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PRETACE,

THE matter contained within these pages is broadly
that which is taught, under the direction of Professor
Corfield, in the Practical Hygiene Course at University
College. It is hoped that the book will prove of value
to those interested in Public Health, and to those
seeking Public Health degrees, and that it may be
read along with the many excellent works upon
Hygiene and Public Health which are now in circu-
lation, but which of necessity deal with the subject of
hygienic analyses in far too cursory a manner.

An effort has been made to convey to the reader, in
a concise and practical form, the knowledge necessary
to enable him to make those analyses which may be
fairly considered to be included within the domains of
practical hygiene. To treat the subject exhaustively
would necessitate a very bulky volume, and those who
recognise the breadth of subject matter embraced by
the title ¢ Public Health Laboratory Work,” will ap-
preciate that it has been found necessary, in .the pre-
sent volume, to avoid all discursive matter save what is
required to make the rationale of a process evident, and
where there are several processes in vogue to one com-
mon end, to select that one which experience has taught
to be at the same time the most simple, ready and
efficient—to the exclusion of all others.

It has not been an easy task, in every case, to decide
as to what should be included and what omitted.



V1 PREFACE.

There are, for instance, several recent and somewhat
improved methods of estimating the carbonic acid in
air, but the process of Pettenkofer has become what
one may term *classical,” and is that which is still
generally asked in Public Health Examinations; and
since the method is sufficiently accurate, when care-
fully performed, for all practical purposes, it was
thought advisable to introduce it to the exclusion of
others.

The subject of hygienic analysis will be seen to dove-
tail itself into the work of the Public Analyst, but
not to such an extent, it is held, as to render that
officer any the less essential to a district.

The writer acknowledges his great indebtedness to
the useful contribution on bacteriological methods by
Dr. Boyce, for he recognises how much this enhances
the value of the work; he desires also to express his
thanks for many kind and valuable suggestions from
Professor Corfield, Dr. Louis C. Parkes and Dr. Braga.

He is further indebted to Dr. Louis C. Parkes for the
use of figures 51, 52, 55, 58, 60 to 67, 69 to 74, 31, 82,
84, 88, 89, 9o, taken from his ¢ Hygiene and Public
Health.”

H. k. K.
University College, W.C.
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ERRATA.

Page 49, line 30, for **Organic pollution,” read ** Some forms of
animal organic pollution—as by urine.”

Page 60, line 1, for ** liberated,” read ‘‘induced to separate.”

Page 62, lines 19 and 23, for * iodide,” read ** iodine.”

Page 63, line 17, for **i.e., 1 milligramme of oxygen will be con-
sumed,” read ** containing I m1[11grammﬂ of avmlable oxygen.”

Page 73, line 30, for ** 7,” read * 0'7.”

Page 77, line 10, for * the most reliable,” read ‘ next to the meta-
phenylenediamine process the most reliable.”

Page 104, the first paragraph refers only to the non-poisonous metals.

Page 120, line 18, fcr “would also be precipitated,” read * would
also be, in part, precipitated.”

Page 319, line 3, for ** alum,” read ** alumina.”

Page 323, line 28, for ** alum,” read ** alumina.”

Page 324, lines 1, 7, g and 11, for ** alum,” read ** alumina.”

Page 352, line 22, and page 396, line 4, for * crystallized,” read

' ¢ crystallizable.”

#
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PUBLIC HEALTH LABORATORY WORK.

PART 1.

THE HYGIENIC ANALYSIS OF WATER.

THE object of a hygienic analysis of any water is, to
learn whether the use of such for drinking purposes
should be sanctioned or condemned from a health
stand-point.

CHAPTER 1.

IF it is desir=d to fit up a laboratory to meet all the
requirements of a hygienic analysis of water, it will be
necessary to provide in the first place a bench, at least
six feet long and two feet broad, standing to half the
height of the operator, and placed in a good light; this
must be fitted up at the back with shelves, to carry
some at least of the chemical reagents, i.c., those which
are I most common use. By the side of the bench
there should be a tap (furnishing a good supply of pure
water), with, if possible, a small water sink beneath it.
There must be gas in the room, but not necessarily near
the bench, for it can be readily conducted thereto by
tubing. A Bunsen gas burner is required, and it is
B



2 LABORATORY WORK.

very desirable to have two of these, so that both can be
utilised at the same time. The Bunsen burner (fig. 1)
consists of a larger external tube surrounding a smaller
gas-delivering one at its base, the former being per-
forated for the admittance of air—so that at the top
the gas escapes well mixed with air, and hence oxida-
tion (and therefore heat) in the flame is increased.

The apparatus required:

1. A pair of balances with weights. Oertling’s No. 3
(Townson and Mercer’s Catalogue) will be found to be
extremely suitable to all purposes. ~As shown in the
accompanying diagram, they consist of a twelve inch

F1G. 1.— The Bunsen burner.

beam which supports two pans, the ends of the beam
being constructed with straight knife edges upon which
the pans are suspended by agate planes. The case is
fitted with a sliding window in front, which can be
closed and still admit of the scales being made to
register by means of a screw which projects externally.

The operation of weighing consists of first lifting the
beam off its support by means of the screw, and then
noting by the long indicator which hangs down in front
of the central vertical support of the balances—and
which must come to rest in an absolutely central and
vertical position—whether the two pans exactly coun-
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terbalance each other ; if not the balance must be ad-
justed by means of a small mechanism situated on the
top of the centre of the cross-beam and which can be
moved horizontally to the right or left according as it
1s necessary to increase the weight in either of these
directions.

The material is then placed upon the tray to the
left, and the weights are added to the tray on the
right.

F1G. 2.—Chemical balances.

After the addition of each successive accretion of
weight the result must of course be tested, but before
any further addition or removal is made the scales
must be brought to rest upon their supports, or the
apparatus may be put out of gear.

Each of the weights is marked, as the plan of the

B 2
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box will best show (fig. 4). The larger brass weights
representing grammes, the next in size decigrammes,
the next centigrammes, and small forceps are used for
picking up and applying them to the pan. The mlh-
grammes are added by a little piece of bent wire, which
is carried by means of a sliding rod moving just above

|

T,

F1a. 3.——]30:: of chemical weights,

Hh

the level of one of the cross-beams, which latter will
be observed to show ten markings numbered from one
to ten. By sliding the rod which supports the bent
wire up to, say the marking No. 5, and then turning it

@5@' /

/‘/“ ﬂ,/m/m
7

::-.:-u- @2 S cras f 2 Oor ﬂar/ﬂa,f

F16. 4.—Plan showing the arrangement of the weights in box.

round by means of a screw, the wire may be made to
ride upon that number, and the carrier can subsequently
be withdrawn; five milligrammes of weight will then
have been added to that side of the scales.



HYGIENIC ANALYSIS OF WATER. 5

Example.—A small platinum dish is placed on that
pan which is not surmounted by the apparatus for
applying milligramme weights.

A five gramme weight is placed on the other pan.

The pans are lifted by means of the screw, and the
platinum dish is found to weigh down the five grammes.

The scales are put at rest and a two gramme weight
is added to the five, and this is also carried up by the
superior weight of the platinum dish.

Another one grm. is added, and this is found to be
too much, and is therefore removed, and a five deci-
gramme weight (i.e.,  grm.) substituted.

The platinum dish is still slightly the heavier, there-
fore another decigramme is added, with the result that
the weights now slightly overbalance the dish.

The one decigramme weight is therefore removed and
five centigramme substituted—not enough !

A two centigramme weight further added, however,
so extremely nearly establishes the required equilibrium
that the addition of another centigramme over-reaches
the mark.

Three milligrammes are ultimately found necessary
to effect such an uniformity between the weights of the
contents of the two pans, that the index rests absolutely
in a central and vertical position.

The weight therefore of the platinum dish is:—

Seven grammes -
Five decigrammes = 05
Seven centigrammes = 0'07
Three milligrammes = 0003

Total = 49573 grammes.

2. A platinum dish, capable of holding a little over
100 c.c. of water.
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3. Two shallow porcelain evaporating dishes, holding
a little over 250 and 500 c.c. respectively (fig. 5).

4. A porcelain crucible with cover, for igniting resi-
dues (fig. 6).

5, A white porcelain slab, about six inches by four.

6. Two white porcelain basins of about five inches
diameter (fig. 7).

F1c. 5.—Evaporating dish. Fi1c. 6.—Crucible with lid.

7. A mortar and pestle (fig. 8).

8. Graham's or Liebig's condenser. Graham's will
be found a most convenient instrument. As seen by
figure 25, it consists of a smaller glass tube bent at
one end, where it carries an indiarubber cork. Sur-
rounding this smaller tube for about three-fourths of its
extent is a larger one, closed at both ends by india-
rubber corks, the centres of which are perforated for the

—

Fie. 7.—Porcelain dish. Fia. 8.—Pestle and mortar.

passage of the smaller tube. Cold water is made
to circulate constantly in this outer tube by means
of the tubing which connects its interior with the
tap, the water escaping at the opposite end through
the tubing which conducts to the sink. The cool
water thus constantly kept circulating condenses the
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vapour in the inner tube, at the further extremity of
which the condensed vapour finds its outlet and is
collected. |

A condensing apparatus can be readily improvised,
but since either Graham’'s or Liebig’s instruments are
cheap (involving the outlay of only a few shillings !) and
at the same time are less liable to leak, yield impurities,
or to get out of repair, it is better and cheaper to pur-
chase one of these.

9. A set (“nest”) of glass beakers (fig. 9) and large
watch glass covers for same.

Fi1c. g.—Nest of beakers.

10. A bell glass cover.

r1. Two boiling-flasks or retorts (of about a htre
capacity), one of which is seen attached to the con-
denser in figure 25.

12. Glass stirring-rods.

13. A small glass-stoppered bottle (250 c.c.) for the
soap test.

14. Glass funnels for filtration, with wooden support
(fig. 10).

15. Glass burettes holding ten cubic centimetres, and
graduated in c.c’s., and one-tenth of c.c's., one of which
Yould be mounted upon a wn~7en stand and should
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FiG. 10.—Filtering apparatus.

be stoppered at the top, and fitted with a stop-cock at
the bottom (hg. 11).

F16. 11.—Graduated burette with stopcock.
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16. Four graduated glass-flasks (*‘measuring flasks”’)
marked respectively at the height to which 1, %, 1 and

F1G. 12.—Measuring flask.

L of a litre of water will stand. TFigure 12 shows one
such flask.

17. Six Nessler glasses, four of which are shown in
figure 25.

18. A dozen test-tubes, with stand for same, and a
test-tube cleaner and holder (hg. 13).

Fic. 13.—Test-tube stand, cleaner, and holder,

19. A glass pipette.

20. Two four-footed iron stands.

21. Two iron tripods (fig. 14).

22. Triangles of iron-wire lined with pipe-clay (fig. 15).
23. Wire gauze, cut about four inches square.
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24. A pair of small crucible tongs (fig. 16).
25. A small copper water bath, of about six inches
diameter, and fitted with rings, which adapt its mouth

F16. 14.—Iron tripod. F1G. 15.

so as to fit different sized evaporating dishes (fig. 17) ;
or the water-bath recommended by the writer, which

Fic. 16.—Crucible tongs.

comes in equally serviceable for other analyses—apart
from that of water., This consists, as in figure 18, of a

© @D O\

:%%\L

_i:u'.l//.// ///H

Fi1G. 17.— ng water bath. Fic. 18.—The form of water-bath
recommended.

water bath of the common shape, but in its roof are
three openings, a large central and two small lateral
ones.
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A water bath is a receptacle in which the water it
holds may be heated up to a certain temperature; when
vessels containing liquids are made to stand in or over
the water thus heated, evaporation of their fluid con-
tents may be effected at a temperature which must 1n
any case be considerably below that which would be
reached by the application of the naked flame.

26. A water oven. This is a small chamber whose
double walls enclose water, which is made to regulate
its internal temperature. The residue procured from
the evaporation of a liquid over the water bath will still

F16. 19.—A water-bath improvised F16. 20.—A water oven.
from an ordinary beaker.

contain a trace of moisture, it is therefore subsequently
transferred to the oven, where absolute drying can be
effected (fig. 20).

27. A packet of Swedish filter papers.

28. A long tube of thin colourless glass, known as
““ the two foot tube,” employed in judging some of the
physical characters of water.

29. A box of test papers, red and blue litmus and
lead papers.

30. A long thermometer graduated in Fahrenheit
degrees.
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31. Indiarubber corks (perforated and imperforated) to
fit the boiling flasks.

32. A “desiccator.” A desiccator is simply a glass
shade inside of which there is a vessel containing some

Fic. 21.—A desiccator.

agent which will keep the air free from moisture (such
as strong sulphuric acid). A residue completely dried by
heat will otherwise absorb a little of the vapour from
the atmosphere while cooling, and thus increase slightly
in weight (fig. 21).

F1G. 22.—A conical sediment giass.

33. A conical sediment glass (fig. 22).
The reagents required consist of:
1. Distilled water.

2. Distilled ammonia-free water.
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3. Standard solutions of :—

I3

Chloride of ammonium.

Nitrate of silver.

Soap.

Nitrite of potassium.
Calcium carbonate.
Permanganate of potassium,
Sulphate of copper.

Sulphate of zinc.

Acetate of lead.

Protosulphate of iron.
Iodide of potassium.

Starch.

Hyposulphite of sodium.

Solutions of:—
Alkaline permanganate.
Pure and dilute sulphuric, ni-

tric, and hydrochloric acids.
Liquor ammoniz.
Chloride of ammonium.
Oxalate of ammonia.
Ammonium sulphide.
Ammonium molybdate.
Sulphuretted hydrogen.
Silver nitrate.
Meta-phenylene-diamine,
Caustic potash.

Potassium chromate.
Potassium 1odide.
Potassium ferrocyanide.
Potassium ferricyanide.
Pure soda.

Sodium phosphate.
Nitro-prusside of sodium.
Chloride of barium.
Brucine.

Starch.

Perchloride of mercury.
Nessler's reagent.

4. Zinc foil and copper-turnings.
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Tug WEIGHTS AND MEASURES UPON THE METRICAL
SYSTEM.

(A knowledge of which is necessary for water analysis).
Length.

The metrical system is founded upon the ¢ metre ™
which is divided and multiplied by ten to represent
different measures as follows :—

1 millimetre = g% part of a metre.
1 centimetre = ;35 o 5
1 decimetre = ” 3
I metre — 3937 1nches,
1 decametre =— 10 metres.
1 hectometre = 100 ,,
1 kilometre* = 1000 ,,
Capacity.

1 centimetre cubed = 0061 cubic inches.
28:35 + 5 = I fluid eunce:
1000 " ,, or I cubic decimetre = 1 litre,
1000 litres — 1 cubic metre.

Weight.

1 cubic centimetre of distilled water at 4° C., and 760
millimetres barometric pressure, weighs 1 gramme, which
is the standard of weight.

[

1 milligramme oo part of a gramme.

= ot

I CEHtlgTﬂl]] me == T L3 L

=i

1 decigramme — o 1

* The Latin prefix therefore indicates division, the Greek multi-
plication.
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15'432 grains.
10 gramimies.

I gramme
1 decagramme

(| |

I hectogramme I00 4

1 kilogramme 1000 ,,

11b avoirdupois 453'5

1 gallon of water = 70,000 grains.

The term ‘“septem ™ is sometimes used. It simply
implies 7 grains.

T hevmometer Scales.

Centigrade Freezing point = o Boiling point= 100
Réaumur ¥ e L o =R
Fahrenheit - Tl e o — ]

. Centigrade  Réawmur _ Fahvenheit—32,
5 4 9

.. To convert Centigrade to Fahr. X 9=+ 5 and add 32.

LR

»»  Fahr. to Centigrade subtract 32 and+gx 5.
»  Réaumur to Fahr. + 4 X g9 and add 32.

TaBrLE oF AtoMmic WEIGHTS.

Barium (Ba) = I37
Calcium (Ca) = 40
Chlorine (Cl) = L
Copper (Cu) = 634
Iron (Fe) =S 56
Lead (Pb) — iy
Magnesium (Mg) = 24
Hydrogen (H) == I
Nitrogen (N) = 14
Oxygen (O) = 16
Sodium (Na) = 23
Sulphur (S) = 32
Zinc (Zn) — 65
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TABLE OF SOLUBILITIES.
(Showing the salts which ave soluble in cold water).

Chlovides—Nearly all. Those of Bi, Sn and Sb are
only partially so (Pb chloride is soluble only in hot
water).

C hlovates —All.

Todides.—Nearly all. Pb iodide only in hot water.

Sulphides.—Those of the alkalies and alkaline earths.

Sulphates—Nearly all. Ag and Hg sparingly so.

Nitrates and Nitrites.—All (a few basic nitrates sparingly
S0).

Phosphates.—Those of the alkalies.

Carbonates.—The alkaline ones.

Stlicates.—Those of Na and K.

Avrseniates.—Those of the alkalies.

Chromates—Nearly all (exceptions=Pb, Ag, Hg, Ba and
Bi chromates).
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CHAPTER 11I.
A WaATER REPORT.

For hygienic purposes such a report must include all
the information which can be obtained regarding the
extent to which organic matter at present exists; the
evidence of former pollution by this material in the
oxidised, &c., products of its decomposition; and the
amount to which poisonous metals—if any—are present.

Much unnecessary confusion is created by the fact
that no fixed terms are recognised and adopted by
which results may be universally expressed. The results
in the several steps of the analysis are, in conse-
quence, variously returned by different analysts in terms
of : —

Parts per 100.

Grains per gallon.
Parts per 100,000
Parts per 1,000,000.
Parts per 100,000,000.

It seems most desirable, therefore, that some decision
should be come to upon this point. Undoubtedly the
best amount for working purposes in many of the
stages of the analysis is 100 c.c. of the water, and the
result, if this quantity be taken, can generally be at
once expressed in * parts per 100,000 (since 100 c.c =
100,000 milligrammes) ; this is by far the most com-
mon term employed in this country, and it is moreover

c
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in general use in France and Germany. In the estima-
tion of organic matter, however, 1t seems preferable—
dealing as we are with such small amounts—in order
that the results shall represent whole numbers, to take
larger quantities of the water, and to return the estima-
tions as parts per hundred million. The findings of the
whole analysis will then be appropriately expressed 1n
terms of either parts per hundred thousand or parts per
hundred million.

It appears advisable, nevertheless, to make one ex-
ception in the case of a quantitative examination of the
poisonous metals, and to express these—in those uncom-
mon cases where they exist—in terms of grains per gallon,
since they are almost invariably thus referred to in
this country.

Such then will be the quantitative expressions used
throughout this book. Where, however, the terms em-
ployed are other than those to which the reader has
grown familiar, he should convert them into such before
attempting to form an opinion of the water. The
process is a very simple one! Parts per million are
obviously converted into parts per 100 million by mul-
tiplying by 100, or by moving a decimal point two
places to the right, and parts per hundred thousand
are converted into parts per million by multiplying by
ten ; but the conversion of grains per gallon to parts
per 100,000 1s not so apparent.

Supposing a report reads ¢ chlorine 28 grs. per gal-

on,” how many parts per 100,000 will this represent ?

Now there are 70,000 grains in a gallon.

. 3 2'8 grains in 70,000 grains, or 2'8 parts
per 70,000 parts.
.. as 70,000 : 100,000 : : 2'8 : x (parts per 100,000).
Oras 7:10::2'8:x = 4 (parts per 100,000).
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It is thus seen that it is only necessary to multiply
results returned in * grains per gallon” by 10 and to di-
vide by %, in order to convert them into ‘ parts per
100,000, since grains per gallon are parts per 70,000.
The converse of this also applies of course, and if it be
desired to convert * parts per 100,000” to ‘‘ grains per
gallon” the returns must be multiplied by 7 and divided
by 1o0.

Where the results of a quantitative test—as in the
case of poisonous metals—are to be returned in terms of
““grains per gallon” it is convenient to measure out
70 c.c. of the sample and to work with this. The
reason for this is, that 70 c.c. represent ‘“a mimature
gallon " so-called, and the results can at once be ex-
pressed in terms of an imperial gallon. The relation
between the so-called ¢ miniature gallon” and the
imperial gallon depend upon the following facts :—

1 c.c. of water weighs one gramme.

Therefore 70 c.c. (‘‘in the miniature gallon”) of water
weighs 70 grammes or 70,000 milligrammes.

But 1 gallon of water weighs 70,000 grains.

" Therefore since there are 70,000 component parts in
either case (of milligrammes in one and grains in the
other), the 70,000 milligrammes may be taken to repre-
sent ‘“a miniature gallon,” in which the grains of the
imperial measure are represented by these milligrammes.
The results arrived at in milligrammes, where 70 c.c. of
water are taken, can therefore be at once expressed in
terms of ¢ grains per gallon.” Thus it is seen that no
calculation becomes necessary, and where the results
are expressed in ¢grains per gallon” the ‘ miniature
gallon ” may be advantageously chosen.

Subjoined is a copy of the Report in use at the
Hygienic Laboratory, University College.

c 2



20 LABORATORY WORK.

The Hygienic Laboratory,
University College, W.C.

Keport on analysis of
from

sample of water received on

Name or number of Sample

Date of Collection

Physical Characters .

Reaction & ' s @0 & 0

Saline (or ¢ Free ) Ammonia. ;
Organic (or * Albuminoid ") Ammonia.

Oxygen absorbed from Permanganate in one hour

at 80° F.

Total solid matters

(@) Volatile

(b) Fixed

(c) Appearance on ignition
Total Hardness.

(a) Temporary

(b) Permanent :
B orimeie b N R

Equivalent to common salt
Nitrogen as Nitrates and Nitrites
Poisonous metals . :
Microscopical Examination of the Sediment .

-/

Parts per
hundred mil-
lion.

Parts per
+hundred thou-
sand.

Grains per gallon.

Remarks

.Date of examination.

Signed
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CHAPTER TIIL

THE COLLECTION OF SAMPLES.

Sinck the analyst will be frequently asked for instruc-
tions concerning the mode of collecting a sample of
drinking water for analysis, it will be opportune to con-
sider at the outset a few points under this head.

