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which this material finds useful application. Canvas
and cordage treated by the Willesden process are not
increased in weight or rigidity, as is the case when
tarred and otherwise treated; whilst a high degree of
freedom from mildew, meuld, rot, and decay, and
greater durability generally are thus secured. .

A fuller deseription of the various uses to which
these Willesden llnbrics may be put will be shortly
given in a paper on the subject to be communicated
to the Society of Arts.

DISCUSSION.

The Cnamyay said he was sure the Socicty would
thank Dr. Wright for bringing before them a very
useful application of a very well-known reaction. 1t
was very evident that such a method of waterproofing
fabrics and rendering them indestructible must have
many practical applications. It was interesting to
know from reecent experiments made in I'rance with
regard to the most effectual method of destroying
poisonous germs, that in many cases sulphate of
copper exceeded all other disinfectants. Of course
in moist climates, where mildew and rot were specially
to be feared, these substances treated in the manner
described would be practically indestructible. Sleepers
had been already pickled with sulphate of copper to
a certain extent, but the addition of the ammonium
salt with its solvent action on the cellulose, pointed
to the possibility of a much wider application of this
process.

Mr. Tyrer asked whether the thick ropes, samples
of which were shown, were waterproofed throughout,
or was the exterior only waterproofed,

Dr. Wricnr repliced that the process as applied to
ropes and canvas was not so much intended to render
them waterproof in the sense of keeping the rain out,
as to prevent mildew and rot, td which ordinary
canvas was subject.  Ile might call attention to the
various specimens exhibited, showing the dillerent
eflects on strips of canvas, paper, and card, of immer-
sion in water or moist air when treated with this
liqguid and when left untreated. 1 the materials
were boiled the cftect would be still more marked ;
treated canvas might be boiled for any length of
timo without any apparent eflect of ‘any kind being
]»rmluccd, whilst ordinary canvas would be more or

ess injured, and of course paper or cardboard would

spredily go to pulp.  There was another specimen in
which several strips of paper had been dipped in the
solution for a portion of tlluir length and then passed
through rollers, when they became inseparably agulu-
tinated together, and would sustain o much greater
weight than before,

Mr, Jouxsox asked if the process added anything
to the strength of the card.

Dr. WricnT said the mmount of strain the material
wonld bear after treatment was very greatly increased,
as chuld be proved by attaching a weight Lo it.

Mr. Newnanns suggested that the same effect
would be produced by mercly gnmming the shects
together, e should like to know if this process was
applicable to filtering cloth, and if it would strengthen
it. [ so, even at a considerable cost, thero wonld he
a considerable use for it Scerim cloth was mentioned,
and that was used largely in the sugar mannfacture,
but it rapidly wore ont.

Dr. Wrtenr remarked that there wans o great dif-
ference hetween a material formed of several sheets
of paper by this process and a ]»iccu of pastebonrd
made in the ordinary mannor.  The latter (the paste-
board) would he reduced to its pristine clements by
exposure to water ; but Willesden card would not be
allected, the agglutination being permaunent,  With
reference to the possible superiority of the prepared
canvas as a filtering naterial, he was not awaro that

it had ever been tried ; but he should imagine it
would be somewhat less porous than before, on
account of the filters being coated with a kind of
glutinous cement, which wounld render the crevices
between the warp and woof smaller.  Dut if a some-
what more looscly-woven canvas were treated, it
would then no doubt be as permeable to fluids as a
more closely-woven kind untreated ; and no doubt it
would resist the action of boiling saccharine fiuids,
which he supposed Mr. Newlands referred to.

M. East asked if it would be possible to treat the
material for canvas and ropes before manufacture.
That wounld get over the difliculty just referred to.

Dr. Wricur said there was no doubt the hemp
fibres might be dipped, but he did not think they
would spin so well.- 1 that could be got over by
altering the machinery there would be no other ob-
stacle.  He should fancy the fibres would be more
like bristle after dipping.

0 000000000——

ON THE FILTRATION OF POTABLE WATER.
BY S. 1. JOIINSON.

