ' against the carboniferons. It held the water in
this particular placo for what was ealled St. Ann'’s Well,  There wasg
no other place where thero was anything like a supply for a largo
city. At Heavitree Brewery the well was 370 feet deep, and as it
did not yield a sufticient supply it was intended to sink it to o
depth of 400 feet, to ascertain if it would yield mnore water, In
his opinion, the gromnd all round about Excter, within the collecting
area, with a dinmeter of aliout two miles, was so faulted’ that it was
not likely that water would be obtained from it in suflicient quantity
for the city of Exeter. _

My, Boprey had been told that in Exeter they had an imaginary
supply of water immediately beneath their feet; but having been
engaged in connection with the large pumping wells in the neigh-
bourhood, he could refute that picce of imagination. The local paper-
makers, in an endeavour to compete with the Xent papermakers,
tried three wells at Exeter, but the water was unsuitable for paper-
making, At Huxham and Heavitres wells were bored with the
game result, At the Lunatic Asylum at Exminster there were weolls
114 feet and 120 feet deep.

Mr, ParriTr: 375 at Exminster.

Mr. BoprEy maintained that his figures were correct. Ile had
been unable to find such a bore as 375 feet at Exminster. In that
neighbourhood the wells did not supply anything like the quantity of
water they were supposed todo. Asto the St. Thomas water-supply, the
well first went through the top soil, then through 9 feet or 10 feet of
gravel to the shillet, No water was obtained from the gravel to the
shillet; all thatwas obtained was from the gravel,a quantity sosmall as
to be unappreciable, It was foolish of the citizens to attempt to sink
a well—unless, indeed, they went to an enormous depth.  There was
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no percolation through the shillet from which they could get tho
water, At the brickyards a suflicient supply of water could not he
obtained from the wells to saturate tho clny for making into bricks.

Dr, Caneexter said that the water ho had had since hoe came to

Exeter had been very good so far ns its appearance went, and he should
he satislied with it if tlio source wero not polluted. Ie understood
that this was obtained from their natural souree, the eollecting ground
which nature had provided for the city of Excter. The citizens of
Exeter would not have far to go for a water supply, for nature had
provided them with a collecting ground in their neighbourhood, the
overflow of which went into the river. It was very wrong of the
authorities to allow such rivers to Lo defiled, as they ran from their
prvo sourves, [t was morally and physically wrong on the part of
any local nuthority to pour into those rivers the sewage of their
towns in tho unpurified state in which it was poured into their rivers,
and s ho knew that it was poured into the river at Ixeter. They
should compel the nuthorities in the higher part of the district, as
well as those neaver Exeter, to refrain from polluting the river, and
then there would be an abuandant supply of good water. Providence
had some other object in providing rivers than—as a gentleman once
said ho regarded them—for the supply of canals or to build our towns
upon. ‘The rivers nover failed, and were provided for our supply of
water ; and the lake districts were intended to provide for the great
centres of population that which they want, pure water. If the law
were carried out properly, there would be no deficiency in the water
supply for tho cily of Iixeter.

Mr, Rawrixsox said this was essentially a local question. Whether
water could bo got in suflicient quantity from wells could only be
tested by tho fact of its being got. It was no use to speculate, geolo-
gically or metcorologically ; and after the evidence they had lLeard it
was not very encouraging for them at Ixeter to go to a large ex-
penditure in the endeavour to get a water supply from that source.
Liverpool and Manchester, once supplied from wells, had had to give
them up and go beyond. Wolverhainpton had had to go outside and
get water plus tho wells. DBirmingham had also to supplement
its wells. New York had had to do the same. Many persons,
and perhaps there were some of them here, were so stubborn that
tho Archangel Gabriel would not be able to convince them to
the contrary if they had once got it into their crotchetty heads, that
they had only to sink a well and get water—Ileading the Town Councils
into expenditure because they would listen to neither rhyme nor
reason.  They declared that water could be got, and they induced
Town Councils to expend money because they thought that the water
ought to be got. It was important that Exeter should not be led
such a dance. Others said, ¢ Go deep enough, and you are sure to get
water” Those gentlemen showed that they knew nothing of the crust
of the earth. In Yorkshive there were mines of from 1,000ft. to
2,000ft. in depth, and he did not know any mine exceeding 1,000ft,
deep which did not go below the water-bearing strata, so thal they
had to send down water to water the subterranean roads. Bath stood
upon the oolites, and its hot water was got from the stratification,
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Buxton and Matlock stood on the limestone.  All limestones were
fisswed.  Rain was the purest water, Tt filtered into tho cracks or
fissures, combined with the lime and took away tho Liearbonate, until
ultimately wo had the surface water, after descending in a syphon to
perhaps 5,000ft. or G,000ft,, coming up to the smface, There was
nothing magical about it. 1 thoy attempted at Exeter to geb water
from the now red sandstone, they would fail; as, judging from the
geological “dip,’ as now exhibited in the diagrams, it all went nway,
although ho could mot say whero it went to.  Dutb thero must I
places, not very far distant, where they could get a good supply, il the
river was not satisfictory. 1o would recommend the Town Council,
beforo expending any money on well-sinking, to obtain tho Sixth
Report of tho Rivers Pollution Commission, which contained move in-
formation on wells, well-horing, and analyses, thanany he know ; and
if their member, Mr. Stafford Northeote, would get them o copy of
that report, they might study it with great advantage,

Mr. Syyoxs wished to scold the Devonshive people.  The Devon-
shire Associntion for the Advancement of Science, of which all England
was proud, had a branch dovoted to Meteorology ; but it seemed that
their effortz in tho direction of Metcorology were going to collapse, and
that was not ereditablo to Devonshire. It was one of the illustrations
of the contact of seienco and practical life. In referenco to the sub-
ject of the paper, Mr. Rawlinson had cpitomised for them the experi-
enco of other places. Some people liked to buy their exporience.
1Ie ndvised Exeter not to do so, in regard to sinking wells for wator.
No matter how much sewnge might be purified, he did not like the
idea of drinking the water after it came from the sowago farm. e
should infinitely prefer going to thoso glorions moors and taking the
water, which was perfectly pure, only tinged with n little peat, which
was absolutely harmless.  Whatever engineer might bo employed, he
would bo to a great extent blindfold if hio went to Dartmoor without
ascertaining the rainfall, while the expendituve of a trumpery sum,
perhaps £20, would supply the requisite meteorological data, and
might save the expenditure of thousands of pounds.

The Rev. Treasurer HAwkeR remarked that nobody would attempt
to keep n rain-gauge on Dartmoor unless he wished to kill himself or
his friends, as, for some months the centro of Dartmoor was inacces-
sible. Tho only means of obtaining metcorological information would
be by sending out relays of convicts.

Mr. Symoxs could not understand why Dartmoor should be worse
than Helvellyn, Skiddaw, Scawfell, Birkside, and other mountains in
Cumberland, on all of which records were kept.

M. BopLEY advised Mr. Symons to go ncross Dartmoor to Prince-
town and Tavistock.

Mr. Syyoxs had spent a week at Princetown, and had placed more
rain-gauges on Dartmoor than all the Devonshire gentlemen put to-
gether, He wished they would give him their co-operation.

Mr. Graxtiay had just completed some well-borings in the ter-
tiary, in the endeavour to get down to tho greensand, under the
supposition that they would get a Jarger and better quantity of water
than from the chalk. In boring they found that they completely
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tubbed out the vein which contained the water in the chalk, In
Dovenshire it would be almost impossible to ealeulate where they
would get water from subterrancan wells; and with the geological
formation represented, to bo supplied with subterrancan wells was not
to bo expected,  The Dartmoor supply, if it could bo got, would be o
very simplo thing.

Mrv., Panrrrr would cndeavour, as one of the members of the
Dovonshire Associntion and connected with its meteorological branch,
to rub out Mr. Symons's stigma of want of interest in metcorology.
Tho Meteorclogical Socicty had undertaken to take all the rain-
gauges into their keeping. Tt was not considered advisable that the
Metcorological Socicty nnd the Devonshire Associntion should bo
working on the samo ground; mnd, although they were very reluctant
to do 50, the Devoenshire Association gave up the maintenance of the
rain-gauges,  1le hoped that Mr. Symons would lift the veil of
mystery which scomed to hang over the proceedings of the Meteoro-
logical Society in connection with this subject, As to the Dartmoor
supply, on Dartmoor in the summer he had seen the streams dry,
except in tho pools, and at Totnes ho had taken samples of water
like Dublin stout.

Mr., Rawnixsox said this showed how dangerous it was to speak
without book, If anyone said it was useless to attempt to get
water becauso ho saw none when the streams wero dry in the summer,
it showed that ho knew nothing about it. It was for the engineer to
step in and provide reservoirs in which to store the water, except
where they had rivers like tho Tea and Thames, which supplied the
155,000,000 gallons & day pumped into London.

My, Syyoxs said that he wag the President of the Meteorological
Society, to which these stations were proposed to be entrusted, and
ho thought it a very singular thing that the Devonshire Association
should wish to drop their supervision and quietly hand it over- to
them. e explained that the Meteorological Society did not desire to
monopoliso tho work, but wished that the Devonshire Association
should render its energetic co-operation,

M. C. Fox (Wellington) suggested that if Dartmoor could supply
Plymouth, certainly it should supply Jixeter, Ho also recommended

-the perforation of Ialdon,

The PRESIDENT, as n geologist, had no hesitation in saying that
the author of the paper was abundantly justified in the adviee which
he had given. Strata like that at Ixeter, could not have a water-
beaving power. If the Ixe were purified as nature mado if, there
would be no difficulty in the supply of water to the city.

Tho Mayor of IEXETER, in moving a vote of thanks to Mr. Andrew,
said that it was fortunate for the citizens that the discussion had been
raised. After the opinions expressed by Mr. Rawlinson and Mr.
Symons, instead of wasting time on impracticable schemes, Exonians
should now set to work and call upon the towns on the banks of the
Ixe to stop the flow of sewage into the river.

Mr. Graxtiay said that Mr. Andrew had contributed a highly
valuable paper for the inhabitants of Exeter, and the evidence which
had come out had proved what the author had advanced.
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Mr. Axprew, in acknowledging tho vote of thanks, remarked on
the sugeestion that Haldon should be perfornted, that ho did not
boliove it would be advantageous, judging from the surface configura-
tion.

'The PresipEsT observed that thero was a supply of water on the
west sido of Dartmoor, and ho had very littlo doubt that thero was a
gimilar supply on the east side, which ho should recommend to be
tvied. 'The Presidont said that sinco the discussion of Mr. Andrew's
paper ho had received o loUter which Mr. Symons would read,—The
communication was from Dr. Baxkart, who wrote that as ho had
ouly heard part of the paper read ho was unablo to say then what ho
wished to bo said. The fact was that though, before the purchase of
the Water Works by the city, a great outery was mado ngainst tho
impurity of the water as now supplied, yot, since tho purchase, the
question of impurity appeared to lo ignored, The guantity had been
improved, and ho belioved the Council were anxious to do their best
for the town, but they were afraid to meet the popular outery against
spending money.  As the chief question with them was ono of rates,
they vequired the support of a powerful body like the Sanitary Insti-
tuto to enable them to do their duty. In spite of analysis, there was
tho well-known fact that at ono spot there was daily poured into the
Exeter water supply the excreta of 10,000 people, with their diseases,
not to mention the sownge of the smaller towns and villages, and the
drainage of land along the twenty miles of river, Tho Institute
would confer a lasting bonefit upon tho citizens if it would record its
opinion that the city authorities wero leaving undone a very important
duty so long as they failed to give the citizens a constant supply, tho
quality of which should be above suspicion.

On the Sanitary Condition of Wells in Exeter
and Neighbourhood.

Trs is not the first time that the wells situated in or near Excter
have formed a theme for writing or discussion. In Dr. Shapter’s
¢Climate of the South of Devon’ is an interesting account of
many of the natural springs and wells of the neighbourhood, and in
dhe ¢ History of the Cholera in Excter,’ by the same author, tho
closing of certain wells of the city, which at that time were consld?rcd
impure, is mentioned. In older works, too, devoted to tho doings
of ancient Exeter, frequent allusions are made to the then 1m-
portant subject—the maintenance in proper condition of the wells of

the city.
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The aim of this short paper, however, is not so much to deal with
their past history as to show the connection existing, or which is
frequently established, between health and disease by means of wells
(often nothing but mere pits for the reception of drainage water and
contnminations of tho worst kind), to show that it is often best—
p]uttin'g a new construction on an old adage—*to leave the well
alone,

I'o paraphrasoe the words of a distinguished chemist, what people
had to find out for themselves by long and perhaps hazardous ex-
perienco it is tho lot of the analyst in these days to do for them, and
in this capacity T have had the opportunity within the last few years
of examining many wells, both in the city and out of it. The
analyses now placed before you ave selected from the worst and the
hest specimens of water analysed.

Tho first on tho list is from n farin not far from Alphington. The
water had been used freely for drinking, for household purposes, for
the cattle, for washing ULutter, &c.  Tll-health prevailed. The
means of getting a good supply was suggosted-—viz. to sink a well
in tho sandstono far away from the present source of contamination
(the farmyard), This ndvice was acted on, good water was obtained,
and with it improved health to the inmates of the farm.

It will be observed that for the estimation of organic matter the
ammonin process has been adopted. It has many detractors, but it
«till holds its own, and for sanitary purposes it is very convenient.
It has its faults undoubtedly, but where is the process that is perfec-
tion }

To pronounce on a water, however, merely from the determina-
tion of one constituent, would be folly, Many of the most impure
waters figuring in the above table may thus be made to pass muster.
Whatever method is used, each figure in the analysis must have its
signification, and it is only by a carcful study of the whole that the
analyst is led to a correct conclusion,

In example No. 1 the frco ammonin vastly preponderates over
the organic, whilo the chlorine is also high; the water evidently
belongs to tho ureal class, and fresh sewage is constantly percolating
to the well.

The next examples (Nos. 2, 3) are from the village of Alphington,
where it appears the drinking water is far from good.  The analyses
are from a couplo of wells situated very near each other. They re-
semble each other closely, both showinga large proportion of nitrogen
ag nitrates and nitrites.*

Of the water of St. Thomas I have, unfortunately, no examples.

At Topsham, on the other side of the Exe, we find that the wells
near the riverave extremely foul, but in higher situations thereis good
water. Cases of fever are, I Lelieve, not unfrequent in the lower
regions, brought on without doubt by drinking the river impurities

* Since writing tho above, I have been informed that these wells are not far
from the churchyard.
R
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which have iiltered through to tho wells.  The analysis No. 4 is that
of a horriblo specimen ; the water contained so much salt as {o tasto
of it.

Coming nearer to Exetor on the Topsham Road, about half o mile
from the city, thero is Parker’s well, formerly in estimation as o holy
well. Whother the small proportion of iron it contains really did
act beneficially on the pilgrim's sight, or whether it was merely tho
invigorating walk and the coolness of tho water, is open to question,
However, analysis shows it in » favourable light.  The water iy
clear as crystal, and contains ut fow impurities past or present.

Just bolow this well, and close to the river, is one which is vather
notorious—a well, from which it was proposed at. ono time to deaw
a supply for tho city, and which hns been stated to bo nrtesian,  This
assertion hag evidently been founded on an observation by Sir 1. Do
1a Beche (sco ¢ Geol. Report on Dovon and Cornwall,’ pago 116), hut
tho frequent disturbances of strata which have taken place in the
neighbourhood of Exeter entirely preclude the iden of an arrange-
ment favourablo to the sinking of an artesian well.  Tho boring is
stated to bo less than 100 feet deep, and the supply constant ; but that
it 3a derived from a distant outcrop and filters through the sandstone is
impossible. This statement is confirmed by the analysis, for water
that had filtered through such a depth of sandstono eould not contain
so large an amount of organic matter. It would have been almost
entirely oxidised. Its bright and sparkling appearanco is deceptive,
for looked at through a deep stratum it is turbid and has a tint of
yellow, Much of it, doubtless, is river water that has found its way
through natural erevices in tho rock, and the organic matter shown
hiero as organic mnmonia is the remains of Kxeter sewago. This is
not thoonly analysis that has been mndo of this water. One eminent
authority gives it ns his opinion that ‘it is moro suited for irrigation
than for drinking.'

But o shorb distance from Parker’s well we come to examples
which show how the abominable system of dealing with sewage by
water ruins wells, for in St. Leonard’s aro wells which have been
spoiled in this way. Both the organic ammonin and the chlorine in
Nos. 8 and 9 show that the water is filthy, and from its use fever has
resulted.

No. 10 is a specimen of fairly good water from the same district,
and not 200 yards from the contaminated wells.

‘We now go towards Pennsylvania. At Edgerton Park and at the
terrace above, good water is found, but at o villa below it is unfit for use,
the drainage being defective. Tho Lion’s Holt supply has long been
known assuperior, The well of Bt. Anne was formerly the supply of
Exeter. In the history of the cholera in Txeter is a note stating that
¢ as early as 1221 this water was brought into the city from its pre-
sent sources in the upper part of the parish of St. Sidwell, and deli-
vered by 2 conduit erected in the centre of the High Street below the
Quatrefois” In 1346 it is mentioned as ‘conveyed into St. Peter’s
yard, ¢ whence,’ Dr. Oliver informs us, it branched into three chan-
nels, ono for the use of the members of the cathedra), another for the
city, and a third for St, Nicholas Priory.! During the cutting of the
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Jondon and South Western Railway the springs wero seviously
damaged, but even now the water brought down to the city and tl-ho
cathedral is supplied as in olden time.  Amnalysis No. 14 proves it
to bo a goud, cool, pleasant water, showing but little organic matter

Rather above this well, in Well Lane, just under York Buildings
and ¢loso by the St. Sidwell's Churchyard, is a public well, which in
¢ dnys gono by * was doubtless ns pure as the fount of St. A!ll,lﬁ. It has
however, lost its repulationand is now closed,  Analysis No. 16 shows
it to by teeming with impurities,  As I have noticed the boys of tho
school opposito filling their hands or their caps with water from the
pump and driuking therefrom, T have been unable to rosist the con-
clusion that their drink might very probably consist of a selution of
ancient parishionors, and that possibly they would pay for their
draughit by o serious attack of illness,

In the high ground of Tolslos Rload the water, as may be ex-
]wclc:l, is natwrally good, but the devices of man tend to contaminate it.
In analysis No, 18, traces of reecent contamination having been dis-
covered, the well was examined and a dead eat wag pullufout.

At Heavitren Bridgoe, very close to the breok flowing by the little

villago of East Worford, is a spring which Jenkins, in his ¢ Memo-
vies of Exeter,’ tells us, ¢from an iron ladle formerly fastened to a
chnin to the wall for the henefit of passengers drinking, obtained the
namo of Tron Dish.’  Analysis No. 19 shows the water is still good.
The brook is now nothing better than an open sewer, giving off its foul
emanations and poisoning the air of one of the most beauti?ul walksin
the neighbourhood, viz. the Worford Fields.  Of city wells but little of
good can be said ; the soil there is saturated with impurities which
find their way into tho wells. ¢ Beautiful water and preferred to any
other ! is said of many n specimen which when analysed proves to be
a mass of corruption, and on inguiry it has generally been found that
if there has not been fever, the people using it ave what is called ‘nili
ing” Not ono of the eld public wells within the city yet examined
yields good water. Formerly they abounded; every street had its
pump. ~ The Palace Street pump was one of the last to be closed.
From these examples, then, it will be evident that nature supplies the
provinces with good water, for on every side of the city, be it from
the red sandstone or from carboniferous strata, favourable analyses
are obtained. It is only when by defective drainage the grouna is
given too much to do, when from the excess of impurities with which
it is loaded it is unable to perform the oflice of purification appointed
to it, that we find unwholesomo water, and this cannot be remedied
until tho system of dealing with sewage by means of water is finished
with. Then, and not till then, may we who live in citics hope to drink
water rendered healthful by Nature's own filtration.

Frank P. PERKINs,
Public Analyst for the City of Exeter,
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Mr. Panrirr considered this paper a most important one, and,
taken in conjunction with that of Mr, Androws, it should have con-
giderablo weight in tho Town Council in the discussion of any pro-
position brought before them for the supply of water, \

Mr. GRANTIIAM said that when ho heard that the wells were 24
foet or 25 feet in dopth, Lie suspected that some of themn must beina
dangerous state. With so slight a depth it was almost impossible to
avoid pollution, which could only be done in wells at a great dcp)lh.
Tle was not at all surprised to find the results indicated by M. Per-
kins after hearing Mr. Andrews’ paper. As to the well.pm'tlculn_rly
near a churchyard, common sense would tell them that its pollution
could be fairly traced to its source. No one In his senses wpuld
sink a well near achurchyard l011'11 s]autghffr-house, or in the precincts

where pollution could come to it.
o aL%YgYnoxs Eai(l it was not everybody who knew that church-
yard water was bad. At Cromer a few years since he was_ recom-
mended to try the water at a stationer’s shop, na ho and his wife were
rendered ill by the ordinary supply. He got some oub of curiosity,
and found it bright and sparkling ; but the stationers shop was next
but one to the churchyard, and the sparkle was the lure of death.