At first sight it appears that the matter may be dis-
missed off-hand by a simple statement to the effect, that
such water should always be collected for analysis
under exactly those circumstances regarding which it
is ordinarily obtained for drinking purposes, and such is
broadly correct. It is obvious, since our object is to
discover the possibilities of danger in addition to
actual danger present, we should not effect this by col-
lecting the water under circumstances which would
show the least amount of dangerous pollution; but
rather, on the other hand, an endeavour should be
made to ascertain the maximum amount of pollution to
which the water is liable, in order that this may be
taken as a gauge of its potentialities for evil. The ‘“aver-
age” sample of water which is often recommended—
probably in a spirit of fairness to the water—is neither
fair therefore to its consumers, or consistent with the
cause of preventative medicine. Instead then—if the
collection be made from a house tap—of allowing the
water to run for some time before taking the sample, it
should be a safer and better policy—if there is nothing to
show that some of the water is always first run off and
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discarded by the consumers—to include it in the sample
taken. As is well known, the water which has been
standing over night in the pipes is very liable to show
traces of lead, whereas the rest of the water drawn
throughout the day may be quite free from this metal ;
it might therefore be contended, that in view of these
circumstances, the course here recommended is some-
what arbitrary. The contention may be met by urging
that the motive for a hygienic examination is to ascer-
tain the potentialities for evil of a water ; that of all the
water used throughout the day that which is drawn the
first thing in the morning is most liable to be consumed;
and that lead is a poison with wonderful cumulative
powers.

In the case of streams, lakes, &c., the entrance of any
source of pollution, floating scum, &c., should only be
avoided to the same extent as it is by those who come
to collect their drinking water, and all the conditions of
such collection should be closely imitated in taking the
sample.

When there is a general system of water supply an
effort must be made to meet the same ends by choosing
samples from the street fountains and street mains,
rather than from storage, &c., reservoirs, and the reputa-
tion of the water supply must rest upon the result of an
analysis of such samples. Since, however, impurities
may be added in its storage and distribution about the
house, it would not be fair in all cases to judge a
public supply from the tap water of any particular
dwelling.

Following out the principles advocated, with regard
to those wells from which the water is removed
by pumping, it is advisable to continue the pro-
cess for some time, but not longer than is commonly
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done in the ordinary course of events;—as the last
¢« pumpings "' will often yield the greatest evidence of
pollution. A very fine estimate of contamination may
often be made by collecting samples from the wells and
pumps immediately around, and taking the purest of
these waters collected as the standard of punty to
which the others should attain.

When, however, the fact is borne in mind that the
water from a well is so materially influenced both as to
quantity and quality by the rainfall, it will be seen how
materially samples from the same well may vary 1in
purity according as a long dry period may have pre-
ceded the collection, or a heavy rain-downpour which
may be the means of conveying to the well water im-
pregnated with surface washings, &c. These facts
should always be well weighed in such a case, and a fur-
ther sample requested at a time when the well has run
the maximum risk of pollution.

Water is customarily collected for analysis in a large
dark blue or pale green glass-stoppered bottle, called
¢“ 2 Winchester quart,”* which holds, however, about
twice the amount which is implied in its name, 7.¢.,
about half a gallon. These bottles have become gener-
ally adopted because, in addition to holding an amount
which meets all the requirements of an analysis (even
though it be necessary to repeat some of the tests), they
are strongly made and of a convenient shape ; but ob-
viously any stout glass bottle of pretty much the same
dimensions, fitted with a glass stopper, will serve the
same end.

The bottle must be thoroughly cleansed by first well
rinsing with a little dilute hydrochloric acid, and then

* Stout wicker covers are made to protect them in transit when
sent by parcel post or rail.
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well washing in good water until the washings are no
longer acid.

The sample 1s then thus collected and dealt with :—
The bottle is first quite filled with the water and then
emptied ; the sample 1s taken, and the glass stopper,
having been found to fit accurately and tightly, is tied
down firmly on to the neck of the bottle, and the knots
are protected with sealing wax. A label having been
attached, care 1s taken to keep the sample cool and un-

F1G. 23.—The Winchester quart bottle with label affixed.

exposed to light until the analysis is commenced, and
under no circumstances should the major part of the
analysis be delayed more than 48 hours, or important
chemical changes may transpire.

Although information is often furnished, and gene-
rally demanded, on all the points bearing upon the
possibilities of pollution which the water has incurred,
it is often best not to avail oneself of the information



COLLECTION OF SAMPLES. 25

untl the analysis is completed, otherwise there is a strong
incentive to treat cursorily some part of the analysis,
on the supposition that it is unnecessary, which with
due care, might have disclosed an undreamt of source
of pollution. Regarding such information, the most
important to the analyst would be that bearing upon
the constitution of the strata through or over which

;- =

P

LR

i

\

W

b

FiG. 24.—Wicker case for the Winchester quart bottle.

the water has passed, since certain ingredients (in de-
fault of such a source) are indicative of organic pollu-
tion ; unfortunately this is by far the most difficult in-
formation to obtain in a reliable form. Comparatively,
all other information i1s of little worth to the analysis
itself, since contamination, past or present, will readily
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be detected. It is important, however, to keep in view
the fact that our work resides essentially in the cause
of disease prevention, and that our duties and responsi-
bilities do not end in returning an analytical report ;
and that, as sanitarians, all information as regards the
risks of pollution are of great value as indicating possi-
bilities of danger, when such dangers may not be made
manifest at the time in an analysis; it is also of great
importance to know, in every instance, the motive for
requiring an analysis, as one may often thus learn the
presence of some preventable disease in a household,
which is not necessarily connected with the water
though attributed to 1it.

It seems hardly necessary to point out that the lesser
degrees of pollution are none the less worthy of our
consideration because they appear insignificant. A
water may effect harm without creating manifest sick-
ness, and many obscure conditions of slightly impaired
health and vigour may be due to a shightly impure
water supply.

Lastly, having found the water polluted, no time
should be lost in ascertaining by a thorough examina-
tion the mode of pollution, in order that efficient re-
medial measures shall be advised and adopted with the
least possible delay.

It is so impossible to form a correct opinion of a
sample as to its purity or its potentiality for danger
without the knowledge of some of the circumstances of
its collection, that it is very desirable that labels should
always be given to those collecting samples, and such
should be stuck upon the bottle in each case. The
subjoined label when filled in would convey all neces-
sary information to the analyst.



COLLECTION OF SAMPLES. 27

SAMPLE OoF WATER FOR ANALYSIS.

Reason for desiring an analysis
Date of collection
Where and how collected
(a) If from well the depth at which the sample was taken
(b) 1f from tidal river, note whether at the ebb or flood tide
Geological characters of the soil and subsoil of the district
The rainfall during the previous week (i.e., in such terms as * nil"’
‘““small " or *‘great "’ in amcunt)
" Distance of supply from any evidcnt source of pollution
(a) The nature of such source of pollution

The result of every analysis should be carefully en-
tered into a book kept for the purpose, and such a record
becomes most valuable for making comparisons with
future samples of water from the same sources.
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CHAPTER 1V.
THE ANALYSIS.

IT has been said, and truly so, that so small an
amount of organic matter as would not call for con-
demnation in the water, may yet contain the specific
germs of disease, and that therefore it is only from
the results of a bacteriological combined with a
chemical examination, that a water may ever be classi-
fied as safe. At present, however, there are many
difficulties to surmount before most of the specific germs
can be identified as such in a water, and in the main a
chemical analysis may be held to be very reliable; for
it 1s logical to contend—and experience supports the
contention—that organic matter being the food pabulum
for specific micro-organisms in water, the probability of
their presence should bear a direct ratio to the amount
of such organic matter present.

At the very outset it must be realised that in drawing
a conclusion as to whether a water is fit for human
drink, organic matter (since an analysis mainly aims at
detecting this) will give evidence of its presence in
most of the steps which form a complete analysis, and
that it is this collective evidence which mainly deter-
mines a conclusion, rather than the evidence which any
one special test may offer. This point is well illustrated
in the physical characters of water, for whereas polluted
shallow well waters are notoriously often clear, spark-
ling, and pleasant to the palate (though affording direct
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evidence of organic pollution ¢ all along the line” of the
analysis), yet these characters are precisely those of
our purest and best waters.

For these reasons, and from what follows, it will be
seen that evidence of purity or pollution furnished by
the senses, is very unreliable in itself, and i1s not even
of much corroborative value. Such tests, therefore, are
not worthy of lengthy consideration here.

THE PHYsicAL CHARACTERS.

The sample of water should be well shaken, and then
about a litre (1000 c.c.) is emptied into a glass beaker,
which is kept covered so as to protect from suspended
matters in the air, and after the bulk of any suspended
matter which may be present has settled, a thin colour-
less glass tube twenty-four inches long is filled with the
clear (supernatant) water, and from the appearance of
this in the ‘‘ two-foot tube ™ as it is called the following
physical characters are judged :—

1. Clearness.—Though the best waters are always
bright and clear, these qualities cannot be considered
as reliable evidence of purity, for a polluted well-water
may possess these characters; and on the other hand
any haziness or turbidity—which is of course created by
minute particles of suspended matter—may by chemical
and microscopical examination be proved either inoccu-
ous or harmful. The degrees of such turbidity may be
expressed as ‘“clear,” *“ very slightly turbid,” * slightly
turbid,” and ¢ turbid.”

2. Colour.—To detect this the tube is held verti-
cally upon a white porcelain slab, and the observer
looks down through the depth of the column of water
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on to the slab, which forms the background. It is only
in this manner that the faintest degrees of colouration
are best appreciated, if even they be detected at all;
and when thus examined it is rare that the water is not
seen to possess some colour, however faint. In a good
water it is generally of an extremely faint greyish-blue
or greenish tint, and if there is any doubt upon this
point another similar tube should always be filled with
colourless distilled water, and a comparison made after
the two waters have been placed under exactly the
same conditions of depth of column and light access,
dec.

The various hues of yellow and brown will denote
the presence of either animal or vegetable pollution (z.e.,
sewage or peat), or mineral contamination such as iron
or clay (silicate of alumina),—but generally any iron
present will have been precipitated to form a sediment
of the hydrated ferric oxide (i.e., ““rust ).

A marked green denotes the presence of the vegetable
matter containing chlorophyll, which will generally be
found to mainly consist of the harmless unicellular
algze. The water in the neighbourhood of dye-works
may be of course variously coloured.

Colour alone is thus seen to afford no justification for
condemning a water until the nature of the material
creating it is known; peat, for example, present to
quite a harmless extent, will often colour a water
highly. The importance of the test, per se, does
not seem to warrant any attempt at definite measure-
ment.

3. Taste.—The pleasant taste of good water 1s
created by the gases dissolved in it, but since water
must contain large quantities of any ingredient for its
presence to be detected by this means, and as an indi-
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cation of dangerous contamination, the test is practi-
cally useless.

Among the many ingredients to which ordinary drink-
ing water is liable, iron stands alone as offering any valu-
able indication of its presence, and so little as 1 grain
to the gallon of this metal will impart a Chalybeate
flavour. Chloride of sodium (common salt) may be
present in enormous quantities (75 grains to the gallon)
without causing a brackish taste, and waters foully
polluted with organic matter are often so palatable that
wells, &c., containing them are frequently patronised by
the public in preference to those which contain much
purer waters.

It is not advisable in every case to taste samples sent
for analysis, and the analyst must exercise his discretion
from the information which he receives with the sample
as to the safety of such a procedure.

4. Smell.—This is best detected by placing some of
the sample into a glass stoppered bottle (itself odour-
less), immersing this in hot water at about 140° F. for a
few minutes, and then taking prolonged (deep) sniffs at
its contents after removing the stopper. For most
practical purposes, however, it will suffice if the sample
is smelt after it has been thoroughly shaken, and it 1s
only necessary when a suspicion remains after this
procedure to resort to the plan of heating the water—
except it be in those cases where there 1s strong reason
for considering that odoriferous gases may be present
in small quantities inappreciable except by heat, such,
for instance, as would arise when the water is judged to
have run risk of coal-gas contamination, &c.

The test of smell is unreliable, and none may be
evident in waters which are considerably polluted by
sewage; it must be borne in mind also that many of
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the noxious materials which may gain access to a water
have little, if any, smell originally.

Any coal gas, sulphuretted hydrogen, or ammonium
sulphide present, would be detected, and more especi-
ally if the water is heated to about 120° F,

The variety of odours which may be given off from a
water defies description; many of them, though quite
peculiar and distinct, it seems quite impossible to
describe, and any comparisons made with more familiar
smells will only appeal to a certain proportion of those
who test them.

Since, however, a good water should contain no smell
whatever it seems unnecessary to define an odour when
it exists, more especially as it can rarely give any clue
as to the nature of the pollution. It is far better that
the analyst describes the odour in his own words than
that he should be cramped by any desire to confine his
returns within the category of any such well-known
terms as ‘“musty,” ¢ horse-pond-like,” ¢ pig-odour,”
“ fishy,”” and ¢ cucumber-like.”

A distinctly putrid odour is characteristic of large
quantities of decomposing animal or vegetable matter,
and an wrinous odour is sometimes distinctly percep-
tible when fresh sewage has gained access to the
water. The rotten egg smell of sulphuretted hydrogen
and that of coal gas are both peculiar and distinctive.
The presence of any of these odours would condemn the
water, as indeed should any other if well marked (vide
““ Gases and Vapours in Water ).

5. Aration.—Evidence of this is afforded by minute
air bubbles collecting at the sides and bottom of the
tube and rising up occasionally through the water to
the surface, and also by the degree of lustre (*‘spark-
ling ’) the water possesses.
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It is of no value by itself, in the estimation of the
purity or impurity of a water, though a good water to
be palatable must be well @rated (vide * Gases and
Vapours in Water ).

6. Reaction.—This is important, not so much as af-
fecting an opinion upon the wholesomeness of the water,
but from the value the knowledge acquires in some further
stages in the analysis, for the correct performance of which
it becomes necessary to neutralise any acidity in the
sample. Though the most polluted waters from animal
organic matter are generally decidedly alkaline from the
carbonate of ammonia furnished by urine decomposition,
yet most waters will be found to be alkaline in practice,
the alkalinity being generally given by calcium carbon-
ate, and less often by sodium carbonate.

It does not appear generally necessary for hygienic
purposes to test the degree of alkalinity or acidity of the
water, apart from that denoted by delicate litmus
papers (blue and red).

The estimation of alkalinity is, however, sometimes
of value, and it may be best effected in the following
manner :—100 c.c. of water are placed in a white porce-
lain dish, and tinged yellow by a solution of methyl-
orange; decinormal hydrochloric acid is then run in
from a graduated burette until the appearance of a red
tint denotes that the neutral stage has just been reached.
The estimation is made in terms of calcium carbonate
(to which most of the alkalinity is generally due) and
each c.c. of the acid solution required to effect neutral-
isation is equivalent to 5 milligrammes of this salt.

7. The sediment.—The presence of this, together
with its macroscopic appearance, should be noted at
this stage, but any opinion of its nature must be re-
served until a micmoscopic examination has been made.

D
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CHAPTER V.
OrcaNic MATTER IN WATER.

Tre hygienic analysis of water essentially aims at at-
taining two objects, i.c., the detection of the extent of
organic pollution, and the detection of the presence of
poisonous metals. The former is the more important
and urgent of the two, since the evil consequences fol-
lowing in the wake of organic pollution are generally
more suddenly dangerous and widespread than those of
the latter. By organic pollution is included the fouling
of water by both animal and vegetable material together
with the products of their decomposition, and since the
relative significance and danger of each of these differs
very materially (animal contamination being far more
dangerous and harmful than vegetable), it is important,
both by a knowledge of the water’'s source and by
chemical analysis, to discover which form of organic
matter is fouling the water, or in what proportion they
are respectively doing so.

Organic matter gains access to water by manifold
channels, many of which will readily occur to the
reader, and all of which may be learnt by consulting
the best works upon Hygiene and Public Health.

This organic matter, as is well known, has a strong
natural tendency to resolve itself under suitable con-
ditions of temperature, air and moisture, into simpler
parts, by fermentation, eremacausis and putrefaction.
In the process of fermentation numerous minute forms
of animal or vegetable life are developed, which if they
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do not start the process themselves, play an important
part in fostering and continuing it.

By eremacausis is implied the breaking up of organic
matter by slow oxidation, in other words the natural
“ burning off ” of organic matter.

Whereas in these two processes no offensive odour 1s
created, when putrefaction sets in odorous gases are
evolved, which mostly consist of compounds of sulphur
and phosphorus, and—as in fermentation —minute or-
ganisms develop, which mainly take the form of the
vegetable fungi and the animal infusoria.

The great necessity for a closely proximate estimation
of this danger-carrying and danger-breeding material in
a water has been recognised for many years, and the
difficulty encountered in performing it is both interest-
ingly and instructively exemplified in a perusal of the
successive methods to this end which have been ad-
vanced and adopted ; but the subject must be treated
very summarily here.

One method, which was for a long time a popular
one, took advantage of the destructibility (and loss) of
organic matter by heat. A large bulk of water was
evaporated to a solid residue at a low temperature, and
this was then heated at a high temperature (*‘ ignited ")
until all organic matter was burnt off, and nothing but
mineral ash remained. The difference in weight of the
residue before and after ignition was held to represent
the organic matter, until successive chemists pointed
out and insisted upon the fact, that the loss by ignition
included, in addition to organic matter, some of the
mineral constituents as well, and that more especially
was this the case with the nitric acid which thus became
dissipated. The organic matter therefore was con-
siderably over-estimated by this method, but it had

D 2
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become a popular favourite, and lived, strange to say,
for a long time after the facts which belied its accuracy
were generally known and appreciated among chemists.

The effort to estimate the organic matter from the
amount of oxygen of which it will deprive the perman-
ganate of potassium (Condy’s fluid), was practised almost
universally for another long period, and it remains as
an auxiliary test for organic matter to this day. The
facts, however, that potassium permanganate in solution
is so very unstable, that it will part with its oxygen more
readily to the least dangerous (.., vegetable) than to
the more dangerous (z.¢., animal) pollution, and that the
oxidisable organic matter bears an unknown and incon-
‘stant ratio to the fofal organic matter,—have all conduced
to some dissatisfaction and mistrust of the test, and the
outcome has been that further endeavours have been
made to find another one more inclusive and reliable in
its estimation.

Dr. Frankland has devised a beautiful and ingenious
process to meet the want, but it 1s quite unsuited to the
bulk of Health Officers, and there is scope for some
error to creep in even with practised hands. He
evaporates a measured volume of water to a solid
residue, and this is collected in a hard glass combustion
tube, mixed with oxide of copper, and burnt in a furnace.
The oxide of copper parts with its oxygen to the organic
matter, which is completely destroyed, and the carbonic
acid and nitrogen which result are collected, measured,
and returned in terms of ¢ organic carbon’ and ‘ or-
ganic nitrogen.”

A method superior in its facility of execution, against
which no important chemical defects can be raised and
sustained, and one which has rapidly become popular
and accepted among the bulk of chemists, is that known
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as * The Wanklyn, Chapman and Hall Process.” By
it an endeavour is made, after computing the amount
of ¢ saline’ ammonia originally present in the water, to
estimate the amount of nitrogenous organic matter
from the amount of ammonia which can be derived
from the breaking up of such matter by the addition of a
solution of strongly alkaline permanganate of potassium,
and then boiling.* No better clue to the presence of
organic matter can well be imagined than an estimation
based upon the nitrogen produced by its decomposition,
but the question which will naturally arise is as to
whether all injurious organic matter is nitrogenous, and
there is no doubt that broadly for the purposes of water
pollution it appears to be so; the composition of organic
matter, however, is so varied and complex, and defies
analysis so successfully, that much has yet to be learnt
of its chemical constitution.

Of course great consideration is had in the process to
the amount of the * saline” ammonia, and it is held to
have ifs origin mainly in, organic pollution also, though
it does not, like the ‘organic” ammonia, necessarily
indicate such pollution actually present as organic mattev,
but rather an early stage in the decomposition of such
matter.

While, therefore, the ammonia which is created by
the process must always be considered the greatest
index of danger,—since it is derived from organic matter
actually present at the time of analysis,—the amount of
“ galine ” ammonia is considered of great value as an
index in conjunction with this:—for most of it, and
very nearly all in many cases, must be derived from

* The nitrogen of all nitrogenised bodies (present other than as
nitrate or cyanide) comes away as ammonia when boiled with the
hydrated alkalies.
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extremely recent organic pollution, although very little
of the original organic matter itself whose decompo-
sition furnished it, may be present in the water.

It is obvious that no chemical process can determine
as to whether the organic matter is living or dead, or
whether in the former case it is harmful or not. When
it is considered how minute the germs of disease are, it
will be seen at once that considerable quantities cannot
by themselves materially affect the amount of—say
“ organic ammonia ;" but since they would always be
associated with organic food-pabulum, the presence of
organic pollution which this would disclose in the ana-
lysis, sounds the warning note.

The tests for organic matter, in addition to those
which aim at detecting it when actually present, also
include others whose object it is to detect the products
of organic decomposition, i.e., oxidised nitrogen in the form
of nitrates and nitrites, and those other chemical con-
stituents which by entering into the composition of
organic bodies gain access to the water along with it,
t.¢., phosphates, sulphates and chlorides.
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CHAPTER VI.
WANKLYN'S PROCESS.

Tue principle upon which this process is conducted
is that known as a *colorimetric analysis,”—a variety
of volumetric analysis, in which a reagent having
the power of combining with the substance sought
after and creating a colour with it, 1s added to
a measured quantity of the solution under analysis.
The amount of the substance present and thus com-
bined, is then found by adding to a similar volume of
distilled water and reagent, a solution which contains
known quantities of the substance, and this 1s con-
tinuously added until the colour is matched (which act
of matching is known as < titrating ). The amount
of the substance contained in the amount of the stan-
dard solution used, is of course the same as that exist-
ing in the solution under analysis.

ApPARATUS REQUIRED.

