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2 WATER ANALYSIS.

exact determination when they are diffused throngh vast
volumes of water. Such an exhaustive examination in-
cludes :—

1. The extraction and separate volumetric measnrement
of the dissolved gases.

2. The separate determination of the weight of each con-
stituent of the saline matters in solution.

3. The determination of the two chief elements of the
organic matters in solution.

4. The separation of the snspended matters, if any, and
the determination of their total weight when dry.

5. The separation and determination of each mineral con-
stituent of the suspended matters.

6. The separation and determination, as far as possible, of
each organic constituent of the suspended matters,

Fortunately, many of the more tedious and laboricus of
these operations may be omitted, if the object of the analysis
be only to ascertain the suitability or otherwise of the water
for domestic or manufacturing purposes. Thus, the extrac-
tion and volumetric measurement of the gases may be safely
dispensed with ; since, in the present state of our knowledge,
the gaseous constituents of water throw but little light npon
its character. The existence of dissolved atmospheric gases
in water doubtless adds to its palatability : recently boiled
water, for instance, is notoriously flat and vapid. The solu-
tion of these gases by water, however, is exceedingly rapid,
and no lack of aération is likely to oceur in natural waters.
This i1s seen from the following comparison of the propor-
tional volumes of atmospheric gases expelled on boiling
100 cubic inches of rain water, Camberland upper surface
water, Loch Katrine water as delivered in Glasgow, Thames
water as delivered in London, and water drawn from deep
wells in the chalk, respectively : —






4 WATER ANALYSIS.

however, are very nseful in tracing the previous history of
the water, and their separate determination musf, therefore,
on no account be omitted. These are ammonia, nitrates,
nitrites, and chlorides. Moreover, if the presence of lead,
copper, arsenie, or barinm be suspected, these metals must be
carefully sought for and (if found in more than mere traces)
their respective quantities determined. The degree of hard-
ness ought also to be ascertained in all cases.

The separation and determination of each mineral con-
stituent of the suspended matters may be dispensed with,
unless poisonous substances occur amongst them.

The separate determination of each organic constituent of
the suspended matters is of comparatively little use in the
present state of our knowledge, because it is impossible to
distinguish, amongst the suspended matters in water, those
which are injurious from those which are harmless. The really
injurions organic suspended matters are not merely organic
but organised, e.g., entozoic ova or zymotic germs capable
of reproduction in the human body with the simultaneous
development of disease. Investigations of this class belong
rather to microscopical than to chemical analysis; but even
microscopical research is scarcely yet competent to reveal
any facts of direct importance in connection with such
organised suspended matters. The microscope has rarely
found, even in the most polluted drinking water, any germ
or organism which is known to be deleterious to huoman
health : but, by showing the presence of living organisms in
water, it proves either that the water has mot been so
efliciently filtered as to remove these organisms, or that it has
subsequently become polluted by them, and thus it is in-
directly demonstrated that the water has not been treated,
preserved, or stored under such conditions as would preclude
the access of deleterious germs or organisms, A microscopic
examination of the suspended matters in potable waters thus
becomes indirectly of considerable importance,

The object of this book is not to describe the eahaustive






() . WATER ANALYSIS.

In the analytical examination of the water supplies
(whether actual or contemplated) of towns, and the in-
vestigation of well and other waters in connection with the
propagation of disease, facility of manipulation is obviousiy
a minor consideration in comparison with accuracy of result.
[n such cases, I deem it essential to have recourse to the
process of analysis described in Part II; for, in order to
eain a sound basis for an opinion, not only should the pro-
portional amourt of organic elements be determined, but
also, as far as possible, the nature of the organic matter,
that is to say, whether it is of animal or vegetable
origin,

Trustworthy information on these points can only be
obtained by observing the proportion of carbon to nitrogen
in the organic matter found in the water, and it is chiefly in
respect of such details that the more simple methods of esti-
mation fall short of the accuracy which is essential.

Hence, I strongly recommend that recourse should be had
to the combustion process of analysis in all cases of real
importance.

It must be borne im mind, however, that a correct deter-
mination of the various matters contained in a sample of
water 18 not the sole purpose of the investigation, but simply
the means to an end. The desire of those who send water
for analysis is not to obtain an array of figures, which, how-
ever accurate, affords little information to the unskilled
public; their chief object is to procure the authoritative
opinion which is deducible from the data thus furnished.
Therefore, in order to assist the experimenter in drawing
inferences from the facts acquired, I have given, in the
respective chapters, an explanation of the interpretation to
be put upon each determination; and to supplement these
details, I have appended at the end of the volume an
extended list of representative analyses (Appendices Nos. IV
V, and VI), and a reprint of the general conclusions adopted
by the Rivers Pollution Commissioners, as the result of their






8 WATER ANALYSIS.

two imperial quarts, and must be perfectly clean; it is
desirable that they should not have been previously used for
any other purpose.

Waters for analysis must not be put into stoneware jars
Corks shounld also be avoided if possible, but if used they
ought to be quite new and well washed with the water before
insertion into the hottle.

II. Before collecting the sample, rinse the bottle well
three times with the water, filling it each time about one-
third full. Then fill it within half an inch of the stopper,
tie the stopper tightly down with a piece of calico over it, and
seal the string.

If the sample be taken from a well with a pump fixed in
it, pump about four gallons of water before filling the bottle;
then pump the water directly from the spout of the pump
into the botitle.

If the sample be taken from a tap, let a couple of gallons
flow before filling the bottle; then allow the water to flow
directly into the bottle from the tap.

If the sample be intended to represent the water supply
of a town, it ought to be taken from a pipe in direct commu-
nication with the street main, and not from a cistern or from
any pipe supplied from a cistern.

In taking a sample of water from a tank, well (in which
a pump is not fixed), or stream, plunge the neck of the bottle
completely below the surface when practicable, and if a can
or dipper be used, let it, and the fine steel wire nsed in draw-
ing it up, be scrupulously clean, and avoid, as much as pos-
sible, collecting the water from the surface. On the other
hand, be careful not to disturb any mud or sediment at the
bottom of the water.

ITI. The following are the quantities of water necessary
for such analyses as are required for sanitary purposes. i

Sewage.

Polluted Rivers and Streams. }Dne Winchester Quart.

Shallow Well Waters,







PART 1.

WATER ANALYSIS WITHOUT (GAS APPARATUS.

Preliminary Framination.

Ox the receipt of a sample of water, if the analysis cannot
be proceeded with at once, it is advisable to place the bottle
in a cool dark cellar, so as to moderate any tendency to
change. Exposure to sunlight should especially be avoided.

As the substances most liable to alteration are the
organic elements and ammonia, the analyst should endeavour
to commence their determination as early as possible after
the receipt of the water. He should, at the same time, sub-
ject the sample to a preliminary examination for the purpose
of recording its general appearance and properties, and of
eliciting information for which gquantitative results are not
required.

In submitting the samples to the various operations
enumerated below, he should make it a rule to secure
uniformity by well shaking the bottle previously to pouring
out the water.

The first things to be noted are the taste and odour.
These are most marked when the water is made lukewarm.

In observing the colour, a white surface shounld be viewed
throngh a stratum of sufficient thickness, say, about two feet.
Such a stratnm may be secured, either by pouring the water
into a tall glass eylinder standing on white porcelain, and
then tooking downward through the lignid ; or by using a
tube fitted with glass ends, and placed horizontally in a
frame, a white card being inclined at the end opposite to the







12 WATER ANALYSIS.

No analysis of a potable water can be considered satis-
factory without a search for poisonous metals; and, as the
method of testing for them is very simple, it is always ad-
visable to apply it to all waters whose character is unknown.

The poisonous metals most likely to be found i water are
lead and copper ; and the presence or absence of these metals
and of iron may be ascertained by adding a drop of colourless
sulphide of ammonium to a portion of the water contained in
a small eylinder standing on a white surface. If these metals
are absent, the liquid will remain unaffected; but it will
darken if they are present. Should a solution of colonred
sulphide of ammoninm be used, it will be safer, if the water
appears darker after the addition of the test, to compare the
tint with a eylinder of pure water, to which a drop of the
sulphide has also been added. When the presence of the
above-mentioned metals is indicated by this test, it should be
confirmed and their amount estimated by the methods de-
seribed in the chapter on ‘ poisonous metals,” page 42.

To prove whether the water is likely to have any action
on lead, two strips of that metal, one tarnished and the other
brightly polished, should be placed in beakers of the water,
and left for twenty-four hours, when they may be removed,
and the liqgnid in the respective beakers tested with sul-
phuretted hydrogen.

The object of using a tarnished and a polished slip of
lead is to find out whether the water will attack old as well
as new pipes. Many soft waters which attack the latter have
no action on pipes protected by a tarnished surface. It is
generally found that, after a time, a coating of peaty and
other matters forms even on bright or new pipes, and stops
further mischief.

Some waters, on the other hand, attack both bright
and tarnished lead, and that continuously. This is most
frequently the case among badly polluted shallow well
waters.

There are other waters (Loch Katrine, for example) which







14 WATER ANALYSIS,

Total Solid Matter in Solution.

The total solid matter in solution is determined by evapo-
rating a known volume of water, filtered if necessary, to
dryness, and taking the weight of the residue.

About half a litre is a convenient quantity, and it must
be evaporated in a clean platinum capsale which has been
recently heated to redness and carefully weighed after cooling.
The capsule is heated over a steam- or water-bath nutil all
the water is evaporated, and it is then placed in an oven at
100° C. for about three hours. At the end of that time it is
taken out and placed under a desicecator to cool, then weighed
as rapidly as possible and returned to the oven. It is re-
weighed at intervals of an hour, until the variations between
two successive weighings do not exceed a milligram.

The weight of the dish, subtracted from the final weight,
gives the amount of solid residue in the quantity operated
on, and this, when calculated to the litre, must be multiplied
by 100 to give parts per 100,000, or by 70 to give grains per
gallon.

It is important to have a suitable support for the platinum
dish during the evaporation. Any metal except platinum is
inadmissible. Cireular holes cut in dises of glass are apt to
abrade the platinum, but short glass cylinders answer the
purpose well. They should be about half an inch deep, and
of a diameter a little less than the platinum dish, and spread
out into a flange at one end like the top of a beaker. These
fit into the metal rings of the water-bath and keep the dishes
clean. Instead of these, however, a suitable sized beaker
may be used as a water-bath,

If the residue, after being weighed, is not intended for
any other purpose, it may be used as a qualitative test for
organic matter by heating it gently over a Bunsen lamp. If
there is very little organic contamination, the residue will
remain white, or nearly so ; with more, it will turn brown ; and
with highly polluted waters the residue turns almost black.
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Ammonia.

As the amount of ammonia in water is very liable to
diminish, it is desirable to proceed with its determination
without delay. In judging of the quantity of water to be
taken for the estimation, the operator must be guided by the
supposed quality, and by the bulk of the sample at his disposal.
Half a litre will, as a rule, be found a suitable gnantity, but
it is preferable to take a litre of deep well or river water, whilst
a quarter of a litre, or even less, of shallow well water, or of
water likely to be of bad quality, is generally snfficient.

The distillation of the ammonia is carried on in a capacious
retort connected with a Liebig’s condenser, and the distillate
is collected in eolourless glass cylinders of 50 c.c. capacity.

The apparatus must be proved to be free from ammonia
before starting the operation, by distilling 100 ¢.c. of common
water with sodiec carbonate till the distillate 1s free from
ammonia. The residue left in the retort may then be removed
by syphon without disconnecting the apparatus; or if a small
quantity of water only is to be tested, this residue may be
left, in order to keep the volume up to half a litre.

A measured quantity of water is now introduced into the
retort along with a gram of freshly ignited sodic earbonate,
and the volume made up, if necessary, to half a litre or a litre
with water free from ammonia.

The water is heated by the direet application of a Bunsen
rose burner to the retort, care being taken that the flame does
not play above the level of the liquid. When three cylinders
have been filled by the distillate, the lamp may be removed.

The estimation of the ammonia depends on the fact that
an alkaline solution of mercurie iodide (Nessler's solution, see
Appendix [, A) betrays the presence of a very minute trace
of ammonia (1 part in 100,000,000) by the production of a
brown compound. A minunte quantity of this compound
colours the liguid very faint brown, and the colour increases
with the amount of ammonia, through various shades of red
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measured, and an aliquot part taken and diluted to 50 e.c.
with pure water.

The various amounts of ammonia in the distillates must be
added together, and the total calculated into parts per 100,000
of the water taken.

When the evolution of ammonia is long continued, it is
owing to the decomposition of urea. Insunch cases collect the
distillate in smaller quantities and Nesslerise only that which
is rapidly evolved. The lingering ammonia, which comes off
after this, is due to the decomposing urea, and may be
neglected.

The estimation of ammonia is undertaken chiefly becaunse
this compound is often derived from animal matters just
beginning to decompose, and its presence therefore gives an
indication of the recent, and probable present, existence of
animal pollution. Unpolluated waters seldom contain much
ammonia, the greatest amount being found in rain water,
which, when collected in towns, sometimes contains as much
as ‘210 part in 100,000 parts of water. Rain water collected
in the country, however, contains on an average only "030
part per 100,000. This quantity, which is solely derived
from the air, is soon absorbed by vegetation; hence upland
surface waters show but "002 on the average, or ‘008 as the
maximum. In river water the proportion rarvely exceeds 01,
and in good well water it is usnally still less; whilst in spring
water it is either absent altogether or present in very minute
proportions.