The PresipEnT concurred, and said that the London pumps in
Bishopsgate and Moorgate, to which the City bankers and nerchants
used to send for water for their luncheon, had been removed since

SYMONS ON OUR KNOWLEDGE RESPECTING MEALTH RESORT3, 240
tho domonstration that churchyard water is so bad. It was very
liight and refreshing, although so deleterious, for tho salts that it
contained gave it the bright and sparkling appearance.

Some Deficiencies in our Knowledge Respecting
Health Resorts.

‘P renarks which 1 have to offer upon the present oceasion difter
materially in their chiaracter from those which ure assumed to usually
form tho basis of those submitted to scientific bodies.

As a rule, an author reads n paper in order to bring before his
audience, nnd perhiaps still imore before that far Javger audience whicl
he addresses through the press, something which he believes to be new,

something which hie hopes will make the world wiser and better than
it wonld he without it.

1 o aware that there are persons who read papers with the sole
desive to see their names in print, and others whoe do so to puft the
commoditics in which they deal—Dbut they are beneath notice,

The usunl olject of n paper is, then, to afford information. But
wine is to obtain it, and although perhaps I shall give a little in the
mere explanation of what I want, still 1 hope that the balance will
eventually be largely in my favowr, and that is why the title of this
paper does not promise any information at all.

It has lately been said, and I think with truth, that whereas in
past years the Autmnn holiday was a luzxiry, it hag, through increas-
ing exhaustion due to modern high pressure, become & necessity.

Assuming that to be true, it is obviously of increasing importance
that the localities to which we temporarily migrate shonld be as
healthy as they ean bo made.

And here it may be as well to remark that the visitors are better
judges of what is healthy than the residents. Those who spend the
whole twelvemonth on a bracing mountain slope cannot realise that it
matters whether the bedroom windows open at the top or not; and,
as sleeping i n close room does not affect them, they set any remons-
trance down as o whim of their visitors, forgetting that it is the con-
stant breathing of a pure atmosphere during the day and all through
the year which enables them to sleep in a used-up atmosphere with
impunity—and equally forgetting that itis Inrgely for the sake of pure
air that theiv visitors come, that where they get most pure air they
will derive most benefit, and will therefore be most likely to come again

I have uoted only one feature—windows; but need hardly say
that identical reasoning applies to cleanliness in every respect—to
purity of water, to the quality and cooking of food, and, indeed, to all
the ministrations of life.

This digression has taken me far away from the subject I wish to
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246 METLOROLOGY AND GEOLOGY,

bring before you. I must retwrn abruptly, and try to keep closer
to it. .

I am far from denying that, in epito of the very unsanitary—and,
to owr notions, offtnsive—arrangements existing at muny phqmm on
the Continent, it is often better for persons to goton continental
health resort than to stop in the United Kingdom, because the chinge
of air, scene, habit, and lnanguago is much greater. Yet, 1 believe,
it wonld be fur better to bestow more attention on owr own health
resorts than we do. '

And I think that fow persons have the leagt idea of tho number
of tho mincral springs and sea-bathing plces in the Dritish Isles,
Many yearsago, when investigating tho minfull at some of onr hiealth
resorts, I compiled a list of those that I then knew of.  The total
number was rather more than three hundred, but having leavnt of
several since, and mwado the Jist far more extensive than any that 1
have ever seen, I have inserted it in this piper in the hope that it
may prove an acceptable contrilution to owr Trmsactions. .

Al the ontset, however, it is necessary to consider what consti-
tutes a health resort.  The definition is by no means easy.  Areall
places where mineral springs exist to be catled health resorls 1 1 so,
scores of places where there is not the slightest accommodation for
visitors, and of which 999 persons out of every l,ﬂ(l()_ liave never
heard, must bo included.  Ave all seaside towns and villages to be
considered health resorts?  Some of them ave, I fear, far from being
either salubrious or adapted for receiving visitors. Are we to exelude
all places which have neither mineral springs nov sea Lathing 1 If xo,
wo must exelnde some localities which nie extremely well adapled for
the restoration of persons suffering the penalty of *life at high pres-
sure,’

T think that in this matter, as in most others, no hard and fast
lino is possible, and the course which 1 have adopled i3, thercfore, an
intermediate one, _

There are yet a few other prefatory remarks. The nlaces are
arranged alphabetically. The prefix M denotes that ﬂ.llllllel"ﬂl spring
exists there, except when the M is substituted for M, in which case 1
lave reason to believe that, as at Bagnigge Wells, Tartlepool, and other
places, the spring has been lost. The prefix 3 denotes a seaside resort,
and in most cases one with bathing accommodation.

1 shall be much obliged to anyone who will enable me to correct
this table, by sending me statements of facts within his own personal

knowledge. I do not wish for second-hand information.

avron .« o Cardigan M AMford .. . . . Lincoln
g ﬁ\\gfa:'d.cen . e . Abcrd%cu M Alford. . . . . S‘mnerset
§ Aberdour . . . Fife M 8 Arbreath. . . , Forfar
S Aberdovey . . . Merioneth 5 Ardrossan L . . Ayr
S  Abergele. . . . Denbigh M Ashby-de-la-Zouch ILeicester
§  Aberystwith . . Cardigan M Ashtead . . . . Surrey
M Acton. . . . . Middlesex M Askern . . . York
M  Admaston . . . Salo M Astrop. . . . . Northampton
M Airthrie . . . . Stirling M Axwel L .o Durham
§ Aldborough. . . Sufiolk . Bagnigge Wells }-‘hddlesex
S Alderney. . . . Alderney M Baillicborough. . Cavan
M Aldfield . . . . York, W.R, M DBallycastle . . . Antrim

M
h|
bl
]
s
M
M
S
M

n
s
M
M
5
M
5
M
=
N
N

b
M

Ms
M
M

S

N
M
M

N
NS
s
M
M
)

b

5

M
M
M
MK
b

M
M
M
M
M
M

M S Bourneineuth
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Ballynahineh . . Down
Wallyspedlan . . Kilkenny
BatV ., » .« o . Banfl
Bangor . . . . Carnarvon
Harmouthe o o . Merioneth
Barmet . . . . Herts
Bath . . . . . Somerset
Beavmaris ., . Anglesea
Beltwrbet ., . Cavan

Peu Bhydding, see Hidey
Bealalt « Surrey

Bideford , ., . . Devon
Biltem, . . . . York, W.LR.
Bircham . . o Derwick
Hhckpeol . o . Laneaster
Blwk o « .« Dumfrics
Boner . o ., Sussex
Bonningion . « Edinlmirgh
brth . . . . Uardigan

. Mants

. Purham

« Hunts
Bray . . . « Wicklow
Brentwond ., Lssex
iridge of Allan, see Airthrie,
Bridge of Earn, see Piteaithly.
Biridlington . York, E. R,
brighton . . Sussex
Hristol . . Gloncester
Bromlstairs « Kent
Bromley . « Redt
Brovgh ., . Westmoreland
Broughton « York, W, 1L,
Broughty Ferry . Forfar
Buckiec . . . . Banfl
Budleigh Salterton $evon
Hugtawten . . . Cliester
Buoilth. . . . DBrecknock
Buwloran . » Donegal
Burghead . Elgin

.
.
Bescombe o,
Bourne Moor .
L]
.

e & o ® + =
a & a =+ ®

LY

Burntisland , . Tite
Butterby . « Durlinm
Ruxton . Derby

« Renfrew
. Antrim

. Lancaster
. Kilkenny
« Limerick
. Dublin

Candren .
Carrickfergus
Cavtmel .
(‘astle Comer
Castle Connel
Chapelizod
Cheltenham .
Clerry Itock

Glovcester
Gloucester

Chigwell Row . . Essex
Chippenham . Wilts

. Lincoln

. Somerset
. . Gloucester
. « Lancaster
+ » Dumfries
'

Cleethorpes .
Clevedon, .
Clifton . .
Clitheroe . .
Closeburn .
Clunie. .

“ s & B &4 ® 4 8 +# 3 & = % & ® @ a

. Perth

. Surrey

. Staflord
. . Lssex
+ .« Middlesex
Colwyn + .« Denbigh
Cootehill, sce Drumgoon.
Corstorphine . . lidinburgh
Cove . . . . .Cok
Crickle . . . . Yok, W.LR,

Cobham
Codsall
Colchester
Colilhath .

MS
M
]

]
MS
M
M
M
M
M
]
M

A

5
MS
5

M
M
M
M
M
M
M

X
S
MS
]

3
M
) o
M
M
M
M

M
i 8

Cl’ﬂf‘ . o
Cromer . .
Cronchawn
Culgask
Cwunmmmer . .
Cushendall .
Cushendun

Dawlish . .
Delnmere
Dinsdale Spa
Dog and Duck
Dor‘en , .,
Dover. . .
Dovercourt ,
Drigg . .
Droitwich .
Diumgoun
Drumsna,

L TP )

.
.
.
.
.
L3
.
.
.
.

.

. York, N, It

» Norfulk

. Wicklow

. Perth

. Berks

. Antrim
Antrim

. Devon

. Cheshire

. Durham

« Surrey

. Bucks

. Kent

. Lssex

. Cumberland

« Worcester

. Cavan

. Leitrim .

Dulwich, sce Streatham.

Dunblone
Dungaunon ,
Dunmore., .
Dunse Spa
Enstbourne
Epsom
Eskdaleside
Ewell . .
Sxmouth

Felixstowe
Felstead
Filew . .
Fir 11l
Fisliguard
Fleetwood

Folkestone
Gainsborough
Gethlyonen |
Gilcomston
Giilsland . .
Glastonbury
Glenatmm .,
Glendy . .
Gloucester .

s+ a4 s * s s * 2 s =

Gourock .

Grange

Guernsey .

Guisborough
Gunfreston .
ITail Weston
Hampstead .
Hanley's Spa
Harlow Carr
llarrogate

® - e @ % 2 ® s a8 ® s B2 B = 3@ v ® & =

L3
-
.
.
-
*
»
-
.
.
.
.

. Perth

. Tyrone
Wafterford
Berwick
Sussex
Surrey
York, N, R,
Surrey
Deven
Suflulk
Essex
York, E. IR,
Aberdeen
P'embroke
Lancaster
Kent
Lincoln
Glamorgan
Aberdeen
Cumberland.
Somerset
Antrim
Kinecardine
Gloucester
Renfrew
Lancaster
Guernsey
York, N. R.
Pembroke
Huuts
Middlesex
. Salop

. York, W. It,
. York, W. I,

P T T e T T T T e S SR

Iartfell, see Mnffut.

Hartlepool .
Hnrwich .
Ilnstings . .
Ilclensburgh
Herne Bay .
Hockley .

Holbeck .

IHolt . ., .
Molt . . .
Holywell Spa
Horley Green

.
.
3
3
-
.
.
.
.
.

.

. Durham

. Essex

. Sussex

. Dumbarton
. Kent

. Essex

. York, W. LI
. Wilts

. Leiccster

. Lancaster

. York, W. .

Hotwells, see Clifton,
Hovingham , . . York, N. R.

Iloxton . .

. Middlezex
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i : )
A S Hunstanton. . . Norfulk VM Muistovn .. Ross Stoke . . o . . Surrey MSTralee, . . . . Kory
I IR ES M Myde. . . o . Gloncester 8 Mumbles, . . . (ilumorgan Stanehaven o . . Rineandine 8 Tramore . . . . Waterford
it : ) S8  Hythe . . . . Kent PR Naim. e . Nuirn Stony Middicton o Derby M Trefriw . . . . Camarvon
K 1 hE 8  lfracomlbe . . . Devon M Nantwich . . . Cheshire Stony Stratford . DBucks { M Tunbridge Wells . Kent
: SHETLE M Ikley. . o . . York, W. L. P8 New firighton . . Cheshire Strathpefler, ., Ross M 8 Tyonemouth . o . Novthumberland
hf_f? { M lmington . . . Glouvester C 8 Neweastle o . Down Streathon . . . Surrey M Upminster . . . Essex
L i M Innerleithen . .« Peebles ¢ M Newent . oo o . Gloucester Sunninghit . . . Berks M Viear's Bridge. . Clackmannnn
I i M S Inverkeithing . . Yife M .\‘e\\'nlmm Regls . \) llT\\'il:k Sutlon . . . . Surey Victorin Spa’ . . Warwick
! ; 1 M Ipswich o o . Suffelk M .\'c\\'mﬂdﬂlﬂ o Yok, \ 15- Sutton Coldield | Warwick Wargenpeint . . Down
1 s M ldington. . . o Middlezex M .\-ornmnb_v . « « Yurk, E. R, Swanage. . . o Dorset Wellinghore' . . Northampton
TEilbg 8§ Jersev. . . . Jersey : Northaw, sce Darncl, Swanlinbar . . . Cavan Westgate , . . Kent \
3 M Jolnsten . . . o Kilkenny s N Berwick o . o Haddington N Swansea , . o Glamorgan Weston-super- Mare Somerset i
M Jogppa. « « « - Edinburgh M Nottington . . . Dorset Sydeuhiaw, see Niveathum, Westward Ilo . . Devoen §
M Kedlestone . o« Derby 8 Obm ... Anl Taalv o« o o o Glaworgan Wevmonth . . . Dorset i
M Kensington . .« Middlesex M Offcrton o o o o Durham Telgnmonth . Devim SWhithy . . . . York !
M Kilburn . . . . Middlesex P M Orston 4w . Nottinglinm Tenbury o . . Woreester Willoughhy. . . Warwick *
M Kilburn . . . « Dumfrics P& Talgnton. o 4 . Peven Tenly, . . « P'embroke Windsor Forest . Berks )
M S Kitkee . . . . Clare M Panpasich . . . Aberdecn Tewkesbury , . biloweester Witham . . « Fssex !
M Killymard . . . Donegal S Penmacnmawr, o Carnarvon Thetford .- . D Norfolk Withyam . " Snssex !
M Rilroot . . . . Antrim 8 Denzance, o . o Connvall Thorlics Hope o . Roxburgh Woodhall Spa . . Linceln i
M Kineardine . . . Kincardine M S DPeterhead . .-\.l»(-rdcrn ‘Thorp Arehr . S York : Worthing . " Sussox
M Kinghorm . . . Fife S M Piteaithly . . Perth Tilbuey . . D Fesex S Yarmouth . " Norfulk ;
M Kings Cliffe . . Northampton © 8 Porteballo . .. Fdlinburgh Torquay . . .« .+ Devon Yarrow , . « Selkirk :
M Kinoulten . . . Nottingham 8 Tortrush. . . . Antrim Tewyn” . . .+ .« Merioneth ’
Al Knaresborough .« York, W. l!.l . S Port Stewart {;::_llulnmlc-rr.\' f
cnaresdale « .« o Northumberland & M Purten . o . HIE] . . . . ;
N k'r‘:\rf“ﬁ“c " Permanagh UM Radipele o . . o Dursct I purpose dwelling chiefly upon our ignorance of the climates of i
S Largs. . 4 o« o AT © 8 Ramsgate . . . {SN'I: the health resorts,  But, before passing to that, I wish to say a fow Fi
H . ¥ . 'k ] . . . . i
M Lathom . . . . Loneachire PS o Redear o oooo s “".’. " words respeeting the literature of the subject. How is it that we 1
M Leamington. . . Warwick M Lhydryonem . . Meriencth h , . ; s
%  Tehinch . . . . Clare & RN, . . . . Flint havo no standard work in which the merits and demerits of all our i
1% M Lees . . . . » Lancashire M Road ...« Wills mineral springs, sea-gide hathing-places, and health resorts are impar- 4 {1t
e M Lewes. . . . o Sussex M Bomford o . . Fssex tinlly sct for 'I q I
FIHEREEIRRE { . C Drecdrov Dot inlly set forth {
W Lewisham, sce Streatham, S Tosstrever o+« Howh 1 far fu . ine the 1l ands of . o] biti i
. [ nES [ M Lisdoonvarna . . Ulare M S Rothesay. o o Iute am far from agnoring the lo.ubmu.s 0 mol? or less am 1t1ous ﬁ:
R TR §  Littlehampton . . Suseex 8 BtoAndrews }'.'{';-‘t | hooks, cach demonstrating that Slowcombo-on-Sea is equally well i
IEE ,l ‘}} }}1:::112?:1::1 oo (!i:'r'l:'q“rr‘_o" ‘“[ :: (].’}‘::;““"‘ C o i e adapted for a winter and for a summer health resort, that it possesses b
; f :\I ]:If"nulrilui(ul : :IK.:ul:;m' :\ St.. Leonards o« Suswex every natwal nd\'antagc, and that the Bﬂllitﬂl'}' m'mngoment-s are =
s % Llandudne . . . Camarven M St Paneras o . Middlezex perfeet.  Added to this, there is a gradually rising stream of pro-
AmREL :} }‘]!::::la:?:t-l{;immh ' :E'rl(;:::\"\'on 8 Ziuf(il'.{ff" “ )urmln);wm spectuses from so-called hydropathic establishments which, without
41! HEHEN S Ilansiephan . . Carmarthen S Salthurn . . . . Yok exceprion, chant the praises of the places whence they emanate.  But
10 !‘:? M Llanwriydd . .. Dlrecon . 8% Sandown. . . -{!"":* all these are necessavily, inevitably, one-sided.
1 4 :I }f:‘ll"ﬁ:“l"“:':h - :L’;'::l B ;q‘::::';(:t{ C o ot ~ And our general treatises, where ave they? I may be referred to
R ii' ; 8 Jowestoft . . . Suiulk .8 3ark . . . . .Sark Siv James Clavk's Sanative Influence of Climate, an excellent book
i M S Luean, . . . . Dublin : M8 Searborongh . York for its date, but the last edition was issued thirty-four years since, and
tH 8 Lyme Begis. . . Dorsct (5 Reaford Lo, QS it only devetes 70 pages to British Health Resorts.
i $ Lynmouth . . . lkven b8 Seaton. . « « Devon . s o . . . .
i S Ivnton . . . . Deven '8 Seaton Carew . o Durham Dr. Granville’s Spas of England, 3 vols., published in 1841, is
iy 8 Lytham .. .. Lancaster b3 Shadwell. . ?}“":'fscx far more voluminous, but if the gossip and verbiage were struck out,
Al 32{:{:3::’ C o R B/ ;’::;;“ Mo Vestmoreland it would leave little, if any, more information than is given by Sir
M Malvern » . . . Worcester ©'§  Sheerness . . . Kent James Clark; and all of it, be it remembered, is forty years old.
S Magate . . . . Rent By g}liﬂlel“‘]‘i‘cl't- .o ?,‘:g:’:;:l e more recent works, though I do not wish to say anything
A Q{r‘;‘l‘l';i"‘{"“ R i é‘ e 50" Devon against them, leave much to be desived.  What have we to compare 4
M Melksham . . . Wiltihire . 8§ Siloth . . . . Cumberland with Lombard’s 7raité de Climetoloyic Médicale, in three or more i
M Middleton . o - ])2}1.';‘}:,‘ p ! R{ ‘:ll‘i!"l“'f Gel }g;‘ﬁ' R, }:' volumes? with Dr. von Graefe's Jakrbucher fiir Deutschlands Heil- A
M l\é:gg:g:g?x' e armanthen. | M G, L Mmts guellen und Secbider 7 or with the sumptuous quarto published for i
M Middlewich. . . Cheshire | 8§ Southend. . . . Fssex several years in Paris with the title of Album universel des Faux i
S Miltown Malbay . Llare P9 2"“3‘1’?'13 - {l'l‘ﬁz{'ﬁte" Minerales, des Bains de Mer, et des Stations &' Hiverd ;i
?{ ?1’,'38‘ ol i}l:;:lecﬁ:cter i MS é;;ltni“.o .+ . . Northumberland Not one of these, however, comes up to my own idea of what is 1
M Moffat. . . . . Dumfries M Springkell . . . Dumfries required, and, what is more practical, of what I believe it would pay ’ 3
S Moreeambe . . . Lancashire M Starbeck . . . . York, W. K. to publish. In the first place, I do not think that any one person is 3
Phi
s 4]
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250 METECOROLOGY AND GLOLOGY,

competent to write the ook, Decause (and T like to prove eacl: propo-
sition I lay down) it would not bo casy to name n person who wouhl
command universal respeet as (1) a physician, (2) 0 water analyst,
(3) a geologist, (1) n meteorologist, (§) a sanitary engineer, and (G) a
statistician,  And 1 hold that a proper, full and trae report upon Seay-
borough, tor example, ought to contain data on all these heads, and it
ought to give a map (with altitudes) of each town on thoe seale of at
Teast two inches to tho mile, one or two views, and details of the
water snpply and drinage,

Let me, however, say a fow words as to how I think it possible to
carry out this scheme to its full extent, ind to definy the cost of the,
perhaps, halfa-dozen volwmes which it would fill,

In the first place, everything should bo done to suppress the per-
sonal element in the book. 1t should be bronght ont wnder the
auspices of somo publie boldy—perhaps a commitfee comprising repre-
sentatives of the leading Medical, Sanitary, aud Seientific rocicties
wonld command the widest respect.  Then there must bo one editor
in chief, and sub-editors for cach of the branchies already named.
And every paragraph throughout the volume should be initinlled, so
that no responsibility bo shirked.