1. A condensing apparatus.

2. A boiling flask or retort, most conveniently of
about a litre capacity. This must be supported upon
a four footed iron stand across the top of which a piece
of wire gauze has been placed, and then attached to the
condensing apparatus by means of the cork which is
perforated by the bent end of the smaller tube, the ex-
tremity of which 1s allowed to project about half an inch
below the cork into the neck of the bottle (vide figure

25).
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3. Si1x Nessler glasses. One of these is represented
in figure 25 as catching the condensed vapour. They

F16. 25.—The apparatus employed in the estimation of the nitrogenous organic matter by
Wanklyn's method.

are each marked off at a point which indicates the level
to which 50 c.c. of water will stand in them, and shculd
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be made of thin colourless glass and of precisely similar
diameter.

4. A white porcelain slab about six inches square,
which is used to facilitate colour comparison.

s. A burette graduated in cubic centimetres and
tenths of cubic centimetres, fixed upon a stand and
fitted with a glass stop-cock which regulates the de-
livery with delicacy.

6. A glass measuring flask for 500 cubic centimetres
(500 c.c.) of water.

CueEMIcAL REAGENTS.

1. A standard solution of chloride of ammonium,
made to the strength that 1 c.c. contains o'or milli-
gramme of ammonia.

2. Nessler's reagent. This consists of a solution of
potassium iodide and the periodide of mercury in dis-
tilled ammonia free water, the whole being rendered
strongly alkaline with caustic potash. When this re-
agent is applied to a solution containing ammonia it
imparts a colour varying from a faint yellow to a dark
brown or amber, and sometimes even a precipitate, ac-
cording to the amount of ammonia present; and this
reaction, which is due to the formation of ammonio-
mercuric iodide, may be considered as quite charac-
teristic of ammonia, since it is not shared by any other
substance with which we are familiar. It is important,
however, to clearly understand the fact that it does not
react to ovganic matter as such.

The solution of the reagent should have an extremely
faint yellow colour, which indicates that it is saturated
with the periodide of mercury, and is therefore ‘ sensi-
tive: " should it be colourless and not * sensitive,” this
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can be corrected by the addition of a drop or two of a
saturated solution of corrosive sublimate.

Any precipitate of the red mercuric iodide which
settles should not be disturbed when the reagent 1s
being used.

3. A strongly alkaline solution of the permanganate of
potassium which has been boiled for a few minutes (five)
in order to get rid of any traces of ammonia, and the
loss by evaporation is made up by distilled ammonia
free water.

4. Ammonia-free distilled water is made by collecting
the distillate from a condensing apparatus (Graham's or
Liebig's), after discarding the first quantities which
contain any free ammonia (as shown by Nessler's re-
agent); and care must also be had not to allow the water
to boil down too low, or the last amount of distillate may
also contain ammonia. For most tap waters, if a litre
of such be placed in a boiling flask, it will only be
necessary to discard the first 150 c.c., of distillate and
to stop the process of distillation when about the same
amount remains behind in the flask, all then collected
will be * ammonia-free.”

THE PRrocess.

Firstly the amount of *“free and saline ammomia™ 1s
calculated ; the latter term including that which exists in
solution in the water, in combination with acids (car-
bonic, nitric, &c.), or any which may exist in some other
easily decomposable form.

1. The sample of water having been well shaken,

500 c.c. of it (i.e., half a litre) are measured out and
placed within the boiling flask.

2. If the water is acid, or even neutral, a little pure
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anhydrous sodium carbonate should be added so as to
insure alkalinity. The motive for this is primarily to
enable the free ammonia to come away readily, since
acidity exerts a fixing influence upon it, and secondarily
it will prevent, in a measure, the caking of the solids
which takes place in the flask by the end of the process,
and which entails trouble in removal.

3. The boiling flask is then tightly connected by the
cork with the Graham’s condenser,—tightly in order that
uncondensed vapour shall not escape at this point. The
Bunsen burner is next lighted, the flame applied to the
flask, and rapid boiling is encouraged,—care being had
that “ spurting ' does not take place.

4. The water tap is turned to such an extent that the
water after circulating in the outer tube returns in a
small stream to the waste-sink.

5. A Nessler-glass is placed so as to catch the distil-
late, and when sufficient of this is collected so as to
reach up to the level of the 50 c.c. mark, a second glass
is substituted, and then a third.

6. When three Nessler glasses are thus filled up to
their 50 c.c. marks, a fourth is placed to catch the
distillate, while 2 c.c. of Nessler’s reagent are added to
each of the three glasses. If these glasses be disposed
upon the white porcelain slab from left to right in the
order in which they receive the distillate, the colour
created in each of them by the reagent will show a
decrease in amount from left to right, since the first 50
c.c. collected will contain the most ¢ free ammonia™
and the third the least.

7. The gas may be turned out, and the distillation
stopped, if there is no colour created in the third Nessler
glass, or if it be extremely faint,—since all the *free and
saline ammonia” will then have come over. If, how-
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ever, the colour is at all marked in the last Nessler glass
a fourth must be collected and tested with 2 c.c. of the
reagent ; and even a fifth may be necessary in very rare
cases. It is absolutely imperative that all the ¢ free and
saline ammonia” in the original 500 c.c. of water shall
be removed, and it is rare in a drinking water that the
150 c.c. of distillate does not contain the whole of this.

8. The presence and degree of coloration must al-
ways be judged by looking down through the depth of
the water on to the white slab, and precaution must be
taken that the bottoms of the glasses, and the upper
surface of the slab also, are perfectly dry, as a thin layer
of water intervening between these diminishes materi-
ally the depth of colour, and thus leads to error in mak-
ing a comparison.

9. The colour in the glasses is caused by the presence
of ammonia, the amount of which we do not know how-
ever, and the knowledge is acquired in the following
manner :—Fill another Nessler glass nearly up to the
50 c.c. mark with distilled ammonia free water, add 2
c.c. of Nessler's reagent to it, and then ascertain how
much of a standard solution of ammonia of known
strength, (i.c., the standard solution of the chloride of
ammonium), has to be added to this water to match the
amount of coloration in each of the three Nessler
glasses. The amount of ammonia thus required must
then be that in the glass with which we are making the
comparison, for equal tints of colour are created by
similar amounts of ammonia.

10. It is found that it is not necessary to match each
glass respectively, since three quarters of the total
amount of ¢free and saline ammonia " are constantly
contained in the first glass of distillate ; that 1s to say,
this ammonia comes off so remarkably readily and
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evenly that on this account it is only necessary to com-
pute the amount which the first Nessler glass contains,
since this will constantly represent three quarters of the
total.

11. Drop, therefore, into the comparison test-glass con-
taining the distilled ammonia-free water and Nessler
reagent, the standard solution of ammonia chloride, in
half c.c’s. from the burette, and when after gently shak-
ing up or stirring with a clean glass rod the colour 1s
found to be approaching that in the first Nessler glass,
wait about three minutes before adding further, since
the colour deepens a little upon standing.

12. Having thus effected a colour match by placing
the two glasses side by side upon the white slab under
exactly the same conditions of light access and by
comparing the colours from above, the amount of am-
monium chloride solution which has been used to effect
this is read off, and the ammonia which this is equiva-
lent to will be the amount of the ¢ free and saline am-
monia” in the first Nessler glass. The quantity thus
estimated will represent three quarters of the total
amount, and another quarter will still be required to
match the colour in the other two glasses.

Example.—150 c.c. of distillate have been collected,
the reagent added, and the last 50 c.c. distilled is found
to contain no trace of ammonia. The whole of the
« free and saline ammonia” in the 500 c.c. of water
has therefore been collected.

It was necessary to add 3 c.c. of the standard solution
of ammonium chloride to the contents of the comparison
test-glass, in order to match the colour in the glass con-
taining the first 50 c.c. of distillate.

But the colour in this glass is created by three-
quarters of the total “tree and saline ammonia,” s0
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however much this represents, one-third of it has yet
to be added to get the total. Supposing in this instance
3 c.c. of the standard solution of ammonium chloride
are required to match the colour created by three-
quarters of this total ammonia, then let x represent the
amount required for the whole; 3 c.c. will then be equal
4 X3

3

The total amount then of  free and saline ammonia "
in the 500 c.c. of water corresponds to the ammonia
present in 4 c.c. of the standard solution.

But 1 c.c. of this standard solution contains o'or mil-
ligramme of ammonia.

.*. 4 c.c. of this standard solution contains o'o4 milli-
gramme of ammonia.

there is o'04 milligramme of ¢ free and saline
ammonia” in the 500 c.c. of water.

It is customary to express the results of this process—
dealing as we are with such small quantities—in terms
of «“ parts per million or parts per hundred million.”

We must therefore convert the cubic centimetres of
water into milligrammes likewise, and since 1 c.c. of
water weighs 1 gramme, and 1 gramme contains 1000
milligrammes, 500 c.c. of water will represent 500,000
milligrammes.

.*. there is 0’04 milligramme of *free and saline am-
monia " in 500,000 milligrammes of water,

Or x 2 = 0'08 part of *free and saline ammonia ” in
1,000,000 parts of water,

Or x 100 — 8 parts per 100,000,000.

Conclusions to be drawn from the amount estimated.—1f
the ‘“free and saline ammonia” exceeds o0'08 part per
million or 8 parts per hundred million, it almost in-
variably proceeds from the fermentation of urea into

to 4 2, 0r & = = & CiCs
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ammonium carbonate, and it indicates comparatively
recent urine pollution; but since the amount of the
¢ albuminoid ammonia”’ must be considered along with
that of the * free and saline” in drawing general con-
clusions, further remarks under this heading are de-
ferred until this estimation has been made.

T he next step in the process is to continue the distilla-
tion more slowly after adding 50 c.c. of the alkaline
permanganate of potassium solution to the water leit
in the boiling flask; to collect the distillate in three
Nessler glasses; and to repeat the process of ‘¢ Nessler-
ising " precisely as before. The ammonia estimated 1is
here, however, called ¢ albuminoid ammonia,” since it
is derived from the breaking up of albuminoid and other
nitrogenous organic matter by means of the alkaline
permanganate at the boiling temperature. It is im-
portant to remember, that in this case the ammonia
comes over more slowly and much less evenly (the
second Nessler glass sometimes containing as much
as the first), so that grave errors (of under estimation)
may be made by considering the first 50 c.c. of dis-
tillate to contain three-quarters of the total ¢ albuminoid
ammonia.”” The colour, on this account, in each Nessler,
must be matched separately, and it is convenient to
commence with the glass containing the least colour,
so that having made a match, it is only necessary to
add more of the standard solution to increase the colour
already created in order to match the next deepest
colour, and so on ; otherwise a fresh test solution would
have to be made for each comparison and much time
and reagents wasted. Of course distillation must be
continued, as in the former case, until all the ¢ albu-
minoid ammonia " has been brought over.

Example.—It was necessary to distil over 200 c.c. in four
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Nessler glasses before all the ammonia had come over.

The fourth glass had colour equal to that created by
1 c.c. of the standard solution.

The third glass had colour equal to that created by
1 c.c. of the standard solution (i.c., another } c.c. of
standard solution had to be added to the comparison
test-glass).

The second glass had colour equal to that created by
2 c.c. of the standard solution (i.e., another c.c. had to
be added).

The first glass had colour equal to that created by
21 c.c. of the standard solution (z.c., an extra 3 c.c. of
standard solution had to be added).

.3+ 14+ 2+ 23 = 6 cc. of standard solution
were altogether required to match the colour created by
the ¢ albuminoid ammonia” in 500 c.c. of water.

But 1 c.c. of standard solution = o-o1 milligramme of
ammonia.

. 6 c.c. of standard solution = 006 milligramme of
ammonia.

500 c.c. of water = 500,000 milligrammes.

006 milligramme of ammonia (*albuminoid ”) 1n
500,000 milligrammes of water.

Or o'12 part of ammonia (‘“‘albuminoid” in 1,900,000
parts of water.

Or 12 parts of ammonia (*‘albuminoid ") in 100,000,000
parts of water.

Conclusions to be drawn from the amounts estimated.—
Wanklyn's conclusions are generally accepted, t.c.,
¢« when the albuminoid ammonia amounts to o-o5 part
per million, then the proportion of free ammonia be-
comes an element in the calculation, but if oroo then it
may be passed as organically pure despite much free
ammonia and chlorides. Free ammonia being very
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small, a water should not be condemned unless the
albuminoid equals about o*10.”

A water is generally considered just within the border
line of safety if the free” and *¢albuminoid” am-
monia are o'0o5 and o'o8 respectively. Much ¢ albu-
minoid 7’ along with a small amount of ‘free” am-
monia indicates vegetable contamination, and this
indication gains further support if there is only a faint
trace of chlorides and no excess of nitrates and nitrites.
Much ¢free,” and excess of chlorine, nitrates and ni-
trites, will denote animal pollution, though in those rare
cases where a water 1s solely polluted by effluvia (arising
from animal matter) there may be no excess of chlorine
present.

Excess of “free” ammonia, unaccompanied by any
excess of ‘“albuminoid” may be due to the following
circumstances :—

(a). The sample is rain water, which always contain
ammonia and sometimes in large amounts.

(b). The water has percolated strata in which some
ammonia salt is present.

(¢). The water has percolated a stratum containing a
reducing agent (generally an iron salt) which has de-
composed nitrates and nitrites originally taken up by
the water from other strata previously permeated, as
in the case of some deep well waters; or pipes, &c., with
which the water comes in contact, may effect this re-
duction,—as in the case of artesian well waters, in which
“ free’ ammonia is always present.

(d). Organic pollution.

The necessity of considering the amount of *free
ammonia " when in excess, along with that of the “albu-
munoid,” rather than judging it alone as indicative of
danger, is best exemplified in the case of rain-

E
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water, in which ¢ free ammonia’’ often exists in con-
siderable quantities and especially when collected in
town districts,—where it is derived from the soot
in the atmosphere. In the rain collected in open
country districts, however, faint traces of ammonia are
always found, and some of it is combined with nitric
cid—formed when electric discharges pervade the
atmosphere—and it is held that this electrically pro-
duced nitrate of ammonia is the origin of all organic
nitrogen. The further steps of the analysis will always
indicate the source of any excess of “free ammonia,’
whatever this may be, and where it is derived from
organic pollution the ¢« g]buminoid ammonia” denotes
the fact by being also in excessive quantities.

NoTES UPON THE PROCESS.

The Nessler reagent will create the faintest possible
evidence of a yellow colour in water not containing a
suspicious amount of * free ammonia,” when this is ex-
amined in a Nessler glass; if, however, this colour 1is
distinctly apparent the water is a very suspicious one.
This forms a rough and reliable test of the freedom of a
water from an excessive amount of ¢« free ammonia,”
and to a great extent of its purity, but it must be borne
in mind that slight excess does not necessarily imply
animal pollution, and a water may contain such matter
recently acquired and yet show but little ¢ free am-
monia.”” A water which shows a marked amber tint
with Nessler reagent must of necessity be exceedingly
foul.

Where by Wanklyn's process ammonia 1s present in
the sample in large quantities, the amount of coloura-
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tion to be matched is in consequence great in degree,
and it will frequently be found that as the standard
solution i1s added to the comparison test-glass, a tur-
bidity appears, which by altering the nature of the
colour as well as its depth of tint, makes the process of
comparison (or * Nesslerising '’ as it is termed) a very
difficult and unreliable one. In these cases the com-
parison test solution should be discarded and a fresh
one made, and if say a couple of c.c. of the standard
solution be run into the test-glass before the Nessler re-
agent is applied, it will have the effect of materially
lessening the turbidity or precipitate, if not of entirely
preventing it.

Where the process is applied to extremely foul
waters, or to sewage effluents, the degree of colour due
to the ammonia in the first 50 c.c. will be so intense
that it will be impossible to match it with the standard
solution, and in most cases a copious precipitate will
appear and prevent further comparison. In these
cases therefore, the distillate should be diluted with an
equal bulk, and sometimes even with three or five-fold
its amount, of distilled ammonia free water, and when
the estimation is effected at the end of the process
allowance must be made for this dilution. I have,
therefore, made it a practice, if when the Nessler re-
agent is added a distinct amber tint appears, to con-
sider the distillate too rich in ammonia to estimate
without dilution, and thus save time and trouble.

A little practice makes the colour comparison an easy
matter, and experience will enable the operator to guess
the approximate amount of standard solution required
to make the match, and to effect this with great rapid-
ity. Although instruments and other means have been
suggested to facilitate this end, such are of no value

E 2
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whatever, even to the merest novice in chemical pro-
ceedings.

Strange to say, though the urea is decomposed in the
process of boiling with the alkaline permanganate, its
decomposition does not yield any ammonia, and this at
first sight would seem a grave defect in the process.
W henever, however, it is considered that this is, so far
as has yet been shown, the only nitrogenous organic
contamination to which a water is liable which does
not under the circumstances yield ammonia, and that
the urea in the urine almost as soon as it enters the
water becomes changed to carbonate of ammonia, and
as such is detected in the saline ammonia,—the matter
is not one of great moment. Moreover, it is not neces-
sary that in the process the total nitrogen contained in
organic matter should be evolved as ammonia, SO long
s that which is evolved gives an index which bears
a pretty fixed and constant ratio to the total amount;
<o that from this index an empirical standard of purity
can be formed. The process appears to efficiently meet
this requirement.

Sometimes while extracting the ¢ a]lbuminoid ammo-
nia " the contents of the boiling flask boil too violently
and “bumping” ensues; to obviate this a gentle shaking
of the flask will often suffice, but in default of this a few
fragments of freshly ignited tobacco pipe (as suggested
by Mr. Duppa) afford an excellent remedy. The foulest
waters, and those containing much saline matter, are
apt to bump most, and it is highly important to prevent
this, since uncondensed vapour thereby escapes at the
distal end of the tube, and sometimes some of the water
from the boiling flask,—both of which occurrences ob-
viously vitiating the results; and when some of the
water to which the alkaline permanganate has been
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added thus spurts over into the Nessler glass placed
to collect the distillate, it is of course impossible then
to ¢ Nesslerise,” since the distillate has a pink colour.
There is no alternative then but to commence the pro-
cess all over again with a fresh quantity of the sample.
All the materials used must be scrupulously clean,
and if the condenser has not been used quite recently
for the same process or for distilling ammonia free water,
it is advisable to distil a little such water through, to
ensure the absence of ammonia in the apparatus; care
must also be had that no ammonia fumes are escaping—
or have recently done so—into the atmosphere of the
room from the bottles containing ammonia solutions.

—_—
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Fi1c. 26.—A burette filled up to the 10 c.c. mark.

The boiling flask if showing any fur from a previous
analysis should be cleansed with a little dilute hydro-
chloric acid, and then washed with pure water until the
washings are no longer acid.

In judging of the height to which fluid stands in a
burette always take the level of the convex lower border
of the meniscus which forms upon its upper surface, and
make this rest upon the line to which the fluid is re-
quired to reach. Water standing to the level of 10 c.c.
in a burette will appear, therefore, as in the accom-
panying figure (26).

When the *albuminoid ammonia’” comes over so
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evenly and slowly that almost all the water in the retort
threatens to be used up, and in those rare cases where
«tthe free ammonia’”’ seems to hang about in small quan-
tities, it is a good plan to adopt the measure (Rich) of
¢ Nesslerising " the first 50 c.c., and to return the rest
of the distillate to the flask and redistil it before
““ Nesslerising.”

As Prof. Mallet points out, ¢ the gradual evolution of
albuminoid ammonia indicates the presence of organic
matter in a fresh or comparatively fresh condition,
whilst rapid evolution indicates that the organic matter
is in a putrescent or decomposing state.”

The distillation adopted in the process adds mate-
rially to the delicacy of the operation of estimating the
amount of the ammonia, for infer alia, it separates the
salts which the water contains, thus preventing the
turbidity which often arises when Nessler’s reagent 1s
added to undistilled water.

SoruTioNs REQUIRED FOR WANKLYN'S PROCESS.

Nessler’s Reagent is made by “taking 35 grammes
of the iodide of potash, 13 grammes of corrosive sublimate,
and about 8oo c.c, of water. These materials are then
heated to boiling and stirred up until the salts dissolve.
That having been accomplished, a cold saturated solu-
tion of corrosive sublimate in water is cautiously added,
until the red periodide of mercury, which is produced as
each drop of the solution falls into the liquid, just begins
to be permanent. In this manner we obtain the solu-
tion of the iodide of potassium saturated with mercury
periodide, and it remains to render it sufficiently alka-
line and to render it sensitive. This is accomplished
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by adding 160 grammes of solid caustic potash, or 120
grammes of caustic soda to the liquid, which is afterwards
to be diluted with water, so that the whole volume of
the solution may comprise one litre. In order to render
the Nessler reagent * sensitive,” it is mixed finally with
a little more cold saturated solution of corrosive sub-
limate and allowed to settle” (Water Analysis, Wanklyn).

The reagent should be kept in a tight-fitting glass
stoppered store bottle, and small quantities emptied out
into a smaller one for use from time to time.

The standard solution of ammonium chlo-
ride is made by dissolving 00315 grammes of pure
chloride of ammonium in a litre of distilled ammonia-
free water.

The amounts recommended to be used in making up
the alkaline permanganate of potash solution
aIe .(—

Caustic potash, 200 grammes.

Permanganate of potash, 8 grammes.

Water, 1 litre,
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CHAPTER VII.
TueE OXIDISABLE ORGANIC MaTtTER PROCESS.

A CERTAIN quantity of any organic matter which may
be present in water is always oxidisable, but unfor-
tunately this amount: varies with the nature of the
organic pollution, and—since it bears no constant ratio
its estimation furnishes no reliable index to the total
quantity of such pollution present. Moreover, the
oxidisable matter itself is not even estimated in its
entirety by the process, for different substances re-
duce different proportions of the permanganate em-
ployed in the process. In the various attempts to
estimate this matter in water advantage is taken of the
well known chemical fact, that in the presence of
organic material the permanganate of potassium under
favourable conditions will part freely with its oxygen,
until all the permanganate has become reduced to
hydrated manganese dioxide, the first stage being :—
K,Mn,0, = K,MnO, + MnQO, 4+ O,; and that such
change is denoted by the original pink colour which
this salt gives to the water being replaced by one of a
brownish hue.