On the other hand, sewage always contains a large quantity
of ammonia (about 5 parts per 100,000 on the average, but
varying from 2 parts to 10), and so in general do waters to
which sewage gains access. The proportion of ammonia,
however, in water polluted by sewage, varies between very
wide limits. In shallow wells, for instance, it varies from 0 to
as mach as 2'75. Ammonia in the presence of oxygen and
animal matters is rapidly converted, during the filtration of
water through porous earth, into nitrates and nitrites; and its
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should be expected to contain, naturally, only 1 part of chlorine
per 100,000, showing say 8 parts, we may usually infer that
this excess is derived from that very frequent source of
danger, sewage.

Human urine contains about 500 parts of chlorine or 824
parts of sodic chloride in 100,000 parts, whilst the solid ex-
crements of animals contain a comparatively minute propor-
tion. Hence the determination of chlorine in polluted water
often affords trustworthy evidence as to whether the pollution
arose from the liquid as distingunished from the solid excre-
ments of animals, that is to say, whether the polluting matter
was sewage or agricultural manure.

Nevertheless, the presence of sewage in water cannot be
inferred with confidence, unless the chlorine is found in pro-
portions very considerably in excess of the normal, on aceount
of the variation occurring in natural samples; whilst in the
case of waters from places near the sea, or from salt-bearing
strata, the estimation becomes wvalueless. On the one hand,
however, the condemnation of water because it contains more
than 5 parts of chlorine per 100,000 is really unmerited ;
whilst, on the other, a water containing less than 1 part of
chlorine per 100,000 may, with great probability, be declared
free from sewage contamination.

For the determination of chlorine, 50 c.c. of the water are
measured out into a small flask standing on a white sarface,
and a drop or two of a solution of yellow potassic chromate is
added. A standard solution of argentic nitrate (sce Appendix
I, D) is then run in drop by drop from a small burette until
the liquid turns a faint red. This estimation depends on the
facts that chromate of silver has a deep orange-red colour,
and that whilst both chromate and chloride of silver are
insoluble in water, no red chromate will be permanently formed
until the last trace of chlorine has been precipitated by the
silver. The number of cubic centimetres of silver solution
used will indicate, without further caleulation, the amount of
chlorine in 100,000 parts of the water.
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finished, and the quantity of scap solution used must be
aceurately noted. If, however, the lather breaks up before the
expiration of the five minutes, more of the soap solution must
be added until the lather acquires the requisite stability.

As the experimenter gains experience, he will be able to
tell, by the ear even quicker than by the eye, how the tes
is progressing; for by listening to the concussion of the
water against the bottle when shaking, and noting how it
moderates and mellows down, the approaching completion
can be readily recognised. An overdone water scarcely
sounds at all.

The number of cubic centimetres of soap solution required
to produce a lather being known, the degree of hardness can
be ascertained from Table No. 1 or 2 in Appendix IL

Even when the hardness of the water is approximately
known, the amount of soap solution required shounld never be
added in bullk; for the result will not be so exact as if the
addition is made gradually, as before described. And in like
manner, when titrating the soap solution with the water of
standard hardness, it is not advisable to run in large quan-
tities at once.

If it 1s found that the quantity of soap solution required
to produce a permanent lather exceeds 16 volumes of the
solution to 50 of the water, a fresh experiment must be com-
menced with a smaller quantity of the sample of water (say
25 or even 10 c.c. if the water appears to be very hard), to
which sufficient recently boiled distilled water has been added
to raise the bulk to the required 50 c.c. The process is then
gone through as before described, but the number expressive
of hardness will now have to be multiplied by 2 or some
other figure according to the degree of dilution of the sample.
When the excessive hardness is cansed by the presence of
magnesic salts, indicated by a characteristic lightness of the
curd, the water shounld be diluted with distilled water until
less than 7 c.c. of soap are required for 50 c.c. of the diluted
water. And it should be allowed to stand for at least half-
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may be on an equality with regard to their sanitary arrange-
ments, arrived at the following conelusion :—

“In an aggregate population of 242,149 living in five
towns and districts and drinking soft water, the annnal rate
of mortality averaged 185 per 1,000, and amongst an aggre-
gate population of 100,439 living in three towns and districts
and consuming moderately hard water, the annual death-rate
was 192 per 1,000; whilst in an aggregate population of
638,033 living in twelve towns and districts supplied with
hard water, the average mortality was at the rate of 204 per
1,000 per annum. Thus, where the chief sanitary conditions
prevail with tolerable uniformity, the rate of mortality is
practically uninfluenced by the softness or hardness of the
water supplied to the different towns, and the average rate of
mortality in the different water divisions varies far less than
the actual mortality of the different towns of the same division.
We are therefore of opinion that, whilst waters of excessive
hardness may be productive of calculons and perhaps other
diseases, soft and hard waters, if equally free from deleterious
organic substances, are equally wholesome.”

It is probable that moderately hard water is most suit-
able for growing children, and very soft water for persons
beyond middle age.

On economic grounds, however, the estimation of the hard-
ness of water is a matter of great importance, both to the
householder and to the manufacturer, for when soap comes
in contact with waters containing salts of lime and magnesia,
the soluble alkaline oleates, stearates, and palmitates com-
posing the soap are decomposed, with the formation of in-
soluble calcium and magnesinum salts of the fatty acids. These
precipitated salts produce the turbid appearances seen when
soap has been used with hard water, and they continne to
form so long as any lime or magnesia is present in solution.
Hence no soap 1s available for detergent purposes until the
water has been thus softened at the expense of the soap.

If the hands be washed in water before this artificial soften-
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Crark’s Procrss ror SorTeNiNG HARD WATER.

The method of softening consists in adding lime to the
hard water. It is only applicable to water which owes its
hardness entirely or chiefly to the carbonates of lime and
magnesia held in solution by carbonie acid (femporary hard-
ness). Water which owes its hardness to sulphate of lime or
sulphate of magnesia (permanent hardness) cannot be thus
softened ; but almost any water which softens on boiling for
half an hour will be softened to an equal extent by Clark’s
process. The hard water derived from chalk, limestone, or
oolite districts is generally well adapted for this operation.

To soften 700 gallons of water, 1 oz. of quicklime 1s
required for each part of temporary hardness in 100,000 parts
of water (see Analylical Table). Thus, to soften 700 gallons
of oz. of quicklime would be
required. Slake this thoroughly in a pailful of water. Stir
up the milk of lime thus obtained, and pour it immediately
into the cistern containing at least 50 gallons of the water to
be softened, taking care to leave in the pail any heavy sedi-
ment that may have settled to the bottom in the few seconds
that intervened between the stirring and pouring. Fill the
pail again with water, and stir and pour as before. The re-
mainder of the 700 gallons of water must then be added, or
allowed to run into the cistern from the supply pipe. If the
rush of the water thus added does not thoroughly mix the
contents of the cistern, this must be accomplished by stirring
with a suitable wooden or iron paddle. The water will now
appear very milky, owing to the precipitation of the chalk
which it previously contained in solution, together with an
equal quantity of chalk, which is formed from the quicklime
added.

After standing for three hours, the water will be suffi-
ciently clear to use for washing, but to render it clear enon gh
for drinking at least twelve hours’ settlement is required.

The water of will, by being
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submitted to this process, have its harduness reduced from
parts to parts in 100,000,

By following these directions, a fairly good result will be
obtained ; but, by the use of a very simple chemical test, the
proportion of lime may be much more accurately adjusted.
A solution of nitrate of silver strikes a yellow or brownish-
yellow colour when it is added to water containing even a
very minute trace of uncombined lime. During the final
running of the water into the cistern, as above described, a
dessert spoonful of the milky water should be, from time
to time, taken from the cistern and put into a white teacup
containing a couple of drops of the nitrate of silver solution ;
if a brownish coloration be produced the slaked lime is still
in great excess, and mere hard water must be admitted;
if the tint produced be a very faint yellow, only just visible,
the proper proportion of lime to hard water has been attained,
and the inflow of the latter must be stopped; but if the milky
liguid continue white after its admixture with the nitrate of
silver, more milk of lime must be added to the water.

Nitrogen as Nitrates and Nitrites.

By decomposition in water confaining dissolved oxygen,
nitrogenous organic matter of animal origin yields mibrous
and nitrie acids, which by union with bases form nitrates and
nitrites. Nitric acid is also formed by electric discharges in
the atmosphere, and thus becomes a constituent of rain water.
As, however, the amount of nitrates in rain is small, large
qnantities conviet water of previous pollution by organic
matters of animal origin. They tell only of the contami-
nation which is past ; but, by inference, they also declare the
probable nature of the organic matter now present.

The occurrence of nitrates indicates that the water is
undergoing, or has undergone, a process of natural purifica-
tion ; and the quantity found frequently shows the proportion
of nitrogenous organic matter destroyed.

c 2




ot WATER ANALYSIS.

Whether or no the analyst should form an unfavourable
opinion of the water from the amount of nitrates, must
depend upon the proportion of organic matter actually
present, and on his confidence in the efficiency and uniform
action of the purifying process.

On this account a proportion of nitrates may pass un-
challenged in deep well water, which would relegate that
of a shallow well to the category of suspicious or even
dangerous waters.

Very little organic matter survives the exhaustive process
of intermittent filtration which water suffers on its way to
deep wells and springs. In shallow wells, on the other hand,
while much organic matter in the water may be oxidised,
living spores and germs capable of propagating disease may
survive : the purifying effect of filtration into such wells is
therefore not to be depended upon, as it may cease altogether
if overtaxed.

Nitrates are formed very slowly in rivers and streams,
animal organic matter being oxidised much more slowly in
running than in percolating water. They are not formed in
waters deficient in dissolved oxygen ; and are, if already pre-
sent, reduced by the addition of more organic matter. Thus
they are not usnally found in sewage.

Nitrates are absorbed by vegetation, and may therefore
be partially or completely removed when the water con-
taining them flows over growing plants.

The amount of mitrates 1in rain varies with the locality,
being greatest near towns. Seventy samples from Rotham-
sted (20 miles from any large town) showed nitrogen as
nitrates from mnil to ‘04 approximately, with an average of
‘007 1 100,000 parts of water. Upland surface waters are
commonly free from nitrates and nitrites, or contain but a
mere trace. In them the range of nitrogen in this form is
from nil to about "05, with an average of about 009 part.
Surface waters from cultivated districts show an average of
"25 part, ranging from nil (which occurs but seldom) to 1 part.
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water, and then, in order to destroy urea, boils the lignid down
to a fourth of its bulk with a fragment of recently ignited
lime about the size of a hemp-seed.

This liguid, together with the washings of the dish con-
taining the residue, is then transferred to a small retort or
flask, the requisite amount of zine-copper couple is introduced,
and the water distilled off.

An 8-ounce Wurtz's distilling flask, attached to a Liebig's
condenser of small bore, answers very well for the distillation,
a stoppered fannel passing through the cork in the neck of the
flask. The distillation is carried on till almost all the water
has passed over; hot distilled water is then run into the flask
at intervals, and the distillation continued till about two
cylinders of 50 c.c. each have been filled.

For the estimation, 5 c.c. (or such a quantity as admits
of accurate observation by colorimetry) is put into a cylinder
and made up to 50 c.c., and the amount of ammonia is then
estimated by Nessler’s solution in the usnal way. The second
cylinder may be tested without dilution, as nearly all the
ammonia will usually be found in the first. This method is
both expeditious and accurate. If used again immediately,
the same quantity of zinc.copper couple will serve for a
second sample of water,

The Alwminivm Method.—According to this method, the
nascent hydrogen is liberated by the action of strong solution
of soda or potash on alamininm foil. 100 ec.c. of the water
should fbe introduced into a distilling flask, along with 10 c.c.
of a solution of sodic hydrate, free from nitrates (Appendix
I, B),;and boiled briskly until rednced to about one-fourth. It
is then made up to 1ts original bulk with water free from
ammonia, and when quite cold a piece of aluminium foil about
2 inches square is dropped in.

The aluminium foilis prevented from floating by rolling it
ronnd a piece of clean glass rod. The hydrogen, as it is
given off, escapes by the distilling tube; and to prevent loss
of ammonia, the opening is guarded by a small tube filled
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to it ; indigo so fortified undergoes no change when kept in
the dark.

The normal indigo solution is diluted, as required, to four
times its volume, for the purpose of water analysis, oil of
vitriol being added in such quantities as to maintain the pro-
portion of 4 per cent. The indigo solution is to be used in a
burette graduated to lengths of a cubic centimetre. As the
solution is too dark to be seen through, the height of the
liquid may be read from its upper surface, or an Erdmann’s
float may be employed. The solution being slightly viseid,
the burette should not be read till the level of the lignid
becomes constant.

A series of standard solutions of pure nitre will be re-
quired to determine the value of the indigo in nitric acid,
as this is not uniform throughout the scale. A normal solu-
tion of mitre is first prepared by dissolving 1-011 grm. of
pure nitre (gently fused over a spirit lamp before weighing)
in one litre of water. From this normal solution, other
solutions of ¢, 1, %, &%, and ¢ the normal strength are pre-
pared, and preserved for use.