As the preliminavy basis of the publication, an exhaustive series
of questions (together with an explanatory note). should be sent to
the ofticial representative of ecach town—tho Mayor, where there is
one; whom failing, the Chairman of the Loceal Board ; or, in the nb.
sence of both, the leading medical practitioner,  But theso statements
would merely serve as a basis; thero must be a personal visit by an
inspector appointed by tho committee, and information must bo col-
lected from all possible sources.

As regards the mineral waters, properly attested specimens must
be taken of each, and all must be analysed under the supervision of a
single analyst, and the results published on a uniform system.

I have not shown how the cost of this is to ho met. Probably it
would not be more than the sum spent yearly in advertisements by
two or thice of the largest hydropathic establishments,  Sce, for
instance, the hundreds of hoards respecting Ben Rhydding at the
railway stations thronghout the country. Fifty pages of adverlise-
ments in the last volumme would do no harm to the book, and there is
searcely any price per page at which it would not be profitable to the
hydropathic establishments and the lavger hotels to insert illustrated
prospectuses.

Such a work as this would be a necessity for the consulting phy-
sician, and would be of great interest to scientific men; well illus-
trated, and treating as it would do of many of the most beautiful
spots in owr country, it would find its way into the homes of the
wealthy ; and, as the standard authority upon the suliject, it wonld
find a sale on the Continent, in our Colonies, and in the United States.

I am aware that I have sketched a large, and perhaps I shall be
told a visionary, scheme. Be it so. There is no harm in placing upon
record that which is expedient, even if we cannot carry it out at once.

will be accumulated,

‘We have pointed out the data required, and in the course of time they

B
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And now for the Climatology. Of course, one essentinl feature of
the work is a full report on the climate of cach health resort. T am
sorry to say that that is what searcely anyone ean give. This is n
sweeping statewent, which, of cowrse, I must prove to be true. In
thoe fivst pluce, to show you that this is no temporary whim on my
part, I ask permission to read a pavagraph which I wrote in 1866,
and published in 1867 in o little hook (long since out of print),
entitled Kain, How, When, Where, and Why it 18 Measured :—

‘It would bo of immense henefit to tho medical profession, and the
public at lavge, to know with truth and absolute impartiality the
relative climates of owe various health vesorts : bub at present very
little is known, There anve o host of local treatises on “The Climate
of Blankwater,” &e., but they ave mostly advoeates of the place from
whenee they take their title,. We have alko some general freatises on
the subject, but they are neeessarvily based on the retwims made by
persons interested in the populurity of the places in which they reside,
and most of them have placed their instruments as well as they know
liow, but the result is diverse indeed,  How, then, can the indications
of their instruments be comparable?  Moreover, there have been
caxes strongly indicating a desive to “mnke things pleasant,” by slight
departures from impartiality in recording the observations, and hence
(unjustly) there i3 n widespread want of confidence in yeturns from
fushionable health rvesorts,  This should not be.  Might it not be
removed by the local authorities at each appropriating a small portion
of open space to the crection of a set of meteorological instrwmnents,
properly verified and properly mounted, and having them regularly
recorded by one or more persons?  Let the hook of observations be
always open o public inspeetion, let whoever takes the observations
add lis initials, and let the instruments he always veadily accessible
on application.  This proposal might cost cachi town £L10 or so, not
more, and it wounld soon confirm the accuraey of most of those, on all
of whom the records of some have cast suspicion.

The great defects of the meteorological observations of bygone
years arvixe from the fact that the importance of absolutely identical
methods of observation and record was not fully realised, or, at any
ute, was not acted upon. It may have been thought that with a
stall’ of voluntary observers it was diflicult to ensure absolute uni-
formity, that if a paid observer breaks rules the matter is soon recti-
ficd, but that when the observer buys all his instruments, and offers
of his own free will to send you copies of the observations he makes,
it is less easy to obtain strict uniformity. At least, I suppose it must
have been so, though my own experience of amateur observers is that
they will do almost anything that they are asked. However, what~
ever may have been the cause, there is no denying the fact that abso-
Iutely rigorous identity in the mode of observation is of very recent
date. But since getting n Royal Charter, proper oftices, and a paid
stafl, tho Meteorological Society has being doing everything in its
power towards ascertaining the precise characteristies of English
climate. It has now between 80 and 100 stations, with identical
instruments, all mounted uniformly, all read at the same instant of
local time, recorded and in overy respect discussed upon a uniform
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I§ : system, all the instruments tested and verified, and every station  § o /’ . I
b : visited by the Socicty's inspector, It A j do i+ .
: A mup of the stations and a set of the instruments ave now beforo R \ Py STATIONS INRIEI
B E3)) you, And from the former you will now see what is the deficiency ! ,1? - 0¥ THE el
g ! which T wish to sce reetified. Tuko the coast from the Thames to the u L Ui
11! ! Laud’s End.  We find tho following sea-bathing places without any ol /// ('L N METEOROLOGICAL SOCIETY 5 LAY
- : % RV A 188() SR
1H ¥ ! records being sent to the Society umpectmtf theiv temperature or ] e A
BELL L1 _ humidity :—Herne Bay, Westgate, Margate, Broadstaivs, Deal, Dover, 1y 0. \ T NI
IR ; Folkestone, Sandgato, Hyllm, Hastings, St. l.a'muu'ds, S('ul'urd, ‘ {3 f[ Sccond. Onder Stations. e
g BAEL | Brighton, Littlehnmpton, Bognor, Ryde, Sandown, Shanklin, I'resh- g Almmu ° (limatologieal Stations. | NI
: water, Weymonth, Charmouth, Lymo Regis, Axmouth, benluu, Ex e y . ' _ *’% i
i1l gk mouth, Dawlish, Looe, and Penzance, Twenty-cight places on tlw | : Stapleten . L
|| |88k ; South Coast alone, ench doubtless possessing features different from $ "q“gijb:,m = ' ]
; : ‘ every other, slight probably in some cases -as, for example, Little : \‘Sv\ ,J"‘ j
K1 E ; hampton and Bognor—Dhut oxtremely marked in others, as, for - O,N,"m,,,“,h |
L 1HER EEER I instance, Margate and Penzanee, or—to tako two nearer placeg—-Ryde J r o
AREE S HENEE and Shanklin, : ZD \q Gl
SH I started by stating that T wished to obtain vather than to afford | ft /’f) y I
Bl information, Have 1 not finished by showing a wide ficld for useful 3 |« ~ (St Mickadl's on- n;,u- 5 i
: : ‘, ‘ 1 l : work 1 : i i Rrhpm S
I 0E ] . G. J, Bysios, FILS, x| D e gakrfu ]
1 I : ‘;ii 3 DPresident of the Meteorological Socicly. ‘ il
HilHEE a1l i | g : " Bucto il
1} i ‘"’}% : Mr. Mitcnern held that the scheme proposed by My Symons was : ; Q{ 2 c{,% ‘o " A
1TERER LN ':&; not Inrge enongh—that it was wanting in completeness.  He did not d | ) “lrety. (,,,‘,,';',‘;"'08 OHI (romer 153 i
‘T HERE RS I Sl thnd I v B . . ) 153 - o elper ik
HI R think that it would he possible to obtain one gentleman who could 'z tfj" Leaten f‘g\é P — | i
gy edit the work referred to, and who could also superintend the meteoro- a | L B /~ Oloughbore :”'"f:‘-‘{t“’“’ | it
s R logieal readings. : ‘ L, . k’\ L pomerieyoto S
1] s M. Symoxs replied that the qualification referred to by Mr. A | F wreh Store A Lenibrarth “ T
e Mitchell was contemplated by him.  (Seo bottom of page 219.) ! A . v o el e
‘ s ) ; ) v Berghill: | - . 1 '
- HEE Mr. Ropixs said it would be a great advantage to holiday seekers | " A o - ( 2 Throdkin s2it et b
it ;:f if they could have a report on the holuh) resorts in respect o water- 1 1;"’4 l:)"“ " o (ielteriheure 3 g 1
; LI supply and drainage as well as climate, Carmrthers vty ﬂﬂ{rm‘ ER EH NN
TH i A vote of thanks havi ing been passed to Mr. Svimons, he, in reply g %/ z‘[ge‘/m@w Mb—#g'; B 00‘"¢»M2d R _
LR 3 ol to some questions put h) \Ir Parfitt, stated that’ lhou"h the colonr } ! i i —%' cele i L H
il 131 in the liquid of the minimum thermometer might faulu yet the ac- ; - e e o, am OTmbridoe HRAEN I .
i 33l curacy of the instrument was not lessened. The Bpmkcr also pointed ; ol ' "(‘; o TR g Nere %“’b o"““‘rﬂ I@,anwﬁ sf NIRRT -
HEREI L RN out that there was room for a great deal more information being ; N bhua e '9'"'"3{0 ' - ST 1
HUREERED I gathered about health resorts on matters of vital importance. : e oa‘"‘""‘"" &m? B R
HEBIHE : O oo S5 -‘%v;uoh 0 A
; Maker e, e, < '9 * SIEREAINN -
! ﬁQ "”‘w; ' sy -
B ) b %«.”"" i T T
f I (ﬁ;f /f [ G
On the Amount of Organic Impurity contained in the | | i
Water of the Exe at Certain Points, in its q || Cuernsoty Mi_\ ! i
. , ' ; "‘x H i I H
Course from Tiverton to Stoke Railway Bridge, ' y o] .
near Exeter. g * BT NRN
Hap it not been for the kind co-operation of Mr. Percy Boulnois, the ' D e e reag b0 Fast I Lang  » | "j‘ﬂi
City Surveyor, these experiments would not have been undertaken. { i ! . = L 1ot
i |
lk. fface poge 571 i
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PERKINS ON THE ORGANIC IMPURITY OF THE WATER OF THE EXE. 253

Mr. Boulnois furnished me with ten of the specimens of water
examined by me, nnd I believe he will have something to say on their
collection. I am aware that experiments such as these have leen
condueted before, and that attempts have been made to exhibit the
rate at which the oxidation of organie matter in rvivers ig effected.
Firgt among such experiments ave thoso of Professor Miller, and the
observations of Professors Frankland and Tidy, in the same direction,
aro fresh in our minds,

For the performance of the present set of experiments T have relied
on the oxygen or permanganate process, as elaborated by Dr. Tidy.
Tho results obtained have heen confirmed by evaporating (with
cerlain precantions) a known volume of water, huvning the residue,
determining the ameunt of CO? ¢volved, and from this ealeulating the
proportion of ovganic carbon.  For this pmpose I have employed a
modification of Professor Dittmor’s method, described by me in the
July number of the ¢ Analyst.” I will now eall your attention to the
annexed table exlibiting the results obtained, the amount of impurity
heing expressed as ¢ oxygen consumed,’ or ¢ organie carbon yielded,’ Ly
100,000 parts of water. Dr. Frankland, in his new work on water
analysis, hng ealled attention to the relation existing between foxygen
consumed ' and ‘organie cavbon’ as exhibited in the waters of the
Thames and Lea.  The figures obtained in these analyses confirm
this relation in regard to the Xxe. 'The constant multiplier for the
conversion of ‘oxygen consumed’ to ‘organic carbon’ is found by
averaging the second line of figures,

Dr. Frankland’s experiments gave 2:38, while these give 2:61:
the difference is probably due to less delicate manipulation on my
part.

Starting a mile above Tiveiton, we find the water of medium
purity ; No. 1 requiring ‘0718 parts of oxygen to oxidise its organie
matter.  About 100 yards below Tiverton, after the water has been
polluted by the sewage of the town, and hag passed through the mills,
the amount of oxygen absorbed is—as might be expected—larger,
being 0873,

At two miles below the town it is still more polluted, and the
amount of oxygen it now takes is -0929,

After flowing over a stony bottom, and just above Bickleigh
bridge, in still water with plenty of weeds, wo find the organic matter
considerably reduced ; the proportion of oxygen consumed being -0738.
Passing on to that taken below Bickleigh mill-stream, the amount of
impurity ngain increnses; for the quantity of oxygen required is -0859.
But the cause of this is at once apparvent. The water of the Dar,
which flows into the Exe, about one mile above the place from which
the previous specimen was taken, is very foul, requiring not less than
207 of oxygen for the oxidation of its organic matter. The water
now passes over a gravelly bottom, and ripples over natural weirs,
and at Bourne mills, just below the junction of the Bourne, the water
becomes much improved in quality. At Thorverton it appears to be
again slightly fouled, but recovers itself by the time it reaches Nether
Exe, after flowing over a weir. At Stoke railway bridge the river is
much deeper, and is not quite so pure.
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254 METEOROLOUY AND GLOLOGY.

There aro two points gained in this examination.

Ist. That were it not for the dirty river Dart, the water supply of
Exeter would be much better than it is.

“nd. That Nature's process of oxidation, ns carvicd on in rivers,
is, under favourable cirenmstances, anything but slow. Tet but the
water tumble over n weir cr ripplealong a stony bed, or let thero bo an
abundant growth of plants, and we find, oven in a short course,
great chango for the better.  This is well iilustrated in the flow of
the river from the Dart to abovo Thorverton, wheve the bed is vocky,

Even at Tiverton, after the water is churned up by passing through
the mills, it must come out purer than it went in; for water taken ut
tho point where the sewngoe is delivered inte the river would bo much
moro contaminated.

In tho decper parts of the stream, oxidation seems not to be so
rapid.

No laboratory experiment, however skilfully devised, ean ever
approach Natuve's process.  Hero is a xiver, open to the air, and sub-
jeet to the variable yet constant action of heat and light,  The supply
of airis unlimited, and changing momentarily ; overy breeze that is
wafted over tho surfaco of the river hringing the purifying oxygen in
contact with the effete matter, and every ripple showing its decompo-
sition, The constant evapomtion from the surface, and the continual
molecular change that thereby ensues, must bo ¢he means of breaking
up organic compounds, nnd also aid materially in purification,  The
old saying, then, that * running water pwrifies itselfy’ is true; but for
rapid purification, the water must be brought into close contact with
the air or with oxygen. I conclude these notes with tho remark that,
although the Exo is not perfection, it is not the sewer somo imagino
it. As it is, it bears favourable comparison with nny of the rivers of
the kingdom; and when its water is carefully filtered it reaches a
Ligh standard of purity.

Specimens of Waler from the Exe—dmount of Organic Impurity
in 100,000 parts.

No Where obtained Oxypen consumel X g = ?L‘E:‘;’:gﬁ:‘;
1 One mile above Tiverton . .| 0718 x 227 = 363
2 Below Tiverton . . . . 0873 x 281 = 216
3 Two miles below Tiverton 0020 x 2903 == a7
4 | Above Bickleigh bridge . D788 x 241 = 190
b The Davt . . . . . . . 2070 x 211 = 436
6 Below Bickleieh mill-stream | 0859 x #1868 = 272
7 Bourne farm belowthestream | 080 x 2 =2 218
8 Thorverton abore the weir D831 x 26 = 218
9 NcetherExe, . . . . . .} 080 - — — —

10 Stoke railway bridge S} 0831 — — - —

11 Dane’s Castle Works ., . . '0715]

12 From service-pipe supply- » 220 = 164

ing laboratory. . . . —_— f

Fraxk P. Perkixs,
Public Analyst for the City of Excter.
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Mr. 1L, P, Bouwxois said he dosired to add a few remarks in
addition to Mr, Perkins’s valuable paper. The samples of water to
which Mr. Perkins referved were taken by him on August 16, 1880,
tho water in the river being abnormally low. In taking tho
samples ho noted the velocity of the flow of the water, the character
of the bed of the river, the appearance of the water, its depth, and
other pmrticulars, which ho would describe. The samples were all
taken from as near the centro of the river as possible, but unfortu-
nately he had no appliance with him for registering the temperature
of the water.  The fifth sample referred 1o was taken from the stream
called the Dart, near its junction with the Xixe at Bickleigh Bridge,
ity velocity nt this point heing at the rate of 3-2 feet persecond, depth
6 inches, the hottom, which was of a gravelly, stony nature, heing
covered with a slimy, dnrk deposit or vegetation, giving to the water
a grey, dark hue.  This deseription gave an idea of the appearance of
the stream nnd of the small rivulets joining it for about three miles
above tho confluence of the Exe, Thiystream rose on Gibbet-moor, on
tho outskirls of Exmoor, and closo to it rose the Littlo Dart, which
flowed westward, but both theso streams were quite distinet from the
well-known river Dart, and were not to be confounded with it. The

stream from which the snmple in question was taken flowed 8. and 8,
by 1. till it joined tho Iixe. It passed, apparently, exelusively
through pasturo land according to tho Ordnance Map, and could not
receive an nmount of contamination from dwellings suflicient to giveo
it the bad character Mr, Perkins had assigned to it, no populous place
Leing in its vicinity.

The presence of such an excessive amount of
organic carbon must, therefore, bo due to peat. He had not yet had
an opportunity of inspecting this stream throughout its entire length,
but he should be now tempted to do so after hearing My, Perkins's
paper.  With reference to the attack on the water-supply of Exeter
made in the letter from Dr. Bankart (Sce ante, page 240), Dr. Ban-
kart complained of the source from whence the water eame, and
that Tiverton drained into the Exe. Tho paper just read, he thought,
clearly proved by actual facts that the water of the Exe, as supplied
to the inhabitants, was as pure ns it could possibly be expected to be.
There was no doubt that a large comprehensive gravitation scheme
for bringing water from either Exe or Dartmoor would be » great
thing for the city, but it would probably cost over 100,000, With
referenco to the question of a constant supply, he, and he believed
the wholo of the Town Council, were anxious to see this boon granted
to tho city ; hut the matter, to a certain extent, rested with the citizens,
In some districts he had discovered waste to a certain extent of 75
gallons per head, and it was impossible to give a constant supply
whilst that waste continued. Bye-laws, however, had been prepared
to meet the case, and only needed confirmation; but he was afraid
they could not get it until they were ready to give a constant supply,
which they could not do until the waste was stopped.

The PresipenT said 16 was only fair to give Mr. Boulnois an oppor-
tunity of answering the letter, but he observed that the letter said,
in spite of byo-laws, the Exe river rcceived at one spot the excreta of
several thousand people,
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5 _— ; cer -erton discharge . . .
i s . Tt]lm SURVEYOR ndmitted that the sowerago of Tiverto ged I would propose to combat this great danger of the intermittent
: Hi into the viver. . systems by ventilating the main or mains from abo 1 by intr
t ‘. feaoNg &) Town Counci  to put the law in AYS% Y . D .- jams V0, anc by Intro.
! D Mr. Syaoxs said the Town Council had ?“l-\.m ll c o this ducing n V-shaped pipe, as an anti-suction valve, at the junction with
: IR force to compel the peoplo of liverton to refrain from doing this,

Mur. J. Daw said he must give the people of Tiverton credit for every houso pipe or othor outlet.

stop tho supply.  T'o obvinto this, in such cases, I would propose that
at the bottom of the v there should bo a serow plug for cleansing and
washing out any deposit brought down by the water.

For ventilation of the water-main from above, 1 would propose,
at a point immediately helow the cut-off cock, to introduce & venti-
lating pipe which could be led up the side of & house or be fixed to a
post, as convenient, at such a height and in such a position as to
admit. pure atmospheric nir. At a convenient distance above the
ground, say & feet, a Lox or chamber would be interposed in the
pipo containing a floating valve, so fixed as to close the ventilating
pipo when the water was turned on, thus preventing any waste ; when
the water was turned off, and the main began to empty, the valve
would full, and admit pure air to the mains and pipes '

I . Wo will take tho latter first. Where tho water supplied is pre-
wh g s, T Mt water into the town so as {o ) . . ! cr supy S p
e 0n0] ﬂll]",‘,-_.-‘ 1?“’): ]"“}l l?l:i’}%’ ' ]fjll;(:ill% ;0“‘.‘];‘ l(by washing nll the sewage viously filtered, it may consist of a simple bent pipe giving a dip of,
ik i !luts ltlt 1011‘} sewors and purily 5 sy, 1 fuot,  In su]mll towns and villages where the water is supplied
i EERI into the Exo, o - i o the it unfiltered from a large collecting tank or reservoir, and where the
il | A JON-} :s'isSI-lenlﬁ{ cl.fotllllgcg:;?t?' u}g:l{iktlﬂmtz ll)::&:ao(-;cl::’n( lh:;(i:;: water frequently earries with it a certain anount of grit, the hottom
{h came into comrt it would S8 of the v-pipe wonld of course, in time, Lo lirblo to get filled up and
i themnselves,
|

Mr. W, MorTixei said the civcumstances of "I'iverton and Tixeter
were diffevent.  Exeter was situated at the outlet, and there wus no
supply taken from the river below tho eity.  One of the reasons why
the authoritics had not found a remedy for the water-supply beforo
was the belief, which ho hoped tho diseussion of that day had dis-

rsed for ever, that there was a sufticient supply })ellozxtll their feet.