The permanganate of potassium is unfortunately in
some respects an unsatisfactory salt to work with: it does
not, for instance, oxidise albuminous matters, nor does
it affect creatin, sugar, gelatine, urea or fatty matters;
and the standard solution of the salt which has to be
employed is very unstable, and in consequence unre-
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liable unless frequently renewed, and on this account
small amounts only must be made at a time.

In the face of these drawbacks, and possessing as we
do in Wanklyn's process the means of making a far
closer and more reliable estimation, the chief value of
the test lies in the direction of its employment as a
means of instituting comparisons between the purity of
different waters, or of the same water at various times.
A great deal of time and care has to be devoted to the
process, and liability to error in any but very careful
hands is greater than in any other of the processes
introduced within these pages. It would have great
value as a rough test for organic pollution if it had the
recommendation of quick accomplishment, but the pro-
cess entails quite as much time trouble and care as
Wanklyn'’s method, to which its results add little if
anything of importance.

Unfortunately this reaction of the permanganate
(“ Condy’s fluid ") has become only partially understood
by the laity, among whom there is a wide-spread 1m-
pression that any water which has been rendered a
distinct pink by this salt and allowed to stand for about a
quarter of an hour and which does not at the end of that
time show any change of colour, is, as regards organic
pollution, above suspicion. No better instance of the
truth of the old adage “a little knowledge is a dangerous
thing,” could well be adduced, for such a test when the
water is alkaline—as it often will be—will not detect such
quantities of animal pollution as would place the water
well within the category of a dangerously polluted one—
and this for the reason that two essential conditions of
the test are ignored, i.c., that the water should be ren-
dered acid (to induce the permanganate to part with its
oxygen), and also heated to a certain temperature (to
encourage the same result).
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I have not seen it pointed out that in order to avoid
much error it is necessary to institute a comparison
test ; for, even after much practice, one is frequently
under the conviction that some pink is permanent in the
water when by such a comparison there is found to be
no evidence of it whatever; and I have frequently tested
those whom I have had to teach upon the same point,
and left them astonished at their false colour impres-
sions when I have thus demonstrated their error. The
change is sufficiently well marked, of course, at the
commencement of the process in a bad water to leave no
doubt in the mind of anyone, but it is at the end of the
process where the difficulty of deciding arises.

It is difficult to believe but that many incorrect
results must have been furnished when the original
Forchammer process or Du Chaumont’s modification
were widely employed, save it be with those who have
had an extensive experience and possess a most deli-
cate appreciation of colour. There is not the same
amount of liability—though it exists—to err on this
account in Tidy's modification.

My practice, therefore, is to create the same depth of
pink in a similar bulk of pure water to that under analy-
sis at the commencement of any test dependent upon the
decoloration of permanganate of potassium, and to judge
by this comparison whether any real evidence of pink re-
mains in the water under analysis after the time chosen
for experiment has elapsed. Though this precaution
may appear at first sight to be trivial, and an addition
to an already troublesome test, considerable error is
sometimes thus prevented, and if it 1s necessary to
make the estimation at all it should be necessary to
conduct it with the greatest possible degree of accuracy.

It is very essential to appreciate, and always to bear
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in mind, the important fact that there are other sub-
stances which water is liable to contain which will
reduce the permanganate, besides organic matter :—i.e.,
nitrites, sulphites, ferrous salts and sulphuretted hydro-
gen; so that it is necessary to dispose of these before
attributing the reduction in the permanganate solely to
organic pollution, and thus to preclude the possibility of
reducing agents other, than organic matter affecting the
results. Since 1 grain to the gallon of iron can be de-
tected by the chalybeate taste which it imparts to the
| water, in the absence of any such taste the presence of
iron may be disregarded (more especially as existing 1n
the form of a ferrous salt). If the temperature of the
water is brought up to near that of the boiling point
any sulphuretted hydrogen is driven off ; but to get rid
of the nitrous acid completely it is necessary to boil the
water after acidulation with sulphuric acid, for about
twenty minutes;—and if the amount of oxidisable matter
is estimated before and after such boiling, the amount of
oxygen absorbed by nitrous acid (as nitrites) can be
estimated, and thus a quantitative calculation of these
salts may be effected. In the absence when tested for
of any of these other reducing agents, the process can,
of course, be at once commenced without any pre-
liminary treatment.

Unfortunately the original Forchammer principle
of estimating the oxidisable organic matter with per-
manganate of potassium has been so variously applied,
that at the present day the student of water analysis
can but be struck with the variety of methods adopted,
and the confusion created in the various ways of return-
ing results. The water is tested by different observers
at different temperatures, and for different periods of
time, by solutions of permanganate of different strengths,
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from which the oxygen is liberated by different reagents.
No greater confusion, no more unsatisfactory state of
things can well be imagined, dealing as we are with
such a salt as potassium permanganate, and a process
which has some value is thus made so obscure and
puzzling to many as to be rendered almost nugatory.

There may be some who are able to institute a com-
parison between a water which is simply returned as
«“ 0:035 part per hundred thousand of oxygen, absorbed
by organic matter in 30 minutes at 140 F.,”” and another
as * 8o parts per hundred million in 4 hours at 8o B
but unfortunately the writer is not of their number, and
is loth to make any attempt to enter here upon so long
and unprofitable a subject.

There is probably nothing more desirable within the
scope of a chemical water analysis than that this absurd
state of things should cease, and that an intelligent ap-
preciation of results should be facilitated, if not estab-
lished, by the adoption of an universally accepted mode
of procedure. Fortunately Tidy's method bids fair to
settle much of the difficulty, since its adoption is now
rapidly becoming general. The late Dr. Tidy made
some valuable improvements in the working details of
the original Forchammer process, which have however
of necessity made it more difficult and lengthy of per-
formance, and those drawbacks inseparable from the
test, and which have been pointed out, of course remain.
In his method a certain temperature is insisted upon, as
well as the employment of definite amounts of certain
reagents, and it only remains for analysts to agree upon
the terms in which the results shall be invariably ex-
pressed and the period of time for which each test shall
be applied.

The temperature has been proved by experiment to
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be a more important factor than would be imagined,
and the amount of oxygen abstracted from the perman-
ganate varies considerably at different temperatures.

Tipy's MODIFICATION OF THE FoORCHAMMER PROCESS.

Reagents required :—

1. A standard solution of the permanganate of potas-
sium 10 c.c. of which contain 1 milligramme of available
oxygen.

2. A solution of potassium iodide.

3. Dilute sulphuric acid.

4. A solution of sodium hyposulphite.

5. A solution of starch.

Apparatus required:—

1. Two glass stoppered bottles of about 400 c.c.
capacity each.

2. A large glass beaker.

3. Two burettes graduated in cubic centimetre and
tenths of cubic centimetres.

The process:—

1. Pour 250 c.c. of the water into a thin glass stop-
pered bottle, and then place this inside a large stout
beaker containing so much water that it rises up the
sides of the bottle to well above the level of the con-
tents. A water-bath is thus improvised.

2. Apply heat until the 250 c.c. of water in the bottle
(when tested with a thermometer) have reached a tem-
perature of 80° F., and then regulate the calibre of the
flame and remove it away from the centre of the under
surface of the beaker until the heat applied is just
sufficient to retain the water under examination con-
stantly at 80° F.;—this being a temperature which facili-
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tates the parting of the oxygen from the permanganate
of potassium and its absorption by the organic matter
present.

3. Add to the 250 c.c. of water, first 10 c.c. of the
dilute sulphuric acid, and then 10 c.c. of the standard
solution of permanganate. The sulphuric acid liberates
the oxygen from the permanganate in the following
manner :—
2K,Mn,05 + 6H,SO0,=4MnSO, 4 2K,S0,+6H,0+ 50,

4. After two hours, (or after 1 or 4 hours as the case
may be), take the bottle from the bath, and proceed to
estimate the amount of undecomposed permanganate it
contains in the following manner :—

5. Add a drop or two of the solution of the iodide of
potassium, stirring well with a clean glass rod, until the
pink colour is entirely removed and.a yellow one (due
to free iodine) replaces it ; ¢.e., the undecomposed per-
manganate immediately reacts upon the iodide, with the
result that an amount of free iodide is liberated propor-
tionate to the amount of undecomposed permanganate :—
K,Mn,O, + 10KI + 8H,S0, = 2MnSO, + 6K,SO, + 8H,0 + 5I,

The next step is to estimate the amount of this free
jodide, and it is done in the following manner :—

6. Add by a graduated burette the standard solution
of sodium hyposulphite until the yellow colour has
nearly disappeared, i.c., little free iodine remains; and
then, so as to estimate precisely when it finally disap-
pears, create the blue colour of the iodide of starch
by adding a drop or two of the starch solution; then
resume the addition of the standard solution of sodium
hyposulphite until this blue colour has just disappeared.
The reaction of the hyposulphite solution upon the free
iodine is according to the following equation :—

2Na,S,0, + I,=2Nal + Na,5,04
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7. If this process of titration has been properly per-
formed, and if the necessary amount of hyposulphite
solution has not been exceeded, a drop of the perman-
ganate solution will suffice to restore the blue colour.

8. The solution of hyposulphite is extremely liable to
change, and it is therefore advisable to standardize it
upon each occasion of trial by a control test as fol-
lows :—

250 c.c. of doubly distilled water are treated in pre-
cisely the same manner, and for the same time, as the
water under examination, and the 10 c.c. of standard
solution of permanganate should not of course be in any
way affected in this case; so that when we come to
titrate with the hyposulphite solution, the quantity of
this necessary for the titration will be the amount which
is equivalent to 10 c.c. of the standard solution of per-
manganate (7.¢., 1 milligramme of oxygen will be con-
sumed). The difference, therefore, between the amount
of hyposulphite solution required for the titration of
10 c.c. of potassium permanganate in this pure distilled
water, and that required for the 10 c.c. which has been
partially decomposed by oxidisable organic matter in
impure water, will represent the amount of oxygen con-
sumed by such oxidisable matter.

Example.—The distilled water + 10 c.c. of perman-
ganate used up 40 c.c. of the hyposulphite solution.

.. 40 c.c. of the hyposulphite solution may be con-
sidered as equivalent to 10 c.c. of permanganate, or 1
malligramme of oxygen.

The sample water 4 10 c.c. of permanganate used up
only 30 c.c. of the hyposulphite solution, and therefore
an amount of oxygen equivalent to 40—30 = 10 c.c. of
hyposulphite solution has been taken up by the organic
matter. But if 40 c.c. of hyposulphite solution is equi-
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valent to 1 milligramme of O,, then 10 c.c. = 0°25 milli-
gramme of O,.

. 025 milligramme of O, is taken up by 250 c.c. of
water (250,000 milligrammes) = 1'0 part per million,
or the organic matter in a hundved million parts of water
required 100 parts of oxygen to oxidise

Notes upon the process—The amount of permanganate
added during the heating must in every case be suffi-
cient to create a pink which remains distinctly perma-
nent at the end of the heating,—in the case, therefore, of
making the four hours’ test, it is often necessary to
make further additions of the permanganate solution—
when careful note must of course be made of the total
quantity which has been employed.

At the end of the process, i.¢., after titration, the blue
colour returns when the fluid has been exposed a few
minutes to the air.

Four hours is quite short enough for the test to be
of much value—since it is highly probable that it 1s
mainly the putrescent organic matter which is chiefly oxi-
dised ir the first hour.

The desirability of conducting the test in a stoppered
bottle, rather than in an open beaker in which the water
is exposed to the air, was pointed out by Dr. Dupré and
the Society of Analysts.

Conclusions to be drawn from the amount estimated.—In a
very pure water the oxygen thus absorbed does not
exceed about 5o parts per hundred million after four
hours, or about 40 parts in two hours; but a water
cannot be classed as suspicious unless it absorbs more
than about 200 parts in four hours, or 160 in two, and
even in these cases no definite conclusion can be come
to unless the the main nature of the organic pollution is
roughly known, since a peaty water could not be judged
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as harmful which required as much as 6oo parts of
| oxygen to oxidise its organic matter in four hours, or
| about 450 in two hours; this is due to the fact that
vegetable matter absorbs a great deal of oxygen from
the permanganate,—much more so than an equiva-
lent amount of animal matter,—and waters may con-
tain a considerable quantity of the former (as peat) and
not be generally productive of ill-health. If then the
oxygen absorbed is due to this vegetable matter, there
| 1s not much ground for alarm. Unfortunately another
weak point in the test thus discloses itself, for besides
furnishing no indication of the nature of the organic
matter present, the permanganate appears to give its
readiest response to the least harmful of the two forms
of organic pollution.

From a hygienic standpoint then, there can be no
gainsaying that for many reasons the test, though use-
ful, is not one ever likely to find a prominent place in
water analyses; and it is to be hoped that as our
knowledge of the constitution of the different forms
of organic matter increases, subsequent researches will
discover a more accurate and useful method wkich
shall estimate the oxidisable organic matter which is
dangerous.

Norte.—The standard solution of permanganate of
potassium is made by dissolving 0'395 gramme of the
pure salt in a litre of distilled water. The solution of
potassium iodide by dissolving 1 part of the pure salt
in 10 of distilled water.

The dilute sulphuric acid, by adding 1 part of pure
acid to 3 of distilled water, and a solution of the per-
manganate of potassium is dropped in until a very slight
pink tint is discernible after four hours at a temperature
of 80° F.

F
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The sodium hyposulphite solution, by dissolving 1
gramme of the crystallised salt in a litre of water.

The solution of starch, by adding 1 gramme to 500 c.C.
of cold distilled water and briskly boiling this for five
minutes, and then allowing to stand and settle, when the
almost clear supernatant liquid is decanted off.

d m
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CHAPTER VIII.
Dr. E. FraNnkLAND's Process.

A sHORT abstract only of this truly ingenious process is
here appended since it is too difficult and complex for
any but trained chemists to perform, and it is generally
thought that Wanklyn’s method attains to as true an
estimate of the organic matter at the cost of far less
trouble. A correct appreciation of the process is neces-
sary, however, for the Public Health student, since the
chemists of the London Water Companies and the
Official London Water Analyst on behalf of the Local
Government Board (Dr. Frankland himself) adopt the
process, and send in their returns accordingly; more-
over, the analyses of the important Rivers Pollution
Commissioners were thus performed. The chief reason,

therefore, for introducing it here and offering a short

abstract of the clever and elaborate process, is to
enable the reader of such reports to understand the
significance of the terms employed to express results.

The process for reasons already seen is less a favourite
among Health Officers than with even the generality of
analytical chemists, and it may be interesting and in-
structive to review the reasons of its unpopularity, to-
gether with the chemical objections which have been
raised against its accuracy.

The reader will remember that it was pointed out
on a previous page that the rationale of the method is
as follows :—When water is evaporated to dryness and

F 2
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the residue is burnt with the oxide of copper, the nitro-
gen and the carbonic acid which are associated with the
organic matter are readily eliminated, and can then
be collected and measured as ‘‘organic nitrogen " and
¢ organic carbon” (in carbonic acid). It is evident,
however, that in every case it is necessary to consider
and dispose of the nitrogen and carbon which may be
originally present in the water in the form of ammonia
and oxidised ammonia (as to the nitrogen), and in car-
bonates (as to the carbon).

The chief objections raised against the process are :—

(a) Its cost. The expense of the mercury and appar-
atus is great: (a description of the latter would entail
many pages of print).

(b) Its difficulty of performance except in the hands
of trained and skilful chemists.

(¢) The process is tedious and requires at least two
days for completion. In the face of these obvious draw-
backs it is maintained—and justly so—that results are
certainly no more precise and trustworthy than those
obtained by Wanklyn's method ; and as regards the
opinion which these results enable one to form upon the
water, they closely coincide with those formed when the
same water is analysed by Wanklyn’s method.

(d) It is impossible to prevent some contamination
from organic dust or atmospheric ammonia. This 1s
probably a trivial objection since the evaporation is
conducted under a tall glass shade.

(¢) The fact that a large bulk of water has to be
evaporated to dryness must insure sonme amount of
breaking up and dissipation of the less stable organic
matter ;: and nitric acid also remains as a further source
of fallacy, especially when nitrates are abundant. In
some cases it has been found that such losses may
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approximate in their proportion to the total amount of
organic matter which is estimated by the process.

(f) Inferences are drawn from the ratio which ¢ or-
ganic nitrogen’ bears to ‘‘organic carbon,” and the
amount of ** organic nitrogen ' is less reliably estimated
than that of the latter. Dr. Dupré points out that sea-
water shows a ratio between the two worse even than is
found in pure sewage.

(¢) The dangers of errors in working, and delays some-
times occasioned by the fracture of combustion tubes, are

greater than that in any process employed in a water
analysis.

Tue PROCESS.

I. A litre of water is measured out and to this 20 c.c.
of a saturated solution of sulphurous acid is added, in
order that during subsequent heating the nitrogen in
nitrates and nitrites shall be eliminated as nitric oxide,
and the carbonic acid in the carbonates present shall
likewise be disposed of ;—otherwise results would of
course be wvalueless, since the object is to collect and
estimate the nitrogen and carbon of orgamic matters
alone.,

II. Evaporate this to dryness, then intimately mix
the residue, by means of a clean flexible spatula, with
pure oxide of copper in a finely powdered state, and
heat in vacuo in a combustion tube for about an hour ;—
i.¢., until exhaustion is complete, and the gases evolved
(t.e., sulphurous acid, nitric oxide, nitrogen, carbonic
acid and oxide, and if nitric oxide be absent—as in some
cases—oxygen) have all passed over and been collected
over the mercurial trough; after which they are mea-
sured volumetrically.
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I1I. It becomes necessary to remove the sulphurous
acid and also any carbonic oxide or oxygen when present.
The first named is absorbed by a concentrated solution
of potassium bichiomate, the oxygen by a cold saturated
solution of the pyrogallate of potassium, and carbonic
oxide by a solution of the chloride of copper.

V. The remaining gases will then consist of the
whole of the * organic carbon” as carbonic acid, and
the ¢ organic nitrogen” as nitrogen.

V. The carbonic acid is then absorbed by a strong
solution of caustic potash, and the residue is measured
volumetrically as nitrogen. The mitrogen originally
present in the water in the form of ammonia (and
which has been previously estimated) is deducted, and
the result is then expressed as ¢ organic nitrogen.”
The * organic carbon” is represented by the loss in
volume of the combined gases after treatment with the
strong liquor potassz.

By this process the purity of water is judged from a
consideration of the actual amounts of organic carbon and
organic nitrogen present, and their relative proportions to
each other ;—and both a low quantity of each and a small
relative amount of organic nitrogen is favourable to the
water. Much carbon and little nitrogen is indicative
of vegetable pollution, whereas, on the other hand, the
nearer the amount of nitrogen approximates to that of
carbon the greater is the indication of the pollution
being of an animal origin.

The Rivers Pollution Commissioners held that “a
good drinking water should not yield more than o-2 part
of organic carbon or 002 of organic nitrogen in 100,000
parts;” and it seems quite justifiable to condemn a water

containing as much as 06 part of the former and o-o4
part of the latter.
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Dr. Frankland in his Reports classifies ¢ the total
combined nitrogen ” in his return of the water ingredi-
ents ; the term includes the quantities of organic ni-
trogen, the nitrogen in ‘ free and saline ammonia,” and
the oxidised nitrogen of nitrates and nitrites. The
utility of this collective estimation is not very apparent
for we are already made acquainted with the respec-
tive quantities of nitrogen under each heading, and
these vary considerably in their respective significance.
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CHAPTER IX.
OxipiseD NITROGEN IN NITRATES AND NITRITES.

NiTraTEs and nitrites in a water represent, in most
instances, the oxidised nitrogen derived from nitrogen-
ous organic matter, and hence denote danger. Organic
matter by its putrefaction and decomposition becomes
ultimately reduced to its absolute elements, of which ni-
trogen is one, and this nitrogen combining with hydro-
gen first forms ammonia; hence when ‘free or saline
ammonia ”’ is found in large quantities in a water 1t
affords evidence of the actual presence of a polluting
organic source, such as raw sewage. As the water con-
tinues on its course and percolates porous strata the
ammonia acquires oxygen from the water, the air, or by
the action of the so-called ¢ nitrifying organisms” in
the soil, and thus becomes partially oxidised to nitrous
acid (HNO,), which by combining with bases (commonly
of calcium, sodium, and potassium) forms nitrites ; the
presence of these therefore indicates organic pollution,
which, if not actually present, must have been very
recently so. The same causes continuing to act the
nitrous acid combines with more oxygen, and becomes
nitric acid (HNO,), and nifrates of these same bases are
formed until ultimately none of the original mitrites
may have escaped this further oxidation. The oxidis-
ing process cannot proceed beyond the formation of ni-
trates, and their presence thus indicates that owing
either to the extent of dilution, or the distance travelled,
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or other favourable conditions met with, some, it may
be all, of the organic matter has been thoroughly oxi-
dised into innocuous nitrates.

If ¢the two ammonias’ are very small in amount
then the whole of the organic matter may be considered
as thus purified; when this is not the case, however,
purification has only been partially effected. When, as
in some rare cases, the water in its subsequent flow
meets with reducing agents in the strata (either inor-
ganic or organic), the nitrates which have been built up
may become gradually deoxidised, and by successive
retrograde steps become reduced to the original am-
monia again.

¢ Their determination (nitrates and nitrites) is there-
fore a point of the greatest importance, for they indicate
either a pollution of the water at some remote period
with possibly dangerous ingredients, or the contamina-
tion of the water at the present time with partially or
completely purified sewage. At any time, however, the
purifying power of the filtering earth may be exceeded
or overcome, and then the liquid filth may pass into the
well with its dangerous ingredients unchanged and
unpurified.” (Louis C. Parkes, ‘ Hygiene,” Second
Edition).

It is necessary, however, in all cases where nitrates
exist in small amounts, before actually convicting the
water to preclude the possibility of their access from
the strata permeated, since waters,—as from the
chalk, the oolite, the red sandstone and the Lias,—
may contain marked traces (i.¢c., 7 parts per 100,000).