Tieik are few subjects of greater importance to the
commiunity in general than the quality of water used
for drinking purposes.  With the increase of civilisa-
tion and the consequent aggregationof thepopulations
into cities and towns, the difliculties have ever in-
creased, in conscquence of the pollution of all the
readily nccessible water by the excreta and refuse of
the people. I examining into the subject of water
supply it is most striking that, from age to age up to
the present, great ignorance as to the transmission of
disease by polluted water should be almost universally
prevalent, and we do not find until within the present
century that our knowledge of the subject ]ms re-
ceived any important acquisitions.  The reason of
this is clearly (fue to the absence of chemieal know-
ledge and ignorance of the inductive methods of
research, and although our knowledge of the subject
has been greatly expanded during the past fifty years,
yet 1t must be admitted that at present we are only
on the threshold of that knowledge which the im-
portance of the subject merits and demands,  Inti-
mately connected with the subject of water as a
beverageis the zymotic theory of discase, and although
the specific organisms producing cholera, diurrheen, or
typhoid symptoms have not been identified, yet the
evidences by analogies of results produced, and the
similarity of effects of various reagents and conditions
on infected lignids are so marked, when compared
with like treatment of known organisms, that tho
conclusion that they are vital organisms, not eapable
of transmutation, 1s almost irvesistible.  IHowever,
whether this Le so or not, there can be no doubt
whatever that the specitic poisons producing such
disenses are in the vast majority of cases traceable to,
and derived from, organic matter in a state of decom-
pusition, and in nearly every instance suceh organic
disease-producing matter has proved to bo derived
from infected lnunan excreta in sewago, contami-
nating the drinking water of the persons attacked by
the diseass named.” Tt is not the ohject of this paper
to do anything further than state these views, abont
which so muelynlready has been written, [t may ho
taken as granted that the general eonsensus of seion-
tific opionion is in favour of the iden of the propu-
gation of these diseases by living organisms, and that
these organisms ave derived from drinking contami-
nated water. 1t is well wo should have a fow striking
examples of the evils resulting from drinking con-
tuminated water fresh in our momory boefore proceed-
ing with the subjoct of filtration,
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Cask L*—1n the year 1866 an epidemic of cholera
visited London, from which the mortality was, in the
castern district, 3,700, and in the rest of London 66o.
1t has been demonstrated to have arisen in this way:
A sailor was landed at Sonthampton sullering from
Asiatic cholera, who went on to London, and it is
established that the bowel discharges of this patient
passed into the Lea at o point 200 feet distant from
one of the serviee reservoirs of the Kast London
Water Company at Old Ford. There is also conelu-
sive evidence that on several occasions, about this
time, this infected water was admitted into the ser-
vice reservoir without filtration, the supply of filtered
water having run short, and this water was distri-
buted by the LEast London Water Company, and it
was found that * the area of intense cholera in 1866
was almost exactly the area of this particular water
supply, nearly, if not absolntely, filling it, and scarcely,
il at all, reaching beyond it.”

Case IL—A district of London on the south side
of the river was visited with special severity by
Asiatic cholera as often as it had been epidemic in
London. On examination it was found that this
district was co-extensive and conterminous with the
district supplied by two of the London water com-
panies who drew their supplies from the grossly-
wlluted water of the Thames at DBattersea—the

ambeth and the Southwark and Vauxhall Com-
panies.  These were competing companies, and a
duplicate system of mains side by side supplied the
houses with water indiscriminately, and in the same
streets, in fairly even proportions. In the visitation
of cholera of 1848-9 the tenants of cach of the com-
panies suffered in about equal proportions. In the
next outbrealk of cholera, 1853-, the source of supply
for the water had been changed from Battersea to
Thames Ditton by the Lambeth Company, and the
Southwark and Vanxhall Company continued to draw
their supply from the grossly-polluted water of the
Thames at Dattersea.  Here, then, we had an inter-
mingled population, part of whom were supplicd with
a somewhat diluted and strained sewage, compared
with which the remainder might be said to have been
supplied with fairly pure water, That portion of the
population supplied with foul water lm(]l a death-rate
from cholera of 130 to every 10,000, and the remainder,
who drauvk the moderately polluted water, had a
death-rate from the same cause of 37 to every 10,000,
50 that the population drinking foul water “suffeied
33 times as much mortality as the population drinking
other water,” and there was an analogous correspond-
ence of the deaths from dinrrhea. The number of
lives involved in these experiments was 511,000, so
that the results obtained are most reliable and con-
clusive, the two portions of the population being
alike in all other conditions with the exception of
water supply.

Case LIL—Tho violent outbreak of cholera wlich
took place in the year 1854 in o small district in
Glolden Square, St. James's, Westminster, by which,
within a radius of three minutes’ walk of a polluted
well, 609 persons lost their lives in the course of n
few days,  “lt was shown by Dr, Snow (1) That
the outbreuk, properly so ealled, was principally con-
fined to the arew about the Broad Street pump.  (2)
That 61 out of 73 persons who died during the first
two days had been necustomed to drink the pump
water either constantly or oceasionally,  (3) That the
water wayg used in various other ways, and might so
have been taken in eases whereits uso in the ordinary
way could not be distinetly traced. (4) That in the
workhouse, where the well wator was not used, only

* Tho cases Nos. 1, o [V, are abbreviated from the Sixth
Iteport of tho Royul Conunissloners (1808) on I’roventing the
Pollution of Rivors,

5 deaths oceurred, whereas 50 would have been a
ratio proportionate to that of the ncighbourhood
uroum‘. (5) That in a factory cm}nloying 200 people,
where the water was drunk daily, 18 people died,
6) That 70 men employed in the brewery in Broad
Street never drank the water, and escaped cholera.
(7? That in o number of individual instances,
which was particularly investigated, the drinking of
the water was followed by cholera. [none casea lady
living quite away from the district, who had the water
sent out to her, died after drinking it. Her niecealso
died under the same circumstances  (8) That atany
point decidedly nearer to another pump the mortality
from cholera as a rule ceased, and that in an mnquiry
extending over 48 fatal attacks which took place
nearer to another pump, many apparent exceplions
were found to be cases of death in persons who really
had a preference for the more distant Broad Street
water, (9) That in a particular street, containing 14
houses, the only four which escaped without a death
were those in which the Broad Street water was never
drunk. (10) That this water was used for drinking
purposes only, and was used cold. T'rom all these
several facts Dr. Snow is of opinion that the outbreak
was attributabls to the well water as the medium of
dissemination of the cholera poison. e believes,
moreover, that the well water must have been not
merely generally contaminated by cesspool drainage,
but espeeially with theevacnationof a cllolcm patient,
These concelusions of Dr. Snow have been confirmed
in a remarkable manner by Mr. Whitehead, who at
first entertained adversc views and investigated the
matter independently.