In water analysis, it is most convenient to work with
20 c.c. of the water; when this is done, it is necessary to
standardise the indigo with 20 c.c. of the 1, i%, 3%, and 2
nitre solutions. If 10 c.c. of water are to be employed, the
indigo must be also standardised with 10 c.c. of the 4 and 1
nitre solutions. It is most useful to standardise both for
10 c.c. and 20 c.c. of water, as waters of a greater range of
strength can then be analysed without dilution. It is un-
necessary to standardise with 10 c.c. of the weaker nitre
solutions ; if the amount of nitrate in a water is not greater
than that in  nitre solution, 20 c.c. of the water may be at
once taken for the estimation.

A large supply of pure distilled oil of vitriol will be
required for extensive water analysis. It should be colour-
less, quite free from nitrous eompounds, and contain as little
as possible of sulphurous acid, and must be of nearly full
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with weaker solutions, when the action does not begin at
once, and in which, therefore, time is afforded for mixing.
The operator should not attempt to drain the test-tube; the
oil of vitriol adhering to the tube is a fairly constant quantity,
and after the first experiment the tube will deliver the guan-
tity measured into it.

It is well to have the flask covered by a watch glass while
holding it in the chloride of calcium bath. The progress of
the reaction should be watched, and as soon as the greater
part of the indigo has been oxidised, the contents of the
flask should be gently rotated for a moment. With very
weak solutions of pure nitre, no change is observable for some
time, and it may be necessary, in some cases to keep the
flask in the chloride of calcinm bath for five minutes. If
the colour of the indigo is suddenly discharged, it is a sign
that the nitric acid is in considerable excess, and that a much
larger amount of indigo must be taken for the next experi-
ment., If some of the indigo remains unoxidised, a httle
experience will enable the operator to judge its probable
amounnt, and so decide on the guantity of indigo suitable for
the next experiment.

The amount of indigo which corresponds to the solation
of nitrate is found by a series of approximating experiments
made as just described with varying quantities of indigo, the
oil of vitriol used being always equal in volume to the united
volumes of the nitrate solution and indigo. The determina-
tion is finished when a quantity of indigo is left unoxidised,
not exceeding 01 c.c. of the indigo solution used ; this amount
can be readily estimated by the eye. It is well, until econ-
siderable experience has been gained, to check the result by
making a further experiment with 0°1 e.c. less indigo, when
the colour should be entirely discharged. The tint produced
by a small excess of indigo is best seen by filling up the flask
with water. The estimated excess of indigo is, of course,
deducted from the reading of the burette.

To reduce the number of experiments required to obtain
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calculated. Below is given an ideal table of this description.
It is assumed, which is very near the truth, that a diminution
to one-eighth in the strength of the nitrate solution is accom-
panied by a diminntion to one-tenth in the indigo consumed.
It is further assumed, which is also near the truth, that the
alteration in the relation of the indigo to the nitrate proceeds
at a uniform rate between the limits actnally determined.
The following will be the results arrived at when using 20 c.c.
of the nitrate solution for each experiment.

Value of Indigo, in Nitrogen, for different strengths of Nitre

Solutions.
b= Difference in
Strength ‘s & §| Nitrogen Difference | the mitrogen
of nitre | Indigo | 2 £:5 | correspond- | between the | values for a
solution |required. £ Z.Z | ing to 1 c.c. | nitrogen | difference of
used. = 2% | ofindigo. values. 1 e.c. in the
aE amount of
indigo.
C.C. Cc.C. gram. gram. gmm.
aynormal.. | 1000 i 000035000
¥ » 8§71 | 1-29 | -0 0035161 | 000000161 | *000000125
i » 7:43 | 1°28 | 000035330 @ -000000169 | -000000132
T oo 614 | 1°20 | 000035627 | 000000298 | -000000231
i 486 |1-28 *000036008 | 000000351 | 000000298
5w 3-57 | 1-29 000036764 | 000000756 | 0000005686
&% » 2:29 | 128 | 070038209 | ‘000001445 | -000001129
£ » 1:00 | 1°29 | 000043750 | 000005541 | 000004295
The mode of using this table is very simple. Supposing

that 20 c.c. of a water have required 536 c.c. of indigo, this
amount is seen to be 0°5 e.e. above the nearest point (486 c.c.)
given in the table. We learn from the right-hand column
that -000000149 must consequently be subtracted from the
unit value in mitrogen (000036008 gram) belonging to
486 c.c. of indigo, We thus find that the 536 c.c. of
indigo should be reckoned at ‘000035859 gram of nitrogen
per cubic eentimetre : the water, therefore, contains 0-96 part
of nitrogen as nitric acid per 100,000. If 20 c.c. of the water
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indigo oxidised; this is most perceptible in the case of the
stronger solutions of nitrate. The following table shows the
results obtained by standardising the same indigo solution at
two temperatures, representing nearly the extreme limits at
which the solution would be nsed in practice. The tempera-
ture of the room during the experiment was 10°. For the
trials at the higher temperature, the flask containing the
indigco and nitrate, and the test-tube containing the oil of
vitriol, were placed for some time in a water-bath at 22—23°
previously to being mixed.

Tndigo Solution Standardised with 10 e.c. of Nitre Solution.

At 10° C. At 20 )
Strength of nitre . .
3 - Indigo s Indigo

solution. Ind{gu caleulated Indl.gﬂ caleulated

required EREg required fiias

(a.cbunl] " | extremes. {tu::tual:l * | extremes.
C.C. C.c. C.C. c.C.
L mormnal . v iiaens| 10°28 10-28 9-76 9-76
- S AR e AR 4-97 478 473
% i 2-30 2-32 2'18 g-22
S e P R 0 -99% 0-99 0-96 0-96

Standardised with 20 c.c. of Nitre Solution.

3 T R G T 1026 10-26 974 9-74
7w » 4 -84 4-96 465 474
R B R R 28l 2:21 2 24
o 0-99 0-99 0-99 0-99

It is seen that a rise of 127 in temperature diminishes the
indigo consumed by about 5 per cent. in the case of the
stronger solutions of nitrate; it is evident, therefore, that

* It must not be supposed that it was possible to work to 1i5th of a
eubic centimetre ; in all the figures given the errors shown by ealibrating
the measuring vessels employed have been taken account of and minute
fractions thus introduced.
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with advantage, even where gas analysis apparatus is not
available, by graduating and calibrating the tube in which
the operation is performed, and reading off in the tube itself
the volume of nitric oxide produced. In this way the deter-
mination is much more rapid and, unless the proportion of
nitrates is very small, quite as accurate as when made by any
of the processes just deseribed.

Nitrites.

It is very rarely necessary to distingunish between nitrites
and nitrates in water. If, however, the “ Oxygen or For-
chammer ™ process, presently to be described, is employed
to estimate the orgamic pollution, 1t is desirable to have a
delicate means of testing for and estimating traces of nitrites.
One part of sodic nitrite deoxidises some twenty times as
much potassic permanganate as an equal quantity of urea,
creatin, or starch. The practice, suggested by Tidy, of
considering the permanganate reduced by a sample of water
within three minutes to be due to nitrites, is not satisfac-
tory ; for a sample of sewage free from nitrites redunced in
that time as much permanganate as Thames water did in
three hours.

As nitrites, when present in water, are soon oxidised to
nitrates, it is important to begin their detection or estimation
as soon as possible after the collection of the samples.

Griess’s proeess, as elaborated by Messrs. Preusse and
Tiemann (“ Deut. Chem. Ges. Ber.,” X1, 624, 637), is the only
trustworthy one for estimating nitrites. It is easy of execn-
tion and of excessive delicacy, being capable of detecting one
part of nitrous acid in thirty million parts of water. The
method consists in the observation of the depth of colour
developed in 100 c.c. of the water under examination on the
addition of 1 c.c. of a solution of meta-phenylenediamine
and one of dilute sulphuric acid; a comparative observation
being made on a standard solution of sodic nitrite, as in the
estimation of ammonia by the Nessler test,
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colour developed in these eylinders is then to be compared
with that given by the sample of water similarly treated.

By repeating these experiments with such different pro-
portions of the standard solution of potassic nitrite as will
be suggested by the first series, there is eventually obtained
a diluted solution of the nitrite of known strength which
exhibits exactly the same tint as the sample of water. Since,
however, the intensity of tint in all the solutions gradually
increases for a considerable length of time, i1t 18 necessary to
make a final pair of experiments, starting them simultaneonsly.
The observation of the shade of colour may be conveniently
extended to twenty or twenty-five minutes.

For the success of this estimation it is necessary that the
water should be colourless. Tinted waters can generally be
decolorised by adding to them a few drops of solutions of
caustic soda and carbonate of soda, the colonring matter being
precipitated along with the carbonates of the alkaline earths.
If the water does not contain a sufficient amount of earthy
salts, a little alum may be added to it either before or after
the addition of the alkaline solutions, care being of conrse
taken that the water remains alkaline. The precipitate must
be filtered off before the water is used.

The inference to be drawn from the presence of nitrites
depends upon the source of the water. The presence of these
salts in spring and deep well waters is absolutely without
significance ; for, although they are in these cases generated
by the deoxidation of nitrates, this deoxidation is brought
about either by the action of reducing mineral substances,
such as ferrous oxide, or by that of organic matter which has
either been embedded for ages in the water-bearing stratum,
or, if dissolved in the water, has been subjected to exhaustive
filtration. In such waters the presence of nitrites has no
more bearing upon their wholesomeness than the absence of
dissolved oxygen, which is characteristic of the most excellent
waters from deep sources.

When, however, nitrites occur in shallow well or river
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If both lead and copper be present, a large quantity of
the water must be evaporated, and the metals separately
determined by the usual processes.

Arsenic is sometimes found in waters polluted by mining
and manufacturing operations, and is best detected and esti-
mated by Marsh’s test.

Half a litre of the water is rendered slightly alkaline by
sodic or potassic hydrate free from arsenic, and evaporated to
dryness. The residue is extracted with strong hydrochloric
acid, and the liquid poured down the funnel tube of a small
apparatus which has been generating pure hydrogen for some
minutes, The escaping gas, which should be generated
slowly, is first made to pass through a small [J-tube filled
with pumice moistened with plumbic acetate and through a
picce of drawn-out combustion tube (about six inches long,
and one-eighth of an inch in diameter) heated to redness in
the middle by a small lamp. Any arseninretted hydrogen
present will deposit its arsenie as a brown metallic ring on the
cooler part of the tube.

The quantity is estimated by comparing the ring formed
with a series of standard rings obtained in a similar way
with known quantities of arsenic. 1t is safer to continue the
passage of the gas for an hour, but nearly the whole of the
arsenic comes off in the first five or ten minutes.

A blank experiment should, of course, be performed pre-
vious to commencing the determination, to ensure that the
zine, acid, and apparatus are free from arsenic.

Bariuwm 1s best detected by slightly acidulating the con-
centrated water with hydrochlorie acid, filtering if necessary,
and then adding a solution of gypsum.

Zinc is generally present as bicarbonate, and gradually
forms a film of carbonate on the surface of the water. To
identify it, a little of this film must be collected and heated
on platinum foil. If after the volatile matter has disappeared
a residue remains which is yellow when hot and turns white
on cooling, zine is present. This reaction is extremely delicate.

FEE
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left on evaporating the water. No liquid reagent has, so far,
proved sufficiently uniform in its action on the complex and
varying substances found in water, to yield even comparative
quantitative results of a trustworthy character.

The * combustion process” described in Part II contains
all requirements on the score of accuracy and delicacy, but 1t
has been objected to on account of the trouble and special
skill required to execute the necessary gas analyses. I will,
therefore, here describe two other wethods, which have been
suggested for the determination of organic elements; since,
although they appear to me to be more troublesome than the
process described in Part LI, they will doubtless commend
themselves to those chemists who are mot in the habit of
making gas analyses. For those who are satistied with a
less accurate acquaintance with the organic constituents of
potable water, I have added a description of the so-called
“oxygen process,” which is not omly extremely simple and
rapid, but is also the only volumetric method deserving of
any confidence whatever,

GraviMETrIiIc MeETHOD OF DITrMar AxD Romsinsoxn.

Determination of Organic Carbon.—A litre, or other suit-
able quantity of water, is treated with {;5th of its bulk of a
saturated solution of sulphurous acid, boiled down to a small
volume in an inclined pear-shaped flask, and finally evaporated
to dryness in a glass dish. If, during boiling down, the
water deposits any solid matter which cannot be removed
from the flask, the operation must be rejected, and a new one
performed in a glass dish as described in Part 11, page 61.

A combustion tube wide enongh to receive a conveniently
sized platinum boat is drawn out at one end into a bayonet
shape, and charged with (1) a spiral of silver wire gauze to
reduce oxides of nitrogen; and (2) a layer of granulated
oxide of copper. The posterior end of the tube is reserved
for the platitum boat ; it is closed by a cork perforated to
admit a glass tube conmected with a gas-holder filled with
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to the residue—sulphate of potash for instance. The evapo-
ration is completed on a water-bath of a construction similar
to that described in Part II, page 61.

This residue is placed in a large copper or silver boat,
moistened with a drop of water, and covered with about
3 grams of a fused mixture of equal weights of pure baryta
and soda (or soda alone may be used).

