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PREFACE TO THE SECOND EDITION.

In the present edition, additional matter dealing
with recent water epidemies and with sand filtration
has Leen included and I have had the advantage of
having the proof sheets read by my friend Mr. H.
Howard Humphreys, A.M.I.C.E., who has given me
some useful suggestions. Several alterations in the
body of the book have been made in order to bring
the subject up to date, and to correct a few errors
whieh crept into the first edition. Chapter I. has

been almost entirely re-written.

SAMUEL IIDEAL.

28, VicroriA STrREET, WESTMINSTER.
September, 1901,






PREFACE.

Tue purity of water supplies has always been a
subject of importance, and every year 1t receives more
and more attention. Not onlyin London—where the
present public supply has been recently aisecussed by
a Royal Commission and by various other bodies—
but also in several provincial towns, the desirability
of a public supply of greater purity and larger
quantity is now under consideration; while in the
rural distriets outbreaks of disease have now so fre-
quently been traced directly to polluted wells, that
it can safely be said that at the present time the
question of universal pure drinking water is one of
primary importance to all classes of the community.
The closing of polluted wells, and decigions on new
supplies, are now, however, in the hands of the general
public, who, and their elected representatives, thus
need to become acquainied with the results of the
progress made during the last few years in bae-
teriology and knowledge of the causation of disease.

To all who are mterested i the subject of Water
Supply this book is meant to appeal, and it is hoped
that by its perusal some insight into the methods
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of research and the interpretation of results will
be attained.

Reports of the results of water analysis are too
often regarded as being of too technical a nature
to be practically useful ; whereas, on the contrary,
such reports should at least indicate to the reader
in what direction alterations, if necessary, in the
present conditions of supply should proceed.

With this object in view, I have endeavoured to
include in the seope of the book the more recent
conclusions which have been arrived at by workers
in different branches of the subject, and have as
far as possible refrained from details. Whilst it is
necessary that the results of a chemical or bacterio-
logical analysis of a sample of water should be
intelligible to a non-professional reader, it need
hardly be pointed out that it is impossible for any
but those who have been trained in the methods
of analysis to arrive at results which are worthy
of confidence. This little book will have achieved
an important result if it tends to make more generally
known the fact how valueless—and, moreover, how
dangerous—it is to rely upon so-called rough-and-
ready tests for forming an opinion upon the purity
of a doubtful water.

In preparing the volume, I have had the advantage

of several important suggestions from my friend Mr.
Henry Law, M.Inst.C.E., who also was good enough to
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read the proof-sheets as they were passing through
the press. My thanks are also due to my assistant
Mr. C. G. Stewart, A.R.C.S.I., for his valuable help,
and to those publishers, manufacturers, and others,
who have kindly lent blocks for illustration.

SAMUEL RIDEAL.

28, VicToria STREET, WESTMISSTER.
December, 1896.






CONTENTS.

CHAPTER 1.

CHARACTERS OF NATURAL WATERS.

PAGE
Degree ol purity—Standards of transparency and

colour—Tastes and odours caused by organisms
—Temperature—Classification of impurities—
Dissolved matters—Guases—Collecting the sedi-
ment . ‘ : . : . . . ‘ 1

CHAPTER II.

ANIMAL AND VEGETABLE IMPURITIES.
Danger of impure water—Dead animal matters—

Vegetable débris — Living organisms — Alge —
Bacteria . ' ; : ; . ' ] 29

CHAPTER III
DIFFERENT KINDS OI' WATER.
Classification--Distilled and rain water—Gauges—

) O vaporation—Su rface water—Upland water—
Watersheds : . . . ; ) ) 59
















































































































































































































































































































































































































































Inlet Chamber

S =

LT v
i
> A e
T L e e A g Ll O ot

Fig. 28.—Extension of Vienna Reservoir.

Lengitudinal

TERET morocenin
Section,
B

S

— Ormde ot Dk 2 2ol Cant Oreste

= rm (o ~1 [

)

F1G, 29.—Inverted Siphon for passing old canal, Bear River, Utah.

[Ta face page 135,















































































































































































































206 WATER PURIFICATION.

English-made candle filters have made their appear-
ance. At present, however, there is no sufficient
evidence to warrant the belief that any of them give the
protection against water-borne disease which is afforded
by Pasteur filtration; and the assumption that they
function similarly isa very dangerous one for the general
public, who are unable to distinguish between the forms.

Fia. 84. Battery of pressure filters (English form).