Cask LV.—The great unhealthiness of Millbank
Prison was for a number of years a source of great
anxicty, and many measures were resorted to for its
improvement, but in vain. Typhoid fever was
especially fatal. At Jength, in the year 1854, the
supply of the prison with water pumped from the
Thames was discontinued, and the water raised from
the artesian well in Trafalgar Square was substituted
for it. Immediately on the introduction of the new
supply the health of the prisoners improved, and
from that date up to 1872, a lpcriml of 18 years, there
lve been ouly tchc deaths from typloid fever, not
one of which was contracted in the prison,  Although
at previous times the prison was so unhealthy that
at one time as many as 500 convicts out of 850 were
sick in 1819, and the death rate had reached 82 per
1,000, the average since the Thames water has been
replaced does not much exceed 12 per 1,000.

Cast V.—AL Caterham and Redhbill a well-authen-
ticated instance of the pollution of the water supply
in a group of towns and villages of the specitic poison
or organism of typhoid or enteric fever was brought
before the Socicty of Arts in the year 1879, hy Dr.
Thorne, ut the Conference on National Water Supply,
Sewage, and lealth. Lt appears that an ontbreak of
enterie fever occurred simultaueously in this cluster -
of towns and villages, and 196 persons were attackud
within 11 days, 21 of whom died.  Since some of the
aflected distriels wers quite isolated from the rest,
the simultaneous character of the attack in cach of
the places was vory remarkable,  'This led to an in-
vestigation of all the usual conditions likely to aflect
the ease.  I'he sewage and diainage, the means of dis-
posal of excereta nnd refuse, the milk supply, ete
were caeh inguired into, but nothing could be foung
throwing any light on the stbject ; but, on the con-
trary, in these matters, there was no condition in
common in all the places aflected, The single pre-
vailing condition in contmon in all the places
was the water supply ; but this was thought to he
ulinost above suspicion, boing derived from wolls more
than 500ft. decp in the chalk, llowever, in the
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infected district there were 1,400 houses which were
not supplied by the water from the company’s mains
and it was-found that not one -person was attackec
who were occupants of these houses, who had not
drunk of the water from the company’s maing. This
was alimost conclusive that it was in the water supply
the mystery would be solved.  An investigation was
made, and it was found that the water company had
been constructing an adit between two of their wells
at this time, in which a workman was employed who,
it was afterwards discovered, was suffering from an
attack of enteric fever, and it was also proved, and
admitted by this man, that, notwithstanding the
regulations to the contrary, he was compelled to
evacuate the diarrheeal discharges in the adit. The
symptoms in the casc were well established as those
of enteric fever. This quite explained the mystery.
There are literally thousands of cases which could be
adduced to show that a fruitful source of prevalent
zymotic discases is the drinking of water polluted
with organic matter of sewage—indeed, it has been
computed that the deaths from this cause alone
amount to at least 120,000 annually in the United
Kingdom ! So that it may be said with truth that
EngTan(l'lms lost far more by drinking dirty water
than by the deaths of all the soldiers and sailors that
have fallen in all the battles she has ever fought, and
yet England in sanitary matters, and especially in
the matter of sewage disposal, is far in advance of
every other nation.  Irom the cases heretofore cited,
it is evident that wlen potable water acts as
a carrier of infectious discases, the infection is cither
derived from, or always associated with, organic mat-
ters of animal ovigin, "1t does not, however, follow
that all animal organic matter contained in water
must necessarily be morbific in its eflects—rather
the contrary is proved by all our experience hitherto.
The very fuct of the occurrence of epidemics of par-
ticular types of disease shows clearly that the exist-
ence of infectionin a water is not the invariable
result of animal contamination, but rather the
exceptional condition. In the absence of any known
method of determining the presence of infection in
water, it is considered that the only safle course is the
rejection of such as have an appreciable amount of
organic pollution of animal origin. The zymotic
theory certainly appears to explain the facts connected
with the occurrence and transmission of the class of
diseases we have been considering in a way that no
chemical theory, when compared with it, can for a
moment appear tenable.  The assumption that living
organisins of intransmutable type and of exceedingly
minute dimensions are the cause is being daily more
and more strengthened by the researches of hiologists
like M. Pastenr and others, and the identification of
the specific disease-producing ferments and their
habits, sucly, for instanco, as that producing splenic
fever In sheep, add confirmation to this view, On
this assumption the neeessity for the presence of
certain kin(\s of organic matter is apparent, as the

doubtless form a suitakle pabulun for their growth
and development, existing ]iko bacteria and other fer-
ments, by ll)reaking down colloid organic matter of
complex moleecular structure into simpler forms or
clse into inorganic bodies,