The boat is introduced into a short eombustion tube con-
nected, at one end, with an absorption apparatus charged with
highly dilute hydrochloric acid, and at the other end with
some arrangement for sending a regular current of hydrogen
through the apparatus. The tube is gradually heated to red-
ness, and the ammonia given off from the decomposition of
the organic matter is estimated by the Nessler test, one-tenth
of the solution in the absorption apparatus mixed with 50 e.c.
of water being employed for the purpose.

Previous to use the tube must be heated, with the absorp-
tion tube attached, till all traces of adventitions ammonia are
expelled, and it must then be allowed to cool in a slow stream
of hydrogen. Deduction must also be made, when necessary,
for any ammonia introduced with the baryta and soda.

In order to test the trustworthiness of this process, tha
following comparative experiments were made :—

Organic Carbon,

Samples of Water. Dittmar's Process. [Frankland’s Process,
l’art per 100,000. | Part per 100,000,

Chelsea Company .. FRI * 286 226
Homiton . i P 417 317
New River {.{}Illpﬂn} : ‘142 104
Chelsea = Gl e -248 256
New River LA R 232 ‘183
Fouthwark % R 259 329

: 2 e 158 ‘188
Kent " AP 080 090
Chelsea 5 P *220 195
BISOK s e 009 005
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A combustion tube 2 feet long is previously filled for half
its length with granulated cupric oxide, kept in position by
plugs of asbestos or platinum foil. It is drawn out and bent
downwards at the front end at an angle of 1207, so that it
may be conveniently attached to a Pettenkofer’s absorption
tube, the other end being connected by means of a caoutchone
stopper and glass tube with a reservoir of oxygen. The tube
has to be heated to redness in a stream of oxygen free from
carbonic acid, till the issuing gas ceases to render baryta
water turbid, even after long bubbling. The oxide is allowed
to cool, and the Pettenkofer's tube, charged with perfectly
bright baryta solution, is attached. The cork at the posterior
end of the combustion tube is then momentarily removed to
allow the boat containing the water residue to be pushed into
the tube. The combustion is then couducted in a stream of
oxygen in the usual way.

In about fifteen to twenty minutes the substance will be
burnt, and the slow current of oxygen may be guickened for
a couple of minutes. The absorption tube is then detached,
carefully stoppered, and set aside to be filtered. After cooling
five minutes, the combustion tube is ready for a second experi-
ment. The baric carbonate after being collected on a filter and
carefully washed, is dissolved in dilute hydrochloric acid (1 in
o0), precipitated as sulphate, diied and weighed ; the result
divided by 194 gives the quantity of organic carbon present.

Such is the outline of the process, but to obtain trust-
worthy results elaborate precantions against the access of
adventitious carbonic anhydride are necessary,

The stock solution of baric hydrate (1'5 per cent. strength)
is kept in a bottle, the cork of which is traversed by two
tubes, one a syphon reaching below the liquid, the other a
short tube just passing through the stopper. This latter tube
18 connected with a tube containing potash, to the free end of
which is joined the tubing from a small hand bellows.

Previous to filling, the Pettenkofer's tube must be care-
fully cleansed and rinsed with distilled water, and then air,
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Pettenkofer tube receives two rinsings with dilute hydro-
chloric acid (1 in 50) to dissolve any baric earbonate not
washed off, and the liquid is poured into the filter. The filter
is washed with distilled water, and if necessary with more
dilute acid, till every trace of the carbonate has disappeared.
The filtrate, which need not exceed 50 c.c., is collected in a
beaker, but is afterwards concentrated to a much smaller bulk
by evaporation in a platinum dish on a water-bath. The more
concentrated liquor is transferred without loss to a smaller
platinum dish (weighing about 5 grams), and evaporated to
dryness with a few drops of pure sulphuric acid. The dish and
its contents have then to be ignited, the residne moistened with
nitrie acid, re-dried, and the whole re-ignited and weighed.

The total carbon (4.e., the sulphate of baryta divided by
19-4) is subject to a small correction due to constant error.

Nephelometric Method.—This method differs from that
described above in the fact that a two per cent. solution of
basic acetate of lead takes the place of the solution of baryta,
and that the amount of carbon is estimated from the turbidity®
of the solution at the end of the combustion. A slightly
modified and enlarged Mills’s colorimetert is used in the
estimation, and the turbidity produced by a known and fairly
comparable quantity of carbonic acid being taken as the
standard, the amount of carbon in the water residue is calcu-
lated from the proportionate lengths of the discs from the
surface of the liguids.

As an additional refinement in the ultimate analysis of
water residues, the authors have used dishes of silver foil.
These are ignited before being used, are supported in platinum
dishes during the evaporation, and are finally crumpled up
and introduced bodily into the combustion tube without being
handled in any way.

Drs Dupré and Hake cite the following experiments as
indicative of the delicacy of their processes :—

* Hence the name ““ nephelometric,” from vegéAn, a cloud.
t See * Chem. News,” vol. xxxv, p. 161.
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manganate of potash, and allow the mixture to stand for
three hours.

At the end of that time, the amount of undecomposed
permanganate of potash remaining in the water must be
determined as follows :—

Add to each flask two drops of solution of potassic iodide
(See Appendix I, ), when an amount of iodine will be
liberated exactly equivalent to the quantity of permanganate
still present in the water. Now run in from a burette the
solution of hyposulpbite of soda until the whole of the free
iodine is removed, judging of the exact moment when this is
attained by the addition of a drop of clear starch solution
towards the end of the operation.

Note the amount of hyposulphite used for (A) blank
experiment with pure distilled water, (B) the water under
examination.

It is evident that A expresses the amount of permanga-
nate added to the water under examination, B the amount
of permanganate in excess of what the organic matter in the
water could destroy, and A—B the amount actually con-
sumed after three hours’ econtact.

If the amount of available oxygen in the quantity of
permanganate solution originally added be a, the oxygen
consumed by the quantity of water operated on would be

(A—B)a
T

That is to say, if 10 c.c. of permanganate solution (equi-
valent to *001 grm. of oxygen) wereadded to a quarter litre of
distilled waler and of the water nnder analysis, and 40 c.c.
and 15 c.c. of solution of hyposulphite were the respective
quantities required for the flasks at the end of three hours,

o 40 — 15 x -001
the oxygen consumed would be 4}} e oxygen per
. 40—15%4
quarter litre, or 40 =250 part oxygen per 100,000

parts of water.

b
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hope that a constant multiplier might be found by which the
“oxygen consumed,” of the Forchammer processcould be trans-
lated into the *“organic carbon” of the combustion method of
analysis. To test the possibility of such a conversion, my
pupil, Mr. Wcodland Toms, made, at my suggestion, the com-
parative experiments recorded in the following tables:—

IT.—River Water.

Oxyeen C Organic earbon

Source of Sample. consumed. 5] by combustion.
Chelsea Company’s supply .. 098 x 26 = 256
West Middlesex Co.’s ,, o ‘116 x 256 = 291
Lambeth Co.'s - - ‘119 x 2-43= “aQD
Southwark Co.'s " A ‘121 x 2°22= 269
New River Co.'s a i 076 x 24 = *183
Chelsea Co.’s 2nd  sample .. 070 x 2-+69= *188
Lambeth Co.'s o ) ‘119 x 1-99= - 294,
New River Co.’s 5 o7 ‘107 x 2-25= 221

As the result of these experiments, the average multiplier
15 238, and the maximum errors incurred by its nse would be
— 021 part of organic carbon in the case of the second
sample of the Chelsea Company’s water, and + 049 part in
that of the second example of the Lambeth Company’s water.
These errors would practically have little or no influence
upon the analyst’s opinion of the quality of the water. It is
desirable that this comparison should be extended to the
water of other moderately polluted rivers.

I1.—Deep Well Water.

Source of Sample. Oxygen . C _ | Organic GRIhoT
consumed, 0 by combustion.
hent Company's mlp[ﬂy ‘015 x 51 = | 0457
Colne Valley Coa ,, . 0135 x 69 = ‘004
Hﬂdgtan s Brewery well , 03 x b8 = 158

S — S ——
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(lass ITI. Water of doubtful purity, absorbing from 0-3 to
04 part per 100,000, or 021 to 0-28 grain per gallon.

Olass TV, Impure water, absorbing more than 04 part
per 100,000, or 0-28 grain per gallon.

SECTION IL.—WaTeEr oraErR THAN UPLAND SURFACE.

Class I. Water of great organic purity, absorbing from per-
manganate of potash not more than 005 part of oxygen per
100,000 parts of water, or 0035 grain per gallon.

Class II. Water of mediwm purity, absorbing from 0°05 to
0-15 part of oxygen per 100,000, or 0035 to 0'1 grain per
gallon.

Class ITI. Water of dowbiful purity, absorbing from 0-15 to
02 part of oxygen per 100,000, or 0-1 to 0-15 grain per gallon.

('lass IV. Impure water, absorbing more than 0°2 part of
oxygen per 100,000, to 0-15 grain per gallon.

Whenever it is of great importance to know the amount
and nature of the organic contamination of water, reliance
ought not to be placed on the Forchammer process, for the
action of the permanganate of potash test is not only liable
to considerable uncertainty, but it makes no distinction
between nitrogenous and non-nitrogenous organic matters,
and may even confuse innocent inorganic substances with
organic matters of most objectionable origin. In cases of
minor importance, however, and when the analyst shrinks
from the labour and cost of determining the organie elements
by actual combustion, he will be much more likely to rate a
water at its proper value by this process than by any other
now in nse. It must be confessed, however, that prolonged
experience with this process has not increased my confidence
in its trustworthiness, even for roughly approximate estima-
tions.
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by describing them under four heads:—(1) the evaporation
of the water; (2) the preparation for combustion of the re-
sidue thus obtained ; (3) the combustion; and (4) the actual
volumeliric measurement.

(1) The Evaporation.—As soon as possible after the re-
ceipt of the water, and directly after the ammonia has been
estimated, the evaporation should be commenced. The
quantity of the water to be taken inust depend upon the
quality. When the water is, organically, of high purity, it
18 necessary to evaporate more than when 1t contains a
considerable proportion of organic elements, the object being
to obtain a sufficiency of organic matter for accurate deter-
mination. It is an inconvenience rather than an advantage
to use a large quantity when the water is much polluted.

One litre is the maximum quantity required; but, as an
almost invariable rule, less will suffice if the proportion of
ammonia be large. If in 100,000 parts of water the ammonia
be more than 0-05 part, half a litre is sufficient ; if more than
02, a quarter of a litre; and if more than 1'0 part, 100 c.c.
will suffice.

The measured quantity of water is transferred to a suit-
able flask, with 20 c.c. of a saturated solution of sulphurous
acid (see Appendix I, G 2), and the mixture boiled briskly
for a few seconds. By the sulphurous acid, all the earbon
and nitrogen which exist in the water in an inorganic form
(the nitrogen as ammonia excepted) are eliminated; the
nitrates and nitrites being rednced with the expulsion of
their nitrogen, and the carbonates decomposed. The pre-
liminary boiling is required to expel effectually from solution
the liberated carbonic acid. Nitrogen as ammonia, on the
other hand, is fixed (except a small loss, see Appendix II,
Tables 3 and 4) by adding sulphurous acid, and has to be
deducted from the gross amount of nitrogen yielded by com-
bustion. The proportion of ammonia in water rapidly
diminishes, and hence it is important to start the evaporation
within a short time of the estimation of the ammonia.

. —— e —
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part of this copper capsule, and allows the flange of the cap-
sule to project about half an inch all round.

This flange has a rim about one-eighth of an inch high
running round it, except where it is turned down to form a
lip. A thin glass shade (d), such as is used for covering
statnettes, fits within this rim, and should be wide enough to
prevent it from touching the glass dish. The shade does not,
however, ordinarily rest upon the rim of the copper capsule,
but upon the corresponding rim of the copper ring (ec),
which is 3 inches high and somewhat conical, as shown
in the figure. The water to be evaporated is placed in the
flask (e), the neck of which is ground to fit accurately into
the self-regulatiug supply tube (ff), whereby the water is
only permitted to flow into the dish when the junction (g) is
above the water level. By bending the supply tube ( ff), as
shown at (7) in the figure, the water in the flask and that in
the glass dish may be isolated by an entrapped bubble of air,
thus preventing convection between the dish and the flask,
The flask (e) is supported upon the ring of a large filter-
stand, ont of which a small segment has been cut to allow of
the passage of the neck. The supply tube rests in a notch
cut in the copper ring (¢), just deep enough to admit it with-
out tonching the glass shade, so as to prevent the water con-
densing on the inside of the latter from running back into
the dish.

During the evaporation the condensed water trickles
down the interior of the shade, collects in the copper capsule
underneath the glass dish, and is finally conducted away by
a piece of tape (h) passing over the lip. It is found in
practice that the water evaporates beneath the glass shade at
about the same rate as in the open air,

The apparatus having been got ready, the acidified water
in the boiling flask is transferred when cold to the flask (e).
The water may be rapidly cooled, if necessary, by inverting
a beaker over the neck of the flask and placing the whole
under a stream of cold water, The supply pipe (ff) is next
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volume of a saturated solution of sulphurous acid, and then
the evaporation is again carried to drymness.