A voto of thanks was then accorded My, Perkins for his paper.
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The great danger of the intermittent system avises, eaferss
paribus, from the tendency of the system, v..'hc-n.t-he supply is turned
off, to produce in the water mains and service pipes a partinl vacuum,
tho result being that these mains and pipes become rapidly filled

temperature of tho dwellings and underground being greater than that
of the atmosphere, wo should soon have n backward curvent of air
established, with tho consequent risk of the inhalation of impure.

' T 1 Such is the plan ; and it requires, I hope, but little explanation.

2 ) ‘1 L) P ) p

33. On the Ventilation of Water Mains. While the ventilating pipe at tha head of the main will admit a free

1 ! ly of fresl 'iél}ll tem, tl i being full of water, will

Boil . . s . 1 supply of fresh air to tho system, the v-pipes, being full of water, wi

i et oo oo SR e v gt

LB AR Wi f C ! 8 CquALY PUrt outlets of tho water systen,

E; r 1;11t0 511 cc:rns‘tarilrt;l?g:g:ioi.:l)’aﬁflllili“()&wf;litltlg&l I:‘;:S:_‘ tsf:;](?l;r‘ “l:]n:}(],szoﬂil-::: Tt will still ho possible, of course, to have a leakage of impurity
AR the dangers Infh h tho water itself—only with the system—thanks to from the surrounding soil throngh a hole or fault in the main, but as
IR R IR nothing to do with the water itsel Y SR 1 this must also lead to & leak of water from the main, it is likely soon
R B the imperfect details which ave still permitted to be can ied out and to bo discovored.

R the evil results of present faulty S)'St]" . . < if possible The ventilating pipe without the v-pipes would not suflice; for
g% ! " The question is, how to obviate these dangers, i possible. when the water had run out and the system was filled with air, the
1oy

by suction power, or, I should say, by the e:\:tcrnnl pressure, with
a lenkage of air and soakings from more or less impure sources.
Were the mains and service pipes and taps all good and eflicient,
this leakage would not be so dangerous ; but, unfortu.lmt.c]y, they m'(:.
not, and we must tako things as they nve. The wlust.lmg_sound 0
the air rusbing back through the house tap into the servico pipes when
the supply is cut off is, I am afraid, only too familiar to most of }IS-‘
When this occurs in a sink tap, or a direct service closet tap—ior
such things continue to exist under the conservative encrgy of too
many sanitary authorities in their cfforts at local government—wh;}u
such occurs, I say, we, as sanitarians, know only too well what the
risk is—the absorption of foul gases into the water, rendering 11t a
suitable fiuid for the production of diarrhea, enteritis, or fever. Now

-

gases,

It has become manifest in the present day, that, Loth in our
mtional foreign policy and our private domestic aflairs, economy
must be a ruling prineiple in all things; and thus we find that, in
many instances, n constant water supply is nccessarily vetoed on
account of the expense. It remains, then, for science to help “the
powers that be” out of the many difliculties which finance imposes
upon them. I lay my first-born before you with fear and trembling,
but not altogether without hope.

F. L. Stepnexsox, M. B.

Mr, BourLxois said he had listened with great interest to the
Paper, In the present intermittent system that prevailed, on account
of the cost of a continuous one, it was frequently necessary to empty

s
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the mnins as deseribed, and no doubt foul nir entered thom. 1o
considered {ho ¢ V' pipo or syphon a good idea, but with regardta the
elabornto process for ventilation, ho thought it could bo dealt with by
means of ball-hydrants,

My, STEPHENSOY, in answer to a question, said that ho proposed to
put the ¢ V! syphons in every house, otherwiso the peoplo would not
do right.

Mr. Bouwxols said thoy could get byo-luws made.

Mr, Sterngssoy said thoy could not get bye-lnws enforced in small
districts, tho authorities being afraid of their powers.

Mr. (GraxTHAM also thought the pipo proposed wonld ho good, hut
he doubted the ventilation.

A voto of thanks was accorded Mr. Stephenson for his paper,

At the conclusion of the section a vote of thanks was given tothe
President.

CIRCULATION OR STAGNATION

BEING TIIE TRANSLATION OF A PAPER BY F. 0. WARD

ox TR

ARTERIAL AND VENOUS SYSTEM FOR THE
SANITATION OF TOWNS

WITH A STATEMENT OF TIE PHOORESS MADE SINCE TIEN FOR ITS COMPLETION

ny

EDWIN CHADWICK, C.B.

LATE CHIEF EXECUTIVE OFFICER OF THR FINST GENCRAL BOAND OF HEALTH

T I T e a1y

RS R L T PO F

Uhersrrlak




iy 1

L ey T =gt

ST
AL, o g e’
' -y

g TN P R

gy A

T i AT U P

et B

.

L E e S e ey S

g

PRIEFACE.

Is my report on thoe sanitmy condition of the Inbouring population of
Great Britain, in 1842, I made the following statement of information,
the result of extensive inquiries :—¢ Within many of the towns we
find the houses and streets filthy, the air fetid, disease, typhus, and
other epidemics rife amongst the population, bringing in the train of
these conditions destitution and the need of pecuniary as well as
medical relicf, all mainly avising from the presence of the richest
materinls of production, the complete absence of which would in a
great measure restore health, avert the recurrence of disease, and, if
properly applied, would promote abundance of production, cheapen
food, and increase the demands for beneficial labour. Outside the
aflicted districts, and at a short distance from them, as in the adjacent
rural distriets, we find the aspect of the country poor and thinly clad
with vegetation {except rushes and plants favoured by a superabun-
dance of moisture), the crops meagre, the labouring population afilicted
with rheumatism and other maladies, arising from damp and an excess
of water, which excess, if removed, would relieve them from a cause
of discase and the land from an impediment to production, and if con-
veyed for the use of the population would give that population the
clement of which they stand in peculiar nced, as & means to relieve
them from what is their own cause of depression, and return it for
use on other land as a means of the highest fertility.

‘ Later investigations have established two general conclusions
applicable to the subject: That in towns all offensive smells from
the decomposition of animal and vegetable matter indicate the genera-
tion and presence of the causes of insalubrity, and of preventable
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disease, at the same time that they prove defective loeal administra-
tion.

¢« And correlatively that in rural distrviets all continuous offensive
smells from animal and vegetable decomposition indicato preventablo
loss of fertilising matter, loss of money, and bad hushandry,

‘Of thoe first of these propositions any ono may convinee himself
who will visit the spots most frequently aflicted with typhus and
other epidemic and endemie diseases, where e will find that his own
sensations, without any other divection, will commonly indicate tho
chief scats of insalubrity. Such indications nve given by tho sicken-
ing scnsations oceasioned by breathing air rendeved impuro by the
admixture of erganic vapours arising from decay, ns well as by pungent
and offensive stinks; for though the stinks always indicato danger, it
does not follow that there is no danger when there are no such warn-
ings. Tho danger is often greater from foul aiv, which less strongly
aflects the olfactory organs.’

The enginecring and mechanical means for effecting these ohjects, of
which I had maden long study, constituted an avterial venous system of
sanitation for the relief of populations, and were comprised in various
papers, first at the Consolidated Commission of Sewers for the metro-
polis and the Metropolitan Sanitary Commission, but chiefly in the
report of the first Ceneral Board of Health in 1850 on the supply of
water to the metropolis; then in the ‘minutes of information on the
drainage of land’; and the ‘ minutes of information on the drainnge
of houses and towns’; and the ‘minutes of information on the
practical application of sewer water and town manures to agricultural
production’ issued by that Doard in 1831, This system so de-
veloped was early comprehended by the late M, I, O. Ward and
ably expounded by him, when attending with Lord Ebrington (now
Earl Tortescue) ns delegates at the Congress on Ifygieno leld ab
Brussels in Sept. 1852,
myself, as it wonld give the opportunity of attacks on the principle by

By my wish hoe abstained from mentioning

attacks on the person propounding it, as is the common practice.
But that reason has very much passed.

Reference was made at the last International Congress held ab
Paris, to Mr. Ward’s exposition of the system at Brussels, where it
appears to have been followed with good effects. But the principle
of the unity of the works in question, so needful for their efficiency,
is as yet so little understood, thatit is of importance to take occasion
to republish his popular exposition of it, with the addition of what

CIRCCLATION OR STAGNATION, 9

may b taken ns a varied exposition of it as it is presented to my
view ab the present timo, comprising the chicf points of progress in
canitary art ind scienco for its completion since it was first made.

Epwix CuaAbpwICK.
EAST SHEEN, SURREY,
()t, 1880,

In answer to the announcement that I proposed to republish the
paper vead ab tho Congress on Ilygiene at Brussels, where Earl
Fortescuo was present and took active part, I have received the
following note from his lordship :—

 Castle Hill, North Devon: Oct. 6, 1880,

¢ My dear Chadwick,—T rejoico that you should have thought of
veproducing in Inglish the very able exposition by our early friend
and condjutor of tho leading prineiples of sanitation, principles long
ago vindieated by him in speeches made in » foreign language and in
a friendly foreign capital, to which I remember listening at the time
with sympathy and admiration,

Subsequent experience seems to have confirmed the general
soundness of the conclusions which he so pointedly set forth in his.
little French pampllet more than a quarter of a century ago, hut
which, in the present state of uncertainty and confusion of the public
mind, scem to be still treated as debatable questions, instead of’
truths avrived at both by deduction from first principles and induction
from a constantly increasing body of satisfactory experience. 1 say
“goneral soundness,” beeause it can hardly be aflirmed thatas regards
agriculture the diffusion of sewage manure through pipes has hitherto
been profitably earried on at the distance from towns or to the extent
anticipated by yowrself and by our somewhat oversanguine friend ;
though in particular cases where the rainfall has been excluded, where
tho length of the tubular channels has been moderate, and the work
las been cavried on with practical agrienltural skill and with due
attention to economy, the system has been proved, and will yet, I
Lelieve, inereasingly prove, profitable.

¢ T trust his vivid deseription of the Civculating System, with your
notes and additions, may have a wide circulation, such as the import-
ance of the truths therein set forth deserves. For, such is the amount
of prejudice and real or supposed self-interest arrayed against them,
that they require constantly reiterating, and their practical influence
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204 PAPER BY MK, CHADWICK,

upon the weal as well as wealth of the community again and again
brought home to the public mind,

¢ Heartily wishing you success in this renewed effort to diffuso tha
sound doctrines which you began promulgating very nearly forty
yoars ago, I remain,
‘ My dear Chadwick,

‘ Yours sincerely,
‘ FoRTESCUE.

CIRCULATION OR STAGNATION,

PRIEFACE by TnE EDITOR
TO
TIIE BELGIAN LDITION OF THE PAPER.

._.Qo:o:oo__

 Cireulation or stagnation?’ Such is the neat and coneise form
in which Muv. I, O, Ward and his colleagues have just put the sani-
tary question before the Congress of General Hygiene at Brussels.

In reproducing under this title the two principal speeches of this
saitary reforimer, we believe that we shall render a service to all
who aro interested in this great cause—the cause of humanity at large.

Continuous circulation is the fundamental principle of English

sanitary reformers.  According to their theory, the main conveyance
of pure water into towns and its distribution into houses, as well as
the removal of foul water by drains from the houses and from the
streets into the fields for agricultural production, should go on without
cessation and without stagnation either in the houses or the streets.

Iience they would do away altogether with cisterns and cesspools,
which My, F. O, Ward designates as ‘two congenital forms of pesti-
lential stagnation ;' and wherever the double movement of water and
sewage is hindered by the flatness of the land, they maintain com-
plete cireulation by steam power. It is at this last point especially
that, nccording to Mr, F, O. Ward, the new system of drainage coin-
cides with the general progress of the nineteenth century.

¢ Ilygiene by steam power’ (we quote his exact words) “is at once
the logical extension and the necessary complement of locomotion by
steam power, which has of late been organised throughout the whole
of Europe, The steam engine, which has alveady quadrupled the
means of transporting products from one place to another, will now
quadruple the produce of the matter transported. This new applica-
tion of the great invention of Watt will before long effect the same
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e happy and astounding transformation in our domiciliary and agricul-
tural mrangements as it has alveady produced in nearly all tho other
{ branches of industrial art.’

As to the method of thug applying steam to the service of public

hygiene, it consists chiefly in tho establishment of n vast tubular

‘, system.  Miw I, O, Ward hag given us o vapid sketeh of the physio-

\ logical amalogies and materinl ovganisation of such & system,  In tho

3 words of this eminent sanitary voformer ; ¢ the discovery by the im-

: h . T \J } T INTY AT A

; mortal Harvey of the cirenlation which goes onin the individual hady GENERAL CONGRESS OF IHYGIENE AT DBRUSSELS,

.

has prepared us for the reception of the strictly analegous and fruitful FIRST MEETING, SEPT. 20, 1852,

discovery of the eirculation in tho social body. —tr—

: Conceptions such ns these, based as they are on numerous experi-
; ments and very positive results, deserve undoubtedly the impartial ADDRESS OF MR, F. 0. WARD,
investigation which My, ¥, O. Ward and his colleagues solicit,

Let, then, these conceptions, theso expeviments, and these results

aa

¢ (tentlemen,—Defore we separate, I heg permission to bring beforo
you very briefly the chief point of the new sanitary system—the
svstem of eiveulation us opposed to stagnation—which we are here,
my honowrahle friend Lord Ebrington and myself, to submit to your
consideration. 1 shall not he able to treat the whole of the subject in
one discourse, nor even in the sub-sections of the four sections in which

What answer, then, must we give to this question, so conciscly we carry on our deliberations, and of which I have been obliged, ac-
formulated, and apparently so simple, but of which the scope is cording to rule, Lo choose one part to the exclusion of the threc others.
immnense :—*¢ Circulation or Stagnation ¥’ , I beg you, therefore, to accord me your attention for a short time.

(From all parts: ¢ Speak, speak.’)
P (ientlemen, this now system upscts many old ideas, in order to
replace them by principles which, taken all together, constitute an
entirely new combination. .

"Fhus, for instance, this system, of which the fundamental basis is
the incessant eivculation of the water, which enters o town in o state
of purity, and the equally continuous motion of the fouled water
: which leaves the house and the town, adwmits necither cisterns nor
! _ cesspools, which ave, as before stated, two congenital forms of pesti-
: . ' ' lential stagnation.

: Furthermore, this system, which has for its object not only the
carrying away of the fertilising matter which hitherto has been allowed
to remain for a longer or shorter period in the midst of human habi-
’ tations, but also the application of this matter to the use of agriculture,
| and its transformation from a source of disease and expense into one
o 3 of riches and nourishment. This system, I say, does not allow (un-
| less provisionally) the discharge of excrement into vivers—a process
which we regard as deplorable waste.

To prevent this waste, and to replace it by fruitful circulation, we

be carefully examined.  Let the press and the public join in the dis.
cussion of them, 'The schemo proposed to us is no less than the
reconstruction, on principles of o very bold nature, and hitherto bnt
little known, of the material bases of civilisation.
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2068 PAUVER 1Y MR, CHADWICK,

conneet towns and country by means of an immense tubular organisa.
tion consisting of two divisions, the one the urban drainage, tho other
the rural distribution; and these two divisions nre ngnin subdivided
into two distinct parts, the ono arterial, the other venous.

Thus, we construct in a town two systems of pipes, tho ono Dbring.
ing in pure water, tho other earrying oft' this water enriched by ferti.
lising mattor.

In like manner, too, wo lay down two kystems of pipes in country
places, the ono for irvigation, which takes the fertilising fluid to the
crops, the othor for drainage, which cavries oft' the wator after it hias
filtered through the soil, and which, if allowed to remain any length
of time, would make the land mashy.

In the middle of theso four systems of pipes wo place a motive
organ—a cential heart 50 to say—in one word, a steam engine, which
sets the wholo system in motion.

Thus, at last wo sco the sanitary movement and tho agricultural
movement, after having long pwsued their development in separute
though parallel paths, meeting and blending in ono great movement.
1t is from this union that has resulted the vast tubular organisation
of which I Lave just described the brond outline, which is new, and
of which I am about to point out to you some of tho principal details,
which are equally new.

And first, gentlemen, let me give you a fow rapid hints on the
difficult question of the source and of the collection of the water, the
fluid whiel is to circulate in these arteries and veins—the blood of
this immense organism.,

Our system does not admit as suitable sources the rivers from
which the water of towns is usually supplied, nor even the subter-
ranean springs which feed our wells,

According to owr expericnce river water is always more or less
impregnated with organic and mineral impurities taken up from tho
fields which it washes, and the towns and villages through which it
passes.

The water of subterrancan springs holds likewise in solution par-
ticles of all the soluble minerals which it meets with on its way through
the ground.

We leave, therefore, the beds of valleys and the bottoms of wells,
to seek near the summit of hills pure water which has been distilled
hy the sun, and has descended afterwards in the form of rain, either
on the primitive rock, or on its gravelly débris. When the rock fails
to supply our wants, we go to sterile regions—to Leath lands, where
we know that we shall find pure water, our liguid food, preciscly

CIRCULATION OR STAGNATION,

because not containing soluble salts they are incapable of providing
corn and meat, our solid food,

“There, in the silicious gravel which has heen washed and purified
by centuries of rain, wo lay down tubes of burnt clay, or large chan-
nels of permeablo bricks or tiles, most commonly three, four, or five
fet below the surfaco (according to the conditions of the strata), and
theso pipes collect rain-water which has attained its highest point of
purity by filtration through the upper stratum, generally pure sand.

Just as an nqueduct represents an avtifieinl river, so these tubes
may be regarded ag artificial sources—a 1ural prolongation of the
aqueduet, accomplishing for the collection of water what the urban
prolongation has long since dono for its distribution. We might eall
it the capillavy system which brings water to each house,

I come now to the second part of our metropolitan system—viz,
the carrying oft of this water with the excreta with which it may be
charged, n process which, in our opinion, requires equally bold inne-
vations. 'Wo abstain from thoe great and costly Roman constructions,
nowadnys so much vaunted by old engineers for metropolitan tunnel
sowers. Wo do not admire these vast subterranean galleries, which
with their slow carrent and their putrid aceumulations are nothing
more than extended cesspools.  We would replace these semi-stagnant
large conduits by small earthenware tubular pipes, concentrating the
smallest flows, s0 ns fo cairy away all the matter removablo by
water-carvinge as soon as it is produced, at suflicient velocities,
usnally two or three miles an hour, thus removing it from the town
where it would become pestilential, inte the country, where, properly
applied, it is of the highest eflicacy in production.

Wo would have no more emptying of cesspools and cleaning out
of drains by human labour. We would suppress for ever such de-
grading occupations, and where the levels and gravitation fail we look
to steam to supply the inclinations and velocities.

Is it not indeed evident that steam power, which will 1ift a ton of
water to a height of n hundred feet for less than a pennyworth of
fuel, can replace human Inbour as economically in the clearing out of
drains as it has already done in weaving and other industrial pro-
cesses

Let us now cast a rapid glance at the agricultural part of our
system. The same reformation is called for here, on the same prin-
ciple—circulation ; by the same means—steam-power ; with the same
results—economy and health, DManure, henceforth no longer toil-
somely distributed by the hard labour of men and horses, will be
driven in a liquid state either through iron or earthen pipes, or led
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to flow by a preparved surfaco ivrigation mado of cast-iron, where
gutters dug for the purpose cannot be used, and it may in somo cases
emergo throngh a flexiblo pipe and fall on the ground like artificinl
rain. By this means & man and a boy would be able to water no
less than twonty acresa day.  So much for the fivst part--tho arterial
division of tho agricultural system,

With regavd to the second part of tho process—the final carrying
off of the water by drninage—here, too, in default of natural gravita.
tion, steam power now comes to our nid,  For just as steam-pumps
dry up marshes ab an annual cost of four or five francs per 100 acres,
so at an cqually small cost will they earry off the superabundant
water, which, after having deposited its manuvial matter in tho soil,
filters into our drains.  Theso dwins then conduet it, purified by fil-
tration, to the rivers, whero it finally dischavges itsell in ng elear and
sparkling a stato ag when delivered from the hill-top.

Thus in the country, as well as in towns, we mo easily able with
tho help of steam to master the difficulty which has hitherto heen
such a formidablo obstacle Loth to the sanitary and thoe agricultural
engineer—viz,, the absenco of slope to assist the running off of water.