In use the unfiltered water passes through the filter
tube or tubes from outside inwards. This may take
place under the pressure of a water main (Figs. 33,
84, 89) or of a pump, under suction of a siphon tube
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208 WATER PURIFICATION.

cistern by a long siphon tube to a lower room, as
shown in Fig. 35B. Under some circumstances the

Fi1a. 36.—Cistern filter with
hand-pump (Pasteur-
Chamberland),

head of water in the filter
chamber above the candle
can be used, but the yield
is then slow. In Fig. 86,
the candles are fitted info
a closed reservoir, from
which the filtered water is
removed by a hand-pump,
which creates a partial
vacuum in the filtered
water chamber and thus
augments the rate of fil-
tration. The filter may
consist of one or any
number of tubes delivering
into a common reservoir
made either in one with
the filter or separate from
it. In the latter case, care
should be taken that the
receptacle is dust-proof.
The water can obviously
be led by pipes and dis-
tributed over the house

instead of unfiltered water. The average yield per
tube is about half a gallon per day without pressure
and eight gallons per day with pressure.

e







210 WATER PURIFICATION.

tested directly at the Hygiene Laboratory of the Royal
Army Medical School at Netley, by Prof. Horroeks,
and 1t has been found that the typhoid bacillus, even
in water without any nutrient addition whatever,
penetrates the Berkefeld filter
in a few days. The same
bacillus, whether in water or
in nutrient broth, failed alto-
gether to penetrate Pasteur
filters during the several weeks
over which the experiments
lasted.

As fo the rapidity of filtra-
tion or output of the Berkefeld
filter, Dr. P. Frankland, who
reported very favourably on
this form, but tried it after too
short a time (twenty minutes),
using Lioch Katrine water, found
_ that the rate, which was at first
about seven gallons an hour,

T s ST had in one hour 1dimi11iﬁhad L:ﬁu
(pressure form). about half that amount, and in
twenty-four hours’ continuous

running had come almost to a standstill. The matter
removed was a dark brown layer of slime of a vege-
table or peaty nature, containing also all the bacteria.
He published no trial of the filtrate after the first
twenty minutes mentioned above. The Manchester
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220 WATER PURIFICATION.

on boiling. They, therefore, constitute what is known
as permanent hardness, or hardness after boiling,

For purposes of comparison, both forms of hardness
are recorded in terms of the amount of dissolved
carbonate of lime that would decompose and precipi-
tate the same amount of soap. A measured volume
of the water, usually fifty cubic centimetres, is talken,
and ‘ Clark’s soap-test” (a definite amount of soap
dissolved in proof spirit) is added from a burette until
a permanent lather is produced. Each cubic centi-
metre of soap solution used represents one grain per
callon of total hardness estimated as carbonate of
lime. Another measured quantity of the water is
then boiled for about half-an-hour, until the
bicarbonates are decomposed, filtered, if necessary,
and the soap test again added from the burette until a
permanent lather remains. Thissecond reading gives
the permanent hardness in terms of carbonate of lime,
and the difference between the two values is the
temporary hardness. |

Hardness is usually recorded in degrees, i.e., grains
of carbonate of lime per gallon, equivalent to the
soap-destroying power of the water under examination.
From this number the parts per 100,000 can be
obtained by multiplying by ten and dividing by seven.
Since a perfectly pure water requires a small amount
of soap before it produces a lather, some analysts are
accustomed to deduct one degree from the reading to
correct for this consumption. It is, however, best not

T  P ——







222 WATER PURIFICATION.

fibre. For most industrial purposes a soft water is
indispensable, and, with the exeeption of London, all
great manufacturing sentres have soft supplies. The
woollen frade of Bradford would be seriously affected
if that town had a hard water supplied to it; and
(as already mentioned) Glasgow is estimated to save
£36,000 annually in the matter of soap since using
Loch Katrine water. _

In cooking, a hard water is objectionable, as a
deposit of lime salts is formed upon the surfaces of
tea-leaves, meat, vegetables, &e., which hinders their
extraction or hardens their tissues. It has been
asserted that ‘“ ten ounces of tea made with soft water
is as strong as eighteen ounces brewed with hard
water;” and M. Soyer, in his evidence before a Royal
Commission, proved that in the making of soup more
meat is required with a hard water, and the operation
takes a longer time. Vegetables have their colour
darkened by the action of the carbonate of lime. For
these reasons, it is a common practice to add a little
bicarbonate of soda to the water in culinary opera-
tions. In baking, the dough rises better, and bread
is lighter in colour, when soft water is used.

Brewers and distillers find a soft water very
desirable, as, when the water has a high temporary
hardness, the refrigerators become coated with a non-
conducting scale of carbonate of lime mixed with
organic matter, which is often very thick and difficult
to remove. The presence of a large quantity of







224 WATER PURIFICATION.

“ Selenitic " waters, or those heavily charged with
sulphate of lime, and magnesian waters containing
magnesium chloride and sulphate, deposit a crust
which is very hard and crystalline. When chloride
of magnesium is present, the heat causes this salt
to be decomposed, and hydrochlorie acid is produced,
which is given off with the steam in small quantities,
and causes corrosive effects which may be of a serious
character. Magnesium hydrate is at the same time
deposited in the crust, according to the equation :—

MgCly+2H,0 = Mg(OH)y+2HCL

This deeomposition is retarded in the presence of
alkaline chlorides, like common salt, so that sea water,
although it contains a large quantity of magnesium
chloride, may be evaporated nearly to dryness without
any evolution of hydrochloric acid, and even at the
high temperature of boilers the decomposition is very
limited. The addition of salt to such waters has
therefore been suggested as a remedy for this pitting
action, but in most cases it would be better to use
a softening process before the water enters the boiler.
The magnesium hydrate, which is invariably found
in crusts from magnesian waters, owes its origin
mainly to the decomposition of the magnesian salt
by the carbonate of lime previously deposited, the
carbonic acid escaping, as shown by the equations :—

CaC0g+MgCly = CaClg+MgCOQOs,.