Having now genecrally stated the grounds for
objection to the use of water polluted with sewago
for drinking purposes, apart from any sentimental
objections, there can be no doubt that the sub-
Jjuct is of vital interest to every individual to whom
only a supply of more or less polluted wuter is
uceessible, \t:ith the water supply of onr cities
and large towns in many cases no exception can be
taken, The cities of Liverpool, Manchestor, ({asgow,
Dublin, and Ldinburgh are supplied with upluml

waters above the region of any sewage contamination,
but London, Birmingham, Bristol, and o large propor-
tion of the smaller towns of the United Kingdom are
still supplied with sewage-contaminated warter from
rivers and surface wells. In London, excluding the
district supplied by the Xent Water Company, the
average quantity of sewage contamination in the
water supplied for drinking purposes is 3 per cent., or
about one quarter of a pint of sewage per gallon, an
amount that is not pleasant to realise. = There is no
doubt that the proper remedy is to change the sources
of supply from the polluted waters of the Thames
and the ]YJC:L cither to wells in the chalk, the lakes of
Cumberland, or the head waters of the Severn basin;
but so long as the health and mortality of the people
are permitted to be subservient to the interests of
eapital, it is probable that even in London we shall
be obliged to drink water polluted with human
excreti,  Although in many things the institutions
and materinl welfare of this vast metropolis compare
favourably with the best of all that ean be found in
past history, yet in this matter of water supply we
can learn a lesson from ancient Rome—the enormous
works which she constructed, the remains of which
to this day form a monument to her energy and her
Jjust appreciation of the best interests of her people.
If the old Romans were here, with all our modern
appliances and advantages, this matter of a pure
water supply would not have heen allowed to linger
on account of vested interests, but they would have
smiled and done the work., In the paper read by my
friend Mr. Hutchinson, on the last occasion of our
meeting, he brought before your notice the method
by which not only the whole of the solids held in
suspension in tho sewage of towns can be cheaply and
completely got rid of without nuisance, but also n
large proportion of the most objectionable colloid
organic bodies, by means of precipitation with
alumina and lime ; and there can be no doubt but
that the quality of the London water sup}mly would
be greatly improved if the excreta and refuse of all
the populations, amounting to 800,000, in the upper
Thames basin above the intakes of the mctropnllitan
water companies, wero clarified in this way. There
would still, however, remnin considerable pollution
by the surface drainage from highly-manured agri-
cultural lands.  So long as we derive our drinking
water from sewage-polluted rivers, the mothod of
filtration employed at our waterworks, in the interests
of publie health, should be the most perfect that our
})resent resources and knowledge can supply. How
ar the present means employed are adequate we shall
now consider.  The means employed by water com-
panies for the purification of ouf and turbid river
water are of the very simplest character, and have
undergone no improvement whatever since sand fil-
tration was first recommended by Mr. Telford and
Dr Brand in tho year 1828, The water is first col-
lected into reservorrs, whero the heavier impuritics
aro allowed to subside, and then, nfter some days or
weeks, the partinlly clarified water is passed through
n gl‘ﬂ.dlmtc(} filter bed {about 6 to 8 lJcet deep) com-
l)usc(l generally of successive layers of boulders,
arge stones, small stones, coarse gravel, fino gravel,
and lastly one or two grades of sand, Through such
a lilter bed the water is permitted to pass at the
rate of from 3 to 9 inches in depth per hour—
that i3 to say, from 1} to 4% gallons per square
foot por hiowr, For Thames wator the latter speed
is congidered much too fast, because it is found
that if the rate much lexcceds bHin. por hour
some  visible suspended solids pass through the
filter., Thus an acre of the filter beds so prepared
is capable of filtering from 60,000 to 100,000 gallons
of water per hour, 1t hay frequently beon asserted
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that a considerable proportion of organic matter in
solution is oxidised and converted into nitrates and
nitrites, but that this is not the case is ovident by
comparison of the water of the London companies
after subsidence and before filtration and after filtra-
tion through the filter beds.*

Nitrogen as Nitrates and Ni-
trites. Parts per 100,000,
Names of Compunics. After '
Subsidence || After Filtra-
but beforo tion,
Filtration.
West Middlesex oivuvieiesnen 229 335
Grand Junction .............. 85 315
Southwark and Vauxhall .... 348 315
Lambeth ... 318 361
Chiolsen. . 312 7
Now Rive *310 310
East London . 1L 31
Averagoof 7........ *330 327

T'rom this table it appears that the average result of
filtration of the soven companies’ water who use filter
beds in London shows that the oxidising effect is
practically nil, the water having, if anything, less
nitiates and nitrites after filtration. From these
figures it is evident that there is nothing in the nature
of surface oxidation takes place by reason of the
water being brought in contact with air in the pores
of the filter. It is manifest that the removal of
organic matter is simply mechanical, and that the
organic matter removed was simply in suspension.
1t vequires but little consideration that one may be
convinced that a sand filter is at Lest a rude con-
trivance to employ for so delicate an operation as
that of filtering the exeessively fine matter in suspen-
sion at times in river water; and were the case
dependent on and governed by the size of the pores
or interspaces between the particles of sand alone,
such a filter would be altogether inadmissible. But
when it is considered that the difference in the
dimonsions of the particles of sand and the invisible
particles which give to water an opalescenco is very
preat, and that in fact the interspuces in the sand
filter are reservoirs in which the fine particles of solid
matter can subside, then it is more simple to com-
prehiend its operation. It has been found that water
with a turbidity from very fine suspended matter
cannot in any reasonable time bo clarified suticiontly
by snn})lc subsidenes in a waterworks reservoir, and
notwithstanding this it can be clarilied quickly by a
sand filter,  On the assumption that the upper sur-
face of cach grain of sand Lccomcs a catchment shelf
for the suspended matter deposited on it, the modus
operandt is clear. We may to this end consider a
filter bed as o modified subsidence reservoir having
two altered conditions—namely, n greatly-extendec
arca, and o greatly-diminished depth. Now, if
any of you will take the troublo to observe,
if f'ou have not already observed the fuct, yon
will find that the time required for matter
in suspension in a fluid to completely subside is in
the direet rutio of the depth of the vessol—that is, tho
deepor the vessel the longer time it will require, Lor
the snko of expressing the case numerically we will
assume that we have a filter bed of three neres area,
tho sand in which is 50in. deep, and that the inter-
spaces botweon the grains of sand average ‘Otin. in