And do not, gentlemen, allow yowrselves to bo alarmed by the
expenso of establishing this new system, which may he ealled hygiene
by steam power. The service of pure water in towns can Lo orga-
nised for n sum represented (all expenses included) by a payment of
2d. a week from each house; and the construction of tubular draing
with tho steam-engine and all accessories, would be eovered by about
the same weekly expense. Tubular organisation in the country is
even cheaper than in towns. It costs no more than 5l. to 81, per acro
for the system of irrigation, and &. to 10/ per ncre for the system of
drainage. I shall, I hope, have an opportunity of proving to you in
detail that the new system may le organised at an absolutely less
cost than the old one, while at the same time it is more productive.
I shall, for instance, demonstrate to you that the mero proceeds of
the sale of our discarded pumps and cisterns would not only pay for
the machinery of the new system of distribution of water in our towns,
but that we should remain with a surplus in hand—a direct and im-
mediate benefit of the innovation.

But, gentlemen, if this were not the ease, if the costs of this new
system were very great instead of being very small, the diminution
of the costs of maintenance in towns, and still more the enormous
increase in the products of the country, would very soon reimburse
s for our first outlay.

In oze of the farms already worked on this principle in England,

CIRCULATION OR STAGNATION, 271

the annual yield of hay has already risen from twelve stacks, which
it amounted to in 1848, to cighty stacks,

Tn another case, in Scotland, n barren tract of sand which was
formerly valueless has produced, since the npplication of steam irriga-
tion, 201, per nero annually,

1 have thus no hesitation in saying that steam-power, after having
quadrupled our means of transporting products from ono place to
another, will eventually, by the new application which we propose to
make of it, quadvuple the produce of tho matter transported. Iygicne
by steam power is thus both tho logical extension nnd the necessary
complement of the system of locomotion by steam power which Euvope
has lately adopted.

''he schemo wo are proposing is in fact nothing more than an
adaptation of the great invention of Watt, to bring about in our domi-
ciliary and agricultural arrangements the same happy and astounding
transformation as it has already effected in nearly all the other
branches of industrial art.

Such, gentlemen, is in general terms a deseription of our new
system, each part of which rests on positive facts—facts, I may add,
acquired by long and costly experience.

The water which falls on the hills in a state of purity, undergoes
a natural process of filtration through sand, enters the rural collect-
ing-pipes, and passing through the aqueduct to the metropolitan
distribution pipes, finds its way to every storey of every house in the
town; whence again, after having supplied the wants of the inhabi-
tants, it runs off, enriched with fertilising matter, which it carries
away before allowing it time to ferment. This manure, driven along
irrigation pipes, is deposited in the soil, leaving the water to pass into
drainago pipes, and flow on to the rivers. 'The rivers conduct it to the
ocean, whence it vises as vapour under the heat of the sun, to re-
deseend as rain on the hills, enter again the collection pipes, and
recommence its vast and useful course of circulntion.

We hope by more detailed explanations in section to induce you
{o study this system seriously, and, after a thorough investigation, to
adopt its fundamental principle—circulation instead of stagnation.”

SUBSEQUENT PROGRESS 01 TIIIE PRINCIPLE OF
CIRCULATION,

In a number of provincial towns, where works have been conducted
on the principles promulgated by our first general Board of Health,
the principles set forth on the arterial and venous system have been
carried out more or less perfectly, but so far as completely to establish
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the principle :—as, for instanco, in Croydon, Bedford, Cheltenham,
and Leamington, amongst others, In these towns tho fiesh water iy
carried into all tho houses ;—the fouled wator, with putrescent matter,
carried out from them through self-cleansing drains and solf-cleansing
sewors, and that fouled water, or the water containing liquefied
manure, is carried divect on to tho Iand.  In most of them, the whole
excreta of the morning is removed within an hour or two, and by
the afternoon is deposited on tho land, not in mechanical suspension,
but in chemical combination. The most completo study of tho prin.
ciplo was given by M. Holbreeht, and the German engineers, and it
is in the cowmso of application for Berlin.  In tho provincial towns
in England where it has been the least incompletely carried out, the
reductions of the death-rates have been from one-fourth 1o ono-third
of the previous rates, with as yet few, if any, of the colluteral aids
which sanitary scienco may yet make available, as the provention
of ever-crowding as in common lodgings, and better warming and venti-
lating schools, medical inspection of the scholars, and systematic
appliances for personal and houschold cleanliness.

Water and Stagnation.

I beg now to repeat for the sake of connection that, ns will be
seen in our reports at thetime when the system wag first propounded,
the rural population, whether living in detached cottages or in villages,
were, as they are mostly now, generally supplied by well water, Unless
the surface of the wells bo deep, such water, by stagnation, imbibes
floating particles of vegotable or animnl matter, and is deteriorated
by stagnation. It is also rendered additionally impure by soakage
from cesspits or from house-drains. It is seldom wholesome, and
often dangerous to drink. The population either drink tea, which
makes the water safe by boiling, or they drink beer, It is rare
for any collection of rain-water to be made. For large towns, the
practice of enginecers has been to collect supplies from the nearest
river sources. These, like the greater part of the supplies of London,
are more or less polluted, by the surface-washings of lands, often of
highly cuitivated lands heavily manured with putrid manure, and
also by the sewage from ill-drained houses. In some instances the
supplies are derived not from rivers but from lakes, and obtained from
the surface washings of uncultivated uplands, from granite, slate,
or sandstone grit. In these instances there i3 less of impurity from
these than from river sources; the chief impurities being in winter
time from infusions of peat, which is apt to produce dyspepsia and
diarrheea.

e A
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The Aération of Waler,

But the n¢ration of water as aflected by stagnation has not yet
been taken into proper account, or completely examined specially as
aflecting the potability of water,

Latlure of Common Artificial Iiltration.

The supplies taken from rivers might bo very well agrated, par-
ticularly that derived from spring sources; but it is taken into
subsidence or storage reservoirs, where it is detained in a stagnant
condition, and to a considerable extent de-atrated by stagnation.
Algie and other aquatie vegetation are rapidly developed, and almost
as rapidly die and animaleules appear; and if the stagnation is
prolonged in open reservoirs, putrefaction of vegetable and animal
matter, and marsh miasmata, arise. The next stage is removal to
filtration-reservoirs, which removes most of the solid matters which
the subsiding reservoirs may have generated or absorbed. Thenco the
water ig earried to the towns, where, under the intermittent systems
of supply, il is again kept in a condition of stagnation in cisterns,
and absorbs the air, whatever may be its quality, swrrounding the
cistern. The first filtration by large reservoirs, a first sieving, does
not usually dispense with a second filtration :—that is to say, a second
or final sieving is given. T'or a few days, n charcoal filter may be a
little more than n sieve, but unless frequently renewed, it will be no
more than a sieve. 'The water, by repeated filtrations, is rendered
perfectly transparent, and being so, is commonly received as pure,
but the microscops mow detects animaleules of species denoting
impurity, and demonstrates that clarification and purification are
widely different,

But for the great mass of the population there is no second
filtration. For those in the metropolis, and throughout the country
where the supplies are intermittent, there is stagnation in butts and
cisterns, and situated as these cisterns are in close courts or alleys,
sometimes dircctly over cesspools, or having overflow pipes into
sewers which are sewers of deposit or extended cesspools, they rapidly
absorh the noxious gases of decomposition, and the purest of the sup-
plics from spring sources become dangerous to drink at certain
scasond, It may be said that in drinking water taken, if it be,
direct from mountain springs, the taste is refreshing, for the people
are drinking mountain air;—taken from mountain sources, after
stagnation in cisterns in middle-class dwellings in town, the taste is
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flat, for they are drinking town air ;—iaken after stagnation in butts,
in close conrts and labitations, near to cesspools, it is mawkish or
nauseous, for they aro dvinking cesspool air,  Irom the conditions in
which tho majority of the popnlalion in towns aro placed, the do.
atrated or the mal-nérated water is not habitually drunk by them,
but only tea or beer,

The great remedy is the avoidanco of stagnation at every stage,
by taking tho water divect from its source, nnd, wherever it is prac-
ticable, by taking it from a natural or an mtificial spring source,

Natwral Filtration.

The conception of the proper artificinl spring sources naturally
occwrred to mo in the study of the drainage, hy permeablo tile diains,
of lands surcharged with moisture.

To the extent of their depth, wells may Lo regavded as vertical
carth filters ; but the permeablo Innd drains may be considered as longer
horizontal earth filters. They may be regarded as filters some hundred
yards long, as against the well filter of two or three yards deep.  The
vertieal filter is uncovered, and exposed to light and accidental polln-
tion, but the horizontal filter is covered, and protected for its whole
length, Where the horizontal filter ean be cavried through n pure
sand, with only a light amount of vegetation and without cultivation,
tho water derived is even purer than rain water, as the filter takes out
any floating spores or particles that the rain imbibes. These ave oﬁcc
tually removed in passing through the filter of n yard or so in thick-
ness and the roots of the vegetation which may permeato the stratum.
Water so collected, having had the best of filtration, through long sur-
faces, needs no second filtration, and is highly aérated, and, collected at
once and delivered direet into the houses as it may be, it is cool and
refreshing, often effervescent, and cqual to the spring water obtained
from the best springs at any of the health resorts. We proposed,
ag stated, an improved supply of water on this principlo for the
metropolis from the Swmrey sands, from which it was evident that a
supply amply sufficient was available for the then population of the
metropolis. The engincers of two of the companies have recently
struck upon this method of collection,—Mr, Taylor, of the Lambeth
Company, and Mr. Fraser, of the Grand Junction Company, and
though it has been from inferior strata, yielding only a harder ?\'atcr,
the water derived is deemed the purest of any yet obtained in the
metropolis. It is stated to be so remarkably pure, so far as the works
have yet been carried, as to need neither primary nor secondary fil
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tration, and g the most complete at¢ration for direct distribution.
‘o method of collection has been applied with success for Brussels,
and by long conduits {open for cconomy there) through sand strata for
Amsterdnm, by Mr. Quick, 1t is also successfully applied for Dres-
den, and is in the courso of application by the engineer, Holbrecht, of
Berlin, who is following closely our principle as devised for the metro-
polis,  Of course, tho mineral quality of the water derived from this
method of collection will vary with the steata j and that derived from
some of the sands is hard. But the constants of the principlo ave
completo and final filtration and good aération, and superior potability.
Of lnte, the method of softening wators, whether on o large or o small
keale, has been greatly improved. It was stated by M. Jager, at
the Congress on 1lygiene, that during the last attack of cholera in
1866, difterent resnlts wero found to attend different supplies of water :
—well water, river water, and other water.  During the epidemie, the
authorities of Rotterdnm changed the supplics to a puver source, with
an immediate reduction of the deaths by one-half, and while the

deaths in tho districts supplied by well waters were at tho rate of 168 -

per 1,000, and of the river waters 11°9 per 1,000, the death-rate
at Amsterdam, supplied from the horizontal, sand-filtered collection,
was the lowest of any, heing only 4 per 1,000—a comparative result
which, from what I saw of the works, I should expeet from them,

Steam Power.

Generally, and with the exception of high, upland sources, which
afford tho forco of gravitation, steam power is, as stated, the heart
working the arteries as well as the veinsof the system. The cost of the
power may be exemplified in the instance of tho British metropolis,
Water is, in one instance, collectod from springs forty miles distant ;
in another it is conveyed after filtration, through pipes, from sources
more than twenty miles distant; nnd a constant supply, at high pres-
sure, is given in each instance, that will carry thirty-two gallons per
head {o the tops of the highest apartments, for a rate of three-fourths
of a farthing per head.

Now, even at that vate of charge,—which is the subject of contesta-
tion in Parlinment as excessive,—it is so cheap as to make it dear
and wasteful for the poorest housewife to go down from the top
of any house to the bottom to pump water at the hasement (even if
the water were to be had gratis) and carry up sixteen pailfuls to the
top. Indeed, if the supplies were delivered only at the basement, the
cost of carrying them to the upper rooms would evidently exceed all
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the rates, i.e. tho threofourths of a farthing per head now paid for it,
or oven the full farthing por head, for which tho companies are now in
effoct contending. Novertholoss, if tho measuro of tho first Genern!
Board of Health had been carried, ns I beliove it will yet havo to o,
the service por diem would have been actually rendored for lalf a
farthing per head in principlo.  Supposing the pitehor of a Rebecen
to hold two gallons or 22 lbs, of water, n labour equivalent to that
of sixteen of her journcys to a distant spring, would bo rendered for
half & farthing (by some millions of capital invested in machinery),
To aid tho concoption of the economy of lnbour by this power, it may
bo stated that ono hundred-horse Cornish engino working one hour
per day would do tho work of 50,000 Rebeecas.

Fire Extinclion.

It is to bo noted that a part of tho service of the constant supply
as proposed in our report on tho supply of water to the metropolis,
was for having hydrants, to which a hoso might be attached, for a
koy to be given to the person who might in a minute or two attach s
hose to it,and on percciving a fire in any house, bring to hear upon it
for its extinction jets equal in forco to one or two horse-power. Dy
the subsequent adoption at Liverpool, Manchester, and Glasgow of
this measure then suggested, the large manual or steam-engine power,
which has to be fetched from distances whilst the fire is raging, is dis-
pensed with, except in somo three per cent. of eases ; and the losses of
life and fire, and the insurance risks are reduced to one-third of those
prevalent in the metropolis, whilst the expenses of the adininistration
for the inferior result are reduced by onc-lialf, Since this measure
was proposed, electricity has been employed to specd information and
relief. In the provincial cities, when a fire was getting ahead, and
additional force of water by jets was nceded, information had to be
sent, Ly foot or horse wmessenger, to the distant pumping station, to
put the engines at high pressure. But now the information is com-
‘municated instantancously by the telegraph, and in a minute the forco
of the steam power at miles of distance will be felt on the spot where
it is needed. By the unification of the works of the companies in the
metropolis on a public footing, the forco of the whole of fifteen thou-
sand of horse-power may be made to converge from the extreme
points of the metropolis te stay any threatened devastation by five in
any particular quarter where it may arise.

That the most important apparatus—the smaller apparatus for fire
extinction, may be constantly ready without fail, it must, we consi-

—

P R Sy S P T

CIRCULATION OR STAGNATION, 277

dered, ho kept in constant use, and it was proposed that it should he
in constant uso for strect cleansing by the jet, which would cleanse
completely and quickly at half the expense of the imperfect cleansing
by tho broom. DIaris, Vienna, and Madrid even, are in advance of
our metropolis, by the adoption of this mode of cleansing.

Present partial and fragmentary conceptions of the system
commonly prevalent.

It will be found on c¢xamining the public discussions and pro-
ceedings in relation to the supply of water to the metropolis, that no
general conception of any system, such as that hereinbefore pro-
pounded for its sanitation, has yet heen attained. Fragments of it
only are adopted, each very incompletely, and important parts are
distegarded.  Tho only part of the arterial and venous system whicl
las gained a place in the common conception in the metropolis, is
that of bringing the water to the doors of the houses in bulk under a
responsible public authority. But what that authority shall be is
imperfectly conecived or enunciated on politieal platforms. The
comparative cligibility of different qualities of water for the supply
of the metropolis, whether hard chalk water or such soft water sup-
pics as those of Manchester and Glasgow, with infusions of peat
dwing part of the year, nre, as yet, unconsidered or disregarded by
the representative authorities undertaking to deal with the subject.
Nor is any account taken by them of the work of fire-prevention, as
an addition to the service of the police force of ten thousand men,fnor
how tho service of that foree is to be combined or brought to bear in
the metropolis as in provineial cities; nor what alteration of the ser-
viee of cleansing sixteen hundred miles of streot surface is required.
Even on the preliminary questions of financial economy and the terms
of purchase, there commonly prevails the greatest confusion of opinion,
and that in the faco of settled but utterly disregarded practice and
principle. Moreover, no consideration has yet been taken of how,
when the supplics of water ave got to the door, they shall e got into
the houses. Whilst mechanical, chemieal, and engineering science
have made the advance stated, their application is delayed for an ad-
vance of legislative science and administration for the protection of
the health of the population. It is true that the political obstruc-
tions have not been confined to this country. The most serious ob-
struction to be apprehended is the intrusion into sanitary work of
the element of political party spirit, which is more intent on showing
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the opposite party to have been wrong than of doing for the many
what has been proved toboright. Tmpartial specialists ave clearly of
opinion that the politician has thrown back the progress of sanitmry
reform, including the principlo of civeulation, by a quarter of n cen.
tury in this country., Tho like influences have been baleful abroad.
From our Board we sent over to aris to ascertain how tho system of
fixed fosses, with removal of their contents by cart, worked thore, W
found Paris stinking worse than London, and very heavily deatls-
vated.  Tho potent barricr to tho introduction of thoe principle of
circulation by water carvingo was, in the view of tho political officer,
the interest of a large and troublesomo body of men, tho porteiis
ecr, who might raise an émente—though it would he cheap to give
them all retiving pensions,  Besides these there stood in tho way
the large contractors for the vidauye, the empticrs of thoe fixed fosses
or the tanks in which such matter is detained in conditions of putie-
faction, whom it would have heen a large gain {o the public to hnve
paid off at tho full profit of their contract,

The exposition of the avtevial and venous system there was futile,
and Paris yet stinks from the stagnntion of putrefactivo matler,
though the sanitary oflicers are elear and hopeful about the adoption of
the principle. A recent report to the State Doard of ITealth at Bos-
ton indicates the obstruetion to sanitary improvements from work in
the cities being rezarded as a reward for political services; and of
course the more expensive the work, nay, usually the more ineflec-
tive, the greater the reward, Contract work is the most economical
and eligible, ¢if such work could be divorced from politics,” says the

able assistant engincer in charge of improved sewerage for Boston;

but as that may not be, ‘day work’ must be put up with, Siv
Jozeph Whitworth invented a very suceessful street-sweeping machine,
which by the labour of one man and a boy did the work of twenty
seavengers ; and he conceived that in so enlightened a eity as
New York, that it was sure to be adopted.  But there he was told at
once that it would not work, because every machine would displace
some eighteen voters. In London, being desirous of promoting the
use of hydrants for street cleansing as well as fire prevention, I was
ready to urge it, but I was myself warned in one influential district
not to speak of the street-cleansing service, because the scavenging
interest, which was preponderant at the Board, would probably oppose
hydrants altogether.

In respect to the more immediate subject, the development of the
system of circulation, it is to he stated that the practice has been in
the larger provincial cities, ag well as in the metropolis, to leave the
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work of enrrying in tho supplies from the mains at the door into the
houses, and that of eavrying nway the fouled water and the excretory
matter removable by water-carringo from the houses—to be done by
uninformed tradesmen, plumbers and builders, without any qualifiea-
tion whatover, for a work which requires very specinl knowledge
1o oxcento it successfully,  Those tradesmen persistently use lead-
pipes, at a double nnd treblo expense, to carry water, which some-
times nets powerfully on lead and seriously affeets the health.  Then
it is conveyed into cisterns, often of lead instead of slate, or into
common butls, where it stagnates, and imbibes the gases which make
it dangerous to diink,  Then they carry the overflow from these
cisterns into tho drains and sewers generally of deposit, evolving
gases of putrefaction which nseend and contaminate the water in
the cistern, more frequently with fatal results than are made known
by any inquirvies. The house serviees, which should be the capillaries
of the system, are badly formed, without proper retaining arrange-
ments, so that a constant supply hecomes a source of constant
pernicious waste.  In London more {han three-fifths of the water is
pumped to waste,  In the common conditions of the apparatus
it is constant pernicions waste for a house. The house-drains {com-
wonly) ave made for a house of a size that would serve for a large
street, and of permeable material, or loosely jointed, so as to detain
beneath the foundation what it is intended to remove from it
ITence the sites and subsoils of towns become supersaturated, and
the excrement sodden, and malaria is generated,  Thus augmented
supplies of the purest water ave often mado the sources of augmented
discase. Thus it was shown in n recent inquiry Lefore the Royal
Commission into the sanitary condition of Dublin, that the introduc-
tion of a new supply of water of the finest quality at its source (except
in winter time, when it has an infusion of peat unquestionably causing
diarrhea) was attended by a eonsiderablo augmentation of the death-
rate, bringing it up to thivty-cight in a thousand, or double that of a
heaithy urban district, This was accounted for by the supersaturn-
tion of the subsoil by this additional water mixing with the matter
detained in bad drains,

Prevalent Conditions of Stagnation in Towns.