0aC04-+ MgS0, = CaS0,+MgC0;
MgCOz+ H,O0 = hfgl:':}H:lg-{- CO,.


















































































lime equivalent to the
total, and sodium -car-
bonate fo the permanent,
hardness be used, more
precipitate has to be re-
moved than with soda
and lime (p. 240).

8. To remorve ihe
precipitate rvapidly and
completely.— Settling re-
servolrs being slow in
action and oceupying

=

much space, many other
devices have been tried.

The Archbutt-Deeley
process, as carried out
at the Midland Rajlway
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Works, Derby, employs
two tanks side by side.
In one the water is mixed
with lime, soda, and
sometimes sulphate of
alumina, in proportions

Sieie =T WERC A

Fic. 42.—Porter-Clark Water-softening and Filtering Plant.

determined by analysis.
The solutions are in-
jected through a rose by
means of a steam blower.
Since the particles of an
old lime precipitate form













the machine, where
1t 18 rinsed, Loiled,
steamed, and re-
turned overhead by
a series of rollers to
the filtering tank.
By this ingenious
arrangement, the
filtration and elean-
ing is made con-
tinnous, and it is
claimed that a ma-
chine will soften
2,000,000 gallons
per diem, at a cost
of one farthing per
1,000 gallons (Fig.
44).

The *Stanhope
Tower” (Fig. 45)
has a series of
sloping perforated
shelves through
which the water,
mixed with lime
and soda, ascends.
In one form these
take the shape of
a series of funnels,
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F1a. 45.—The Stanhope Tower,







SOFTENING OF WATER. 257

permanent hardness down to three degrees, and
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Fia. 46.—Wright's Softener and Filter under pressure.
raises the temperature to 210° ¥. before entering the
boiler.
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258 WATER PURIFICATION.

As to the economy of softening there can be no
doubt. It is estimated that “a farthing’s worth of
lime saves about 80s. worth of soap.” On the small

GTEAM INLET "\

Fio. 47.—Wright’s Combined Softener and Heater.

scale this would be about 1d. per 1,000 gallong under

favourable conditions. Frankland considered that a


















































































































206 WATER PURIFICATION.

an aspirator and the
apparatus sealed. In
this way Roux isolated
the Tetanus Dbacillus
(Figs. 58 and 59) from
the filtering galleries at
Lyons (p. 195), and
Miquel from the waters
of the Seine and Marne.

Special additions are
somefimes made to the
nutrient gelatine, such
as litmus, to demon-
strate the production of
acidity or alkalinity, lead
carbonate for sulphur-
etted hydrogen, magenta
to detect any bleaching
action. Many bacteria
grow luxuriantly on: a
particular medium, their
development on other
materials, if any, being
poor and not charae-

Fiag. 57.
Anacrobic culture
in jar.

N
> T

_.“ b teristic ; the nitrifying
o bacteria only will grow
Fia. 8.

in the absence of organic
Pia. 50. fnatter, and have tcf .bﬂ
Tube culture of lﬂﬂlﬂ;tﬁd frﬂm a Elllﬂﬂ

Tetanus bacilli |, 3
(anaerobic). ]Elfﬁ'ptﬂtﬂ. Some specles,

Tetanus bacilli
with terminal
gpores.
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F1a. 63.—Typhoid bacilli (show-
ing flagella). (x 1,200.)

F'ia. 64.—Colony of B. typhosus

on gelatine plate, five days old.

WATER PURIFICATION.

rods with rounded ends,
growing sometimes in cul-
tures into long threads
bent at an obtuse angle,
which are characteristic.
(Fig. 62). They are
extremely motile, sur-
rounded on all sides by a
areat number of flagella,
which, however, are not
rendered visible by the
ordinary stains, requiring
a special process, such as
Loffler’s, when the bacillus
presents the appearance
shown in Fig. 63, the cell
appearing larger owing to
its envelope taking up the
heavy stain. Colonies on
the surface of gelatine
plates are whitish, with
indented margin, becom-
ing yellowish-brown ; the
gelatine is not liquefied.
B. coli communis 1s
constant in the intestines
of man and animals, and
will always be present in
waters contaminated with














































































































































































































































































































