With regard then to the inferences to be drawn from
the presence of nitrates, we are in a similar posi-
tion to that which the estimation of chlorine places us
in,—with the exception that chlorine may exist much
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more frequently and in much larger quantities in a pure
water than nitrates can ever do.

When then the nitrates have not been derived from
organic matter (which will be animal for the most part,
and if vegetable will be mainly derived from the dan-
gerous fungi), the water will have permeated the chalk
and red sandstone formations, &c.; there will therefore
be considerable hardness and mineral residue (among
which will be much carbonate), and the direct evidence
of organic matter will also be of a negative character—
such as little * saline” and ‘ organic ammonia,” &c.

A knowledge of these facts will at once enable a true
estimate of the importance of traces of nitrates to be
made. The presence therefore of the slightest traces will
always arouse suspicion,and demand an investigation into
their source; and more especially is this the case with
nitrites.  Nitrites have of course a tendency to rapidly
become nitrates in water, so that whereas a water may
contain the latter without any evidence of the former,
nitrates will always be found accompanying nitrites.

Nitrates and nitrites exist in very small quantities in
most waters vitiated by vegetable matter, and chiefly
because vegetable decomposition yields comparatively
little nitrogen and plant life removes nitrates and
nitrites from a water.

Nitrites in a river water which courses through arable
districts, are sometimes excessive, from the nitrites of
sodium and potassium now extensively used for arti-
ficially manuring the land.

Dr. Frankland has classified all the inorganic nitrogen
present in a water, 7.6., that contained in nitrates, ni-
trites, and ‘“free or saline ammonia "—after deducting
‘“‘the average amount of nitrogen present in rain water ”
—as evidence of ¢ previous sewage contamination,” and
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such may for most practical purposes be accepted as
broadly correct; but it will be seen, from what has
already been said, that a water from the chalk may
discover a fallacy in so peremptory a decision, and that
the rainfall over different districts often shows such vary-
ing amounts of ammonia, that ¢ the average amount of
nitrogen in rain water ” is a very unsatisfactory factor
to deal with.

QuALITATIVE TESTS FOR NITRATES.

It does not appear necessary to mention here any of
the newer and on that account more fashionable tests
for nitrates, since the old brucine test in careful hands
will detect extremely faint traces.

A few drops of a solution of brucine® are well mixed
up with half a test-tubeful of the suspected water;
then with the test-tube held well on the slant against
a white background pure sulphuric acid is poured
gently down its sides, until it forms a distinct layer at
the bottom of the test-tube. When the test-tube 1is
brought to the vertical a pink zone is seen to occupy
the line of junction between the mixture of brucine and
water and the sulphuric acid; the pink is very tran-
sitory, however, and soon changes to a brownish-yellow,
hence the necessity of having previously provided a
white background in order that the colour shall not be
missed.

A more delicate mode still of applying the same test
is to place 2 c.c. of the water in a perfectly clean
platinum dish and evaporate to dryness. Then a drop

* Brucine is allied to strychnine, and the solution should be a
saturated one,
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of pure sulphuric acid is allowed to fall into the dish,
and a minute crystal of brucine is added. A pink
colour will appear with extremely faint traces (z.e., 0’01
parts per 100,000).

QuavritaTivE TEsTS FOR NITRITES.

The old starch test for nitrites is sufficiently reliable
and delicate, when carefully performed, for most pur-
poses. It consists in the addition of a little clear starch
solution and a drop of a solution of potassium 1odide to
some of the water in a test-tube. Dilute sulphuric acid
is then added, and in the presence of nitrites a dark blue
tint appears #mmediately,* i.e., nitrous acid is liberated
by the sulphuric acid, it then reduces the potassium
iodide, leaving the iodine free to combine with the starch
and to form the blue iodide.

A more reliable and delicate test, however, is that of
Griess :—5 grammes of meta-phenylene-diamine are dis-
solved in 100 c.c. of water (the solution when not per-
fectly colourless must be decolourised, ¢.e., by animal
charcoal); the water is afterwards slightly acidified with
dilute sulphuric acid. If 1 c.c. of this be added to 50
c.c. of the suspected water in a Nessler glass placed
upon a white porcelain slab, a pale orange to a red tint
according as the nitrites are present in smaller or larger
amounts, 1s slowly created.

The solution of meta-phenylene-diamine must not be
acidified too strongly, and in every case after applying
the test time must be allowed for the reaction to take

* Frequently nitrates will give a similar reaction after standing
-a while, due to the reduction of some of the nitric acid to nitrous
acid; so that an instant reaction is a necessity to this test.

i, -l
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place. In cold weather the water should be slightly
warmed, and in cases of very faint traces indeed the
colour does not develope in less than half an hour, and
this fact must be allowed for in the process of titration
or difficulty and error will result.

The reader is aware of the importance of learning
whether nitrites, apart from nitrates, exist in a drinking
water, and unfortunately the matter is not an easy one
since they respond similarly to most tests and they
frequently co-exist in a water. The most reliable and
simple mode of detecting a nitrite in the presence of a
nitrate is the following :—Add a little of the solution of
potassium iodide and starch, a small quantity of pow-
dered metallic zinc, and then render acid with acetic
acid. If nitrites are present a blue colour appears—of
the iodide of starch—but not so with nitrates alone,
even after waiting a little.

THE QUANTITATIVE EsTiMATION OF NITRITES.

There is nothing to be gained from the trouble and
work entailed in this estimation since the mere pre-
sence of nitrites is sufficient to condemn the water.

The estimation is commonly based upon Griess’ test,
and the degree of colour thus created is matched by
adding a standard solution of potassium nitrite (1 c.c.
— o'or milligramme of NO,) to a similar quantity of
distilled water which has been otherwise treated in
like manner to the suspected water, in another Nessler
glass.

Example.—It took, say, 8 c.c. of the standard nitrite
solution to create in the comparison Nessler glass the
same tint of colour which the nitrous acid present in



78 - LABORATORY WORK.

the water sample creates, and therefore the amount of
NO, in the sample of water is equivalent to that con-
tained in 8 c.c. of the standard solution.

But 1 c.c. of this = o'o1 milligramme of NO,.

Therefore 8 c.c. = 008 milligramme of NO,.

Therefore there are 008 milligramme of NO, in 30
c.c. (or 50,000 milligrammes) of water, or o'16 milli-
gramme of NO, in 100,000 milligrammes.

The atomic weight of nitrogen is 14, and that of oxy-
gen is 16. Therefore the combined atomic weight of
NO, = 46. Therefore 14 (s.c., 0°16) of the amount of
NO, will represent ‘ the nitrogen in nitrites” — 0°048
parts per 100,000 ; and this is' the form in which results
are generally returned.

Nore.—The standard solution of potassium nitrite
is made of the required strength by dissolving o-406
gramme of pure silver nitrite in hot water, and decom-
posing it with a slight excess of potassium chloride.
This 1s allowed to cool and the solution is then made
up to one litre; allow the chloride of silver to settle,
and dilute each 100 c.c. of the clear supernatant liquid
again to one litre; one c.c. of this liquid contains o'o1
milligramme of potassium nitrite.

THE QUANTITATIVE EsTiMATION OF NITRATES AND
NITRITES.

The most convenient method—while at the same time
it appears to be as reliable as any of the other numerous
processes to the same end—is that known as the copper-
zine process, by which all the oxidised nitrogen in nitrates
and nitrites 1s converted into ammonia in the presence
of a wet copper-zinc couple. The amount of the am-
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monia thus obtained can be readily estimated as in
Wanklyn’s method, and taken as an index of the nitric
and nitrous acid from which it was originally derived.

Apparatus required.—1. A small wide mouthed
glass stoppered bottle.

2. A boiling flask.

3. A condensing apparatus.

4. Nessler glasses.

Reagents required.—i1. Clean thin zinc foil.

2. A concentrated solution of cupric sulphate, about
3 per cent.

3. Occasionally some pure sodium chloride and
oxalic acid.

4. The reagents for Griess’ test for nitrites.

5. The Nessler reagent, and standard chloride of
ammonium solution.

THE PROCESS.

1. A wet copper-zinc couple is prepared by taking a
piece of thin well crumpled zinc foil—clean and bright—
measuring about 3 inches by 2 (of about three grammes
weight), and covering this with a concentrated solution
of copper sulphate (about 3 per cent.).

Very quickly the bright surface of the zinc loses its
metallic appearance and becomes tarnished with a
black adherent coating of metallic copper, which en-
velopes the foil. As soon as this has thoroughly formed,
and generally from 3 to 6 minutes will suffice, the zinc
with its copper coat is removed, or the coating becomes
pulverulent and falls away. It is then well washed
with distilled water, and next with some of the sample
under analysis. Finally it is placed in a thoroughly
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clean 8-ounce glass stoppered bottle, armed with a wide
mouth in order that it may take the metal.

2. 100 c.c. (or 250 c.c.) of the water under analysis
are poured in so as to cover the « couple,” and the
bottle is stoppered and left all night in a warm place
(65° to 85° F.).

With very soft water a trace of sodium chloride should
be added, and with very hard ones a small quantity of
pure oxalic acid to precipitate the lime. DBoth these
additions where they are required will accelerate the
reaction, as will also the warming of the water to about
roor E.

3. On the following morning the water is decanted
into a boiling flask, and 400 c.c. of ammonia free dis-
tilled water are added. At this stage a little of the
water should be tested for nitrous acid by Griess’ test;—
the absence of this acid proves the completion of the
process, and its presence demands that the reaction
should be given more time to complete itself in.

4. The water is then distilled until all the ammonia
present has come over. This is then Nesslerized as in
Wanklyn’s method, and the nitrogen present is calculated
from the ammonia formed thus :—

The atomic weight of ammonia = N(14)H,(3)= 17,
therefore N — 14 of the ammonia estimated.

Of course the amount of free ammonia originally
present in the water, and which has already been
estimated by Wanklyn's method, must be deducted
from the total ammonia estimated by this process.

Example—The 500 c.c. furnish o025 milligrammes of
ammonia, all of which must have been yielded by the
100 c.c. of sample.

There is therefore o025 milligramme of ammonia in
100 c.c. of sample water (or 100,000 milligrammes).




—

NITRATES AND NITRITES. 81

But by Wanklyn’s method the water showed eight
parts per hundred million of ‘free ammonia" or 0'008
parts per 100,000.

Deducting this amount therefore (025 — 0008 =
0'242) there are 0’242 parts of ammonia due to nitrates
and nitrites in 100,000 parts of the water sample.

The results are now almost invariably expressed in
terms of “witrogen as mitrates and nitrites,” and nitrogen
has been seen to form 1% of ammonia, therefore there
are 14 of o-242=0'199 of “nitrogen as nitrates and nitrites"
in 100,000 parts of water.

If it should be desired to estimate the nitrogen of the
mitrates alone, the nitrogen yielded by witrites must be
deducted. This is rarely, if ever, done now for any
practical purpose; but the matter is a simple one. The
water has been found by Griess’ method to contain
nitrogen as nitrous acid to the extent of 0:048 parts per
100,000.

The amount of nitrogen therefore which must be
deducted on account of that furnished by nitrites —
0'048, and 0'1g9—0'048 —0°151, .., the amount fur-
nished by nitrates alone in 100,000 parts.

NoOTES UPON THE PROCESS.

It is a question whether the presence of organic
matter does not destroy the accuracy of the results, as
pointed out by Frithling. If, however, such is the case
to any material degree, and it does not appear to be so,
the water could first be distilled with alkaline perman-
ganate of potassium.

It seems better that the conversion of nitric and
nitrous acids into ammonia should be allowed to take

G
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place without the addition of any marked degree of
heat, else some ammonia appears to be lost, probably
owing to the escape of nitrogen as such.

If the ammonia is in large quantities and its colour
cannot on this account be matched by the chloride of
2mmonium solution, it can best be estimated by dilution
of the distillate with distilled ammonia free water, as
previously recommended (vide ¢ Wanklyn’s Method ™).

Conclusions to be dvawn from the amount estimated.—The
faintest trace of nitrites will always arouse the greatest
suspicion, and when the nitrogen in nitrates and
nitrites "’ exceeds o'1 part per 100,000, suspicion is like-
wise justified in those cases where the strata may be
excluded as the source from which the water derives
such salts.
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CHAPTER X,
CHLORINE,

CHLORINE exists in water chiefly as chlorides of sodium
and calcium, and only occasionally as magnesium
chloride.

Chlorine is present in all waters to a small extent,
even 1in rain water, since all atmospheres contain
sodium chloride in suspension. It is only when its
presence is marked that suspicion is aroused as to jts
origin.

The presence of an excess of chlorides in water 1s due

. to either one of the following causes ;—

(@) A mixture with sea water, as in tidal rivers.

(6) Open reservoirs and other expanses of fresh water
near the coast, also show excess—due to the fact
that the atmosphere contains larger amounts of
sodium chloride than is usual elsewhere, and
this in part gets deposited upon the surface of
such waters and is at once dissolved.

(¢) Deep wells by the sea coast, or those in which
the water has previously percolated strata into
the composition of which saline constituents
enter, t.e., greensand, sandstone, the Iondon
clay, and to a less extent the chalk*—yield
water rich in chlorides. In the districts of salt
deposits the water may contain very large quan-
tities of chlorides.

* Such waters may contain twenty parts per 100,000 of chlorine,

G 2
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(d) Pollution by animal organic matter, chiefly
urine :—in which case sulphates will also be
in excess.

The presence of chlorine in excess is thus seen—after
excluding any possibilities the water may have run in
acquiring its chlorine from sources (a) (b) and (¢)—to
indicate organic contamination, and that of an animal
nature, since vegetable pollution per s¢ creates no excess
in this respect; hence in these cases the estimation
affords a most important means of determining as to
whether a vitiated water is polluted by animal or by vege-
table matter. It follows, then, that although the presence
of but little chlorine is pretty conclusive evidence of the
water’s purity as regards animal pollution, it could not
under ordinary circumstances be used as a rapid means
of gauging the general purity of a water, since such
may be injuriously contaminated with vegetable matter,
or even with organic effluvia, and give no evidence of
these in any excess of chlorine. When, however, the
amount of chlorine which the purest waters in the
district contain is known, a water may be quickly
judged—as regards animal pollution—by testing for
chlorides alone, and noting if there is an increase of
these.

It remains now to be seen, apart from any other 1n-
formation which has been furnished or which is avail-
able, what chemical means there are of excluding causes
(a) (b) and (c), as creating excess of chlorine. Welll
we are so generally dependent upon water which has
come in contact somewhere in its course with the
chalk formation, in England, that the difficulty which
will probably most often arise is to decide as to whether
excess of chlorine is not due to the fact that the stratd
from which the water has been collected, or over which

- A
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it has coursed, contains soluble chlorides; rather than to
the presence of animal pollution. The matter fortu-
nately becomes an easy one to decide upon when it is
borne in mind that if the excess be derived from the
strata the total solids will be figh and entively of a
mineval nature, and there will be no evidence of organic
pollution furnished by those other stages of the analysis
which aim at detecting such pollution : except it be in
the fully oxidised nitrogen (““nitrates”),—for strata con-
taining soluble chlorides generally contain soluble ni-
trates also, in less degree.

If, on the other hand, the excess be due to animal
pollution (it cannot be to vegetable !), the total solid
residue, though it may be high, will contain much
organic matter, and there will be further evidence of
the nature of the contamination all along the line of
those steps of the analysis which serve to indicate such
pollution.

If a large amount of chlorine be due to admixture
with sea water there will also be present large quanti-
ties of magnesium salts, which fact enables a decision
atonce to be made upon this score. A specimen of

Sea water collected by the late Dr. Tidy during high
water at Margate gave :—

Chlorine 1239

Lime 245 | parts per 100,000.
Magnesia 144

QuariTaTIVE TEST,

The presence of chlorides may be best detected by
the addition of a few drops each of a solution of silver
nitrate and dilute nitric acid to the water in a test-tube,
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when a white haze, turbidity, or precipitate of argentic
chloride will appear, according to the amount of chlorine

present.

QUANTITATIVE TEST.

Apparatus required.—This is of the simplest
nature :—

1. A burette graduated in tenths of cubic centimetres,
fixed upon a stand, and fitted with a stopcock.

2. A white porcelain basin capable of holding a little
over 100 c.c. of water.

3. A glass stirring rod.

4. A measuring flask for 100 c.c. of water.
Chemical reagents :—

1. A solution of the yellow chromate of potassium,
which, since it is to be added to the water, must ob-
viously be free from chlorine.

2. A standard solution of silver nitrate, made to the
strength that 1 c.c. is capable of precipitating 1 milli-
gramme of chlorine.

TuE PRocESsS.

1. Measure out 100 c.c. of the water and place it in
the white porcelain dish.

2. Add afew drops of the solution of yellow chromate
of potassium until a faint—though distinct—yellow colour
is created in the water. The object in creating this
colour is to make it serve as an ‘‘indicator,” which
shall denote at once the stage when all the chlorine has
been precipitated.

3. Some of the standard solution of nitrate of silver 1s

o Sl il
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taken up in the burette and then added drop by drop
to the water, when a dull red precipitate is at once
formed of the red silver chromate ; this when stirred up
in the water by means of the glass rod at once dis-
appears, owing to the chlorine in the water displacing
the chromic acid and itself combining with the silver,
to form a white precipitate of the chloride of silver. As
the addition of the standard solution is continued, the
water, though it retains the yellow colour, becomes
very turbid, owing to the accumulation of this precipi-
tate of silver chloride ; and at length a point is reached,
at which, there being no longer any chlorine left which
is not already combined with the silver, the chromic
acid holds undisputed possession of this metal, and the
red silver chromate remains permanently present;—the
first evidence of this is afforded by the yellow colour
changing into an orange. After further addition of the
silver salt the whole solution becomes a dull red.

The motive for originally adding the * indicator,” i.e.,
the yellow chromate of potassium, becomes very evident
by this stage, since there would otherwise be no means of
knowing when just the required amount of silver nitrate
had been added ; for it would be impossible to judge of
the exact stage when the maximum amount of white
precipitate of silver chloride had been created.

4. The first evidence of any red colour remaining
permanent, so as to create with the original yellow an
orange colour, should be the clue for withholding any
turther addition of the silver nitrate—or the amount
of chlorine, estimated as it is from the amount of the
solution of the silver salt used, will be over-estimated.

5. It is then seen by the burette how much silver
nitrate solution has been added, and each c.c. of this
will represent 1 milligramme of chlorine.
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Example—5 c.c. of the standard solution of silver
nitrate were required to exhaust the chlorine in 100 c.C.
of water.

But 1 c.c. of the solution

2 BHIC S iy i 5 s "
-. there are 5 milligrammes of chlorine in 100 c.c. of

1 milligramme of chlorine

I

water.

But 100 c.c. of water — 100 grammes = (100,000
milligrammes).

.. there are 5 milligrammes of chlorine in 100,000
milligrammes of water, or 5 parés pev 100,000.

If 70 c.c. of the water had been originally taken, the
estimation would be made as follows :—

3'5 c.c. of the standard solution of silver nitrate were
used by the chlorine in 70 c.c. of water.

But 1 c.c. of this solution = 1 milligramme of chlorine

s 35 C.C. o — 3°§ P 1
.. there are 3-5 milligrammes of chlorine in 70 c.c. of
water.

But 70 c.c. is ‘“a miniature gallon” in which the
grains of the imperial measure are represented by milh-
grammes.

.. There are 3'5 grains of chlorine to the gallon,

"5 X 10
or 332 % 5 parts per 100,000.

Conclusions to be dvawn from the amount estimated. —It 18
not necessary, since it is invariably present in the purest
waters, (rain water for instance commonly containing as
much as o'5 parts per 100,000), to grow suspicious of
the presence of chlorine until it reaches the proportion
of 3 parts per 100,000; above which it becomes desira-
ble to ascertain its source. It must always be borne
in mind, however, that its presence in excess can only
be attributed to animal organic pollution after the




CHLORINE. 89

likelihood of certain other sources having furnished it
have been excluded. Deep well waters in saliferous
strata may yield as much as 15 parts per 100,000 1n
cases where the water is absolutely free from animal
pollution.

NoTeEs urpoN THE PROCESS.

It is highly important that neither the water nor the
standard solution of silver nitrate should be acid, or
the results are incorrect—since the red silver chromate,
being soluble in an acid medium, is dissolved, and does
not remain to create the orange colour at the precise
stage when all the chlorine has been exhausted. In these
cases a grain or two of pure anhydrous sodium carbon-
ate should be added to effect neutrality, or even faint
alkalinity.

The chlorine is sometimes —in order that its amount
shall be more readily appreciated by the laity—ex-
pressed in the terms of the common salt it is equivalent
to. This is readily calculated by a comparison which
the atomic weight of chlorine bears to the combined
atomic weights of NaCl (common salt).

The atomic weight of chlorine is 35'5, and that of
sodium is 23 ... NaCl = (35'5 + 23) == 585

. Cl =353 of NaCl.
585

Now the chlorine in the example taken amounted to

5 parts per 100,000 ; let ¥ = the amount of NaCl this is

equivalent to; then 5= 35°5 ¥

58°5

o o i P
355

‘. there are 8-2 parts of NaCl per 100,000.

QL X=
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The effluents from sewage farms generally show such
a small amount of chlorine that it frequently does not
much exceed the limit necessary to arouse suspicion in
a drinking water.

In using an unmounted graduated burette it 1s
always as well to fill it with the solution being used
up to the highest mark upon it, i.e., in this case exactly
up to the 10 c.c. mark—so that the height to which the
solution originally stood, before any of it was removed,
shall in every case be the same; otherwise, by the end
of the process, the exact level to which the burette was
charged may have been forgotten (that is if trouble has
not been taken to note it down upon paper), and in con-
sequence a repetition of the whole test becomes neces-
sary at the sacrifice of time and material. When the
delivery from the burette is controlled by the hand, it
should be held vertically with the index finger guarding
the upper extremity, and it is only after a little practice
that the amount escaping from the lower extremity can
be nicely controlled. When it is desired to regulate
the escape in drops, the pressure of the index finger
(which must be perfectly dry) upon the top of the
burette, is only gently relaxed,—that is to say, almost
imperceptibly lessened; otherwise the contents will
escape too rapidly.