In Liverpool a reduction of the waste of water is reported to have
been attended by a reduction of damp in the lower houses, and by a
marked reduction of the diseasegenerated by damp,withan improvement
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in the death rates. London has been water-closeted in a rudimentary
way, but the work has been frustrated in great part by bad house.
draing and badly constructed sewers. In respect to the construction
of sewers, in my sanitavy report of 1842 I deseribed them and their
connections ay the bulb of a retort charged with putrefactivo matter,
and tho house-dmnin as the neck of the retort, which earvried the
gascous products of the putrefaction into tho liouse, That condition
still provails through tho greatest part of tho metropolis. 1 would
divect particular attention to the terms in which tho chicf engincer
to tho Local Government Board, occupying part of tho new Govern-
ment buildings at Whitehall, has described the sanitary condition of
that head centro of sanitary administration. 1lo snid on a recent
oceasion : ‘Ie had in his possession a report with regard to the
sowers in Whitehal), Downing Street, Great (eorge Streel, and
Vietoria Street. 1fe had felt obliged to make complaints of the closcts
connected with the new buildings in Whitehall, occupied by the Boawd
of Health, and he declared that there was no new public building in
Great Britain in » worse sanitary condition. It appeared from the
return to which he had alluded that the sewers were flat-bottomed,
flushing was nover thought of, and that there was a deposit 15 to 18
inches deep in theso sewers. The drains coming from the buildings
had flap valves where they entered the sewer; theso drains went
divect into the buildings without any hreak, or other means of venti-
Iation, to prevent the inflow of gas.  The closet in the corridor leading
to his office was occasionally so bad that he could not use it.  Some-
times the wind entering from the drain would, he believed, have blown
out a lighted candle, and the stench was horrible.  Every drain had
been tried upon that length of sewer all round Whitchall, and there
was not a single instance where the inflow was not direct into the
building, If such things were properly attended to the rates of mor-
tality would be very different.’ In the other parts of that great
building there have been two fevers and two deaths ascribed to sewer
poisoning. One ofticer described to me a disablement of nine months
as due to it. A former Secretary of State for the Home Department
stated that after long sitting in his oftice he felt low leadaches, symp-
tomatic of air contamination, and he was led to do as much work as
he could at home. A former Premicr was advised by his physician
not to reside in Downing Street, and certainly its condition is detri-
mental to the official working force there, I ean undertake tosay of the
lower apartments, occupied by the most industrious workers, that if
they were lived and slept in, and were erowded as the ecommon dwellings
are, the seat of the Government of the Empire would be a fever nest.
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Tho condition of that spot is pregnant with instruction as to the state
of information on sanitary legislation and administration there, which
is impotent for action, cither for the relief of itself or of the general
population by self-cleansing draing and self-clennsing sewers.

One attendant on all these defective constructions is their excessive
exponse, especinlly ns respeets thoe houso drainnge and sewerage works
on tho principlo of stagnation: for it may be shown that on correct
principles threo houses and three towns may be well drained, at the
cost hitherto incurred for draining ono on the principle of stagnation,

The Tub System.

In the widely prevalent ignorance of any other conditions than
those of stagnation in house-drains and sewers, the eruption of noxicus
gases from them is regarded ag a constant, and a reaction has been
oceasioned for the application of tho tub system for collection and
removal in turng,  In rural districts, and for detached cottages away
from any system of proper drainage work, I have myself recommended
the use of a pail with water under a seat, and the daily removal and
application of the liquefied manuro for garden culture on land trenched
and prepared to receivo it there, instead of bringing prepared soil to
receivo it in the house, The rude tub system of carrying exereta from
the house to the land partakes of the expensive converse of the pail
system of collecting water from the land, or the distant well to the
house. Only consider the labour of sending ecarth to hundreds of
thousands, or in the instance of the metropelis, half a million of
houses, and bringing it away daily, ns would be required by cleanli-
ness nnd secmrity from disease. In consequence of the excessive
expense of carringe on the tub system, the removal of the solid excreta,
where it is practised, is only effected at long intervals. At Paris it
is retained in fixed fosses, which ave emptied about twice & year, by a
most offensivo process, despite engagements to deodorise the matter.
It is little better with al] the movablefosses. At Mancliester and other
cities in England the receptacles were formerly only emptied once a
year, nnd great injury to health was occasioned by tho emanations of
putridity. It was doubtless an improvement to provide a tub system,
at the public expense (which would save the house owners the expense
of outlays for a water carriago system), and remove the excreta weekly.
But this weekly removal is still attended with pernicious results, for
putrefactive decomposition begins in three or four days, often in some
weathers in two days, or less, for which reason during the cholera
and other epidemic periods we ordered that all excretive, indeed, all
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animal and vegetablo matter, including tho dust heaps, should bo ro-
moved daily. But with a propor wator apparatus the removal is effected
instantancously, and at many times less cost.  Persons who havo only
been aware of the conditions of the bad organism which I lave
deseribed — conditions  of malformation and consequent diseased
action of congested house-dining and congested sowaers with dele-
torious effusions, and who know of no other conditions, mny b
told that in tho healthiest sanitarin in the country, whero epidemic
diseaso is now ontively banished—-namely, well-constructed and well-
managed prisons, there is a soil pan in every cell,  Provineinl expe-
riences aro now demonstrative of tho conclusions—that on a conplete
civculating organisation the whole of the exereta of the metropolis,
which now remain within it in putrefuctive conditions for weeks,
months, and sometimes moro than a year,—that theso conditions of
stagnation may ho cuved completely by tho removal of all putre-
factive matter by water carvingo from beneath the site within the
day ; that such a capital as Pavis might bo purified within half o
duy ; and if correct principles are adheved to in its works, Derlin
will shortly bo purificd in still less time,

Distributed Cost of the System of Circulation,

Prejudico ngainst the systemn isfrequently raised hy immedinto pay-
ment of the whole charge for the works being exacted, instead of Leing
duly distributed over a number of years. The experiences to which
I havo referred of completo provincial works would give the charge
of the chief parts of the system of circulation. TFirst for the works
and service, and for bringing the supplies of water Lo the door of the
house, one penny per week j——next, for services and works for carrying
the water into the honse, and for carrying the fouled water out of the
house, & penny halfpenny per week;—and for the service of carry-
ing it away from the door of the house, another penny per week; or
a halfpenny per diem per house for the whole work of the cir-
culating system, up to the removal of the fouled water from the sito
of the town. Some of the towns have charged much more for the
servico of the water supply, and have derived a revenue from it, and
jobbing and malversation might in some cases have raiscd tho amounts
paid by the ratepayers; but the above would be about the corvect
general charge to the whole of the population. Since the first works
were executed, the cost of labour has been largely augmented, and
the total cost ought now, as I am informed, to be doubled, or
brought to full one penny per diem per house, or nearly to a farthing
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per head of the population per diem if the entire work were to be dono
de nove,  Tor thoe accomplishment of the propositions which I have
first enumerated, nand completing the systom of circulation, it will
sometimes bo nceessary to organise the steam power for action from
several centres,

Relief of Low-lying Land from Stagnation.

Under the Sanitary Commission for inquiring into the means of
improving the health of the metropolis, wo found much of the low-lying
parts of it literally marsh land, and suvcharged with moisture, much
of it from the upland waste waters and scwage, In tho east there
was o considerable extent of marsh lang, so called, whence attacks of
agno were ab times distvibuted amongst the populations of contiguous
urban distiicts. For the relief of these distriets I consulted the engineer-
ing experiences of the fen districts of Lincolnshire, and there we found
that relief was given by steam power applied at different levels, at
‘sumps,’ to which the drains of each level were made to converge, and
by these means the waterlevel was kept down to the depth required
for agriculture, In our report we stated that in Lincolnshire the
expense of pumping away the surplus rain water averages 2s. Gd. per
acre, including all cxpenses of working with engines not of the most
recent and improved construction.  Caleulating, however, that the
expense of pumping the soil or waste water, in addition to the rainfall
in London, would oceasion n cost even twelve times greater than is
incwrred in agricnltuwral or fon districts, or 30s. per annum per aere
covered with houses ; as there ave in ihe lower distriets of the metro-
polis about twenty houses to each acre, and as the operation would
extend only over half the metropolitan arca, it had been shown that
“tho annual charge per house, spread over the whole aren, that avea
including the upper districts which were affected by miasms from
the lower districts, would be 9d. per house per annum; but in this
instanco, as shown in the whole investigation, the outlay and the rate
would really lead to n great reduction of the existing charges.! Plans
were prepared for the applieation of this principle, which has not, so
far as T am aware, been applied to the relief of any district in Eng-
land. Butb an examination of the works substituted for it in London,
which thero is not time to treat of at present, will show it to be the
most cligible for future application. By the converging principle ifhe
most rapid falls may be obtained. 'The converging system, as applied
for the relief of tho fen districts, is by means of rude ditch drains,
tubular drain pipes being originally unknown ; but now tubular drain
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may be mado small, and artificial falla given, and the discharge
in any divection nccelerated according to requivements, and the cireu-
lation thus maintained within basins of land as well as from flats, This
is the principle now adopted and in progress of applieation for the relief
of Berlin, which has a very flat avea, Tho sewerage there will, if the
house-drainage be well completed, bo dischavged fresh into tho sewers,
and the sewage will bo discharged in several directions in tho best
condition for agricultural production, on the land to which it is to e
applicd, from tho ‘sumps,’ to which the dynins carrying fresh undiluted
sownge—converge. For detached houses, and villages and publie insti-
tutions, a valunble improvement has been introduced by Mr, Rogers
Tield, called the ‘flush tank.” This is o receptaclo which collects
dribbles of sewage, until it rises to a certain height in the tank,
when it reaches a syphon mouth, and is dischnrged with inerensed
force in a sweeping {lush.  For layger applications of the converging
principle, Mr. Isaac Shono has invented a pncumnatic npparatus as
an cjector, which Colonel Jones, R.E,, V.C,, assures me is completely
successful.

Applications of Unslagnated and Undecomposed Sewage.

By the relief of the land by horizontal spring collection, and the
distribution of pure water, divect and well aérated, without any stag-
nation, into houses; and by the immediato removal of all the fouled
water, withall putresciblo matter removalle in water, without stagna-
tion and before the commencement of pufrefaction, the entire systems
of stagnation may be held to be superseded, and the system of arterial
and venous circulation accomplished.

Completion of the System of Circulation by the Direct Appli-
calion of the Sewage to the Land,

The obstructions that stand in the way of the completion of the
system, by the application of the liquefied manure of towns to agri-
cultural production, still remain to be noticed.

Persons who only know of sewerage by their oxperience of its
emanations, under the common conditions of stagnation and putrefac-
tion, very naturally object to its application in the vieinity of their
residences, and would do so with much reason if those conditions were
essential. Violent opposition is inade to the discharge of sewers into
rivers, on the score of pollution. Whilst sewage, however, in the
common condition of putrefaction, kills fish, sewage in another con-
dition, that is to say, in circulation—fresh, or before putrefaction—
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feeds fish, But on the score of waste I object to its discharge into
tho rivers, or anywhore except on the land. People do not object to
the cultivation of land, as market garden land, closo to their dwell-
ings, or to towns, Nevortheless, such culture and high farming are
frequently conducted in o manner productive of noxious emanations
that ave injurious to health, and make tho culture there a nuisance.
This is done by heavy top dressings of what is called ¢ town manure,’
in the solid form, in which condition it remains stagnating until i6
is disintograted by decomposition (by which decomposition its fertilising
power ig diminished), and it is then carried down into the soil by the
rain.  'Tho complote remedy of this evil is to liquefy the manure ab
onco—to put it in solution, and apply it to tho soil in doses proportioned
to the soil's recoptivity ;—in fact, to apply it as sowage, by which means ’
ono load of stable manure may be made to do the work of more than
two. I wag advised when I Jooked into the subject, that the wasto
of tho farmynrd manures and other manures, by the methods the
farmers used, was in extensive districts equivalent to another rental.
On the other hand, it was pointed out in our instructions that appli-
cations of plain water in oxcess, by the method of submersion, cre-
ating marsh surfaces and marsh miasma, were often conducive to the
rot in sheep and ague in men ; and, of course, that the distribution of
sowago in tho like manner would bo productive of still worse results.
At tho irrigations at Paris, as I am informed, this danger has been
incurred through excessive submersion by the unskilfulness of the
small farmers to whom the sewnge has been given, and that sewage
—nob fresh sowage—of & bad quality, as nearly all there is.

The fact should be known that for sanitation it is a work of skill
to avoid tho supersaturation of the soil ;—for cultivation it is a work
of skill to avoid supersaturation, and to adapt the supply of the
liquid manure to the ¢ hygroscopicity ' of the soil, and the periods of
the growth of the plant for root, or for wood, or for leaf, or for fruit.
For tho avoidance of stagnation and waste, and the expense of storage
tanks, it is a work of skill to place every day's supply from the town
on one part of the land or another, whatever be the weather, in
frost or snow. In frost this has been accomplished at Dantzig by
distribution under the ico, The whole of sewage farming is an
art foreign to the common agricultural practice, and is as yet con-
fined to n high order of horticulturists, growers of prize fruit, to
whom its application on a large scale should be confided. Neverthe-
less, in some hundred of sewage farms, now conducted throughout the
country by all sorts of rudimentary methods, with bad sewage from
ill-drained towns as well as good, and by various rudimentary work-
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ings, tho superior productive power of the liqueficd manure has been
cstablished, not only in the bulk, but in the quality of the produce;
and as to the bulk, whilst tho averago yicld of agrieultwro in Eng-
land may be taken to bo as one, and tho market-gardoning as abount
three and a half, tho sowage-farm produce has been as five, 1t is
found that, as n rule, the sowago of moro than o hundved of popula.
tion may De utilised in anaere.  As to the samitary cileet of sewago
farming, the judges of the competition for prizes issued by tho Royal
Agricultural Socioty, of which M. Baldwin Tatham, M. Claro Sewell
Read, and Mr, Thursfield wero judges, made partienlar indguiries
about the sanitary results upon thoso engaged in tho work, and
they display them in a table of tho death-rates.  Thoy stato that the
rate of mortality on an averago of the number of ycarg which these
farms havo been in operation {ten) does not exceed more than three
per thousand per annum; that is to say, on a population of 380
men living on or working on the farmy, and 137 childeen.  From
the difference of working under insaunitary conditions amidst stable-
dung and farm-yard manwres, which are attended with fevers nmongst
families, and the working amidst liquefied manures, 1 should have ex-
pected & marked difference, but not so great as this, which must ho
about foufold,

One obstruction to the application of tho liquefied manuro of
towns has been the supposition that it can only be applied, by gravi-
tation, on land immediately contiguous to tho town, for which, as a
consequence, consentaave either refused, or, it being considered as accom-
modation land, excessive monopoly prices are exacted. Now on tho
converging system, and by ‘ ejectors,’ the sewage may be carried all round,
uphill, or in any direction of demund, with the addition of the cost of
lifting—a cost, t.c., for 80,000 gallons 100 fect high of 1s, which is in-
considerable, if the sewage is in its proper concentrated condition, un-
encumbered by an excess of rain or storm water, which, on a correet
system, ought not to be admitted. A competent administration will
utilise the ground allotted to, or contiguous to, public institutions,
such as union houses, prisons, and others, and develope models of
liquefied manure cultivation.

On the difficulty which presented itself for the completion of the
system of circulation by the disposal of town sewage hy surface
irrigation near towns, particularly in the condition of putridity, in
which all sewage was then only to be met with, I was led to consider
of subsoil or subterrancan irrigation, I got several friends who had
gardens to try it, and the trials were very promising. Sir Joseph
Paxton promised to try it systematlically. But it was tried inde-
pendently and systematically on alarge scale by M. Charpentier, &
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French vino grower, near Bordeaux, with whom I had correspon-
denco on the subject.  Tlis trials were not with town sewage, but
with Jiquefied manure; and certainly the results he obtained with
vines and fruits, s well as with market garden produce, were most
satisfactory. 1o contended for its superiority over smface irrigation,
but it required great skill, and more capital than the ordinary swrface
irvigations.  The eavly sucecsres with surface distributions, however,
withdrew my attention from it ; but the method has been revived with
suecess by Mr, Rogers Iield in the disposal of the sewage of some
villages ; and his {lushing tank greatly facilitates distribution by that
subterrancan method. 1t is also reported to have heen earrvied out with
suceesy by Colonel Waring, of Newport, in America, I am confident
that for high culture, for model gardens near towns, for deep-feeding
plants and for frait trees, for avboriculture generally and in hot climates,
the method in skilful hands will be productive of very great results,
I would observe that about two-thirds of the general work of
sanitation, in drainage works, is of earth-work on which, in the
Continental States, soldiers may be well employed at extra pay.

In conclusion, if the subject ho competently and impartially ex-
amined, the nccessity for stagnation ( which nature abhors’) is abo-
lished. Tt is abolished in the collection and the distribution of water
into towns; in tho removal of the fouled water from houses and
fowns, and in its application to agrienltural production; and the
exposition of it by my deceased friend and ally as an arterial and
venous system for the relief of urban populations, is fully justified
Ly adequate experiences, for general application, by specialists, In-
deed, it will Le found on competent examination that the sanitary
results of the complete arterial and venous system of circulation for
towns are now so far assured by experiences as to warrant con-
tfracts being made for the reduetion of common death-rates by one-
fourth or by one-third. And with the addition of such collateral
measures as Lord Shaftesbury’s Act for the regulation of common
lodging-houses, the ensuring of purer water supplies and good drain-
age, the prevention of overcrowding, and measures for the sani-
tary regnlation of schools, and for physical training on the half
school-time principle, & reduetion of the commeon death-rate by one
half may be made matter of contract. These things may under good
administration be done, for all have been done. It should be our eare
{0 awaken public opinion so that it may insist that they shall be done.
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Paper on the Sewerage of Memphis (/llustruted),!
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O v Mempias is o city of about 40,000 inhabitants, situated on the ecast |
PLAN OF THE CITY SHEWING SEWERS. N

bank of the Mississippi River, about midway between St. Louis and
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New Orleans.  Its avea, including its immediate occupied suburbs, is
about four square miles,  Of this about one square mile is the more
strietly weban, being quite closely builé over,—a considerable portion
in compact blocks, mnd the remainder with semi-detached houses,
Many streets of this part of the town were covered ten or twelve years
ago with wood pavement, which, during the past four or five years,
has fullen into very bad rvepair, and most of which is now being re-
moved, its place being supplicd by stone block pavement or macadam,

The necompanying map (Plate A) shows the conformation of the
surface. The valley, beginning o little north of the northernmost portion
of the muin sewer, and ocenpied towards the south by the two branches
of the main, is the lowest part of a gradual depression falling from
tho east and from the west.  Through the bottom of this runs a deep
cut called Bayou Gayose. T'his bayou is the eroded channel of a

streann ordinarily small, but, under oceasional sudden showers, subject
to an cnormons inerease of volume.  Its sides are steep and irregular, 3
and its depth is quite uniformly from 12 to 15 feet below the general T b
lovel of its banks, _
"The Mississippi River has an extreme varviation of level of about
35 feet. At least once during the year, and often two or three times,
it fluctuates to the extent of from 20 to 25 feet. Extreme high water
is reached, ov nearly approached, nlnost yearly; bub it is seldom that
the subsidence goes to within several feet of extremeo low water mark.
At the highest stage of the Mississippi dead water sets back in the
hayou for the distance of about one mile, or {o Gayoso Street.  From i
Market Street to the mouth of the bayou the left bank is quite flat for ’
somo distance back, =o that at high water wide areas are overflowed, i
and in this part of the town many houses arvc built on piles. In il it
places only the streets (artificially raised) arve above the level of the flood. ; t
{
i
H
H

- ___.;] "___:'_"_‘_ﬂ; r pions ._.] e -‘.7‘:7:1 {rq‘z ; .! s‘)tr‘ ]
o s | E‘_:_"'JL: ’ J’ {4 5! ’
AR R e e

_ s,
T e memnme- e Y-rt
N L Jr i

gy’ L s be Ligerimpir gout yrorase Jroy iy

prp et Lon R £ T ShR T

The city was founded less than fifty years ago, and its growth (due ‘
to & most advantageous position in the heart of ono of the best cotton-
growing regions of the country, and on the great highway of westorn
commerce), has been constantly interrupted by epidemies of varvious
discases, some of which have been so violent as to threaten the de-
population of the town. TIn 1878 there were over 5,000 deaths from
yellow fever between August 14 and November 3, and on one single
day the small heroic remainder of the Volunteer Relief Committce had
300 unburied bodies on their hands. Iope and heart seemed to have
fled.  When this epidemic was followed by another equally threaten-
ing in 1879, and when the voluntary and enforced exodus speedily
reduced the population to one-third its normal amount, 1t wns
seriously proposed, as the only means for protecting the whole

eI S

REFERENCE.,

i et i = 7

—mm e ey

i 6 Inclv Pipe. Sowvers shewn thus
! Other Sewens

i Private Drains. ...
1

e

S LA S 7

L R T T puuy,

Flush funks. .
Condours .. ..

L L X N

EaiTag T

B N R et {2+ S . . |
= j 1 "This paper was omitted from the Engineering Seetion, in which it was read as the l
first yaper on the list, beeause of addelay in the proofs—Euvs, T, 8. 1.

v 2




S L IeLD oD E PR EEEE Y g H I EEEE T e YT SE g R E e T
o A2 r 288l RN ESEY TCgT TS EE Rt EnsT 22 s wEE -
HEDSE _S§E88 Zwwizionid B opnded EF 383 0S8 SR8EF2
_N._D..Nﬁ...mm“.ﬂhm Mo oPYwPLa—N WiR.AP bMSa).I. - B0 Q (=N N R = = ST
~ [ S
3 e
” _r__ |/
R
B, oty
~ S
_/. GRS
i TS
&3
mp
§
=
[l o
uy
ullhl\‘nlwrl 6
3.\ 4
..H L\l._.

i

VA L s

Srestifrade

Jratisitcdiore N sl ey

3 JHELLINGTO!

MPHIS.