* T'ho data for this table are taken from thoe 6th Roport of
ll;olgonnnluuluuoru appointed to Inquire into the Pollution
o vory,

depth; that there is an average of 20 such spaces to
the inch depth of the sand of the filter bed; that the
area of the available catchment shelves on the upper
surfaces of the grains of sand in cach of these
twenticths of an inch is one-third of the area of the
upper surface of the filter bed. Then we have—

20x5H0x3
3

acres, equal net area of catchment shelves, so that
the filter bed is equivalent to o subsidence tank
of 1,000 acres in extent, visth of an inch décp.
If we now compare this with a subsidence tank 100in.
deep, and bearing in mind the fact that the time
required for subsidence of suspended particles is pro-
portional to the depth, the matter would be deposited
completely in the filter bed in 4lsyth of the time
required for deposition in the subsidence tank 100in.
deep. It is simple thus to understand the action of
a sand filter in removing a slight turbidity in water,
And it will now be readily understood how that a
very slight increase in the rate of flow of the water
through a sand filter will be sullicient to carry the
deposited matter through the filter. Thus the work
done on a given arer of filter bed is of necessity
limited, and hence the necessity for large areas of
sand filters. 1f we consider the great importance of
this subject of the filtration of water at our water-
works, and that it is in the solid matters in suspen-
sion that all the danger exists (for we cannot conceive
it possible that the disease-producing organisins can
exist absolutely in the liquid state), it would scem
more desirable, if a positive filter of so fine o porous
texture were used, that it would hold back mechani-
cally all insoluble organic matter, however fine. The
Porter-Clark process for softening water, which Mr.
Yorter so amply Lrought before the notico of the
Society at the ﬂlst meeting, much more closely ap-
proximates to this condition than a sand filter, by
making use of the fine precipitate of carbonate of.
lime, aiter the softening is eftected by Clark’s process,
as a filtering medium for the water. This is evident
by the disappearance ol the yellow tint due to organic
matter, and present in all the London waters, and by
the bcnutifu} blue of pure water which then hecomes
apparent. 1f this process of Mr. Porter's and Dr.
Clark’s were substituted for the present crude and
imperfeet subsidence tank and filter bed, there can bo
but little doubt that not only would the water supply
of London, or any other large town whero it iy
required, be greatly benefitted, but it is very probable
that a positive cconomy would result to tho water
companies,  Although a supply of better and purer
water is much to be desired, yet that alone is not
suflicient protection, and so long as the present systom
of house cistern and intermittent supply exists
additional safeguards should be employed; and in
country places and villages, and towns whoere tho water
is supplied from surface wells, a good method of puri-
fying drinking wator for lhouschold use is much to
Lo desired. If all the cases of sickness, and the
maladices of various kinds which are direetly traceable
to tho contaminntion of water in houschold cisterns,
could Lo recorded for a single year, there is little
doubt that a revelation of sickness and death from
this couse would be produced only a little less
astounding than that arising from poisoning with
sewer gases, There are but fow individuals who can-
not refer to well-authenticnted instances whero
illness adfecting o houschold has been traced to the
water cistern, It may bo that ‘the decomposed
remuins of o dead bird, mouse, or 1at is found in the
cistorn, and that the mysterious illiess disappears
aftor the cleansing whiclt then ensues.  livon deeny-
ing vegotablo matter, such as leaves, or tho successive

= 1000



130

THE JOURNAL OF THE SOCIETY OF CHEMICAL INDUSTRY. [Lendon Scction

generations of vegetable growths which occur in some
water mains and cisterns, are not unfrequently the
source of distressing maladies, and although® the
necessity for serupulous precautions to secure u pure
water supply from the household cistern has been
urged from time to time, yet, like many other things
wlhich are not appavent at first sight, do not obtrude
theruselves on our senses, no atteution is paid to the
subject. 'Things which can be seen, or discovered by
the palate, at once arouse suspicion and vigorous
action. Many of us would be up in arms if we found
our milk watered, or our coffee mixed with chicory ;
but from a sanitary Yoint of view these are vemal
matters compared with impure water.  Daily we are
in the habit of straining at the guat and swallowing
the came! in sanitary matters, and not the least in
this matter of houseliold water.