If the nitrogen as nitrates and nitrites exceed 1 part in
100,000, a quarter of a litre of this 10 per cent. solution
should be evaporated on the residue; if 2 parts, half a litre ;
if 5 parts, a litre. Should the quantity of water evaporated
be less than a litre, a proportionate reduction must, of course,
be made in the quantity of the sulphurous acid solution used.
In the ordinary course of analysis the nitrogen as nitrates
and nitrites will have been determined before the evaporation
of the water is finished.

The sulphuric acid produced by the oxidation of the
sulphurous acid does not remain free if a fair amount of
carbonates is contained in the water, but, if little or none is
present, a small quantity of a saturated solution of hydrie
sodic gulphite (1 or 2 c.c.) may be added, in order to supply
base for the sulphurie acid to combine with. A knowledge of
the source, or of the temporary hardness, of the water will
generally suffice to inform the analyst on this point.

When sewage, or other liquid containing much ammonia
and no nitrates or nitrites, is to be analysed, it will be found
advantageons to substitute 10 c.c. of a solution of metaphos-
phoric acid (Appendix I, G 9) for the sulphurous acid pre-
viously mentioned, as ammonic phosphate loses much less
ammonia during evaporation than ammonic sulphite. This
reagent, however, cannot be used with ovdinary waters, be-
cause it does not reduce nitrates. When employed, it is best
to add half a gram of calcic phosphate (Appendix I, G 10)
to dry the residue, which is otherwise difficult to manipulate,
owing to 1ts viscidity. Boiling is not necessary with the
metaphosphate, nor is any other reagent requisite. Waters
containing very large quantities of ammonia very rarely con-
tain nitrates.

2. Preparation for the Combustion of the Residue.—Select
some combustion tubing of rather smaller bore than that
ordinarily used for organic analysis, and cut it into lengths
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filling, by tapping the closed end of the tube sharply omn a
wooden block or bench. The copper rolls, too, should fit the
tube and come in direct contact with the oxide in order to
prevent the occurrence of empty spaces, which are liable
to collapse when the exhausted tube is exposed to a high
temperature.

The copper cylinders must be oxidised in air and reduced
in hydrogen before being used the first time; but, if put into
a stoppered bottle after use, they can be employed several
times without repeating the operation. The coarse oxide of
copper may also be used many times, if transferred at once
from the broken combustion-tube to a stoppered bottle., The
oxide in front of the copper is placed there to oxidise any
traces of carbonic oxide and hydrogen formed by the reducing
action of foreign metals in the copper gauze.

When the combunstion-tube is charged, the open end is
heated uniformly about an inch above the final layer of oxide
of copper, and drawn out to a stout tube about 6 inches long
and one-fifth of an inch in diameter. The end of this drawn-
out tube is then rounded in the blowpipe flame, and the
long neck bent at right angles, after which it is ready to be
introduced into the combustion furnace.

3. The Combustion.—This is performed in vacuo. The
prepared combustion-tube is placed in the usual furnace and
attached to a Sprengel pump, as shown in fig. 2, p. 67. The
combustion furnace is, by preference, a double one; as much
time is saved if two combustions are carried on simulta-
neously.  The combustion-tubes are laid in iron gutters
lined with asbestos, to protect them from the direct action of
the flame.

The form of Sprengel pump best adapted for this work is
shown in fig. 2, page 67. Its constraction is not beyond the
capabilities of most amateur glass-blowers.

B is the pump proper, with the longer leg re-curved at its
lower extremity, for the convenient delivery of gas into the
test-tube (¢). The How of mercury from the inner funnel (A)






(e WATER ANALYSIS,

may be regnlated either by the screw clamp (F) placed on
the india-rubber tube connecting A with C, or, better, by the
similar clamp upon the flexible tube (d). As soon as the
pump has been placed in position, its short exhaust-tube (¢)
is attached to the bent tube (a) in the following manner :—
A small perforated cork is first slipped over the tube (¢), and
then over the cork a piece of glass tube 2 inches long and
of suitable bore. A short piece of sound india-rubber tubing
serves to connect @ and ¢ together, the glass tubes being in-
serted so far as to touch each other. This jointis secured by
wire. The cork and the piece of wide glass tube are then
pushed up over the joint, and the tube filled with glycerin,
to prevent the possibility of any leakage of air. The joint
which connects the tube (@) with the combustion-tube is made
in a similar manner, except that, being disconnected after
each combustion, water is used instead of glycerin, and the
india-rubber need not be wired on to the combustion-tube.
The tube (@) is bent twice at right angles, so as to admit of
its immersion in a small tin trough (5). The submerged
portion of it has a bulb blown on it, to collect the water pro-
duced during the combustion. The length of the tube (a) is
governed by the distance between the pump and the furnace.
To start the pump the funnel is filled with mercary, and
enough to cover the re-curved end of the delivery tnbe is
poured into the tromgh (D). Then the screw clip (d) is
cantiously opened, and the mercury allowed to rise up one
limb of B and fall in pellets down the other, each pellet
drawing in a small portion of air from @ in its passage.
Wlulst the tube is being exhausted, the trough (b) is filled
with hot water, so as to drive off rapidly any water which
may have been left in the bulb from a previous operation.
At the same time sufficient buruers at the front end of the
furnace are lit, to heat to redness the copper roll and about
half an inch of oxide. An iron screen is temporarily placed

across the combustion-tube, to prevent the further heating of
it towards the closed end.

- g







70 WATER ANALYSIS.

4.—The Gas-measuring Apparatus—The apparatus required
for this operation is of very simple construetion. It consists
of a |J-shaped tube with unequal limbs. In the shorter limb

Fig. 3.
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These joints are, however, expensive, besides being liable
to rust and to break away from the cement. A form of
junction which is less subject to get out of order, and which
from its greater flexibility is less liable to canse fracture, is
shown in fig 3. Abount an inch above the stopecock on A,
the capillary tube is expanded into a small funnel or cup
(¢). The tube from the laboratory vessel is bent twice at
right angles, and then drawn out at its end so as to fit into
the neck of the cup. The joint is rendered gas-tight either
by grinding the stopper into the socket and making contact
perfect by lubrication ; or, preferably, the conical stopper is
evenly covered with a piece of thin nunvuleanised sheet india-
rubber. The india-rubber is rendered air-tight by moistening
it with water, and the cup is filled with mercury. The
stopper must be kept firmly down in the cup by the aid of an
elastic band (f), fastened at one end to the foot of the stand
and at the other to a hook, wbich is slipped over the capillary
tube near the stopcock (g).

The laboratory vessel (C) is a jar 4 inches high and an
inch and a half internal diameter. It stands firmly on the
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To perform the calibration, it is convenient to procure
short piece of capillary tube like that used to connect the
measuring tube and the laboratory tube, to fit it to the cup (¢)
at the top of A in a similar manner, and to bend 1t twice at
right angles. The instrnment is filled with mercury by
raising the reservoir (D) till the mereury drips from the end
of the temporary bent tube. The open extremity of this tube
is then immersed in a beaker of distilled water, and the
measuring tube filled with water by lowering the mercury
reservoir (D). When the water in the shorter limb of AB
is below the zero mark the beaker is removed, the reservoir
raised, and mercury allowed to flow gently in at & until the
top of the convex surface of the mercury in A just coincides
with the zero of the gradunated scale. This is best ascertained
by the aid of a small telescope, sliding on a vertical rod. The
temperature of the water in the jacket being now mnoted, the
calibration may be commenced,

A small and light glass flask, the weight of which has been
acceurately ascertained, is placed in such a position as to receive
drops of water when they are made to flow from the bent
capillary tube. The cock («) is then cautiously opened, and
water allowed to drop into the flask until the mercury in A
has risen to the first graduation above zero. The flask isthen
accurately weighed, and these operations are repeated for each
division on the wide part of A ; if, however, the tube be of
tolerably uniform bore, it will be sufficient to weigh the water
at each rise of mercury through 50 or even 100 mm.; but the
last reading of mercury in A should be taken at the highest
point at which the diameter has not been altered in attaching
the narrower tube (d), and the next reading should in like
manner be taken at the lowest and highest points of the first
narrow tube (d), where the bore has not been deformed by
the glass-blower. It is obvious that between the two points
above and below the contractions no gaseons volume can be
determined ; but the gas can always when necessary be either
compressed into the narrow tube or expanded into the wide
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interior of the measuring tube should be clean and moist ; if
it is not clean, alittle acidulated water may be drawn into the
apparatus and again expelled, and the process repeated with
distilled water. Any stoppage in the capillary tubes may be
vemoved by a long bristle or fine platinum wire. The labora-
tory tube being disconnected from the measuring tube (A),the
mercury reservoir is to be raised and the stopcock opened till
the mercury begins to issne from the capillary opening.

The laboratory vessel (C) being put into position, one end
of a piece of india-rubber tubing, reaching to its top, is tem-
porarily placed inside it. By suction at the other end of this
tube the greater part of the air is quickly removed; what
remains is withdrawn by suction through the glass capillary
tube,

The laboratory vessel and measuring tube are then joined
together. If the connections are in good order, the mercury
will be seen on lowering or raising the reservoir (D) to move
along the capillary tube when the stopcocks are opened ; but
no air will be drawn in or mercury expelled when one of the
stopeocks is closed.

The analysis is commenced by throwing up iuto the
laboratory vessel a couple of drops of a solution of potassic
bichromate from a bent pipette. The gas to be analysed will
consist of earbonie acid, nitrogen, and nitric oxide. Occa-
sionally, however, with a carelessly conducted combustion,
sulphurous acid is also found, having escaped the absorbent
action of the copper roll. The potassic bichromate will
remove this gas if present.

The beaker or capsule containing the inverted tube of gas
obtained by the combustion of the water residue (see p. 69)
is then immersed in the mercury trongh (E), the tube with-
drawn from if, and the gas discharged into the laboratory
vessel. If sulphurous acid be present, it will be absorbed 'i;l
a minute or two, and the liquid will become olive coloured
if the bichromate be in excess: but if it turn green more
bichromate must be added. In this, and in subsequent opera-

S
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consists mainly of nitrogen with, generally, a little nitric
oxide which has escaped the reducing action of the copper
roll. When, however, the total quantity of gas furnished
by the combustion of the water residue is very small, and
the vacnum consequently but slightly impaired, it sometimes
happens that traces of oxygen are given off from the
incandescent oxide of copper, and pass so rapidly over the
metallic copper as to escape absorption. If free oxygen
should be present in the gas, it is absorbed by the potassic
pyrogallate, and the remaining gas to be measured is mitro-
gen. There may be a trifling loss nnder such circumstances,
for any nitric oxide which also escaped the copper roll will
have been converted into the soluble peroxide.

If oxygen is absent, however, as is almost always the
case, it is necessary to find, by difference, the amount of
nitrogen present in the form of nitric oxide. For this pur-
pose the bubble of oxygen is added, and it instantly trans-
forms any nitric oxide that may be present into nitric peroxide,
absorbable along with the excess of oxygen by the pyrogallate
of potash. The absorption of oxygen is known to be com-
plete when the dark coloured liquid, thrown by agitation
upon the sides of the laboratory tube, runs off again without
leaving a dark bleod-red stain.

The measurement in A of the residual gas gives, by
difference, the volume, if any, of nitric oxide, and completes
the analysis.

These operations have furnished three uncorrected gaseous
volumes, viz., A, volume of the three mixed gases; B, volume
of nitrie oxide and nitrogen : and C, volume of nitrogen. By
the usual calculations, these volumes may be redunced to 0° C.,
and 760 mm. pressure, and then from the corrected volumes
A’, B', C', so obtained, the quantities of carbonic anhydride
and nitrogen may be deduced as follows :—

A'—B'=volume of carbonic anhydride.

E%_ +C0'= Bt =volume of nitrogen.

2
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of nitrogen to grams for each tenth of a degree Centigrade,

0012562
(1400367 ¢)760’
reduced to a minimum. An example will, perhaps, render
more intelligible the whole method of caleunlation here pro-
posed. For this purpose, let us suppose the following values
to have been obtained in an analysis of the gaseous products
from a water residue :—

the labour of calculation is

by the formula

Vol. of original gas =A.
19-200 c.c. of dry gas at 16°4 C. and 629'6 mm. pressure.

Vol. after first absorption (of CO,) =B.
3342 c.c. of dry gas at 16°7 C. and 324°5 mm. pressure.

Vol. after second absorption (of N,0,) =C.
1:631 c.c. of dry gas at 16°9 C. and 298'4 mm. pressure.

A=
log 19-200= 1,28330
log 6296 = 2.7990

o 0012562
(1+ 00367 £)760

for 164 C.= —6,19286

—2,27522="01885 grm.

B==
log 38342= 0,52401
log 3245 = 2,51121

0012562 ¢ ) 607 .= —6.19241

(1400367 ¢)760

log

e —

—3,22763="001689 grm.
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It is of course undesirable to apply the larger corrections
for loss of ammoniacal nitrogen; and [ have therefore en-
deavoured to replace the sulphurous by some other acid,
whose ammonia salt shall either suffer less loss of am-
monia, or shall be broken up on evaporation with total loss of
ammonia. As the result of many trials, all salts of ammonia
suffer volatilisation or decomposition during the evapora-
tion of their solutions; but of all salts tried, ammonic phos-
phate allows least ammonia to escape; and, therefore, in the
analysis of sewage, or very impure waters, the slight acidifi-
cation of the water ought to be effected with phosphoric
instead of sulphurous acid, As this substitution is inadmis-
sible where nitrates or nitrites are present In appreciable
quantity, it is fortunate that sewage and other highly polluted
liquids rarely contain these salts.