PLAN OF THE CITY SHEWING SEWERS.

¥
4

or Mk

5]

RAC

WE

h

4
4

THr Si

thus.... ..

REFERENCE.

6 Inch Pipe Sewers shewne

Other Sewers ..
Frivate Drains..._ .

Scale of Feel.

"-

T

Flush Links. ... ...

2000 2500 3000
q 23

1500
S

1000

R

[ L Y
1

Contorrs. . ...




et T T SN ORI e T e e

e s s wmn mm s s b =

3 -.h-..-.._,.

oy o L WL g AL

o i
A

a——

-

il
x
'
i

292 ENGINEERING AND SANITARY CONSTRUCTION,

Mississippi valley against the serious menace to ity prosperity, that
n sufliient contribution should be 1aised to seenre the control of
Memphis, and that it should be blotted out of existence,

At this juncture a conferenco was held between the authoritics of
the city and ofticers of the National Bonrd of Health, which resulted
in the appointment of a Commission of physiciung and experts to make
a thorough survey of the situation, and to vecommend measures of
velief. I had the hononr of serving as a member of that Commission,
which sat in Memphis for n week in November 1879, and whose
investigation was aided by a thorough louse-to-house inspection of
the entire city, and very careful chemical aualysis of the water of the

. wells and cisterns, which constitute the chief source of supply, apart

from the limited use of the very wnsatisfactory water pmmped up from
a muddy river by o private company,  These investigations disclosed
an almost total absence of decent sanitary conditions. It is not worth
while here to enter into dotails, nor 18 it to be understood that
Memphis was worse in this respect than many other towns in the
United States—North as well as South—nor worse, if we aro to
credit official reports, than many towns and villages in Kngland,
That it was seriously had was fully demoenstrated.  The whole city,
under as well as upon the surface, was veeking with organie filth,
In another climate it would probably have escaped serious epidemies
agsuecessfully ns other towns differently situnted have done, but its con-
dition, its situation,nnd its experiences made it evident that most radieal
measures of reformation must be adopted. 'Fhe opinion of the Commis-
sion to this eflect was accepted by every intelligent person in the city.

The situation at Memphis offered a rave opportunity for sanitary
work. The absolute need of improvement was ohvious, and the com-
munity had a full realisation of the fact that it was ¢ neck or nothing’
with their city, The result has been that a community--overtnxed,
plundered, and, indeed, driven by a former corrupt government to
attempted repudintion—has aceepted advice more radieal, probably,
than was ever seriously given before, has raised the money for the
required work, and has put its house into more nearly perfect order
than has any other town in the country.  As an example, n year ago
it had about 7,000 privy-vaults, many of which were from 40 to 60
feet deep (having been sunk to a porous stratum), and still more of
which were full to overflowing., To-day hardly one of these vaults
remains.  Where shallow they were entirely emptied, and where deep
their eontents were removed to a depth of 20 feet from the surface of
the ground, and all were filled with fiesh elay. Every house was
provided with a temporary earth-closet, and the contents of these
have been ad tnferim removed: by the health authoritics.  As fast
as connections with public sewers have become possible, these carth-
closets bave been abandoned. The former custom of disposing of
garbage, by shunting it into strects and alleys, has Leen entively given
up, and the most active and effective measures of surface cleanliness
have Leen adopted.  In short, apart from the work about to be de-
seribed, which was only one element of the Commission’s recommen-
dations, much more has been done than weuld have Leen possible in
a town less severely chastened by discase,
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THE SEWEHAGLE BYSTEM.

In 18G8], during the scason of spasmodic prosperity which fol-
lowed thoe close of the war, 1 caveful survey of the city was made, and
skilful engineers were employed for the preparation of a plan of
sewers, 'This plan was tho usual one of Inrge storm-water sewers,
varying in size from a 12inch pipo to n 7-foot outlet main, The
mnin sowers and the main branches, which alone were provided for in
the plan, would probably have cost under present prices, 120,000
"I'he oxtension of the Interals to nccommodate the whole city would have

added very greatly to this,  During the epidemic of 1879 this plan.

was revived, and estimateg, varying from 200,000 to 400,000
were based upon it. Tt was evident to the Commission that such
an expenditure would e found impracticable, and it became necessary
to devise n cheaper plan for eleansing the town. Thad had experience
in the case of several small villages which indicated the feasibility of
seenring the desired result by the use of sewers of very small size,
graduated to the single duty of removing houschold and manufactur-
ing wastes, The suggestion had Leen formulated in a paper read at
the meeting of the American Public Health Association at Nashville,
shortly before the sitting of the Memphis Commission. It was deter-
mined to recommend this system as a substitute for the more costly
one. 'The recommendation was accepted by the Citizens’ Committee,
and later by the government of the city.

The plan proposed was without precedent in the case of a large
town, and the fear lest it should prove inadequate became a serious
obstacle to its general acceptance.  'Fhose who were timid concerning
novelties, and those who were interested in the supply of material for
the larger works, were so cffective in their opposition that it becamne
necessary to repeat the arguments a second, and even a third time,
Defore it was finally determined to undertake the work. This deter-
mination was reaclied about the middle of January, and ground was
not broken until the 21st of that month. There was at that time no
supply of material on the ground, no considerable force of labourers
had been engaged, engincers had but just arrived, and preliminaries
which might profitably have oceupied several months had to be dis-
pensed with, It was all-important to complete the sewerage of the
thickly-settled part of the town by the end of May, the turning up of
the soil in such a climate in lot weather being extremely hazavdous,
and in spite of the disadvantages and embarrassments, the sowerage of
the closcly-built part of the eity was practieally completed by June 1.
By the middle of April many houses had alveady been connected with
the sewers, and on June 1, when the work was stopped, ahout 1,200
connections had DLeen made. The plumbers have been actively at
work throughout the summer, and, while there are yet many houses
depending on their earth closets, the use of the sewers has become
sufliciently general to prove their entire adequacy for the work for
which they were intended. )

Tho system has recently been very carefully examined by a com-
mittee sent from New Orleans, to judge of its adaptability to the
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needs of that city. The chaivman of the committeo, in his preliminary
report, speaks in the most favourable terms of the working of th)e
system, and will recommend its adoption in Now Ouleans. The
* Memphis Avalancho® of July 23, in an cditorial, suys: “"Iho x-
amination of the Memphis sewerage system yvstonlu’\' by the Taxine
District authorities and the committes from New Orleans resulted in
convincing all parties that it was n great suceess, Thero is not n
hitch anywhere, and ne complaint has ever been heard of the slightest
defect in tho clockwork regulwrity with which all the parts of his
vast net-work of underground pipes canry the sewago of the city to
a given point, and deliver into the Missisgippi River. Every i?uli-
cation points to tho possibility of the general adoption of this syslem
as o substitute for storm-water sewers, hithevto wniversal in the
United States. . ;

It is proper here to iecite the reasoning by which the recom-
mendation of this system was influenced :-— '

1. There have been in the United States nny instances in which
small towns have employed engineers to prepare plans for sewernge
with the sole result of showing the cost of execution 1o be so l"ron‘tc;v:
to constitute an absolute embargo. While compactly bl cities
each house having but a short frontage on the street, may well aflord
the cost o_f storm-water sewers, the excention of such work, where
each proprietor has from one hundred to soveral hundred feet of front
would entail an expenditure so great as to constitute an insupvmhl(;
objection to it. Practically the contemplated work is ravely if ever
carried out under these circumstances—a community naturally wefers
to continue the risk of danger from cesspools rather than to llmnlm.n
itself with such enormous indebtedness. One of the arguments b
which the postponement of these costly works has been seenred lm{
been based on the very general offensiveness of the storm-water
s 'stfm,.wlth its reeking inlet cateh basins, and on the unavoidable
{::‘31(1::]:23110 o;)lit‘ elf;t(:.\'or gas, arising from the decomposition of its

2. An investigation into the history of the sewerage of many of
the smaller cities disclosed the fact that in no single instance lmd);ho
work been undertaken because of the injury or iacom'cnicnce result-
ing from the flow of storm-water over the surfaco of tho streets. Tho
desire to get rid of foul wastes was found to have been in over
instance the controlling motive. 'The adoption of works large enourr{
for the removal of surface water was simply a matter of tradition
No other system had been used, therefore no other was considered .

3. Assuming that the admission of storm-water to sewers might
safely be neglected, to say nothing of its attendant disadvantages %he
next question was to determine the pipe capacity needed Tor the
removal of foul wastes only. There exist ample formulte for the deter-
mination of this question, but the municipal mind often fails to appre-
ciate the full force of scientific theory, and it naturally hesitates t{)ptr ]
costly experiments. The only way to secure conviclion in this matter
;'.'ém by actual physical demonstration. I had, fortunately, early in
N:t?an];i'olgurgg x}lllt}lomt.y and a suflicient appropriation from the

ional Board of Health to make actual gaugings of the dry weather-
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flow of public sewers in different purts of the country, ''he vesults of
{hese gaugings were the surest foundation of the Memphis recom-
mendation.  They may bo briefly summarised ns follows :—

A sower in Madison Avenue, New York, with a length ineluding
its branches of about 7,000 feet, the district being about one-half built
up with houses of good class, carvied at the time of its greatest dry
weather flow n stremm 3+5 inches deep through a notch (in a weir)
4 inches wide.

A sower in Providence, 1,391 feet long, draining forty-one houses
with a population of 267, at its greatest flow filled o 6-inch pipe
1 inch deep.

A sewer in Durlington, Vt.,, 2,790 fect long, draining fifty-four
hiouses with a population of 325 persons, showed ab its greatest flow a
depth of 1-2 inches in a G-inch pipe.

A sewer in Milwaukee, draining an avea of 70 acres, containing
500 houses nnd a population of 3,035 persons, at its greatest flow
filled n 6-inch pipe 55 inches deep.!

The outlet sewer of the Hudson River State Hospital ab Pough-
keepsie, N.Y., where the use of water is cqual to that of an urban
population of 2,000, had its greatest flow carried through a G-inch
sewer with a depth of 3-2% inches.

A charncteristie street sewer in Poughkeepsie, removing the wastes
of & population of 426, at the time of its greatest flow filled a 6-inch

iipe to n depth of 2:25 inches.

'The State Lunatic 1lospital at Taunton, Mass,, with 659 inmates
and n most abundant water supply, has two separate outlets, one for
general use and one for the laundry only. The greatest flow of the
former reached a depth in a 6G-inch pipe of 175 inches; and the
lnundry flow attained, through a pipo of the same size, when its ten
large washing machines were emptied simultaneously, a depth of
2.9% inches. The flow from both drains, supposing the maximum of

oach to be concurrent, would have been carried through a pipe
1+58 inches in dinmeter if flowing at the avernge velocity of the two.
It is suggestive that it had been seriously proposed that the State of
Massachusetts should pay one-half the cost of a 5-foot sewer more
than a mile long beeauso of its contributing to the city of Taunton
this small stream of sewage, which would be amply accommodated by
a G-inch pipe. ' .

""ho most striking result of these gaugings was that developed in
the city of St. Lonis, where a rewer 7+25 feet in diameter (necessarily
large because of the occasional need for carrying off ponded surface
water) drained an area containing 1,370 houses occupied by a popu-
lation of 8,200, This sewer had its greatest flow carried through a

1 [neidentally the gangings of this sewer are otherwise instruetive.  The diameter
of the main is 42 inches, 1t was tedueed in the course of the experiment to 10 inches,
to 8 inches, and to G inches.

"The influence on the veloeity of the stream by inere
is illustrated by the fullowing figures:

J2-inch sewer, 6 inches deeps erpss-seclion of 1

10-inch sewer, 1= inches deep; cross-seclion of .--tro:un,_ﬂ:i'l square inches.

g-ineh sewer, 4+ inches deepy cross section of stream, 27 square inches.

Goinch sewer, &+ inches deep 3 cross-seetion of stream, 2714 square inches,

asing its hydraulic mean depth

stream, 1214 square inches.
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side), and a 12-inch pipe for the east side,
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12-inch pipe, which was filled to o dopth of less than 7 inches, A
A 4

caleulation of the actual dischargo of this pipo shiowed that the sower

’l H 3 r " *
‘w:z]:s,l:)(i-:-lplpgo {l)ll(;l(;('; have been most wastefully used, for the discharg
» ’ + . ' i u
was ovo of’t|10, . g.];n:!ons pe du'), or moro than 130 gallons for: O{IC‘:II
phember of th ]I t_pu ation ; that is, the flow was s great as it should
: population of over 30,000 using only an abund (
bo it gonly an abundant nmount, of
ny L] .
. Alhem Is w satisfactory veason for
ings of theso gangings in regulating
;10 sower sh.oulrl be wsed of & small
seeausa it will not be safe to adopt a s
drains, and the sewer must be Inrge ¢
ever may be delivered hy theso;
?-mch would be less readily \'ontis
eeause it i : y
beenuso c]::]:thletgcssnI) to adopt n smaller radius than 3 inclies 1o
pon “.sma of the channel Ly rex=onably copious flushine ‘
I e H L4 . A- 1
o “m: 81:1(21 hz.n.ul, it may be assimed that no sewer shonld he
e 8 in 1es In diameter until it and its branches have nceu-
bt Sl bc:cl'lnllq((:mtl]t;;k:::entf“lolhmw of greatest use to ﬁli this 31;70
AN ¢ of n lorger size w : '
because when a suflicient ventilatine (f -l',:O "\Oum o stell, and
use of a G-inch pipe, the \'ontil-ltionob(;g)d(lty ;3 ot i e
e e . { omes less compl i
o of a1 ; the ve omplete as '
ere c;lslco,fltci:]l;mg n ].ngul\olume of contained air ul htec :l:ot\!(l:?lml:f
current or by extrancous i c '
jHietio . . Y extrancous influences, or 1o be nele
ﬁwlu:il;ge:]of ﬁm]poultturo and of volume of flow within r:‘ialg (L(}:pon
size should be inereas : a8 i
made ecold be f!]Ll:lsed gradunlly, and only so rapidly as is
oo Y by the filling of the sewer nove than half
i of grentect o wun half full at the
« t]fn making the recommendation for
system for Memphis, no account w

- ' 1 llco’ t]l'l "Il J o

'\\rhile this nr . i & suinmer ﬂll(l ﬂlltlllll]lﬂl dr
arguwent is believed to have great force, it was lt?u{-;hlis.
’ 8 thought

].)OSII I]O tfo .

not accenting the exact teach-
the sizes of sewoers, viz, that
er_diameter than 6 inches ()
natler sizo than {-inch for houso
nough surely to 1emovo what-
) beeause a smaller pipe than
ated than is desivablo; (¢) and

the adoption of this smal pipe
as made of the fact, which is

TITE MEMPHIS WORK,

. It will be scen by reference to the m
Memphis are quite generally very
:.s!dered safe, even in the most thic
tinue to use sewers of a diameter
(including the lateral branches).

ap (Plate A) that the grades in
good ; o0 much so that it was con-
kly settled parts of the city, to con-
of 6 inches for n length of 3,000 fect

C
€ ¥ 1 1% ] ol O 3 Of € ] 1 1 4

in a few i :

S\'stem: ‘l‘gi‘igﬂnces .they were imncreased to 8 inches. The two se nrat

point avith ;Gll;f}m-‘; come together at Jackson Street begwin ultltll{:qt
-nch pipe for the west side of the bnyo?l {or 1-iv:3|-

The 15-inch main on the
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wosb sido is continued as far as the junction of Hernando and Bealo

Styeets ; from this point there is a 12-inch pipe as far as Vanco Strect.
All tributavies ave cither 8 inches or 6 inches in dinmeter. On the
cast side the 12-inch main goes as far as Union Street, whenee its
extension to Vanco Street, with a view to future work towards the
«outh, is of 10-inch pipe.  Tho rest of this system is of 8 and G-inch
lip('s.
From the point where the two mains come together at Jackson
Strcet, the ontlet is by n 20-inch brick sewer reaching now as far as the
«switeh ! near Wolf River, whenee it is continued with 20-inch pipe
to n junction with the 3 foot iron pipe from the Jail, discharging into
Woll River below low water mark.  This outlet is to be used, after
tho work is completed, only during high stages of the river. Thelow
water main, which will be of hrick to about the extension of Jackson
Street, will be continued thence by o 90-inch iron pipe with leaded
joints to below low water of the Mississippi near the foot of Market
Street.  During high water stages of tho yiver, this extension of the
i will bo filled with dead water quite back to the switch, and 1t
wis feared that to discharge the foul outflow by this cowrse would
tead to the formation of serious deposits, — Through the much shorter
line by the jail pipe there would be less danger of difliculty from this
sounce.

The switch by which the flow is diverted is not absolutely water-
tight at cither of its ends, but it serves perfectly for the diversion of
all solid matters,

Concerning the construction of the work, there is not very much
10 Lo said which can interest an association of sanitary engineers. A
fow details are shown in the accompanying Plate B.

The object aimed atb is simply to secure the complete and speedy
vemoval of all foul sewage through pipes absolutely tight as to their
Jjoints; true as to grades, and laid on generous curves; to sceuve the
most complete ventilation possible; to cause the least possible dis-
turbanee of the flow at the numerous inlets ; and to give every pipe
an cffective daily flushing. o

"To prevent the adherence of solid matters at any point in the
sewer, gaskets ave used at all joints to prevent the intrusion of
coment. These gaskets have the further effect of aliowing the scctions
of pipe to be held in place until two or three lengths are secured, s0

that when the cement is once applied it need not be disturbed by the
movement incident to the laying of new sections.  In order to secure
2 coneentrie bore at the joints an ‘adjuster’ was used in the case of
the smaller pipes. Its construction is shown in Plate B. It 1s
simply a device by which, on tightening a screw, three buffers of
india-rubber are brought to a firm bearing on both pipes, lapping the
joints.  When a new section is Inid in place, the adjuster 1s put in
position and tightened, olding {lhe pipes coneentric until the gasket
is tightly pressed into place. Tt is then withdrawn and, used for the
making of a second joint, the previous gasket taking up any move-
ment and allowing the cement two or three joints to the rear to
remain undisturbed until it sets, This method has been found to

work well in the hands of ordinary pipe-layers,
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208 ENGINEERING AND SANITARY CONSTRUCTION,

Although the natmal soil of the site of Memplis is usually favowmr-
able, there were many plices where artifivinl grading, nud whero the
former uso of tho various depressions as a “dumping ground,’ had made
an almost impossible foundation for tho work,  The difliculty in such
cases was overcome by the use of “xaddle piles’ mado of 1-inch
boards wider than the outside dinmeter of the pipe, and sawed to the
proper xadius. ‘Theso piles were madv longer or shorter nccording to
the depth of the soft material, and were then dviven oxnetly to grade,
two piles being placed under each 2-foot section of pipe. "This was
found to be much better than the use of gravel or planking, making
it easy to seeure the exact grade at ench point, and nat subject to dis-
turhance by the feet of the workmen. By excavating the bot{om to
a line o few inches below grade, tho cement of the jeint is allowed to
set without contact with the water of the trench,

A new form of house connection or branch picee was wlopted,
"This is shown on Plate I3 in two sections and in perspective.  The
house branches in all cases, even for the lavgest establishments, were
restricted by law to a dinmeter of 4 inches.  "The extension of sizo
from the diameter of the Dranch to the dinmeter of the main is
made by a funnel-shaped branch piece delivering its flow at the very
bottom of the main chnnnel and, at the same time, furnishing venti-
lation to its very crown. This ix a slight modification of the devico
in general use, but it seems to e to possess decided advaniages.