Tt is our object now to consider generally the various
methods hitherto used for filtering water for drinking
purposes in the household, and in a very brief way to
examine how far they meet the requirements. All
existing types of water filters may e classed under
two heads: (1) Mechanical jilters, which separate
mechanically suspended solid matter from water, (2)
Chemieal filters, which have the property of removing
certain bodies, such as albumen and some salts, in a
more or less perfect state of solution, in consequence
of a si)ccilic attraction which some bodies possess,
depending on their molecular constitution, or, chemi-
cally spc:ﬁ&ing, on the particular kind of matter which
forms the filter, sueh action not depending on the size
of the pores. Mechanical filters remove the solids,
becanse the pores are too small to permit anything but
liguid to pass, and they have hitherto been made of
textile or felted fabrics of every description, the pores
of which are fine enough; coarse pottery or earthen-
ware in tho biscuit or unglazed state ; sandstone, in
various forms, particularly that called deipstone; car-
bon diaphragms or blocks formed of powdered coke,
cemented together Ly means of carbon deposited by
heat from sngar or tarin closed moulds; wood in thin
sheets ; leather; layersof finely-powdered substances,
such as glass, sponge, and, perhaps most effectual of
all, paper. 1t 1s not necessary to enlarge on this class
of filters, Chemical filters for animal charcoal and
spongy iron are the principal chemieal filters employed.

The annexed mmll,yticn tables, showing the etlect on
the organic impurities by employing animal charcoul
and spongy iron respectively, have been taken from
the 6th Report of the Livers Pollution Commis-
sioners. It will Le seen that the organic con-
stituents of water, cven that which has alveady
been filtered through a sand filter, wundergoes a
further vory considerable reduction with hoth spongy
iron and animal charconl. The spongy iron is used
in porous blocks, and the animal charcoal in coarse
grains, aud the water is passed through a small vessel
filled with it. The great defeets of these filters are
that (1) they are bad mechanical filters, and (2) the
water lias to pass through the acewmulated impuritics
of many months, and in the case of animal charcoal,
owing to the presence of phosphates in large quantity
(auimal charcoal consisting of charcoal 10, phos-
phates, cte., 90), it is very favowrable to the growth
of low forms of vegetation and afterwards animal
life. In the 6th Report the Commissioners state :
“Indeed, wo found that myriads of minute worms
were developed in the aniinal chareoal and passed
out with the water, when these filters were used for
Thames water, s when the charconl was not
rencwed at sufliciently short intervals. The property
which mnimal charconl possesses in a high (Icgrcc of
fivouring the growth of the low forms of organic
life is a serions drawback to its use s o liltering
wedium for putable waters,” 1t has been found in

consequence of the accumulated impurities that when
water is passed continuously for a long period
through such porous masses, that at length the water
will actually be further 11ollutcd in passing through
the filter.

The essential requirements of a good houschold
water filter are: (1) It must be a perfect mechani-
cal filter. (2) 1t muast be an active chemical filter.
(3) 1t must be easily accessible for examination
and cleaning. (4) It should have suflicient filtering
area to supply the necessary quantity of water with-
out delay orinconvenience. (5) The filtering medinm
should be replaceable with great facility, so that
there should be no excuse for neglecting this pre-
caution. (6) Tlte arrangement should be such that
nothing but pure water could be conveniently used,
cither for cooking or for dvinking. The author having
these objects in view, has endeavoured to meet all the
conditions in the following way : the filtering medium
COMPOSITION OF WATER BEFORE AND AFTER

FILTRATION (IN PARTS PLER 100,000).
ANIMAL CHARCOALL
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employed consists of thick sheets of filtering paper,
the peculiarity of which is that, instead of being made
of ordinary paper pulp alone, a quantity of pure
animal charconl, freed from phosphates by \\'.-:.u]xing
with acid, is added to the pulp before it is formed
into sheets.  IFrom 10 to 20 \)cr cent. of this paper
consists of purified animal charcoal.  ‘I'his special
paper is usc«\ in a small filter press, worked by weans
of the pressure in the main service pipe, cither in the
basement of the house where the water comes in, in
case of zonstant service, or else in the serviee pipo
from the supply cistern in the case of intermitiont
service. By an inspection of the specimen filter
shown, the arrangement of tho filter will be readily
understood.  The filter press etuployed for this pur-
pose, and which is shown s mounted for use, consists
of a series of grooved plates on which the dinphragims
are supported. The grooves inthe filter plates form-
ing the drainage surfaees, eacle plate has both surfuces
grooved or channelled, and provided with the pro-
pared carbon paper.  Theso plates, with their filtering
papers dn site, are kopt apart from ench other by an
open frame or distunce ring, and thus « baltery of
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filtering cells is made np, when the series of alterna-
ting plates and frames is screwed up between the
fixed and loose heads of the mmehine. Passages for
inlet and ontlet are formed in the metal of the plates
and frames, and snitable ports are formed so that the
supply portsshall be in the distance frames conducting
the water to be filtered between the paper linings of
the filtering cells, and outlet ports conduet the filtered
water into the common ontlet channel from the

grooved plates.  The method of forming the internal

channels in a pressure filter was originally devised by
Danck. Tig. 1 shows the filter mounted against
wall filtering all the water in a service main, g, 2