The ammonia in strongly ammoniacal waters may be en-
tirely dissipated during evaporation, by substituting boracic
acid or borax for sulphurous acid; but boracic acid does
not completely decompose carbonates, and it is therefore
necessary to treat the residue with solution of sulphurous
acid, and again evaporate to dryness. The use of borax is
recommended when great accuracy is required in the deter-
mination of organie nitrogen in strongly ammoniacal waters.

Table 4, in Appendix 1I, constructed from numerous
experiments with artificial waters containing known weights
of ammonia, gives the correction for loss of ammoniacal
nitrogen when the water is acidified with phosphoric acid.

The appropriate deduction for ammoniacal nitrogen
having been made from the total nitrogen obtained by com-
bustion, the remaining weights of carbon and nitrogen still
require correction for minute quantities of these elements
adventitiously introduced during the analysis. It is desir-
able that each analyst should make several blank experiments
to determine these coefficients of correction; evaporating a
litre of pure water with the usual quantities of sulphurous
acid and ferrous chloride, adding 0’1 gram of freshly ignited
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sodic chloride to form a tangible residue. The residue must
be burnt and analysed in the usual way. As the result of
numerous fairly concordant experiments made in my labora-
tory, the adventitious C and N introduced into the analytical
results, obtained from one litre of water, are 0-00006 grm.
of C and 0:00005 grm. of N,

Interpretation of the Results of Combustion.—The quality of
a sample of potable water, that is to say, its suitability for
dietetic purposes, is to be decided chiefly, though not ex-
clusively, from the proportion of organic elements which it
contains, and from that of organic earbon to organic nitrogen.
The smaller the aggregate proportion of organic carbon and
organic nitrogen, and the larger the proportion of organic
carbon to organic nitrogen, the better, cwteris paribus, is the
quality of the water. In the case of spring and deep well
waters, however, little importance ought to be attached to
the relative proportion of the organic elements, because in
such waters the proportion of carbon to nitrogen is often
low, even when the organic matter has been derived from
vegetal sources. In these cases, however, the organic carbon
onght not much to exceed 01 part in 100,000 parts of water.

In surface water, on the other hand, the proportion of
organic carbon to organic unitrogen almost always affords
trustworthy evidence as to whether the organic matter is of
amimal or vegetable origin. If the proportion be as low as
3 : 1, the organic matter is of animal origin ; if it be as high
as 8 : 1, it is chiefly, if not exclusively, of vegetable origin.
Between these proportions, the analyst must be guided in his
opinion by his knowledge of the surroundings of the source
of the water, and by the presence or absence of evidence of
previous sewage contamination (see p. 93); for if a water,
to which animal matter has once gained access, has since
been subjected only to the slight oxidation effected in rivers
and streams, a portion, at least; of its organic matter must
be of animal origin, for it has been proved (Rivers Pollution
Commissioners’ 6th Report, pp. 134-8) that there is no river
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in the United Kingdom long enough to secure the complete
oxidation of the soluble animal matter present in polluted
water,

Upland surface waters are least liable to amimal con-
tamination. Collected from bare uncultivated districts, the
organic matter contained in them is almost entirely vegetable,
and usually peat. The ratio of carbon to nitrogen is always
high, the average being 10 : 1. The extremes are, however,
very wide, from 4 : 1 to 21 : 1. This is owing to the more
rapid loss of carbon than of nitrogen suffered by peaty
matter during oxidation, and hence the proportion of carbon
to nitrogen is lower in the water of lakes than in that of
mountain streams which feed them, whilst in a change from
low water to flood, the ratio of carbon to nitrogen in a
mountain stream will often mount from the minimum to the
maximum of the scale.

There are many lakes and streams which supply water
containing not much more than 0-15 part of organic carbon
in 100,000 parts. As a rale, however, the quantity is much
more considerable, and sometimes the water i1s dark and
unpalatable from excess of peaty matter.

Cultivated land does not, as a rule, yield so much organic
matter to water as that which has not been broken unp by
cultivation; but from the fact of such land being manured
with animal, sometimes even with human, excreta, the nature
of the organic matter requires much more attention. The
ratio of carbon to nitrogen varies from 4 : 1 to 10: 1, averaging
about 6 : 1. Whenever the ratio is below 6 : 1, and there is
more than 03 part of organic carbon in 100,000 of water,
accompanied by previous sewage contamination (say 2,000
parts in 100,000), the water ought to be condemned as unfit
for dietetic purposes.

An opinion as to the quality of shallow well water must
always be largely dependent upon the surroundings of the
well. Shallow wells, however, are almost always polluted by
animal matter, sometimes slightly, frequently to a very dan-
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SECTION I.—UrrLaxp SURrFACE WATER.

Class I. Water of great organic purity, containing a pro-
portion of organic elements (organic carbon and organic
nitrogen) not exceeding 0°2 part in 100,000 parts of water.

Class II. Water of medium purity, containing from 02 to
04 part of organic elements in 100,000.

Class I1I. Water of doubtful purity, containing from 0-4
to 06 part of organic elements in 100,000,

Class IV. Impure wafer, containing more than 06 part of
organic elements in 100,000.

SECTION II.—WaATER OTHER THAN UPLAND SURFACE.

Class 1. Water of great organic purity, containing a pro-
portion of organic elements not exceeding 0-1 part in 100,000,

Class II. Water of mediwm purity, containing from 01 to
02 part of organic elements in 100,000,

Class II1. Water of doubtful purity, containing from 02
to 04 part of organic elements in 100,000.

Class IV. Impure water, containing upwards of 04 part of
organic elements in 100,000,

Ni1TrRoGEN AS NITRATES AND NITRITES.

The Mercury Method.—This method of estimating nitrogen
existing in water as nitrates and nitrites is founded on
Walter Crum’s process for the refraction of nitre.

It comsists in agitating over mercury a concentrated solu-
tion of the nitrate or nitrite with a large excess of strong
sulphurie acid, when the whole of the nitrogen is evolved as
nitric oxide.

The process is conducted as follows :—The residue from
the half litre of water used for the determination of the total
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as great as the total bulk of the concentrated filtrate must, in
all, be introduced into the tube. By careful manipulation, it
is easy to introduce successively the concentrated lignid and
the rinsings into the tube by means of the cup and stopcock
withont the admission of a trace of air. If, however, air
should inadvertently gain admission, it may, if of considerable
volume, be withdrawn by suction applied to the cup (4), the
stopeock being momentarily opened. A minute bubble of air
may be expelled by pressing the thumb firmly against the
opening at the bottom of the tube and momentarily opening
the stopeock.

If a trace of gas is liberated immediately on the addition
of sulphurie acid, it will consist of carbonic acid, and must
be expelled. The evolution of nitric oxide does mot take
place until a minute or two after the violent agitation of the
contents of the tube.

The tube is now unclamped, and so grasped that the
moist thumb can firmly close the opening at the bottom,
and being withdrawn from the trough, it is then violently
agitated. The tube, during this operation, is inclined at a
considerable angle, the cup pointing away from the operator.
Holding the tube in this way, and briskly shaking it in a
vertical direction, it is easy to impart a combined vertical
and lateral movement to the lignids, which soon reduces the
mercury near the acid to a state of fine division, without,
however, breaking the continuity of that in the lower part of
the tube. If nitrates or nitrites are present, a considerable
pressure is soon felt against the thumb, and mercury spurts
out in minute streams, as nitric oxide is evolved. The escape
of the gas should be resisted, so as to maintain a considerable
excess of pressure inside the tube, and thus prevent the
possibility of air gaining access to the interior during the
shaking. The shaking must be continued till no more gas is
given off. The time required for this varies from three to
five or six minutes.

When the quantity of nitrales is considerable, the nitric
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contamination of a water by organic substances can be satis-
factorily inferred from the carbon and nitrogen contained in
the organic matter. The present contamination is, however,
rarely the total organic pollution to which such water has
been subjected ; oxidation is almost incessantly at work, some-
times slowly, as in streams, lakes, and rivers, at other times
very rapidly, as in porous soils, transforming organic into
mineral compounds.

It is important to know whether the organic matter thus
destroyed was of animal origin, and if so whether the quantity
was considerable. The only item in water analysis which
furnishes direct evidence on these heads is the * total inor-
ganic nitrogen.”

When organic substances containing no nitrogen are
oxidised, they are converted into carbonic acid and water—
substances which in aérated water can, of course, no longer
be identified. Nitrogenous organic bodies, however, such as
sewage and animal matter, generally yield, in addition, nitrous
and nitric acids and ammonia; these, reacting on mineral sub-
stances in the water, form nitrates, nitrites, and ammonium
salts, which remain dissolved in the water and can be
accurately determined.

The * total inorganic nitrogen™ is the sum of the amounts
of nitrogen found in these three forms, and is to be regarded,
after certain deductions have been made, as the nitrogen of
animal matter which existed in the water at a previous time.
But as the inorganic mnitrogen is liable to be reduced in
quantity if it comes within the reach of the absorbent roots
of plants, the inferences to be drawn from this previous pollu-
tion are less exact than those based upon the evidence of
present contamination. As a rule, however, a water which
contains anything more than the merest trace of inorganic
nitrogen must have been polluted by animal matter at some
previous period, and this ¢ inorganic nitrogen ” is a measure
of the minimum amount of such contamination. For the
method of obtaining a concrete expression for this amount of
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“organic mitrogen” of some putrescent and perhaps conta-
gious matter.

3. It is desirable that the analyst should know whether
or not the water under investigation is liable to actual
animal contamination; and this information is furnished by
the determination of inorganic nitrogen.

4. The past history of the water is often of great service
in judging of the present quality. In certain stages of
oxidation, vegetable and animal matters are scarcely distin-
guishable by ultimate analysis. In such cases it is safest to
assume that if the past contamination was animal the present
will be so likewise, Indeed, in lake and river waters the
oxidation of organic matter is so extremely slow as to render
it almost impossible that animal matter once introduced can
be completely resolved into inorganic compounds before the
water reaches the sea.

9. The * inorganic nitrogen ’ in upland surface water is
usually exceedingly small ; it is often nil, and rarely exceeds
‘03 part per 100,000, Even this small quantity may not
have been derived from organic pollution. Rain water of the
purest kind contains as much as 003 part of inorganic
nitrogen per 100,000, derived from ammonia and oxides of
nitrogen present in the air.

Directly, however, a district becomes cultivated, evidences
~ of animal contamination begin to show themselves in the
water running over or through it, and the inorganic nitrogen
may rise as high as 1 part in 100,000, the average proportion
being 22 part per 100,000,

6. Owing to the much more rapid oxidation which takes
place when water polluted with organic matter percolates
through porous earth, deep wells and springs fed from
impure sources generally contain very much larger propor-
tions of inorgamic mitrogen. Deep well water contains on
an average ‘o part, and spring water ‘4 part per 100,000,
but these proportions may rise as high as 2 or 3 parts
per 100,000, The previous history of such waters, however,
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facility of ecalculation, 100,000 parts of average filtered
London sewage are assumed to contain 10 parts of combined
nitrogen (in reality they contain only about 7§ parts).

In estimating, in terms of this standard, however, the
previous sewage or animal contamination of water, from the
proportion of inorganic nitrogen, it is necessary to note that
rain water itself contains combined mineral mitrogen, although
in minute quantities. The average proportion of inorganic
and combined nitrogen found in rain water is nearly "032
part per 100000 parts of water; and after this number has
been subtracted from the amount of inorganie nitrogen found
in 100,000 parts of a potable water, the remainder, if any,
represents the nitrogen derived from oxidised animal matters
with which the water has been in contact. Thus, a sample
of water which contains, in the form of nitrates, nitrites, and
ammonia, ‘326 part of nitrogen in 100,000 parts, has obtained
326 — 032 = 294 part of that nitrogen from animal matters.
Now, this last amount of combined nitrogen is, by the fore-
going assumption, contained in 2,940 parts of average London
sewage, and hence such a sample of water is said to exhibit
evidence of 2,940 parts of previous sewage or animal con-
tamination in 100,000 parts; or, in other words, 100,000 Ibs.
of the water contain the mineral residue of an amount of
animal organic matter equal to that found in 2,940 Ibs. of
average London scwage. Briefly, the previous sewage or
animal contamination of a water is calculated by the use of
the following formula—

=10,000 (N—-032),
in which P is previous sewage contamination and N the
amount of inorganic nitrogen in 100,000 parts of water.

In this estimation, the correction (‘032 part) is probably
too high ; for it is only when the rain is caught for analysis
as it falls, that this quantity escapes considerable diminution
by the absorbent action of vegetation. For a similar reason
we may look in vain for the full evidence of previous animal
vollution in the effluent waters from fields irrigated with
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Nearly the whole of the animal matter which gains access
to drinking water consists of sewage, that is, solid and liguid
excrements.

The column headed “ Previous Sewage or Animal Con-
tamination,” in the accompanying analytical table, expresses,
in terms of average London sewage, the amount of animal
matter with which 100,000 1bs. of each water was, at some
time or other, contaminated. Thus 100,000 lbs. of the water

of had
been polluted with an amount of animal matter equal to that
contained in 1bs. of average London sewage.