SOLUTION FOR THE EsTiMATION OF CHLORINE.

In order that the standard solution of silver nitrate
shall be of the strength that 1 c.c. will precipitate 1
milligramme of chlorine, it is necessary to add to 1 litre
of distilled water 4-788 grammes of pure silver nitrate.
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CHAPTER XI.

THE PoisoNnous METALS.

THose metals which may in this connection be classed
as ‘ poisonous,” and for which it is commonly neces-
sary to test a water, are lead, iron, copper and zinc.

Water, under favourable circumstances, will be found
most generally to take up these metals either from the
pipes through which it has been made to flow, from
the receptacles in which it has been stored, or from the
materials used in making or repairing the joints of such
pipes or cisterns; but in addition, such metals may gain
access from trade-processes carried on by river sides,
or from metalliferous mines within the district.

Lead is taken up from pipes and cisterns made of
this material, and the action of the water upon this
metal is primarily an oxidising one—highly oxygenated
waters are therefore the most active; such action is
greatly aided by the presence of nitrates, nitrites and
chlorides, and is favoured by either neutrality or slight
alkalinity of the water—(acidity, however, is even more
important, since it aids the power of the water to carry
the lead in solution). Since hard waters form a pro-
tecting coat to the pipes, &c., it follows that soft waters
have the greatest plumbo-solvent action.

The circumstances being favourable then, the surface
of the metal is oxidised to plumbic oxide, which latter
is dissolved and carried away by the water as quickly
as it is formed; and in those cases where there is
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excess of carbonic acid present in the water, some
carbonate of lead may be produced and held in solution.

A chalybeate water contains its iron in the form of
carbonate, and this is held in solution by firee carbonic
acid; on exposure to air, however, hydrated ferric
oxide or ¢ rust” is thrown down (4FeCO;+0,+2H,0=
2Fe,0,H,0+ 4CO,),—rust being insoluble in water con-
taining no free carbonic acid. Upland, moorland, and
some other waters, (as those from the green sand and
new red sandstone), generally contain traces of iron,
which are taken up from the soil and strata permeated.

Copper is sometimes given to water by culinary
utensils made of this metal, for a small amount of
copper is dissolved when water which contains common
salt, acid (vinegar, &c.), fatty or oily material, is boiled
in contact with it. It is an occasional and highly con-
demnatory practice by cooks to place a penny into the
saucepan in which vegetables are boiled, in order to
improve their colour, and the writer has recorded an
instance where this practice gave rise to symptoms of
copper poisoning in a household.

Zinec is most generally taken up from the galvanised
iron with which the water has come in contact. It
generally exists in water in the form of bicarbonate,
but is never present except in very small traces. Gal-
vanised iron must not be held to entail much danger in
its use, unless the water contains much free carbonic
acid, since under common conditions the zinc oxide or
basic carbonate form, and protect the subjacent metal
from further action.

Lead and copper being cumulative in their actions,
small and apparently insignificant traces may in time
lead to symptoms of chronic poisoning. The smallest
possible trace, therefore, of these metals should theoreti-
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cally be considered sufficient to render condemnation of
the water justifiable. Iron is not dangerous to the same
extent, and since it gives indication of its presence
when in such amounts as would not make its ingestion
undesirable, by imparting a distinct taste to the water,
its powers for evil on this account are almost nullified—
for people will not, as a rule, drink water possessing
an unpleasant taste.

Zinc never exists but in very small traces, and since
it is not a cumulative poison, the possibility of danger
from this metal is very limited.

Apparatus required :--

1. Two white porcelain dishes.

2. A glass stirring rod.

3. A burette graduated in cubic centimetres and
tenths of cubic centimetres.

Chemical reagents:—

1. A solution of the yellow chromate of potassium.

g » ,, ammonium sulphide.

Te . 5 ., the ferrocyanide of potassium.

4. Liquor ammoniz.

5.% Dilute hydrochloric acid.

6. Copper turnings.

7. A standard solution of lead acetate, 1 c.c. = 1
milligramme of lead.

8. A standard solution of copper sulphate, 1 c.c. =1
milligramme of copper.

9. A standard solution of iron proto-sulphate, 1 c.c.
= 1 milligramme of iron.

* Dilute acid solutions generally indicate about 1 part of strong
acid to g of distilled water.



94 LABORATORY WORK.

THE PROCESS.

1. To about 100 c.c. of the water placed in a white
porcelain dish, apply a little of the ammonium sulphide
solution upon the glass rod. By allowing the rod to
descend gently through the water, and noticing any
change in the latter immediately adjacent to the rod,
faint quantities of poisonous metals will be more readily
detected than by allowing a drop of the reagent to fall
into the water and then stirring. The reason for this
is that the reagent itself imparts colour, and it is there-
fore advisable to add as little of it as possible to com-
mence with ;—otherwise a faint discoloration caused by
a metal may be lost in that created by the reagent.

2. Any evidence of a dark colour appearing in the
water denotes the presence of lead, iron or copper, and
the reagent should be added until the maximuwn amount
of darkening has been produced. If there is any colour
present in the original water, a comparison must be
made—Dbefore and after the application of the reagent—
with a similar quantity placed in another porcelain dish,
before it is decided whether any additional colour has
been created by the ammonium sulphide. Where,
however, the colour originally present is marked (as
by peat, &c), it may well obscure, even with these
* precautions, such a slight presence of lead, iron, or
copper, which would otherwise make itself manifest.
In these cases it would be well, especially where there
1s any cause whatever for suspicion, to evaporate 100
c.c. of the water to dryness, burn off the organic matter
from the solid residue (and with it the colouring matter
will also be destroyed when this is due to peat) and
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then having dissolved the residue, to proceed to test the
solution,

3. Next add a drop or two of dilute hydrochloric
acid; if the colour disappears the metal is iron, or if it
diminishes perceptibly iron is present, whatever else
there may be.

A confirmatory test should then be applied to some
of the original water in a test-tube, i.c., a drop or two
of the acid is added, and then a few drops of the
solution of the ferrocyanide of potassium, i.e., just
sufficient to create the maximum amount of colour.
The dark blue colour thus created by iron salts is called
“ Prussian ' when formed by ferric salts, and a paler
blue (*Everett's salt”) is formed by ferrous salts.
A solution of potassium ferricyanide will give with
ferric salts a reddish-brown colour, and with ferrous
salts a dark blue precipitate (“ Turnbull's blue "), and
hence by using a mixture of ferro- and ferricyanide of
potassium a dark blue would be formed in the presence of
either ferric or ferrous salts, and such may therefore be
employed with advantage.

4. If, after adding the hydrochloric acid, the colour
does not disappear, the metal is either lead or copper.

First test for lead, which is the commoner of the two,
by adding to some of the original water in a test-tube,
a few drops of the yellow chromate of potassium,—when,
if lead be present, an opacity appears in the water (due
to the formation of lead chromate) and the yellow colour
which has been created by the chromate of potassium,
and which has a slight greenish tint in it, is deepened
and changed to more of a canary hue. The reaction is,
however, comparatively slight, and difficult of appre-
ciation ; and faint traces of lead will often be missed by
this test unless a careful comparison is always instituted
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with another test-tube containing a similar amount of
pure water and reagent. Under these conditions so
little as 4% grain to the gallon™ can sometimes be detected,
if the water is either quite clear at the outset, or has
been rendered so by filtration.

The ammonium sulphide reaction is itself an ex-
tremely delicate test for lead, and to the movice will be
found not to present the same difficulties as the chro-
mate of potassium test; but since copper and iron will
furnish the same reaction, their presence must be most
carefully excluded before lead is ascribed as the cause
of the darkening. One-tenth of a grain to the gallon
can always readily be detected by either of these
methods, but where smaller quantities than this exist,
the water must be considerably reduced 1n bulk by
evaporation before the test is applied.

It is important to bear in mind that iron is liable to
be present along with lead, and may contribute to the
darkening created by the ammonium sulphide; the pos-
sibility of this taking place may be, however, excluded
by adding a drop of dilute hydrochloric acid to the
water,—for this has been seen to prevent or remove
any darkening created by an iron salt.

Dr. Garrett has devised by far the most delicate test
for lead. He claims that it will detect 515 grain per
gallon, and the writer's experience closely corroborates
this. The author of the test directs that 3 ounce of
water be placed into a narrow test-tube, and one drop
of dilute hydrochloric acid be added to obliterate iron.
One drachm of strong freshly prepared sulphuretted
hydrogen water, and grain of sulphate of barium
are then added, when the whole is well shaken and set

» The quantities of metals are so universally expressed in terms of
grains per gallon that it is thought best to adopt these terms here.
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aside. The insoluble barium sulphate (used in the form
of powder) collects, and carries down with it the sul-
phide of lead, ¢ the presence and quantity of the lead
being declared by the degree of colour imparted to the
white powder.” This white powder in settling forms
two layers, and it is in the upper one of these that lead
imparts a coloration, varying from ¢ the palest Indian
grey or buff to the darkest brown.”

5. To test for copper, a drop or two of a solution of
the ferrocyanide of potassium should be added to
some of the original water after it has been acidulated
with a drop of dilute hydrochloric acid (since the
reaction does not take place in an alkaline liquid).
If copper be present, a bronze coloration and pre-
cipitate of cupric ferrocyanide appears, which is best
detected by holding the test-tube against a white back-
ground.

A corroborative test consists in adding to some more
of the water, a drop or two of liquor ammonia, when a
faint blue colour is created—which will often be missed
unless it be looked for through the depth of the water

- on to a white background.

6. When no darkness is created in the water, a fresh
amount should be placed in a test-tube, and tested for
zinc, by adding a drop or two of liquor ammonia (and
1o move, since the precipitate formed is soluble in excess).
This white precipitate created in the presence of zinc
(and consisting of zinc sulphide) when once seen will
always be recognised, since it has marked character-
istics, 7.c.—it ig copious, and of a flocculent, curdled,
and gelatinous appearance. A drop or two of dilute
hydrochloric acid will dissolve it up, and on adding
ammonium sulphide it can be made to reappear.

As an additional test, the ferrocyanide of potassium

H
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will give a white gelatinous precipitate of zinc ferro-
cyanide, insoluble in dilute acids.

7. The presence of arsenic, which would exist in water
s the form of arsenious acid (As,0,), has very rarely to
be tested for, but when it is desirable or necessary to
do so,—as notably i1 the case of water taken from the
neighbourhood of manufactories of aniline colours, orf
where the soil is rich in arsenic,—Reinsch’s test is the
most readily performed.

Reinsch’s test consists of first placing in a test-tube a
bright piece of copper turnings or filings, adding a little
dilute hydrochloric acid, and then boiling well; when 1if
the brightness of the metal is unimpaired, the materials
employed are themselves proved free from arsenic. The
water is next added, and the whole heated together for
several minutes, when—upon cooling—if arsenic is pre-
sent a grey film of cupric arsenide forms on the bright
bronze-coloured copper turnings ; this may then be re-
moved, washed, dried, and placed within a wide glass
tube to which a Bunsen flame is subsequently applied ;
the arsenic then gets oxidised to arsenious oxide, which
‘¢ sublimed, and deposited :n the form of a white ring
round the inside of the tube beyond the flame. This
deposit can then be removed and examined under the
microscope for the characteristic minute octahedral
crystals.

Having thus detected the presence of either lead,
iron, copper, or Zzinc, it becomes necessary to estimate
the extent to which they exist in the water.

Tue PROCESS.

.. Measure out ¢a miniature gallon” (70 c.c.) of the
water which has been found to contain—say lead, and
pour into a white porcelain basin.
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2. Place a nearly similar amount (about 6o c.c.) of
distilled water into a second precisely similar dish.

3. To each basin add—say two drops of the am-
monium sulphide solution,* and stir both well with a
glass rod, each rod being carefully reserved to its own
water.

4. Whereas the water containing lead darkens, there
will be no such darkening in the miniature gallon of
distilled water. Add to this latter, by the burette, the
standard solution of lead acetate (1 c.c.==1 milligramme
of lead), well stirring the while, until the amount of
darkening created, exactly resembles that in the minia-
ture gallon of water which originally contained the lead,
and then make up the 70 c.c. with distilled water.

5. Read off the number of cubic centimetres of the
standard solution required to effect this match, and this
number will contain the amount of lead in the original
Water,

Example.—The amount of standard solution required
by the 70 c.c. of distilled water to match the coloration
In the sample of lead polluted water, was to the ex-
tent of 2 of the ¢; divisions into which each of the 1
‘€ubic centimetre measures are marked upon the burette,

'« 15 = % of a cubic centimetre of the standard solu-
tion was required.

But 1 c.c. = 1 milligramme of lead.

Ry — 2 o
-« there is } milligramme of lead in 70 c.c. of water.

But 70 c.c. is ““a miniature gallon” in which the milli-

gfammes represent grains in the Imperial measure.
. there is L grain of lead to the gallon of water.
Since the method of making a quantitative estimation

* Or advantage may thus be taken of the chromate of potassium
Feaction if preferred.

H2
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of one of the metals is so precisely similar to that em-
ployed with any of the others, it will suffice if mention
is made of the only and obvious difference, t.e., that of
the reagent employed. The standard solution must of
course consist of a salt of the metal to be estimated in
each case :—for lead, a solution of lead acetate has been
used : but for copper, the standard solution is made of
copper sulphate ; for iron, of the protosulphate of iron.

The quantitative estimation of zinc* can be conveni-
ently made by taking a measured quantity of the water
(which is found to be free from other poisonous metals),
adding ammonium sulphide solution, and collecting the
precipitate of zinc sulphide on a filter ; this 1s then well
washed with dilute ammonium sulphide, dried, ignited
in a weighed capsule—at a bright red heat, allowed to
cool, and finally weighed as oxide.

Conclusions to be dvawn from the amounts estimated.—Opin-
ion has been a good deal divided as to the amounts of
the poisonous metals in a water which may be con-
sidered as dangerous. In the case of lead ;%; grain to
the gallon is generally accepted, and #; is advocated
by some excellent authorities. It would appear best—
because it is safer—rather to make an over-estimation
of the danger than to run the risk of erring in the other
direction, and in the case of the poisonous metals which
are cumulative in their action, it is difficult to see what
amount, however small, can be accepted as a hmit to
such powers. Is it not best then in the case of lead
and copper to condemn a water containing more than
2 grain of either ?

* The estimation of zinc by means of potassium ferrocyanide,
with copper sulphate paper as indicator, is slowly superseding this
older process. There is liability to error, however, except certain
precautions are taken.
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With regard to zinc which is not a cumulative poison
—undesirable as its presence is—a little more latitude
may be allowed, and a 1 grain to the gallon may be
permitted ; but the faintest traces of arsenic—an excep-
tionally poisonous and somewhat cumulative metal—
should suffice to condemn the water.

Iron should under no circumstances exceed # grain
per gallon, except when the water is taken solely for
medicinal purposes—as this quantity will provoke dys-
pepsia, general malaise, headache, &c., in those sus-
ceptible to its action.

NoTEs uroN THE PROCEss.

In making the quantitative estimation of these metals,
if the water contains considerable coloration before the
ammonium sulphide has been added, and which cannot
be safely disposed of in the manner already indicated, an
attempt must be first made to estimate the value of this
with reference to the standard solution employed, i.e.,
to ascertain the quantity of the latter which is required
to create the same degree of coloration in distilled water
to which the ammonium sulphide has been added,—
in order that this amount may be deducted from the
total standard solution it is necessary to add to the
distilled water and ammonium sulphide, to match the
total coloration in the polluted water.

In highly coloured waters a deduction of o'5—1 c.c.
of the standard solution would have to be made on this
account. The quantitative tests for metals existing in
small amounts, is a very delicate one, in which a shight
error effects very largely the results, so that it is prefer-
able in those cases where no loss by volatilisation is to
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be feared—since it disposes of a highly probable source
of fallacy—to remove the colouring matter where pos-
sible in the manner already shown, rather than to
attempt to match its colour, which is often of a some
what different character, and therefore difficult to gauge
by comparison.

Though the metals lead, copper, and iron, when exist-
ing in very faint traces, will generally be detected by
testing the original water, yet in order to make their
presence more evident, and their quantities more readily
estimated, it is often desirable to reduce the bulk of the
water—and thus concentrate their solutions as it were—
by evaporation. In the case of zinc, which will gene-
rally exist in the form of bicarbonate, it will always
be necessary to thus reduce the original bulk of the
water, and during the process of evaporation the metal
will frequently, after a time, indicate its presence by
forming a thin film of carbonate upon the surface of the
water.

A litre of water should in these cases be evaporated
down to 100 c.c. in some material which will not in the
process yield any metal to the water—such as porce-
lain ; and any precipitate which may be deposited (such
as ferric oxide), should be re-dissolved with a hittle dilute
hydrochloric acid.

The quantitative estimation of iron and copper may
also be made from the ferrocyanide of potassium reac-
tion; but only just sufficient of the reagent should be
added to create the maximum amount of colour, for a
large excess will give a yellowish tinge to the water,

and this impairs very materially the facility of effecting
a colour comparison.
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SOLUTIONS FOR THE QUANTITATIVE ESTIMATION OF
METALS.

The standard solution of lead is made by dissolving
1-66 grammes of crystallised acetate of lead in one litre

of distilled water.

The standard solution of copper, by dissolving 393
grammes of the sulphate of copper in one litre of dis-
tilled water.

The standard solution of iron, by dissolving 4°96
grammes of the protosulphate of iron in one litre of

distilled water.
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CHAPTER XII.

Tae Non-poisoNous METALS. SuLpPHATES. PHos-
PHATES.

NotHING of any practical value, in a Public Health
respect, is gained by prosecuting an investigation under
this head beyond what is necessary to determine the
presence and amount of calcium, magnesium, and silica.

The presence of lime, which mainly exists as the
bicarbonate and sulphate in a water, may be discovered
by creating the white precipitate of the oxalate of cal-
cium, by adding powdered oxalate of ammonia, and then
well stirring with a glass rod. If it be desired to make
a quantitative estimation, a measured quantity of water,
say 250 c.c., must be thus treated, and the precipitate fil-
tered—until the filtrate is quite clear—through a small
Swedish filter paper (of which the weight of ash it will yield
after ignition is known). The oxalate of calcium pre-
cipitate remaining on this filter paper is then thoroughly
washed with hot distilled water, and afterwards dried
in the water oven at a temperature of 212° I., until a
constant weight is got. If the weight of the filtering
paper is previously known, the difference between this
and the total weight will be due to the calcium oxalate ;
or to be more accurate and so as to insure that all the
water shall be thoroughly driven off, the filter paper
should be folded up, placed in a small porcelain crucible
(previously weighed), covered by a lid and then ignited
—at first gently so as to obviate spurting and loss, and
the lid should be removed after a little for free access
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of air, When the filter paper has been entirely de-
stroyed (‘‘ burnt off’) the lid is then replaced, and the
whole allowed to cool under a desiccator, after which it
1s weighed. The weight found, minus that of the cruci-
ble and the ash of the filter paper, represents the weight
of the calcium salt (CaC,O,), of which calcium forms
vs ¢ or the precipitate may be weighed as carbonate.

Magnesia mainly exists in water in the form of the
carbonate and sulphate, and chiefly in that collected
from the dolomite strata, and if these salts exceed 5
grains per gallon they are apt to cause dyspepsia and
diarrhcea in those unaccustomed to the use of the water
containing them. The presence of magnesia may
be best ascertained by precipitating all the calcium
present in the water, by means of powdered oxalate of
ammonmia, and filtering until the filtrate is perfectly
clear and free from calcium. The filtrate should next
be concentrated by boiling, and then a few drops
each of a solution of phosphate of sodium and chloride
of ammonium are added, and sufficient liquor ammonia
to create strong alkalinity. The whole is well stirred
up with a glass rod, and then set aside for several hours,
when a crystalline precipitate of a double phosphate of
magnesium and ammonia (ammonium-magnesium phos-
phate or * triple phosphate ") is formed.

The amount present is roughly, and most readily,
estimated from the hardness which it will create when
a water perfectly freed from calcium by the oxalate of
ammonium, is tested by the soap solution(vide * Hard-
ness ). Supposing for instance, 5 c.c. of the soap solu-
tion are required to satisfy the hardness remaining in
100 c.c. of the water: deduct 1 c.c. (the amount of
solution required for an equal bulk of pure distilled
water) = 4 c.c.
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But 1 c.c. of soap solution = 1 milligramme of cal-
cium carbonate.

.*. 4 c.c. = 4 milligrammes of calcium carbonate.

. The hardness due to magnesium salts in 100 c.c.
of water is equivalent to 4 milligrammes of calcium
carbonate. But 1 part of calcium carbonate 1s equiva-
lent to o°56 parts of magnesium carbonate.

s, 4 X 056 = 224 paris of magnesium carbonale i
100,000 of water, OT 7ﬂ___x;*243 1-5 grains per gallon.

Magnesium carbonate has been estimated as high as
g grains per gallon by Wanklyn and Playfair in Sunder-
land water.

The estimation of silica may become of 1mportance,
having in view the fact that, as Dr. Tidy pointed out,
its presence diminishes the plumbo-solvent action of
water. In quantities it may also create gastro-intes-
tinal irritation and diarrhcea.

It generally exists in the form of insoluble silicate of
alumina (clay), or of soluble silicate of sodium.

A measured quantity of water, say 500 c.C., 1s evapor-
ated to a solid residue; this is treated with strong
hydrochloric acid, and then well washed with boiling
distilled water, when the residue remaining 1s dried,
ignited, and again treated with the acid and washed as
before; any residue ultimately left will consist of most—
if not all—of the silica originally present in the water,
and the white gritty powder of silica (Si0,) may be
dried and weighed.
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SULPHATES.

Sulphates exist in most waters, especially selenitic*®
ones, and are either derived from the strata over or
through which the water has passed, or from the sul-
phur contained in organic pollution (urine, &c.). Even
the rain water collected in large towns yields small
amounts by taking up the sulphurous acid from the
smoky atmosphere.