Jv an ordinance which is strictly enforced, the furnizhing of an
unobstructed ventilator, 4 inches in dinmeter, reaching to the top of
the house, is compulzory in every ease.  Connection with the sewer is
also compulsory in the case of cvery building oceupicd for any pur-
pose at nny time during the day. In all probability these frequent
ventilators, at various elevations, and variously exposed to different
winds, would suflice for the complete ventilation of the whole sewer
system,!' To provide against any possible defect in this regard, ag
well as to afford an opportunity for inspecting the flow, there is
placed at the lower end of each lateinl, near its junetion with the
main sewer, n ¢ Fresh Air Inlet,” the construction of which is shown
on Plate B. This furnishes a free access for air through an open
grating at the surface of the street—following the cowso of the
arrows to a T hranch at the top of the sewer, The entrance of dirt
and rubbish is prevented by a east-ivon plate shown in position at A,
To facilitate the removal of necumulated dirt it is dropped to the
position shown by the dotted lines n; and for the inspection of the
sewer it is set back to the position ¢,

The most striking departure from ordinary enstom and preserip-
tion is the entire absence of man-holes and lanp-holes, and the
utter disregard of the alignment of the sewer, so far ag the question
of examination or cleansing is concerned. We trust to the open
inlets for ventilation and to daily or half-daily flushing for cleansing.
Should a sewer at any time hecome obstructed, the obstruction would
manifest itself at the lowest house connection above the point of

1 When the sewerage is completed there will be about 7,000 of these -inch venti-
lating pipes for the 40 miles of sewers of 1he city, being an avernge of one veutilator
for every 30 fect of sewer, besides the ajr inlets at every lateral,
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T stoppage, and the stoppage would have to he removed by digging |
* down and vpening the sewer itself. This would, of comse, cost more -

than to withdraw the obstructing substance at a man-hole; but no 1

'l‘” p q N UTIT . single instance of stoppage has yet oceurred, andd 1 i confident that
) I OEWERAGE OF .\ll"u\“’“ls . the interest on the cost of man-holes and lamp-holes would he )
1 ReEIIIL cwcioco:l s cnormously greater than that of the oceasional openings that may 3 o
B : DETAILS. hieeonie NECessary, . .
' ‘ T In fact, it is dificult to understand why these sewers should !
iq e become obstrueted at all,  They have no projections or rough points 5
1 - to colleet forcign substances; nothing can get into them except
| | : through pipes of matorinlly smaller dinmeter than their own ; and
; cach sewer, with its hranches, is swept from end to end at least daily,

ié by a large volume of waler, rapidly discharged from a Field's flush-

RN e L R,

tank.  There are now about 120 of these flugh-tanks in constant
operation, and when the work is completed the number will e in-
creased to over 150, Observations taken at the fresh-air inlets, at
‘) : the time of discharge, show the current from the flush-tanks to be of
sueh veloeity and depth as {o ensure the complete vemoval of any - 1 -
ohject which we cam conceive to gain admission to the sewers, : ‘
1t is certainly not necessary in deseribing {lis work to English
canitarinns to enter into any long account of the flush-tank of”
Mr, Rogers Field.  The particular arangement of the apparatus
employed at Memphis is <hown in Plate B. The discharging
capacity of cach tank is over 100 gallons,  The dinmeter of the dis-
charging limb of the siphon is 31 inches, and the discharge occupies.
from thirty-five to forty scconds, It was found advantageous to
make the outlet chamber and the subsidiary siphon—employed
to unseal the large siphon—in one casting of iron. This casting
includes a bearing for the iron plate upon which the flange of :
the siphon rests, thus obviating the danger of improper ndjustment ]
; when the setting of the different parts is left to the eye and judg-
ment of the builder.  The theory upon which the flushing appli-
anees have been aranged is that in o sewer of such small size ag
6 inches, with frequent louse conneetions, there iz no danger of
an accumulation of organic matter except townrd the upper end of
the sewer, where the constant flow is too slight to cary forward the
Leavier matters introduced throngh the house drains ; that, after the
discharge from a certain number of houses shall have been added to
the current, everything is swe to he carried forward by the natural
flow, so that all that we need to secure, so far as the prevention of
; deposits and stoppages is concerned, is the flushing of the first few
b Lundred feet of each line. - That 100 gallons of water discharged
[ ] in forty scconds into the head of o G-inclh sewer, will effect this
object, is not questionable. The effect of the increased flow through
_ : the lower part of the lateral sewer, and of the accumulation of the
- tHETE ¥ , : - discharges of a uumber of flush t:mks‘in th‘e sub—m:‘\ins m}d mah}s |
iy i ‘;'i ' has, as a matter of comse, o beneficial effect, by increasing their ERY

%‘ i Le: ; . WATERLOW & SOMS LIMITED, LOUGON WALL.LONDLON, ] scour. |
' — The ability of these sewers to keep themselves clean, and there-
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‘: stoppage, and the stoppage would have to L.

| L SEWERACY. OF .\h" MPILIS ADJUSTER Saoote Pues. House COKNECTION DRAIN . down and opening the sewer itself. This woul
. i v SRR S — > than to withdraw the obstructing substance =

PRI SN single instance of stoppage has yet occuried, a

the interest on the cost of man-holes and

% epormously greater than that of the occazion
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300 ENGINEERING AXD SANITANY CONSTRUCTION,

the Touses of the eity shall have been connected with them.  The
distanee from the head of the sower to which it ix neeessary that the
cffeet of the tank flushing shoull wach, of comse decrcases as ndidi-
tional houses are conmceted, and it is, I believe, amply proven by
three or four months of entirvely suceessful use that theso sewers will
continue for all time to bo entiely satisfactory in this respeet so long
as their flush-tanks avo kept effective.  The yesults of the gaugings
of the dry-weather flow of & numlber of Sewers, previously recited,
show that the system, as established, will e offietive for a popula-
tion of 60,000, Tt is not, therefore, too mueh to say that the sueeess
of the Memphis sewerage s demonstinted, I is not, of comse, to
be hoped that there will be an entive immunity from stoppages,
but there is every reason to hope that these will bo so few, and
so caxily removed, that the wisdom of having avoided the ¢
of making man-lioles and Lanp-holes will e
perience,

As Memphig, like nearly all of our southern citivs, is, exeept in its
business portion, without cellns—very many honses of o good cliss
boing built on picrs, with a fiee cirenlation’ of aip under the mnin
floor,—the sewers hiave been laid almost uiformly at a depth of
6 feet.

In order to avoid the risk of danger from the carel
conncctions, and to facilitate mul cheapen the work of house connee-
tion, a 4-inch binnel bas been cnvied from the junction picce of the
sewer to the outer line of each house Iot.  This branch is constructed
as the work on the public sewer progresses, and its upper end is
immediately closed with an earthenware cap, fastened in place with
clean mortar.

The ordinance concerning private works requires that the 4-inch
drain of iron or carthenware shall be extended from the foot of the
soil-pipe to within one length of its Junetion with the hranch from
the sewer. Tt must communicate divectly with the soil-pipe withont
the intervention of & trap or continction of any sort, and the soil-
pipe must extend ahove the roof of the house witl] the full diameter of
4 inches, and open nt the top.

Every slop-stone, water-closet, sink, or other ves<el within or with-
out the house must have its own independent trap,  Apparatus of all
kinds must comply with certain restrictions, and all is subjected to
official inspection before aceeptance. Nejther the ¢ pan -closet, nor
the ¢ Brahma closet, nor any other of {heir class, is allowed. The
use of ¢ liopper "-closets is enceuraged,  All of the plumhing work of
the establishment must be nccepted by the inspecting engineer hefore
the final connection with the sewer is permitted, and this final con-
nection must in all cases be made under his immediate supervision,

In anticipation of the Jarge amount of work to Le done, the
plumbers had Taid in Javee stocks of pan-closets, and there was some
opposition to the prohibition of their use; hut a friendly conference
with these mechanics, and an explanation of the object of the regula-
tion was frankly accepted, all prohibited apparatus being returned to
the manufacturers. The ordinince prohibits the uwse of any closet
which has an unventilated space between two water-seals of more
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than 100 eubic inches eapacity, or which has an unventilated space of
sy size within which any part of the mechanism moves, _

It is thus made impossible for foul matters to lodge in any part
of the house drainngo or sewerage system except in tho running traps
of the different vessels, one side of the trap being exposed to the
open air and the other side to the well-ventilated atmosphere of the
deninage system, ‘Tho requirements concerning the flushing of closets,

&e,, ave such as to secuve the most complete practicable ¥emoval of

whatever they may receive,

SUBSOIL DRIAINAGE,

One of the marked benefits avising from the construction of ordi-

navy systems of sewerage resulis from the greater or less porosity of

the works, which aflords o means of escape for subsoil water—which,
in other words, dinins the ground.  This benefit is accompanied by
the marked dizadvantage, that during dvy seasons the lignid sewage,
which is needed to crry forward the solid parts,and which is saturated
with filth, leaks out into the soil, leaving the solid matters stranded
in the sewer, and polluting the ground. In the work at Memphis
this leakage is obviated by the absolute tightness of the Jointing of
the sewers.  Fhe diaining of the soil is effected by the use of 01-(1111:}13'
agricultural drain-tiles Inid heside the sewer in the same trench. The
effect of this part of the work has been so great ns to have had a
marked influence on the dryness of hoth soil and atimosphere, pro-
ducing, as is believed by the sanitary authorities, a decided reduction
of malaria and a modification of the prevuiling loeal tendency to
rheumatism and pulmonary irritation, -

The subsoil drains do not deliver into the sewers, but find their
outlet directly into the bayou and its branches. In more level
ground it may frequently be necessary to discharge the tiles soaner or
later into the sewer system.  This should be done with precautions
against the back-flow of sewage into the tiles.

THE DACKWATER OF THE MISSISSIPDLI.

The improvement thus far described relates only to the Ligh-lying
parts of the city, and to a portion of the lower area only during low
stages of the river.  The exelusion of back water from the bayou is
to be undertaken in the autumn, A dam will be built at the crossing
of Second Street with a 3-foot Irick conduit below the level of the
bottom of the stream, The upper end of this conduit will be fur-
nished with a Fijnje pump,! the prineiple of the construetion of which
i shown in the accompanying plans. This pump has been in success-
ful use in Holland durving the past thirvty years, and its employment
in the United States has been suflicient to show its entire efliciency.

1t seems admirably adapted for the case under consideration, inas-

LThis pump iz named after the inventor.
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302 ENGINEERING AND SANITARY CONSTRUCTION,

much as it will afford a perfectly fiee cutlet for the flow of the bayon
duving low stages of the Mississippi, and will serve ax an eflicient
valve-gate or back-flow preventer as the river Yses.  lts piston will
be driven by a veitieal eylinder diveetly above it, aud oy the river
rises it will be able to discharge all ovdinarvy flow with ease,

At times, even when the viver is low, the immense volune poured
into the bayou by copious thunder storms will be fur beyond the
capacity of the lTow-level outlet, and even duving the senson of high
water there may be oceasional storms whielt will exceed the c-upaci?v
of this chmmel.  To provide for this temporury flood tho upper
6 feet of the dam are to be constructed with swinging valve-gates,  All
storms of the locality which canso such floods are of very short, dura-
tion, so that the discharging capacity of the putap, or during low
water, of the unaided low outlet, will bo suflicient to dist'lmrx?c the
stream, except during an howr or two of its greatest flow,  And as
soon ag the oxcessive flood shall have passed, the accumulation will be
removed by the pump within twelve, o1 at the ntmost twenty-fowr
hours. ‘

For the completion of this part of the work a sepmato system of
sowers of sull extent will be eonstrneted for the avea l\'ing'}n-t ween
the 20-inch main and the bayou; its ontlet discharging direetly in
front of the entrance to the pump.  During low water this sewnge
will pass out with the natural flow of the bayow, and at high walar
it will be carried by the suction of the pump. )

SANITARY LEFFECT,

It would Le premature to express an opinion as to the full effect
of the work described on the sanitavy condition of Memphis. Tts
epidemics of vellow fever and its excessive mortality from consump-
tion, malarial diseases, and rheumatisn have perhaps been due not
entirely to the presence of filth amd of soil moisture,  All that it is
safe to say is, that so far as they have heen produced by these in-
fluences, it is fair to suppuse that the sewerage and drainage will
obviaute them. The authorities of the city are nlready nseribing their
present unprecedented low death rate and almost entive im:?nmity
from malavial diseases to the execution of theso works. 1t will eor-
tainly be very watifying if the experienco of future years justifies
their belief. Whether their belief shall be justified or not, 1 think it
is already demonstrated that the mcthods adopted are effective in
securing their immediate physical nims. T have described them thus
minutely, at the request of a member of the Council of the Sanitary
Institute, partly as a matter of information concerning an importmfb
American work, and partly to indicate the degree to which Mr.
Rawlinson’s original recommendations in favour of the use of small
pipe sewers has been nceepted by his Transatlantic followers,

Gro. L. Wanixg, Juxn,, Newport, R.1.
Lngineer of the Work.
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The Presipest said that they were much obliged for the paper
sent hy Colonel Waring,  Sanitary works, if they were to extend, must
o cheap. 1o must say that ho thought the author of the paper had
been acquainted with reports written in 1843 by Mr., Chadwick, in
which the separate principle was advocated, and sewers of small
dinmeter recommended,  In 1819 Alnwick was drained on this prin-
ciple, and no one hud complained of the drains, After 1848 this mode
of drainnge was taken up and discussed by the opponents of the system
with great viralence, e must confess that he never trembled in the
presenice of man in his life until he stood up at the Institution of
Civil Engineers, knewing that he was alone to face the persccution
against the small drains and small sewers propesed by Mr., Chadwick, a
system which left the rainfall to be earvicd oft on the surfuce  From that
meeting o resolution went forth which led to the adoption of the large
sowers like those in Pavis, Brussels, and other cities. Tt Paris and
Brussels, with all their Tage sewers, were not sewered cities, but had
the smells of cesspools, owing to the generation of gases in the vast space
of these great sowers, In this plan of Memphis different principles
were brought to bear, The engineer knew that he could not deal
with the tropical rains that fell. If an engincer went into a city and
made n rule-of-three sum as to what should be done to take away the
yainiall, he made an egregious mistake.  The swrface water should
not go into the sewers, lmt flow over the surface, There was one
thing in the plans that he did not agree with, and that was the
absence of man-lioles.  He thonght it wounld be found that there
must bo man-holes, as there wonld be sure to be chokages at some
time, and with mmm-holes there would be no necessity to break up the
road to find the spot. 1le was a member of the Army Sanitary Com-
mittee, and, as they knew, great works were contemplated in India,
and the chief thing he had to compete with there was the desive of
engineers to make enormons sewers to meet the rainfall.  The rain-
fall in India at times was 30 inches in {wenty-four hows, and how
was an engineer to provide for that 7 If he made railway tunnels for
drains he could not get the rainfall in, while in dvy weather the
tunnel would be filled with foul air, and thus be a source of evil to
the city. The rainfall must be allowed to flow over the surfuce. If
this caused injury to the surface they must adopt means to repair the
injury, but they should not make enormous sewers which, in dry
seasons, would e areas for creating the very evils they were intended
to cure. e had not suceceded in getting his ndviee followed in some
large towns, but in Bombay they had decided to keep out the tropical
rains from the drains and provide surface draing, leaving the sewers
for sewerage alone, and he, therefore, hoped soon to see Bombay an
example {o other cities. They weve told by one of our present
great engineers that sewers should be large enough for men to
got into to clean them out. Well, all he could say was, that the
Legislature had passed a law to prevent hoys going up chimneys, and
he hoped alaw would he passed to prevent men from going into sewers
to clean them out. 1le, for one, would not have the blood of men
who were killed in this work upon him. ITe mentioned instanees of
places sewered on the principle laid down in the paper with marked
success. 1Te moved a vote of thanks to Colonel Waving,
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My, Cuanwiek seconded the motion,  Colonel Waring had just
been consulted on the sewerago of Washington on thoe same principle
as Mewphis.  If that was undertaken it would be a lesson for the
Metropolis of Gireat Dritain and other large cities both hero and in
Euarope.

Dr. Ricnanpsox asked the Section to consider whether it was
not possible to corveet the crror in the Metropolitan Main Drainage
Works, of mixing the sewage and storm water, by ranning sewerage
pipes through the existing lavee sewers 1 1f so, it wonld hoe o geat
advantage, by which the mistakes of the past conld be carrected,

Tho PrestpexT veplivd that when new sewerage plans were Inid
before his Department they slways caome before him, o asked it
there were existing dmins, and if <o, ho then ndvised that the old
dimins should be rveserved for the water and the new dmins for the
sewage,

Dr. Ricnanpsoy asked whether such a plan as that which e Tad
just suggested could not be adopted in the immense sewers of London.

The Presipext said that London was sewered, and all the
eloquence of an archangel would not avail to eteet an improvement.,
Belgravia, the most fashienable pavt of London, notwithstanding the
great expenditurve on it, was subject to flooding in the asements
from the sewers, and was the foulest part of all London, 1w sewers
contained deposits, and were elivged with sewer-gas,  In the Govern-
ment buildings, in Whitehall, when people came to reply to the
Department's orders, they complained that they could snift the sewer-
gas us they came along the passage, and advised him to set his own
house in order before ovdering loealities to sewer.  Perhaps he was
not wise in making thesc vemarks ; but he was so old, and had got so
independent, that if he got a ¢ wigging’ he should not very mmuel
care.

Muv. Ionixs ob~erved that in justice to Sir Gilbert Scott there
ought to be some power to control the drins in the lewer parts of tho
new buildings at Whitehall,

The Prrsipest discliimed any wish to east any reflection on Sir
Gilbert Scott, but he justified his remarks by giving unsavoury
details of the insanitary condition of the buildings in Whitehall.
The plans of the sewers of public buildings were under one Depart-
ment—not his Department—and when he asked for the plans he was
toll “to mind his own business.’  If the new Government buildings
were Lad, the hasement of Somervset House was far worse,  Somerset
House was an old building, with an old system of sewerage, and was
densely populated, and ill-ventilateld.  IF he had to ocenpy oflices in
Somerset House, he would af onee throw up his appointment. And as
to the great War Oflice, there was no beggars common lodging-house
in the country fouler, in 1egard to the condition of the basement ; and
as the basement was so were the rooms.

Mr. Hexey C. Bunpit said he wished to make a foew remarks
from a houscholder’s point of view. Ile looked on the plan adopted
in Mempbis with great satisfaction. Every house had & finch ven-
tilator cmried above the roof, and this was compulsory, It was also
necessary that the plans of every house should he approved. He
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wished that these rules were the law in England, e believed that
they must have compulsory legislation on these points, and if a strong
CGovernment on sanitary questions were in power, and carried the
necessary measures, it would not be so necessary for the Sanitary Con-
gress to go from town to town.  The placing of houses in a sanitary
condition should not ho a matter of option, hut of necessity by law,
T'hoy had had too much permissive legislation, and they now wanted the
power to protect themselves ngainst the carelessness and covetousness
of those who lived in their midst.

My, Luyox, C.E. (Southnmmpton), pointed out that under existing
regulations it was necessary that plans of drainage should be sub-
mitted to the loeal authiorities, who had ample powers, though they
were too often reluctant to put them in forco owing to the pressure
put upon them from outside in all directions, Tle was also of opinion
that no system was perfect which dispensed with man-loles. e
was happy to say that the separate system was gaining ground, in the
view that the mainfall should go to the streams.

Dr. Macracay, as n Medieal Oflicer of Health, corroborated Mr.
Lemon's statement as to plans of drainage having to be approved by
tho local nuthorities,

Colonel Joxes pointed out that the system used in Memphis was
advocated so far back as 1847 by Mr. Chadwick,

Dr. Canvexter took exceplion to the way in which the sewage of
Memphis was disposed of in sending it into the sea, e endorsed the
principle Jaid down :—* The rainfall to the river and the sewage to the
soil.”  Cireat Britain could not aflord to lose the sewage, whatever
America might do, and if it weve cast into the sea it must eventually
end in bankruptey. TIe belioved that we could get three times the
produce from the land if the sewage were properly utilised, yet it was
thrown away because they could sco no benefit to themselves from
applying it to the land; but this action would make this country
to be more and more dependent for food upon the foreigner. He did
not think that the towns would ever obtain divect profits from their
sewage ; but in his opinion it was the person who put it on Lis land
that should get the profit.

Mr. W, Witk said he believed that at Memphis it was necessary
to get rid of the sewage effectually and at once, and that could not
have been done if they had looked about for means of utilising it.

Mr. Towre (Oxford) advocated the distribution of sewage over
the land, and maintained that it could be pumped to any height. The
whole country should be one ¢ immense sewage farm.’

Mr, Rocers Fienp (who was called on by the President to reply
on behalf of Colonel Waring) was bound to say that he agreed with
the President that it would have been better if there had been man-
holes on tho sewers. At the same time, there were several very
special features in this ease which altogether took it out of the or-
dinary category, Not a single old drain or street gully was connected
with the sewers, and all the house drains were strictly limited to
4-inch pipes, so that nothing could get into the sewers that could not
pass through a 4-inch pipe.  All the service and branch sewers were
automatically flushed every day Ly the dischavge of the flush tanks,
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: 1
I‘
- )
) l ‘ “ l; The ventilation of the sowers was effected by an jimmense numnber of
R ki ’ i ventilating pipes, ono of these Leing carried up overy single houso,
; Theso conditions were altogother unprecedented, and they could, . -

. oo therefore, hardly judge of the works by the rules applieablo in ondinary , |
- RE " cases,  Moreover, the works had to be carvied out with extrnordinary ;-
i i - rapidity, and at the least possiblo cost, in consequenco of {ho im- = i

o kL I ’ - poverished state of the town. _ =

S HL x The Presipext, in his concluding remnvks, stated that when ho 1.
“H Li' ; was a younger nan, and engaged upon designing works of soworage, '
1 i %o had not the advantago of tho self-neting flush tank uged on thoe : :
1 [ ' Memphis worke, otherwise ho should certainly have availed himself .
i i of it. - .
. ; : Iy
| BHHSHE A voto of thanks was then accorded to Colonel Waring for sond- 3 |
. 1; i ing his paper. ; .
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