So far as chemical analysis can show, the whole of this animal
matter had been owvidised and converted into mineral and in-
nocuous compounds at the time the analysis was made ; there 18,
however, always a risk lest some portion (not detectable by
chemical or microscopical analysis) of the noxious constituents
of the original animal matters should have escaped that decom-
position which has resolved the remainder into innocuous mineral
compounds. But this evidence of previous contamination
implies much more risk when it oceurs in water from rivers
and shallow wells than when it is met with in the water of
deep wells or of deep-seated springs. In the case of river
water there is great probability that the morbific matter,
sometimes present in animal excreta, will be carried rapidly
down the stream, escape decomposition, and produce disease
in those persons who drink the water; as the organic matter
of sewage undergoes decomposition very slowly when it is
present in running water. In the case of shallow well water
also, the decomposition and oxidation of the organic matter
are liable to be incomplete during the rapid passage of
polluted surface water into shallow wells. In the case of
deep well and spring water, however, if the proportion of
previous contamination do not exceed 10,000 parts in 100,000
parts of water, this risk is very inconsiderable, and may be
regarded as nil if the direct access of water from the upper
strata be rigidly excluded; because the excessive filtration to

—
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Dangerous water is, lst, shallow well, river, or flowing
water, which exhibits more than 20,000 parts of previous
animal contamination in 100,000 ; 2nd, shallow well, river,
or flowing water containing less than 20,000 parts of previons
contamination in 100,000 parts, but which is known, from an
actual inspection of the well, river, or stream, to receive
sewage, either discharged into it directly or mingling with it
as surface drainage; 3rd, as the risk attending the use of all
previously contaminated water increases in direct proportion
to the amount of such contamination, the water of deep wells
or deep-seated springs exhibiting more than 20,000 parts of
previons contamination in 100,000 must be regarded as
dangerous. River or running water should only be placed in
the second class provisionally, pending an inspection of the
banks of the river and tributaries, which inspection will
obviously transfer it either to the class of reasonably safe
water, if the previous contamination be derived exclusively
from spring water, or to the class of dangerous water, if any
part of the previous contaminaticn be traced to the direct
admission of sewage or excrementitious matters.

Total Combined Nitrogen.

This item 1s found by adding together the nitrogen pre-
sent in the organic matter, in the ammonia, and in the nitrates
and nitrites. The first represents the present pollution, and
the second and third that which is past. The total combined
nitrogen therefore sums up, as it were, the evidence of
the past and present pollution of each water by nitrogenous
organic matter of both animal and vegetable origin.
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water or good common water with sodic carbonate, rejecting
the distillate till it ceases to react with Nessler’s test. The
distillation should be stopped when the liquid left in the
retort is reduced to about one-sixth of the original volume.

B.—FOR ESTIMATION OF NITROGEN AS NITRATES
AND NITRITES.

Tue Mercury Mersop.—Pure concentrated sulphuric
acid, also occasionally 10 per cent. solutions of potassic per-
manganate and sodic carbonate.

Tue Avvmistom Mersop.—Metallic aluminiwm as thin foil.

Sodic Hydrate—10 per cent. solution of sodic hydrate,
freed, if necessary, from nitrates by dissolving 100 sq. em.
of aluminium foil in a litre, and afterwards boiling the liquid
briskly in a porcelain or silver basin till one third of its
volume has evaporated. Make up to the original volume with
distilled water, free from ammonia.

Pumice.—Pieces about the size of peas are heated for an
hour, and afterwards kept in a closely stoppered bottle.

Hydrochloric Acid.—If two or three drops contain an
appreciable amount of ammonia, it must be rectified from
sulphuric acid.

Tue Zixc-CoprEr MeTHOD.—Various processes for the pre-
paration of the zinc-copper couple have been recommended
by its inventors,—Gladstone and Tribe ; but the following is
their latest and simplest method, and it furnishes a couple of
the greatest energy :—A mixture of 2 grams of finely divided
copper (obtained by reducing powdered oxide of copper at as
low a temperature as possible, and sifting through fine
muslin) with 18 grams of coarse zine filings, is introduced
into a 2-ounce flask, fitted with a cork, through which passes
a tobe drawn out to a-capillary opening. The flask is heated
over a Bunsen flame until the zine begins to soften, agitating
all the time to ensure thorough mixture of the two metals
and to prevent any part from being unduly heated. If the
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from a dropping tube, which may pass through the cork of
the supply bottle.

E.—FOR ESTIMATION OF HARDNESS.

Standard Calcic Chloride Solution—Weigh 02 gram of
Iceland spar, or other pure form of calcic carbonate, into a
platinum dish, and add dilute hydrochloric acid gradually tili
it is dissolved. To prevent loss, cover the dish with a clock
glass. Drive off excess of HCl by successive evaporations
to dryness with distilled water, redissolve in distilled water,
and make up to one litre.

Standard Soap Solution—Potash soap keeps better than
any other. To make it, rub together in a mortar, till well
mixed, 40 parts of dry potassic carbonate and 150 parts of
lead plaster (Hwmplastrum plumbi, B.P.). Add methylated
spirit and triturate to a cream. Allow to rest for a few hours,
then transfer to a filter and wash repeatedly with methylated
spirit. Ascertain the strength of this by adding it to 50 c.c.
of the calcic chloride solution ; proceeding as in determining
hardness. Dilute with water and alcohol till exactly 14-25 c.c.
are required to form a permanent lather with 50 c.c. of solu-
tion of calcic chloride. The water is to be added in quantities
such as to make the proportion of water to the spirit as one
to two. If thestandard solution be not required immediately,
the strong solution may be conveniently prepared by placing
the dry and powdered potassic carbonate and Emp. plumbi in
a large bottle with methylated spirit. If the mixture be occa-
sionally shaken, the reaction will be complete in a few days.
The plumbic carbonate subsides, leaving a perfectly clear soap
solution, which may be syphoned off.

It is advisable to make the soap solution a little too
strong at first, then allow it to stand for twenty-four hours,
filter if needed, and adjust accurately. This solution may be
used with either of the tables given in Appendix II.
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3. Hydric Sodic Sulphite Solution.—Dissolve ignited sodie
carbonate (A 3) in the pure water (G 1), and pass through
it washed sulphurous anhydride (G 2) till carbonic anhy-
dride ceases to be evolved.

4. Ferrous Chloride Solution.—Precipitate a solution of
pure ferrous sulphate with sodic hydrate, wash thoroughly
(finally with pure water, G 1), and dissolve in the smallest
possible quantity of pure hydrochloric acid. Two or three
drops should not contain an appreciable amount of ammonia.
It is convenient to keep the solution in a bottle with a ground
glass cap instead of a stopper, a small dropping tube being
kept in it ready for use.

5. Potassic Bichromate.—A saturated solution.

7. Potassic Hydrate—A saturated solution.

7. Pyrogallic Aeid.—A cold saturated solution of the
sublimed acid.

Oxygen.—Blow a bulb of about 20 c.c. capacity at the
end of a piece of combustion-tube, and draw out the tube
above the bulb so as to form a neck about a foot long, and
& of an inch in diameter. After filling the bulb with dried
and coarsely powdered potassic chlorate, bend the narrow
tube a few inches above the bulb to an angle of 45°, and
recurve its end so as to form a convenient gas delivery tube.
Clamp this little retort so that the delivery tube is abont
4 of an inch under mercury, and heat the bulb gently. Re-
ject the first 60 to 80 c.c. of gas, and collect the rest in
clean test tnbes. Transfer the tubes from the trough in
very small beakers, and number in the order collected. If
10 ¢.c. of the gas in the first tube leaves but a minute bubble
after treatment with potassic hydrate and pyrogallic acid, all
the tabes are fit for nse. If not, the others must be succes-
sively tested till a sufficiently pure sample is obtained.

0. Meta-phosphoric Acid.—Dissolve 100 grams of the
glacial acid in a litre of water; 10 c.e. should not contain an
appreciable amount of ammonia.

10. Caleic Phosphate.—Add solution of caleic chloride to
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1T,

TABLES.

For convenient reference all the tables required in water
analysis are collected in this Appendix.

1. Clark’s Table of Hardness. 1,000 grains of water used.

| Difference Difference
Measures | for the Measures for the
Eﬁﬂﬁisﬁf of soap next Eﬁfdrﬁisgf of soap next
* | solution. | degree of " | solution. degree of
hardness. hardness.
Distilled
water=0. 1-4 18 9 194 L
1 32 22 10 213 1'8
2 54 22 11 28 -1 1'8
3 76 2-0 12 249 18
1 96 20 13 267 18
5 11 -6 20 14 28 *b 1-8
6 136 2-0 15 380°3 1-8
7 156 19 16 32:0 17
8 176 I 1.0

In this table each measure of soap solution = 10 grains,
and each degree of hardness = 1 grain of carbonate of lime
per gallon.
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3. Loss of Nitrogen by Bvaporation of NHz [SOHo,].
Parts tn 100,000,

|
. Laoss Lioss | o Logs | 5y Logs | Loss |+ Loss
NHy. | ot n | ¥Hs | oi n, [N | ofw, | NHs: | of N, | NHe | of N, [NHs | of N.
G0 | 1727 48 | 1°451 3'6 a77 24 503 | B4 250 | 09 014
6+ | 1707 47 | 1411 a6 037 23 463 1-1 238 | -08 013
5-8 | 1-G88 48 | L8372 24 *894 22 424 1-0 *236 | -07 012
b7 | 1668 45 | L2352 23 *Hos 21 *384 0 *196 | 06 010
66 |1648)] 44 1:208] 32 Bl9 | 20| 345 8 ‘166 | 05 009
55 | 1628 4-3  1+253 g1 i 19 233 =7 136 (4 007
S+4 | 1600 4-2 ' 1214 30 740 1-8 321 o i =106 (3 006
I T 4-1  1:174 =0 =300 17 200 5 077 | 02 004
52 | 1569 40 | 1-135 2°8 “B61 16 207 4 062 1 =003
5=1 | 1-549 39 | 1+095 27 621 1 & “285 3 047 | 009 001
5°0 1530 ] 3B 1+086| 26| 582 | 1-4| -274 2 082 | e
49 | 1-490 27 | 1-016 25 [ 042 1-3 262 1 0l7 o

4, Loss of Nitrogen by Evaporation of NHg [POyHo].

O [ I e e S ; =
98| 2|21 2% 2|2 ] 2% | =lEs] =F | o= =S
5P | B | 82 57 Hag| o5 = = =3 == =E e =
=8 | =S m = =] 22 | =2 =a e w = =0 ==
.a (=7 o = = gl— 'G = | EH (=] Sy — gl—l
"E| BlREl"E | 5138 "E | &E|35] *E 5|58

ET = ay & =5 =T o = = o S I!. 3.

100 c.c.| 10°0 | 483 | 100 c.e. | 7°2 | *386 | 100c.c. | 4'4 | 283 | 100 ¢cc. | 1°6 | -143

99 | 480 71 | 882 | 4-3 | 279 15 137
: o8| -are| I [70|-sie] I [a2|em| G |14 |

v 97 | 47 : 69 | 875 441 | 271 - 1.3 | 127

9:6 | 469 68 | a72 40 | 267 12 | -122

i 9:5 | 466 6:7 | 368 39| 262 11 | *1I7

.| 94| 462 .. |66|-2e5] .. |38/ 257 w190 | 1z

h 9:3 | 459 65 | *861 % 37| 252 ] 250 ce. | 09 | -096

; 9:2 | 455 = 64 | -858 o 36 | 247 08 | *080

o 91 | =452 63 | =854 3°h | 242 07 070
a0 | 448 62 | 851 : 34 | 236 06 | 060
89 | 445 . 61 | -a48 I 3°3 | 231 | 500 c.e. | 05 | 050
88 | 441 i 6:0 | 845 S L T 0-4 | -040
87 | 438 . 59 | 341 3.1 | 221 0+3 | 030
35 86| 434 o 5°8 | =337 we | 8°0 | 216 1000 c.e.| 02 | -020
. 8'5 | 431 % 5°7 | “3a3 . | 299 = 0+1 | 010
84 | 428 56 | -330 e | 278 | 208 000 | 009
fi 83| 424 56 | -326 we | 2°7 | 200 0-08 | -008

5 82| 421 .. |b54| -3 . | 26| 195 . | 007 | 007

2 81| 417 5°3 | 318 2+5 | *190 0-06 | 006G

] B8:0 | 414 5 52 | ‘314 S O T 005 | 005
79| 410 51 | 310 o | 23] 179 0-04 | 004
78| -407 50 | -306 | 28| o174 0-03 | -003
77| =408 49 | -a02 we | 2°1 ] -169 0-02 | -002
76 | *40v 48 | 208 20 | -164 0-01 | 001
75 | 396 o | #°7 | 20k 19 | *158
e 7+4 | -303 we | 46 | 201 1-8 | -153 A . B
- ?'3 .359 - 4 'lr:' 2'57 T l'? | '14'8 . b aw
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6. Reduction of Cubic Centimetres of Nitrogen to Grams.