Sulphates sometimes result from the oxidation of
metallic sulphides (chiefly iron pyrites), which exist as
such 1n some strata. They mainly exist as calcium and
magnesium sulphates, and to a less extent as sodium
sulphate; and any of these when present in large amount,
tend to cause diarrhcea and dyspepsia in those unaccus-
tomed to their use. Acid sulphates may, moreover, by
creating acidity, thus increase the power of water to
carry lead in solution.

Waters collected from the lime-stone and dolomite
formations always contain a marked quantity of sul-
phates, but not so the water from the chalk. The
sulphates in lime-stone may reach to 20 parts per
100,000, and consist mainly of calcium sulphate; while
those of the dolomite consist to a less extent of cal-
cium sulphate, and partly of magnesium sulphate. The
sulphuric acid (SO;) has been found above 100 parts
per 100,000 in some exceptional circumstances of deep
wells.

The so-called ‘“sewage-fungus” (‘“Beggiatoa alba™)
is found where sulphates abound, and as the action of
the fungus is to reduce these to sulphuretted hydrogen,
there is a consequent production, to a greater or less

* Selenite is a natural foliated or crystallised sulphate of lime.
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degree, of the characteristic and offensive odour of this
gas.

The Test.—A few drops of the chloride of barium
solution and of dilute hydrochloric acid are added to
the water in a test-tube, which is then left to stand for
2 few minutes, when a precipitate of the sulphate of
baryta is created with even very small quantities of
sulphates.

If a quantitative estimation is desired, 70 c.c. of the
water should be taken and boiled for a few minutes,
after the addition of slight excess of chloride of barium
solution and dilute hydrochloric acid. The precipitate
created is collected on a small Swedish filter-paper,
washed, ignited, and weighed as barium sulphate, the
washing of the precipitate being continued until the
filtrate no longer gives a turbidity with silver nitrate.

To express the result in the terms of sulphuric acid
(SO,) it is necessary to remember that every part of
barium sulphate represents 0:343 SOs.

PHOSPHATES.

The phosphates found in water are commonly those
of potassium, sodium, and ammonia, and their double
salts. The presence of these affords corroborative
evidence of remote animal contamination; but they
may only exist in small amounts in those waters gene-
rally used for drinking purposes even when these be
dangerously polluted. When this point is considered
in conjunction with the facts that most waters contain
faint traces of phosphates, that these may also have
their origin in strata—chiefly sandstone — permeated,
and that they have also been found to be present in-
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considerable quantities in some marshy meadows,—their
estimation does not at first sight appear to be of great
practical value. But there is one important considera-
tion connected with their presence, i.e., that they form
food-pabulum for bacteria and fungi, and thus, whatever
be their source, they must always indicate great possi-
bilities of danger on this account.

In every case before a test is applied for phosphoric
acid, the water should be reduced from a large bulk to
a very small one by condensation, and it is even prefer-
able to dissolve it out from the ash by nitric acid.

The Test.—The best test for their presence is the
following :—Add a few drops of pure and colourless
nitric acid, and then about twice as much of a solution
of the molybdate of ammonium, to some of the water in
a test-tube, and boil well. If ¢“traces’ of phosphates are
present a faint greenish-yellow colour appears; if
“heavy traces” a yellow precipitate falls in a few
minutes consisting of ammonic phospho-molybdate.*™
Results may be, and are sometimes, returned as
““traces,” ‘““‘heavy traces,” and ‘very heavy traces,”
according as a colour, turbidity, or marked precipitate,
is produced in fifteen minutes at a temperature of about
So” E.

* Arsenic acid would cause the same reaction. Where necessary,
the two can be distinguished by adding a few drops of a solution of
silver nitrate ;—

Argentic arseniate forms a brick-red precipitate.

Argentic phosphate forms a yellow precipitate.
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CHAPTER XIII.

Tue SorLip RESIDUE.

By this term is implied the substances which are held
in solution in the water, and which when the latter is
evaporated remain behind as a solid residue.

The mineral salts which a water may contain, and
which are taken up in its course through or over the
strata it comes in contact with, (with the exception of
traces of sodium chloride which may be chiefly taken
up from the atmosphere) are—if an attempt be made to
arrange them in the order of their most general relative
frequency of occurrence —the result of a combination of
one or more of the following acids and bases :—

Carbonic \ (CHltflum
2 Sodium
Hydrochloric _

] - Magnesium
< Potassium
Nitric b and {

i Iron
Nitrous ol
Phosphoric Aluminium
Silicic (silica) (Lead, Copper, or

e / \ Zinc).

In regard to the principles which guide chemists in
the hypothetical association of the acids and bases
found in the water, it is assumed that the combination
of the bases and acids is governed by their respective
affinities ; that is the strongest acid is assumed to be
combined with the strongest base, due attention being
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also paid, however, to the greater or less degree of
solubility of the salts,—since it is well known that this
exercises a considerable influence on the manifestations
of the force of affinity.

The most common combinations (salts) which are
held in solution in a water are :—

The carbonates of calcium, sodium, magnesium, potas-
sium, and iron.

The sulphates of calcium, magnesium, and sodium.

The chlorides of sodium, calcium, and magnesium.

The nitrates of calcium, sodium, and potassium.

The nitrites of calcium, sodium, and potassium.

The phosphates of sodium and potassium.

The estimation of the total solids is not by itself of
great practical value from a hygienic point of view,
though often when we come to incinerate them valu-
able corroborative evidence of organic pollution is
obtained ; the important point is to discover the nature
of the constituents of * the solid residue !

A large amount of mineral solids, consisting as it
frequently does in this country largely of calcium car-
bonates (even up to 50 or 6o parts per hundred thou-
sand), is not considered necessarily injurious; but if a
goodly proportion of this is found to be contributed by
the salts which form permanent hardness, as indicated
by the soap test, one is disposed, since these salts are
productive of considerable digestive disturbances in
some people, to look with disfavour upon a water con-
taining more than 10 parts per 100,000 of them.

Another important question which a large amount of
total solids would give rise to, is that of the suitability
of the water for washing and cooking purposes, on
account of its hardness being probably excessive.

The total solids have been estimated even above 300
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parts per 100,000 in deep well water from the chalk,
and sea water contains over 3000 parts per 100,000.

Apparatus required :—

1. A small copper water-bath.

2. A water oven.

3. A platinum dish capable of holding a little over
100 c.c. of water (say 125 c.c.).

4. A desiccator.

5. A weighing apparatus. Oertling’s No. 3 balances
(Townson and Mercer's catalogue) have been found very
suitable to all requirements by the writer.

Tue PROCESS.

If it is required to estimate the total solids, i.c., the
dissolved and suspended, the sample of water should be
shaken up; but if the dissolved alone are required, the
suspended matters must of necessity be allowed to
subside, or which is less desirable, be separated by the
process of filtration ; but since it is rare that the sample
may not in spite of everything contain some of the
lighter suspended matter, it would be more accurate to
shake the sample, at once remove 100 c.c., and let the
estimated solids include both dissolved and suspended
matters. When such a course is pursued, however, the
fact must be noted, for, as generally performed, it 1s the
total solids in solution which are returned as estimated,
and such a signification must be attached to the expres-
sion ‘ total solids " throughout this book.

1. 100 c.c.of the water are measured out and emptied
into the platinum dish, which is then placed upon the
water-bath and covered by a glass bell-jar; provision is
best made for thc escape of steam when the small ringed
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water-bath is employed, by making a small dent up the
side of the platinum dish, so that it shall not fit accu-
rately at this point to the mouth of the water-bath.

2. When the water is evaporated to apparent dryness
the gas is turned out, and the dish removed* and placed
for a few minutes in the water-oven, in order that the
contents (‘‘the solid residue’) may be further freed
from all traces of moisture.

To save time it is more convenient to evaporate the
100 c.c. to about 10 c.c. over a low gas flame, and then
transfer to the water-bath, otherwise the process takes
about two hours.

3. The dish is removed and then allowed to cool
under a desiccator, the covering of which protects
against the access of dust, &c.

4. In a few minutes the dish and its contents are
weighed, and the difference between this weight and
that of the clean and empty dish, represents * the total
solids ' in 100 c.c. of water.

5. By means of a pair of crucible tongs the dish is
next held in the flame of the Bunsen burner and slowly
heated to dull redness (not bright!), when any organic
matter will give evidence of its presence by charring in
little specks, or by causing an evanescent discoloured
wave to spread over the residue—if small in amount.
If large quantities are present, this organic matter,
as it is being burnt off, shows blackened patches which
slowly disappear, and gives off dark fumes possessing
an odour of burnt horn when nitrogenous matter is
present, or of burning sugar when the material is
purely organic ;—or a sulphurous acid smell may rarely

* When recourse is not had to the water-oven, the under surface

of the dish must be always carefully wiped dry before the dish and its
contents are weighed.
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be detected. Marked scintillation is sometimes also
perceptible—that is to say tiny sparks are emitted.
Eventually nothing remains but clear white mineral
ash, except where iron or manganese is present, the
former imparting a reddish tint, and the latter a green.

6. The dish is allowed once more to cool under the
desiccator and is then re-weighed, and the excess of
weight over that of the clean and empty platinum dish
consists of mineral ash, and represents *the non-volatile
solids.” It will be shown later that although the
residue after ignition consists of ¢ mineral ash,” it does
not contain the whole of the mineral material originally
present, and hence the selection of the preferable term
“ non-volatile solids.”

7. The weight of “ non-volatile solids ™ deducted from
that of the ‘“total solids,” represents ‘the volatile
solids.”

Example—The clean platinum dish weighs 40225
grammes.

The dish + the total solids weigh 40'245 grammes.

‘. 40'245 — 40°225 = 0°020 gramme = the total
solids in 100 c.c. of water.

But 100 c.c. of water =— 100 grammes.

.. there is 0’020 gramme in I00 grammes.

Or x 1000 — 20 parts per 100,000 of total solids.

After ignition, the dish + contents weigh 4024
grammes.

.. 40'24 — 40°225 = 0'0l5 gramme = ‘“the non-
volatile solids.”

.. there is 0015 gramme in 100.

Or x 1000 = 15 parts per 100,000 of ‘“non-volatile
solids.”
The total solids =— 20 parts and the non-volatile

solids = 15.
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'+ 20 — 15 = 5§ parls per 100,000 of * volatile solids."

(Not more than 1'5 parts per 100,000 are volatile
in the purest waters).

For public health purposes it must be extremely rare,
in view of the information which is acquired in other
steps of the analysis, that an analysis of the ash is
either necessary or desirable; so that its introduction
here would be going beyond the important issues of the
subject. It may be pointed out, however, that a few
drops of hydrochloric acid will, by creating little or
much effervescence, roughly detect the proportion of
carbonates present; and that warm distilled water will
mostly dissolve from the residue, the salts of the alka-
lies and of magnesia, sulphate of calcium, &c.; and
that the insoluble residue will consist generally in the
main of calcium carbonate, but also if present, silica,
alumina, phosphates of calcium, peroxide of iron, &c.

A sample of water collected at full tide from the
Thames Embankment, showed the following constitution
of its total solids:—

Organic matter . : : 5 w395
Calcium and magnesium carbonate . 113
Calcium sulphate . . : S T o)
Alkaline chlorides . . . & IO
Alkaline nitrates . ; g S
Alkaline sulphates . : . . moigc
Silica and alumina, &c. . ; . 045
J=h0

A short table for analytical purposes given in the
appendix, would be of service in making such an ex-
amination of a water residue when desired,—as it some-
times is in the case of mineral medicinal waters and
those used for commercial chemical purposes; the table

12
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has been more especially compiled to meet these pur-
poses.

NoOTES UPON THE PROCESS.

[t has been already seen that by evaporating over the
water-bath the process proceeds gently, and the pla-
tinum dish and its contents are only exposed to the
temperature of boiling water.

Although it may seem desirable to take in every case
as large a bulk as 100 c.c. of water, 50 c.c. will often
suffice for practical sanitary purposes, the difference
being so slight that it does not affect the conclusions
drawn. The larger bulk, moreover, entails a prolonga-
tion of the time required for complete evaporation to be
effected, so that the organic matter which under any
circumstances suffers some loss is liable to have this
loss increased, and greater opportunities are also
afforded to suspended matters in the atmosphere to gain
access—unless special precautions in this direction be
taken as by the employment of a bell-jar; moreover, so
far as the process of weighing is affected by the less and
more delicate amounts to be weighed, the scales recom-
mended are so sensitive as to make this a considera-
tion of no import.

As a rule, however, it is preferable to select roo c.c.,
and the extra time taken in the evaporation is a matter
of little import, since other steps in the analysis may be
proceeded with in the meantime. In those cases where
it is desired to make the estimation more rapidly, the
bulk of the water may be almost completely evaporated
by the application of the direct flame to the under
surface of the platinum dish, care being taken that the
liquid does not reach the boiling point; the dish is then
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transferred to the water-bath and evaporation is there
completed.

If it is required to make a rough estimate of ¢ the
mineral solids’ care must be had to remove the dish
from the flame mmediately any evidence of organic
matter has disappeared, and not to conduct the incin-
eration at a higher temperature than is found absolutely
necessary—or there is a considerable loss in the mineral
residue by destruction, dissipation, and volatilization.

Of what may ¢ the volatile solids" consist? z.e., to
what may be due the loss by ignition? Such loss is
most generally from the following ingredients :—Am-
monia salts, destructible organic matter, nitrates and
nitrites, some of the chlorides, combined carbonic acid,
and the water of hydrated salts (such as calcium sul-
phate) which thereby become anhydrous, &c.

A platinum dish is cleansed after use with a little
dilute hydrochloric acid, then well washed in pure
water, and finally heated to redness in the Bunsen
flame. It should be allowed to cool upon a clean por-

celain slab. .
Opinions to be formed upon the amount estimated.—This has

already been discussed, and has been seen to depend
chiefly upon the nature of the constituents which go to
formn the total solid residue.
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CHAPTER XIV,.
HARDNESS.

THE estimation of “ hardness” is more of economic
concern than of hygienic, since the main consideration
which it affects is either that of the amount of soap and
time wasted before a lather is formed, or whether the
amount of lime salts (which chiefly create the hardness)
is such as to render the water unsuitable for some trade
processes.* Further, a hard water when used for per-
sonal ablution is often found deleterious to delicate
skins; it does not extract the same amount of strength
from coffee, tea-leaves, and meat substances used for
making soup, stews and gravies, as softer water; and
vegetables boiled in it lose much of their flavour and
colour. On the other hand moderately hard waters are
always more palatable than the very soft ones.

It must not be thought, however, that ‘“hardness " in
a water is a factor which can be altogether disregarded
in a public health sense, for gastro-intestinal derange-
ment, of a nature varying with the constitution of the
salts which form the ¢ hardness,” may follow the con-
stant ingestion of a hard water in those constitutionally
susceptible. As will be seen the ¢“permanent hardness”
is generally mainly due to sulphates, and these have an
aperient action, so that when they exist in large amounts

* For trade processes generally—apart from the waste of fuel and
danger occasioned by the ‘crust” which hard waters yield to
boilers—it is of great importance to the process itself that the water
thould be moderately soft.
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the water is recommended and used medicinally on ac-
count of this property. Epsom, Leamington, Scar-
borough, and Cheltenham provide such waters.

Finally hard waters, from the deposit they yield to
boilers, are more apt to be the cause of explosions in
these receptacles than other waters.*

The factors which commonly cause ‘‘ hardness " in a
water are the following :—

Calcium and magnesium salts (s.e., carbonates, sul-
phates, chlorides and nitrates).

Free carbonic acid in the water.

Iron and alumina.

“ The total hardness’ in most of the drinking waters
of this country is created by calcium and magnesium
salts, and free carbonic acid; and more especially is such
hardness due to calcium salts. Waters, therefore, from
the chalk, oolite, limestone, dolomite, and new red sand-
stone formations—which strata consist largely of vari-
ous proportions of these several salts of calcium and
magnesium—will be those which furnish the highest
degrees of hardness.

Of the calcium and magnesium salts, the carbonates
very greatly predominate as the cause of ‘ hardness.”
The carbonates of calcium and magnesium as such,
being almost insoluble in pure water, would not create
such ‘“ hardness’ were it not for the fact that they are
held in solution by carbonic acid—in the form of bicar-
bonates.

* The order in which the salts are deposited is the following :—
The carbonates of calcium and magnesium.
The sulphates of calcium and magnesium.
Salts of iron, as bases or oxides, when present.
The silica and alumina when present.
It is calculated that } inch of the incrustation—which is a bad con-
ductor of heat —causes the waste of 45 per cent. of coal.
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Assuming a water to have its ‘* total hardness " built
up of all the materials above enumerated, then if it be
well boiled some of these become precipitated, and
being no longer in solution they cease of course to add
to its ¢ total hardness "—the amount thus lost 1s accord-
ingly termed * temporary hardness” and that remaining
‘« permanent hardness.”

Of what does this ¢ temporary hardness " consist —or
in other words what materials are precipitated by the
boiling ? Foremost in importance is the fact, that the
carbonic acid which held the carbonates of calcium and
the magnesium in solution is dissipated, so that these
insoluble salts fall to the bottom.* Other constituents,
however, which were held in solution by the free car-
bonic acid present, in the form of bicarbonates, are also
precipitated—such as iron (the hydrated ferric oxide be-
ing formed). Phosphate of lime, and the sulphate if
present in large quantity, would also be precipitated.

The * permanent hardness,” then, consists of what
still remains in solution, t.e., calcium and magnesium
sulphates, chlorides and nitrates, a little iron, and any
alumina present. A little of the magnesium carbonate
thrown down by the boiling will, moreover, become re-
dissolved and hence go to help in the formation of
‘“ permanent hardness.”

Although the amount of mineral solids which the
water contains generally forms an index to the extent
of ““hardness,” —the latter increasing pretty much par
passu with the former—yet this must not be considered as
by any means as constantly the case, and some saline
waters yielding considerable quantities of ¢ total solids™

* Water containing calcium carbonate in solution, even at ordinary
temperatures, will lose some of its carbonic acid and deposit calcium
carbonate if exposed to the atmosphere.
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are very ‘‘soft,”—as seen notably in the case of some
Artesian well waters, in which considerable quantities of
the bicarbonate of soda exists and mainly contributes to
the softness.

This carbonate of sodium is frequently taken up by
water in percolating chalk and sandstone strata, in fact
it exists in greater or less quantities pretty generally in
different waters.

QuaNTITATIVE TEST.

Apparatus required.—

I. A small glass stoppered bottle (of about 250 to 500
c.c. capacity is a convenient size) used for shaking up
the water and soap solution.

2. A burette graduated in cubic centimetres and parts
of cubic centimetres.

3. A glass beaker, with tripod, wire gauze, and triangle
lined with pipe-clay.

4. A measuring flask for 100 c.c.

5. A measuring flask for 250 c.c.

6. Filtering apparatus.

Chemical reagents.—i. A solution in dilute alco-
hol of soft soap (or as Wanklyn recommends of Castille
soap), made to such a strength that 1 c.c. will exactly
precipitate either 1 milligramme of calcium carbonate,
or those other soap-destroying agents in the water to an
extent which is equivalent to 1 milligramme of calcium
carbonate.

2. Pure powdered oxalate of ammonia.

THE PROCESS.

The vationale of the process is as follows :—The soap
employed is a result of the combination of an alkali with
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one or more of the fatty acids, i.c., oleic, stearic or pal-
mitic. If potash is the alkali employed the result is
¢ soft soap,” consisting chiefly of oleate of potassium ;
whereas if it be sodium a ‘“hard soap ” results, con-
sisting mainly of stearate of sodium. Supposing, as
in this test, “soft soap” be added to water which
contains calcium and magnesium salts in solution, then
the fatty acids (oleic mainly) will decompose these salts
and combine with the calcium and magnesium, forming
chiefly an insoluble oleate of these bases, i.c., calcic and
magnesic oleate; and thus the soap has to be added
until there is no longer any calcium and magnesium
salts to decompose and combine with, when it remains
in solution and creates a lathering when the water is
well shaken up with it. Hence the more calcium, mag-
nesium, &c., salts there are present, the larger amount of
soap solution will be required to decompose them, and
in consequence, the longer will the production of a lather
be delayed—until in some cases so much precipitate of
these insoluble salts has been thrown down, that their
very presence alone will in itself delay, or even prevent
altogether, the formation of such a lather which is sub-
sequently described as characteristic.

1. 100 c.c. of the water are placed within the “‘shaking
bottle.”

2. The burette is then filled up to the 10 c.c. mark
with the soap solution, of which 5 c.c. are run into the
bottle—when a cloudy precipitate of insoluble calcic
and magnesic stearate, oleate and palmitate is formed.
The bottle is then briskly shaken to see if its contents
will form a lather.

3. The solution is afterwards added in cubic centi-
metres, and the bottle well shaken up after each fresh
addition, until a certain definite and characteristic
lather is at last produced.
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Many books upon * hygiene” simply state that this
lather ‘““ must be permanent for five minutes,” without
giving the student any clue as to the amount, &c., of
lather which may be judged sufficient. It would be
perfectly true to maintain, for instance, that where so
much soap solution has been added that the lather
reaches almost to the stopper of the bottle, this re-
quirement has been met, since the lather is ¢ permanent
for five minutes;” and there is latitude for error even
when it is stated that the lather should be a thin one.
I have made it a practice, therefore, to teach that suf-
ficient soap solution has been added, when the con-
ditions created in the contents of the shaking bottle are
the following :—

4. (a) The contents of the bottle on being shaken

must give only a faint dull soft sound.

(6) There should be a quarter inch of fine uniform
lather.

(¢) After shaking small particles of the lather must
cling to, and slowly descend the sides of the
bottle.

(4) An unbroken surface of lather must be present
after five minutes—which it invariably will
be if the above three points are observed.

5. From the number of cubic centimetres of soap
solution required for the 100 c.c., the amount of cal-
clum carbonate, or its equivalents in soap-destroying
powers, in the water, 1s deduced.