e, 1L

shows the filter monnted verticatly, where it may he
more ecnvenient to draw off in front in that position,
When it is desired to change the earbon papers for
fresh ones, the filter. can be shut off on both sides
fromn the service pipe by means of the two valves, the
main tightening serew can be loosed, then all the
papers hecomo free to bie removed and replaced, which
15 only the work of a miuute or two.  When screwed
up the machine is again ready for work. Wethus have
(1) 2 good meehanical filter of paper with the pores
filled in with fine carbon; (2) o good chemical fitter
with the carbon in it ten times more concentrated and

more active than ordinary animal charcoal in grains
in consequence of its heing deprived of the phosphatc
of lime, and by the ubsence of whicl it is no longe
capable of favouring the growth of the anima
and vegetable organisims, which are the chicf dunger
of the phosphatic animal  charconl  in  grains
(3) Nothing cun be more simply nceessible for clean
ing, all tho parts being released by menns of a singl
serew,  (4) Tho filtering area, oven in a small uppn
rtus, is very considerable, A machine with 6 plate
hng 12 filtering papers, and theso working under the
pressure of the majn ndmit of the water being draw
off ns reyuired, without the nceessity of the ohjec
tionable practico of keoping n storo of filtered wnfer
(6) The Oltering medium in the form of these thick

mper dises can Tie changed with the greatest facility.
3y this means passing the water to be filtered through
lie acenmulated impurities of o long period is casily
wvoided.  No donbt, the masses will have to be edu-
ated to a knowledge of the impwrity of the water
hey drink, and the vast amount of discase and
affering in consequence, and then it will not be
hought superiluous to pay daily attention to sccure
Jean drinking water. I had hoped to be able togive
ront some practical results of the working of this
iystem, and the analytical results of the water before
ind after filtration, hut it hasnot been found possible
o accomplish this, DBut with the permission of the
suciety I may have an opportunity of making a short
ommunication at a future time on this subject.

DISCUSSION.

The Cinarryax said they had to thank My, Jolhnson
‘or bringing forward an excellent method of applying
Qe filter press to drinking water, but with regagd to
Je general question one must remember, in justice to
Jie much-nbused water compauies, that the health of
London did not secn to suiter from the river water,
n fact, it might be open to question whether sufticient
wea, especinlly with the presence of vegetable growth,
lid not afford as much safety from serious pollution
1s wells—at any rate unless they were extremely
deep; and judging from a case which had oceupied
the law conrts recently there seemed to be two sides
even to the deep-well question.  Whatever the water
supply, it was neecessary that it should be filtered for
the purpose of drinking, and there was in this system
a very perfect means of doing so, perhaps not so
perfect as the combined chemical mechanical action
of tho Porter-Clark process, but one infinitely su\)erior
to the average of filters, somo of which he lad exa-
mined from time to time, and found they did not
require a more delicate test than the nose to discover
that the water was much better before it went in
than after.

Sir FrepeErick BraMwELL said it might interest
the meeting to know, with regavd to the ease referved
to in the paper of the pollution of water at Caterham,
that there was one convincing proof of the theory
ndvanced, and that was this ; a portion of the district
supplied by the Caterham company nominally was
free from tﬂe disease, and it was asked how could that
be if the disease was duce to the water, but it turned
out that that particular portion of the district was
for o time supplied by another company, and, so far
as the mains were supplied by that other company,
thero was no disease, whilst those supplied from the
well in which that wretched man commmitted the
filthy act mentioned the discase was rampant.  That
it must bave arisen from the water was also clear
from another fact. A lady drove over to Redhill,
and while she paid a eall there, and left her carriage
standing in the town, the conchman got down and
drank from the public drinking fountain, went home,
and in a few days was dead. It could not therefure
be anything in the locality, since here was a fatal
result to n stranger who was only in the place perhaps
halfl an hour. Oneo wust remember that this had
really nothing to do with the question of deep well
water or not.  L'he water so-called, which had been
supplied many years bofore, and wany years since,
was nmongst the purest of the deep ehinlk waters, and
the evil arose from an accident in one senso which
might hinve befullen the Now River, It had nothing
to do with the soureo of supply. 'The general ques-
tion had been touched upon in a way which was
often done, and n great deal had heen said about the
iniquity of London water compnnics. Naw, in the
antumn  of 1883, whilst travelling in the United
States, he made it his business in overy town to
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which he went to inguire about the water supply,
and e was assured by all the engineers to whom he
spoke, with one exception, the village of Poughkeepsic,
that there was not a single instance of the water be-
ing filtered before it was supplied to the towns.
When he asked how that was, he told him that they
all had filters in their own houses. Then he
asked about the poor people, and those who
lived in tenements, and those who had not
filters, and he replied that they lad not thonght
about them. Ile told him that if ever there was an
epidemic of cholera there the loss of life would be
something frightful. In New York the consumption
of water was 80 American gallons (equal to G4 Lnglish
gallons) per head per dieny, but the population had so
grown, and the mains were so overtaxed, that the
terminal pressure was noxt to nothing, and you saw
in the shop windows hydranlic engines to be put into
the basements of houses, to be worked from the feeble
L»ressurc from the mains in order to pump up the