00012562

log. iz f h tenth of a degree from 0° to 30° C.
% 7000367 )760 st

06 0-7 0-8 (]

an

t. C. 00 01 02 0-3 04 0-

0® | 621824 | BO8 93 Tl 61 T45 729 714 G697 681
1 G653 | 649 Ga3 617 B01 86 ajo 554 DaH 822
2 o07 | 491 475 459 443 427 412 S06 380 di4
& 349 | 333 318 a0 26 270 il 249 223 208
4 192 177 161 145 130 114 088 053 067 031
b 0da | 020 004 | ®BED | *O73 | *B5T *g9q2 | *9u6 | *9ll *595

6 | 6-20879 | 864 B48 | B33 817 801 T86 770 745 739
7 123 | W08 692 676 GGl G5 G20 Gld o a8
8 b6y | B0l haG 521 605 490 474 450 443 428
L] 413 | 397 and H6 461 485 320 S04 289 274
10 300 | 244 238 213 195 182 167 15l 136G 121
11 106 | 090 07h 0G0 045 029 0ls | *999 s34 *269

12 | 6°19053 | 938 | 923 207 802 877 862 846 31 816

13 BOO | 785 770 755 740 724 709 694 679 64
14 648 | 633 (B 603 AEE 578 BA 543 528 513
15 497 | 482 467 452 437 420 407 au2 377 ag2
16 d46 a3l 316 301 286 271 256 241 226 211
17 196 | 181 166G 151 136 121 106 09l 076 06 1
18 046 | 081 016 001 | *986 | *071 | *956 | *041 | %826 | “9l1

10 | 6-18897 | 882 867 852 837 822 807 792 117 762

20 748 | 733 718 703 (et 673 (ift) 44 619 G4
a1 GO0 | 5ES BT Hab 540 526 511 4496 451 466
29 452 | 437 622 403 93 ais 363 349 334 319
a3 305 | 290 275 261 246 231 216 202 187 172
a2y 158 | 143 128 114 009 084 070 055 041 026
25 012 | *097 | *082 | *968 | *053 | %038 | *924 | *000 | *890 | *880

26 | 6-17866 | 851 BaT 532 808 To3 770 TH4 750 T35

i T2l 706 G892 677 664 44 644 619 605 a00
ZH Hi6 | D6l o047 b2 518 a0 439 475 460 446
20 482 | 417 403 #53 a74 a6 45 aal 316 a2

The following transcript (with a few explanatory addi-
tions) from a laboratory note-book serves to illustrate both
the use of the foregoing tables and the arithmetical opera-
tions incident to water analysis :—
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Log. of volume corresponding to division A. _B. _ G .
on measuring tube.... o0 . 052290 155766 1'55766
fupas Table6).. 618688 618688 618703

Log. of {1+ 0:00367 £)760 (see
Log. of pressure on dry gas.......ceeee 2:81769  2-72981 2'69670

Log. of weight of gas calculated ns N.... 852747 447435 4°44139 |

Natural Number=-0033688 ‘0002980 -0002763

To calenlate out these numbers into carbon and nitrogen,
see formule given at page 80.

-0033688=A
‘0002980 =B
0030708
b
7)0092124

‘0013160 = weight of carbon

=132 part per 100,000 :
— 006 correction for blank combustion (see page 83)

Carbon =126 part per 100,000,

*0002980=B
0002763 =C
2) 0005743
‘0002871 =weight of nitrogen
=029 part per 100,000
— 005 correction for blank combustion
Nitrogen =024 part per 100,000
—+003 deduction for N as NH;

Organic nitrogen=-021 part per 100,000,

Ammonia in } litre=0"4 c.c. Chlorine. 50 e.e. of water taken
of standard ammonie required 875 c.c. standard ar-
chloride solution =-004 gentic nitrate =875 parts per
part per 100,000, 100,000.

Soap Parts per

- i 0 I 10 e.c. of the water made solution, 100,000.
up to 60 e.c. with
distilled water re-

quired ........ 50¢ce. .0... =3000

Permanent.. 25 c.c. made up as before 4'8 c.c. ..... =11-42
LTempr:-mrj'................“...........,........ =18'58

Hardness
(see Table 2)
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120 WATER ANALYSIS,

eathering ground be non-calcareous, the water is soft and well
adapted for washing and for almost all manufacturing opera-
tions. It is nearly always wholesome, but sometimes suffers
in palatability by containing an excessive gnantity of peaty
matter in solution.

4. Water collected from the surface or the drains of cul-
tivated land is always more or less polluted with the organie
matter of manure, even after subsidence in lakes or reservoirs.
Such polluted surface or drainage water is not of good quality
for domestic purposes, but it may be used with less risk to
bealth than polluted shallow well water, if human exceremen-
titious matters do not form part of the manure applied to the
land.

5. Surface water, which drains wholly or partially from
cultivated land, should always be efficiently filtered before it
is supplied for domestic use.

6. River wafer, usnally in England, but less generally in
Scotland, consists chiefly of the drainage from land which is
more or less cultivated. When it is further pollated by the
drainage of towns and inhabited places, or by the foul dis-
charges from manufactories, its use for drinking and cooking
becomes fraught with great risk to health. A very large pro-
portion of the running waters of Great Britain are either at
present thus dangerous or are rapidly becoming so.

7. Still more dangerous to health is shallow well water,
when the wells are situated, as is usually the case, near
privies, drains, or cesspools. Such water often consists largely
of the leakage and soakage from receptacles for human excre-
ments; but, notwithstanding the presence of these disgusting
and dangerous matters, it is generally bright, sparkling, and
palatable.

8. Of the different varieties of potable water, the best for
dietetic purposes arve spring and deep well waters. They con-
tain the smallest proportion of organic matter, and are almost
always bright, sparkling, palatable, and wholesome, whilst
their uniformity of temperature throughout the year renders
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the last being very much inferior to the first three. Secondly,
that the evidence of previons sewage or animal eontamination
is strongest in the case of spring and deep well water; but
this evidence may, in the case of these waters, be safely dis-
regarded. And, thirdly, that, as to hardness, rain water
and upland surface water are, on the average, very much
softer than spring and deep well water.

10. In respect of wholesomeness, palatability, and general
fitness for drinking and cooking, our researches lead us to
the following classification of waters in the order of their
excellence, and founded npon their respective sources :—

1. Spring water. }V o
4 Deep well water. €ry palatable.

.l 2
13. Upland surface water. Moderately
4. Stored rain water, } palatable.
Suspicious .. {5. Surface water from cultivated
land.

Wholesome.,

6. River water to which sewage ; Palatable,
Dangerous .. { gains access.
7. Shallow well water, .

11. A large proportion of the water supplied for domestic
purposes is used for washing, and in many towns consider-
able volumes are used in manufactories. For these pur-
poses, it is of the utmost importance that the waters shounld
be soft—a quality which is not always associated with whole-
someness and palatability. Classified according to softness,
waters from the various sources fall into the following
order:—

=

. Rain water.

Upland surface water,

Surface water from cultivated land.
Polluted river water.

Spring water.

)
&

o o
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Silarian (calcareous). Conglomerate sandstone.
Devonian (calcareous), Lias.

Mountain limestone, Oolites.

(‘oal measures (calcareous), Upper greensand.

New red sandstone. Chalk.

13. The influence of geological formation upon the palata-
bility and wholesomeness of surface water is often mcon-
siderable, owing to the deposit of peaty matters upon the
surfaces of the rocks or soils. Unpolluted surface waters
from the most widely different geological formations differ
but little in the proportions of organic matter which they
contain ; but, where the water percolates or soaks through
great thicknesses of rock, its quality, when it subsequently
appears as spring or deep well water, depends greatly upon
the chemical character of the material through which it has
passed. When the formation contains much soluble saline
matter, the water becomes loaded with mineral impurities,
as is frequently the case when it percolates through certain
of the Carboniferous rocks, the Lias, and the Saliferous marls.
When the rock is much fissured or permeated by caverns
or passages, like the mountain limestone, for instance, the
effluent water differs but little from surface drainage, and
retains most of the organic impurities with which it was
originally charged. But when it is uniformly porous, like
the chalk, oolite, greensand, or mnew red sandstone, the
organic matter, at first present in the water, is gradually
oxidised and transformed into innocuons mineral ecompounds.
In effecting this most desirable transformation, and thus
rendering the waters sparkling, colourless, palatable, and
wholesome, the following are the most efficient water-bearing
strata :—Chalk, oolite, greensand, new red and conglomerate
sandstone.

14. Surface water or river water which contains in
100,000 parts more than 02 part of organic carbon, or ‘03
part of organic nitrogen, is not desirable for domestic
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fected discharges with a large volame of drinking water is
sufficient for the propagation of those diseases amongst per-
sons using such water.

3. The most efficient artificial filtration leaves, in water,
much invisible matter in suspension, and constitutes no effec-
tive safegnard against the propagation of these epidemics by
pollnted water.

Boiling the infected water for half an hour is a probable
means of destroying its power of communicating these
diseases.

4. Other repidemics, snch as dysentery and diarrhoea, are
also probably propagated by drinking water, but the evidence
is here neither so abnndant nor conclusive as it is in the case
of cholera and typhoid fever.

IV. As to the alleged Influence of the Hardness of Potable
Water wpon Health.—1. Whilst waters of excessive hard-
ness may be productive of caleulus, and perhaps other
diseases, soft and not excessively hard waters, if equally
free from deleterious organic substances, are equally
wholesome.

2. In towns where the chief sanitary conditions prevail
with tolerabie uniformity, the rate of mortality is uninflu-
enced by the softness or hardness of the water supplied to
the inhabitants.

V. As to the Superiovity of Soft over Hard Water for
Washing, Cooking, and Manufacturing Operations.—1. The
washing of linen ean only be performed with soft water. If
the available water be hard, it must be artificially softened—
an operation which, on the domestic scale, must be per-
formed at great expense by the aid of either fuel, soda, or
soap. In personal ablution, also, the use of soft water is
much more pleasant and efficient. Tt is also more economical ;
but, by the general use of a very small quantity of water, the
waste of softening material is here much less than in a
laundry.

2. In cooking, the extraction of the soluble parts of such
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water polluted by organic matters. The best materials for
domestic filters are spongy iron and animal charcoal *

3. Although the improvement of excrementally-polluted
water by filtration may reasonably be considered, on theo-
retical grounds, to afford some feeble protection against the
propagation of epidemic diseases by water, no trustworthy
evidence can be adduced in support of such a view.}

VIIL. As to the Deterioration of Water during its Transmis-
sion through Mains and Service Pipes.—1. Potable water can
be transmitted through mains of even great length, if they
be properly laid, without any appreciable deterioration of
quality ; but if the joints are caulked with hemp, or other
similar organic material, the water is often seriously polluted
for months, or even years, after the laying of the mains.

2. The experience of Glasgow, Manchester, and other
towns proves conclusively that leaden service pipes can be
safely used for the delivery even of water which acts violently
upon lead, if the pipes be kept constantly charged with
water.}

IX. Asto the Constant and Intermittent Systems of Supply.
—1. All storage of drinking water in houses is attended with
the risk of pollution. Good water is spoiled, and bad water
rendered worse by the intermittent system of supply. All
drinking water ought to be drawn direct from the main.

2. Under proper supervision, the waste of water is less
on the constant than it is on the intermittent system of
supply.

3. These and other advantages have led to the adoption of
the constant system in a great majority of British towns.

X. As to the Water Supplies of British Cities, Towns, and

* Long experience has shown that animal charcoal is not efficient.

t Recent researches have, however, shown that even sand filtration is
very eflicient in the removal of the germs of micro-organisms.

1 More recent experience, however, at Huddersfield and elsewhere,
has demonstrated that some waters act upon lead continuously, even
when the mains are kept constantly charged.
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ML

STANDARDS 0F PURITY RECOMMENDED BY THE RIvERS POLLUTION
COMMISSIONERS,

We recommend that, with certain exeeptions in reference
to standards d and e, the following liqunids be deemed polluting
and inadmissible into any stream :—

(a.) Any muddy liquid which has not been subjected to
perfect rest in subsidence ponds of sufficient size for a period
of at least six hours, or which, having been so subjected to
subsidence, contains in suspension more than one part by
weight of dry organic matter in 100,000 parts by weight of
the liquid, or which, not having been so subjected to subsi-
dence, contains in suspension more than three parts by weight
of dry mineral matter, or one part by weight of dry organic
matter in 100,000 parts by weight of the liguid.

(b.) Any liquid containing, in solufion, more than two
parts by weight of organic carbon, or (-3 part by weight of
organic nitrogen in 100,000 parts by weight.

(¢.) Any liquid which shall exhibit by daylight a distinet
colour when a stratum of it one inch deep is placed in a white
porcelain or earthenware vessel.

(d.) Any liguid which contains, in solution, in 100,000
parts by weight, more than two parts by weight of any metal,
except calcium, magnesinm, potassium, and sodinm,

(e.) Any liquid which, in 100,000 parts by weight, con-
tains, whether in suspension or solution, in chemical combina-
tion or otherwise, more than 0°05 part by weight of metallic
arsenic.

(f.) Any liquid which, after acidification with sulphurie
acid, contains, in 100,000 parts by weight, more than one part
by weight of free chlorine.

(9.) Any liguid which contains, in 100,000 parts by weight,
more than one part by weight of sulphur, in the condition
either of sulphuretted hydrogen or of a soluble sulphuret.
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