alafco of the water to the top of the building. That
was how it was dealt with tilere, because thay dare
not enforce proper fittings on the customers, because
the popular voice did not like it. In Boston the
water was so abominable that every person of respee-
tability purchased it from a private company who
brought 1t round in casks, T'o come back to London,
there was an unimpeachable source of supply
in the Kent Waterworks, and he thought also an
unimpenchable source in the New River, They had
heard tales about the intake of the New River which
proved to be untrue, and with regard to the supply
from the Thames, chemistry had failed to indiente
any source of disease. Dr. IFrankland said so far
as he knew no harm arose from drinking healthy
sewage, but, of course, if any outhreak of diseasc
arose it might be that evil would follow. Were
they to buy up the present companies? In that
case he supposed a miracle \\'oul(\ happen, as had
constantly happened before. You miglht go into n
committee room in the House of Commons and find
a number of gentlemen there, including the town
clerk and mayor of the town, declaring that of all
the vile supplics of waterin ereation the one supplied
by the company was the worst ; then they brought
forward the joking witness, the scientific witness, the
oldest inhabitant, and so on, and at last they made
such o dreadful case that the committee snggested
to the company, had you not bettor agree with the
corporation. Then they went out into the lobby and
came back and said it was settled. The corporation
acquired the undertaking, and without any change of
any kind, except the mere fact that the company was
purchased by the corporation, that dreadful water
which was not {it to be drunk, or even to be looked
at, became proper water for the town to drink for ever
afterwards. That was & miracle of very frequent
occurrence, and he supposed the same thing would
happen in London, lt might be said that he was
only airing the fallacies of Mr. Easton and Mr.
Bazalgette, but that fallacy was this: There were
used for all purposes, in London, 82 gallons per head
per diewm, including waste of all sorts, n great deal of
which arose from bad fittings, and they were allowed
to exist because of the ontery which would arise if
they attempted to enforce the use of good fittings.
By no possibility could the people use more than two
gallons per head per diem for potable and culinary
purposes,  The experiment hnd been carefully made,
and therefore with four million persons in London
the neeesaary supply for those purposes would Lo
cight million gallons per day. People at once snid,
What, would you have a dual service, with all the
terrible expense and complication? In other towns
it was done, in Paris there was o triple service, Lo

his mind the mistake was in not keeping water for
potable and culinary purposes separate. The water
for watering the roads and so on did not require to
be of such absolute purity, and he thought it would
be extremely well at the cost of some five millions
to appropriate the chalk water supplies to cooking
and drinking purposes by a separate system of mains
and to use the other water, which was quite good
enough, for all other purposes. The question would then
become very simple.  There was ample water in the
chalk for drinking purposes for aLondon of double the
size, but he did not think there was ample water in the
chalk within a reasonable distance for the supply of
the whole metropolis under the present system.
Then he would suggest that this dual supply should
be made use of for the purpose of extinguishing fives,
and this was by no means so absurd as some people
scemed to imagine.  T'he whole of the water used in
London for extinguishing fires amounted, according
to his recollection, to about a day's supply. It was
said that it would be using the most expensive water
for extinguishing fires, but that \\’Olll(\ not matter.,
They could atford to pwmp eight million gallons of
water a day against a head of 400ft., and with that
head and a proper system of 1)i}mge they could con-
tribute the greatest quantity of water ever wanted
for the greatest fire ever known, taking Captain Shaw
ns an authority.

A Memsenr asked if Mr. Johmson elaimed that the
filter press would take out germs from the water,
and if so how he arrived at that conclusion, beeause
he had already stated that hie did not know what the
germs were,

Mr. Jonxsox, in reply, said he had stated in the
paper that the object was not to take the germs out,
and no one could say that it did. The principal thing
was to remove organic matter, beeause it was found,
wlether the discase proceeded from germs or merely
from some specific poison, it was always associated
with organic matter. 'I'hat was the reason why animal
charcoal was introduced into the filtering paper.
Further, the removal of phosphates was an important
matter, as it deprived the lower organisms ol the food
necessary for their existence, and therefore thero was
not the opportunity of the accumulation of a mass of
decomposing organic mnatter in the filter itself, With
reference to the fact stated by the President, that
London was very healthy, lie would simply remark
that it might be healthy as compared with other
towns, but still it was not so healthy as it would beif
perfeetly pure water were supplied, beeause there was
a great deal of diseaso resulting from the drinking
of bad water, as could be testified by any medical
practitioner.
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NOTES ON KIESELGUHR AND ITS
TECHNICAL ATPLICATIONS,
BY A HAACKE.

KIgsercunr, or infusorial carth, is a white, gray, or
greenish l)owdcr of very low specific gravity, consist-
ing chicfly of the minute silicious shields of diato-
maceie, the beautiful and varied forms of which will bo
known to everyone familiar with the usoof the micro-
scope. Large deposits of fossildintoms have been traced
in many parts of the world, and several mines produe-
ing kieselgulir ave worked in Iurope, but the largest
and those yiolding kioselguhr of tha purest quality anc
lowest specific gravity are sitnated near Naterlouss
station, on the railway from Hamburg to Hanover
The kieselgulr is found there from the surface down
to o depth of about 150ft., being covored only by thin
beds of diluvial and alluvial origin, 'Theupper stratum
of this large doposit supplics the white kiesolguhr