6. A deduction of 1 c.c. from the amount of soap
solution used must be made in every case, however,
since this amount of soap solution is required to create
a similar lather in the same bulk of distilled water,
which is of course free from any of the ingredients
which are here considered as creating ¢ hardness.”
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Example.—100 c.c. of water required 15 c.c. of the
soap solution to create the characteristic lather.

Deduct 1 c.c. which would be required for 100 c.c. of
distilled water=14 c.c.

But 1 c.c. of the soap solution will combine with 1
milligramme of calcium carbonate, or its equivalents.

Therefore 14 c.c. has combined with 14 milhgrammes
of calcium carbonate, &c.

Therefore the ¢ total hardness” in 100 c.c. of the
water is equivalent to 14 milligrammes of calcium
carbonate, and 14 milligrammes in 100 c.c. (or 100,000

milligrammes) =14 parts per 100,000 (Or 7% 14 _ g8 grs.
10

per gallon).

Conclusions to be dvawn from the amount estimated.—The
« total hardness " of a water should not exceed 30 parts
per 100,000, or it becomes unsuitable for washing and
cooking purposes ; and if it much exceeds 4o it is practi-
cally useless in this respect. A very soft water may
contain up to 8; a soft water from 8 to 12; a rather
hard water from 15 to 20; a hard water from 20 to 30;
a very hard water from 30 to 40 and upwards.

Notes.—Where the hardness exceeds 20 parts per
100,000, so much precipitate of calcium and magnesium
stearate, palmitate, and oleate, is created, that it inter-
feres with the formation of a characteristic lather, and
leads to an error by over-estimation of the ¢ hardness.”
In these cases it is necessary to dilute the water with
an equal amount of distilled water, .., 100 c.C. of dis-
tilled water are added to 100 c.c. of the sample, and in
the estimation of the hardness 2 c.c. are deducted from
the soap solution used up, instead of 1.

The soap solution is unstable, and after several weeks
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loses in strength and deposits a thin sediment, which
should not however be disturbed ; to avoid error there-
fore, it must always first be standardised when an in-
terval of a week has elapsed since it was last used.
This may be most readily done by dissolving, as
Wanklyn suggests, 1'11 grm. of pure fused chloride
of calcium in a litre of distilled water; the standard
solution will then contain chloride of calcium corres-
ponding to 1 milligramme of calcium carbonate to each
cubic centimetre. If the scap solution does not register
correctly with this, it must be diluted or fortified ac-
cording to circumstances. A quicker, though rougher
plan, but one which will suffice in many cases, is to
standardise from the laboratory tap-water if the hard-
ness of this is known and remains approximately
constant.

When the results are expressed in ¢ degrees” upon
Clark’s scale, 1 degree (Clark) simply corresponds to
1 grain of calcium carbonate per gallon in this country,
2.e., of 1 part of CaOCo, in 70,000. In France, however,
a degree signifies 1 part of CaOCo, in 100,000; and in
Germany 1 part of CaO in 100,000.

The “ total hardness” being found, the next step is
to estimate the ¢ temporary” and the ¢ permanent
hardness.”

I. 250 c.c. of the water are measured out and poured
into a glass beaker, which is placed upon a tripod, and
protected by wire gauze and triangle lined with pipe-
clay from direct access of the Bunsen flame beneath.

2. The water is then boiled for about half-an-hour.

3. After the water has been placed aside and allowed
to cool, all the calcium and magnesium carbonate, and
most of the iron, will constitute the precipitate notice-
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able at the bottom of the beaker—but a little of the
magnesium carbonate will have become re-dissolved.
It is the supernatant fluid which contains the ‘ per-
manent hardness,” the “temporary hardness” which has
been separated being represented by the deposit. In
testing for ¢ permanent hardness,” therefore, it is neces-
sary to preclude all possibility of any of the precipitated
material gaining access to the supernatant water.

4. From the beaker the cooled water is gently re-
turned to the measuring flask, great care being taken to
disturb the precipitate (which is left behind) as little as
possible. The water is then made up to its original
bulk by filling up to the 250 c.c. mark with distilled
water, and the loss by evaporation during the boiling 1s
thus made good.

s. 100 c.c. of this water is then filtered through a
fine filter paper and tested for its “hardness” in the
same manner as the original water was, and this will
now constitute the ¢ permanent hardness.”

6. If the  permanent hardness” be then subtracted
from the “ total,” the remainder will represent the hard-
ness separated by the boiling, .c., the “ temporary hard-
ness.”

Example—The 100 c.c. of water, thus treated, re-
quired 7 c.c. of soap solution.

Deduct 1 c.c. as that used up by an equal bulk of
distilled water = 6 c.c.

But 1 c.c. of soap solution is equivalent to 1 mill-
gramme of calcium carbonate.

.. 6 c.c. of soap solution is equivalent to 6 milli-
grammes of calcium carbonate.

.. 6 milligrammes of calcium carbonate represent the
permanent hardness of 100 c.c. (¢.e., 100,000 milli-
grammes) of water, or indicate that there are 6 paris
per 100,000 of ** permanent hardness.”
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The total hardness was 14 parts per 100,000 .:. the
““temporary havdness — 14 — 6 = 8 parts per 100,000.

Conclusions to be dvawn from the amounts estimated :—The
greater the proportion of *temporary " to ¢ permanent”
hardness the better, since while the former is remediable
by several efficient processes—and notably Clark’s—the
latter in addition to being constituted of more objec-
tionable salts from a health standpoint, is extremely
difficult to remedy ;—although such a process as Howat-
son's effects something in this direction by adding
caustic soda, which by decomposing the earthy sul-
phates removes so much of the ¢ permanent hardness ”
as 1s thereby created. It is accordingly agreed that the
“ permanent hardness” in a good water should not
exceed 7 parts per 100,000.

If it be desired to know the amount of hardness due to
magnesium salts in a water, where the ¢ total hardness ”
is known to be due to calcium and magnesium salts and
free carbonic acid, it is necessary to precipitate all the
calcium salts by a little powdered oxalate of ammonia,
and having effected this to filter through double filter
papers, until a little of the filtrate when treated with
some fresh oxalate of ammonia, gives no evidence what-
ever of calcium being longer present ; then the amount
of soap solution (minus 1 c.c.) required to create the
characteristic lather will represent the hardness due to
magnesium salts, and this deducted from the total will
give the hardness due to calcium salts. The difficulty
which arises here is to know how much oxalate of am-
monia to add, since while it is imperative to supply the
necessary amount required to combine with all the lime
present (so as to form a white precipitate of the insolu-
ble oxalate of lime) yet a marked excess will itself create
some degree of ‘ hardness.” The best course to pursue
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is to add different quantities to equal bulks of water in
three Nessler glasses, and to judge from these the mini-
mum amount necessary to create the maximum amount
of precipitate; but the glasses should be allowed to
stand for some time before comparing, since the pre-
cipitate after a while deepens slowly.

Wanklyn has pointed out that whereas lime reacts
immediately upon solution of soap, magnesia requires
the lapse of time; and that one equivalent of magnesia
consumes as much soap solution as one and a half of
lime.

If magnesium salts exist in guantity in the water the
lather is also modified in other directions, a thin fine
dirty film forms upon the surface, which soon breaks up,
and which cannot be mistaken for the typical lather.
In these cases the water must be diluted considerably
with distilled water.

Bearing in mind, then, the longer time taken for
magnesia to react, the presence of this film will warn
the operator that he must proceed slowly and shake
more thoroughly—the while he adds the soap solution.

Note.—In Clark’s process lime is added in quantities
corresponding to the hardness of the water—in order
that it may combine with the carbonic acid which
holds the calcium and magnesium carbonates in solu-
tion, and the whole be precipitated as insoluble cal-
cium and magnesium carbonates. It is difficult day by
day, in many cases, to estimate and apply the exact
amount of lime necessary to effect this, and the result 1is
that when added, as it sometimes is, in too large quan-
ties, some of it remains in solution in the water in an
uncombined state (there being no more carbonic acid to
combine with it). Since this is to an extent injurious
to the water from a health point of view, frequent at-
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tempts should be made to discover this state of things
in water treated by Clark's process. A ready and
simple method of detecting uncombined lime is by
adding a few drops of a solution of silver nitrate to some
of the water in a test-tube, when if such be present, the
cloudiness created, instead of being white and clean
(from the silver chloride), becomes dirty and brown (an
oxide of silver being formed).

Soap solution for the estimation of hardness.—Castille soap
(which contains about 60 % of olive oil) is frequently
used, and if 10 grammes of this be added to 1 litre of
weak alcohol (35 % in distilled water), the standard soap
solution will be of the strength that 1 c.c. = 1 milli-
gramme of calcium carbonate. When, however, soft
soap is employed, 17 grammes of this must be thus dis-
solved. In every case care must be had that all the
soap 1s thoroughly taken up.

The Rivers Pollution Commissioners in their sixth
report give the following classification of waters as to
their softness:—1. Rain water. 2. Upland surface
water. 3. Surface water from cultivated land. 4. River
water. 5. Spring water. 6. Deep well water. 7. Shal-
low well water. And they found that the following
formations almost invariably furnish hard waters :—
I. Calcareous silurian. 2. Calcareous Devonian. 3.
Mountain limestone. 4. Calcareous rocks of the coal
measures. 5. New red sandstone. 6. Conglomerate
sandstone., #%. Lias. 8. Oolites. g. Upper greensand.
10. Chalk.

K
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CHAPTER XV.
EXAMINATION OF THE SEDIMENT.

Chemical.—Since the estimation and examination of
the total solids have only included those solids which
are in solution, it will be desirable in some instances to
make a chemical examination also of the sediment. In
these cases it is necessary to collect a fair quantity of
this deposit; and the most simple method by which this
can be effected, and one which will also be found in
every way very satisfactory, is to remove as much as
possible by a pipette, and then place it into a small
conical glass (fig. 22), to which a cover 1s subsequently
applied ; after about an hour the supernatant water can
be sufficiently closely decanted off without disturbing
the material which has settled. The sediment can then
be collected on filter paper, and well washed with pure
water, dried, and the organic matter then carefully
burnt off at as low a temperature as possible; the
residue is next boiled with about 100 c.c. of distilled
water (to which a little dilute hydrochloric acid has
been added) and if any part then remains undissolved,
it should be treated with strong nitric and hydrochloric
acids together.

All the residue having been thus rendered soluble,
it may be tested in the wet by the analytical table given
in the appendix,—where in those rare cases such a pro-
cedure may be thought desirable for hygienic purposes.

Where, however, a sediment forms from the sample
of water, any analysis which fails to take advantage of
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the important positive evidence which a microscopic ex-
anunation affords, will exhibit a great short-coming—
since this alone in some cases may suffice to condemn
a water, by detecting elements which, though denoting
danger, have not been shown to be in suspicious
amounts by the other steps of the analysis. It is
mainly, after all, the nature of the organic matter which
denotes present danger, and by a microscopical ex-
amination of the water direct evidence of this can in
many cases be acquired. Some of the sediment, then,
should be collected from the beaker in which it has
been allowed to settle since the commencement of the
analysis, by means of a small pipette, in the manner
adopted with urine sediments. It is then transferred

f : e
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F16. 27.—Wynter Blyth's tube for collecting sediments.

to several glass slides, cover-glasses are applied, and
the examination by the microscope commenced ;—any
excess of water upon the slide being removed by clean
blotting paper.

Wynter Blyth’'s tube is a convenient instrument for
collecting water sediments; as seen in the accompanying
figure, it is similar in appearance to a huge pipette
which is capable of holding about a litre of water.
A small glass cell fits over the small lower extremity
of the tube, into which the deposited matter collects
after a time. By the insertion of the long rod-shaped
stopper, the cell and the sediment within it can easily be
removed undisturbed.

The various forms of animal and vegetable life, and

K 2
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of inanimate organic and inorganic material, are best
sought after by commencing with the 1 inch power, next
passing on to the } inch power, and then prosecuting the
examination further by means of the #; inch oil immer-

F16. 28.—Showing the sediment of a pond-water, a sample of
which was collected in the early spring (X 250). Drawn by A. E.
Evans, M.B. g

1. A desmid.

Tabellaria floccosa (Diatomacez).
Actinophrys.

A confervoid growth.

A vegetable fibre showing spiral cells.
Silicious particles.

Conferva.

. Gomphonema.

Various forms of minute unicellular plants are seen scattered about
the ¢ field.”

RO

sion lens and an Abbé’s condenser. Further steps are
necessary in the examination of bacteria, for which the
reader is directed to the section written by Dr. Boyce.
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If the suspended matter is so light that it will not
attle, drops of the water must be examined; but it must
be extremely rare that any visible suspended matter
does not deposit in part after an hour or two.™

Before giving a list of animate organisms which the
naked eye or microscope may disclose, it must be
pointed out that these do not (with few exceptions)
convey danger in themselves, but that it is rather their
presence which implies such danger—denoting as it
does that some pabulum, and possibly a dangerous one,
accompanies them, upon which they are capable of
feeding and existing. Though this pabulum may be
vegetable organic material, or its products—as it fre-
quently is, since they mostly exist in stagnant pond
water in greatest numbers—the presence of these or-
ganisms in abundance, bearing as they do a direct and
constant ratio to their food supply, will be often sufficient
in itself to condemn the water as containing at least an
injurious amount of vegetable pollution. The fact that
animal and vegetable life have powers of purifying the
water is beside the question of a sanitary analysis, their
very presence denotes impurity, and with the attainment
of purity they mostly disappear.

The higher and macroscopical types of animal life,
such as water-fleas, water-bears, amphipoda and iso-
poda, &c., broadly speaking denote less danger than
the lower and more minute forms (bacteria, ameebe,
infusoria); but all alike will of course yield evidence of
organic impurity by Wanklyn's method.

The most suspicious elements are those which point

# A slight mineral sediment may often be increased by boiling the
water—when sand, chalk, &c., get deposited. If a water be a
markedly chalk one, the chalk will carry down with it some also of
the suspended animal and vegetable matter.
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directly to sewage contamination, and next to these
those which point indirectly to such contamination.
The latter will be found in hair, wool, cotton and linen
fibres, reddish-brown globular masses, &c., the former
in those objects enumerated on page 138.

A careful examination, however, should always be
made for further evidence of danger, as afforded by the
presence of bacteria, fungi, amceeba, anguillule, and
ova, &c., of the various animal parasites; for each of the
first four classes of organisms, apart from the inherent
danger of some of them, certainly point to the presence
of further impurities (other animal matter, &c.) which
form their favourite food pabulum; and the dangers of
parasitic infection are too well appreciated to need in-
sistence upon here.

MATTER WHICH MAY BE FoUND BY A MICROSCOPICAL
ExAMINATION OF WATER.

I. INANIMATE.

(@) Maineral.—Sand and flint particles generally have
a sharp and angular outline, though often somewhat
rounded from rolling and attrition.

Clay and marl (alumina-silicate) particles are amor-
phous, and very minute.

Chalk particles are likewise amorphous, mostly some-
what larger than those of clay and marl, and generally
rounded in outline. A drop of hydrochloric acid placed
benzath the cover-glass dissolves them, i.e., causes them
to disappear with effervescence.

Iron peroxide forms a reddish-brown amorphous
debris, soluble like the chalk in hydrochloric acid, and
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blued when a drop of the solution of ferrocyanide of
potassium is allowed to run under the cover-glass.
Mica forms thin fine films of very irregular outline.
(b) Vegetable.—Vegetable debris and parenchymatous
cells ; the dotted ducts of the vessels ; spiral vessels, or
spiral fibres drawn out of the cells; pieces of the cuticle
with the vegetable ¢ hairs " still adhering; pollen.
Woody fibres ; fragments of leaves, &c.
Starch cells, of wheat, potatoe, &c.

Macerated paper.

Vegetable matter may also appear as dark flattened
structureless masses (opaque), or most frequently only
as debris—when the diagnosis is attended with great
difficulty ; if, however, any spiral vessels, or fibres, or
dotted ducts can be distinguished, these will always
point to the nature of any obscure debris, &c., with
which they may be associated.

Dark massas from soot may be present in the water.

(¢) Amimal.—Hairs ; feathers ; down.

Wool, silk, linen, or cotton fibres.

Striped muscular fibres; fat cells and crystals; con-
nective tissue; epithelial scales; shreds of mucous mem-
brane.

Scales from the Lepidopterous insects (moths, &c.),
and wings, legs, &c., of other insects.

Reddish-brown globular masses are sometimes justly
attributed to sewage pollution.

II. ANIMATE.

(a) Vegetable—Minute forms of vegetable life mostly

belong to the class of cryptogamous (i.e., non-flowering)
except diatoms and bacteria—contain

plants, and all
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chlorophyll, and are in consequence green. They may
be divided into:—

1. Small and micvoscoprc fumgi, which, with moulds,
represent the lowest forms of vegetable parasites.
They may be present as spores, sporangia, or as
mycelium.

Both bacterium termo and sarcina ventriculi present
familiar instances of these forms.

Beggiatoa alba has been badly named ‘ the sewage
fungus,” but any water containing sulphates is capable
of supporting the fungus, quite independently of the
source from which such sulphates are derived.

2. Numerous forms of alge, ranging in size from those
only visible by high microscopic powers, to those visible
with the naked eye. Of these there are many families:—
the volvocinez, of which volvox is the type, comprise
the lowest vegetable forms of minute unicellular organ-
isms; the oscillatoria (vide plate 1ii.) exhibit a pendulum
like motion ; the confervacesz (vide plate iii.), &c.

Protococcus pluvialis is an interesting instance of an
algoid plant which can live in the atmosphere, and
which is often found in pure rain-water.

Bacteria, desmids, and diatoms, would all be included
in this class, the characteristic feature of the two latter
being the fact that they are built up of two precisely simi-
lar parts. The algz when in considerable quantities give
a dark green repulsive appearance to the water, and
may create diarrhceea, and when they die and decay the
water acquires an offensive taste and smell; otherwise
they are not of much hygienic importance.

(b) Amimal:—1. Protozoa. (a) Rhizopoda. Amaba
will be recognised by its characteristic amceboid move-
ment. Actinophrys is another common and familiar
form ; and polyps shows a very low type of structure. In
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spongilla fluviatilis (the fresh water sponge) the animal
substance is spread over a network of spicules.

() Infusoria. Paramcecium, vorticella, coleps, and
euglena viridis, are all common types.

Stentor is among the largest of this class, and is so
named from the trumpet-like shape of the body.

2. Celenterata.—Hydra is a common type of this sub-
kingdom.

3. Annulosa.—This sub-kingdom embraces :—

(a) Crustacea including the Amphipoda® Isopodat
and Branchiopodat.

Both cyclops quadricornis and daphnia pulex are
tamiliar types of this class; in the latter the antenna act
as oars and propel the little animal through the water
by a series of short springs or jerks ; they assume a red
colour in summer, and when in swarms they give a
bloody tinge to the water.

(0) Arachnida, including water bears (the tardigrada),
&c.

(¢) Insecta. Either in the larval, pupal, or adult forms.

4. Annuloida.—This sub-kingdom embraces the scole-
cida, and includes turbellaria, rotifera (or wheel-animal-
cules) teeniada, neematoidea, anguillule (water-worms).

5. Mollusca. Including polyzoa, siphonida, &c.

The various parasites which may be conveyed through
the medium of drinking water are : —

The tape-worms (Tania Solium, T. Mediocanellata,

* The Amphipoda are sessile-eyed malacostracans. Their bodies
are compressed laterally, the eyes are immobile, and their feet are
directed partly forwards and partly backwards.

+ The Isopoda possess sessile eyes and a depressed body, and the
feet are of equal size and move in the same direction.

¢+ The Branchiopoda are so-called because their branchiz or gills
are situated on the feet. The head is not distinct from the thoiax,
which is much reduced in cize.
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T. Echinococcus, and Bothriocephalus Latus); the
Guinea-worm (Dracunculus Medinensis) ; small leeches
(Hirudinide); the Round-worm (Ascaris Lumbricoides);
the Thread-worm (Oxyuris Vermicularis); Bilharzia
Hzematobia ; Dochmius Duodenalis ; Tricocephalus
Dispar (the Whip-worm); Filaria Sanguinis Hominis ;
Distomum Hepaticum (the Liver-fluke of sheep).

All these may be found in either embryonic or adult
stages of development.

From out of this confusing mass of objects what
material may be selected as affording direct evidence of
human sewage contamination? ¢.., which are those
objects which can rarely, except along with sewage,
gain excess to the water? They are either (1) substances
which from their indigestibility commonly leave the
body in the fwces; (2) substances which may do so
when digestion is interfered with; or (3) the various
animal parasites which infest the human gastro-intes-
tinal tract.

Under the first heading would be embraced such
substances as :—various connective tissue elements, fat
cells and crystals, muscle fibres, some vegetable cells
and starch grains, &c.

Under the second heading shreds of mucous mem-
brane, mucus, epithelial cells, gall stones, quantities of
a1l kinds of food in a semi-digested state, &c.

The third heading includes T. Solium, T. Mediocan-
e lata, Bothriocephalus Latus (either as eggs, segments,
or the adult form); Ascaris Lumbricoides; Oxyuris
Vermicularis ; Tricocephalus Dispar.

(Bacterium Termo and Sarcina Ventriculi are vege-
table).
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CHAPTER XVI.

Gases IN WATER. TueE OPINION UPoN A WATER
ANALYSIS,

IT is a generally known fact that water can absorb
almost all gases or vapours coming in contact with it,
and this with great readiness—for it is the aeration of
water which gives to it the pleasant taste and sparkling
appearance. The absence or degree of this aeration,
however—as has been already pointed out—affords no
evidence of the water’s purity or impurity, since the
foul water of a shallow polluted well is generally
markedly aerated, whereas the pure water collected
from great depths in the chalk (notably in the case of
many artesian wells) is sometimes poorly so. The best
waters are invariably well aerated; those from the
chalk and limestone formations contain much car-
bonic acid and little or none of any other gas, and
where the water from these strata has been subjected
to conditions of very high pressure and low temperature,
carbonic acid may even be in such quantities as to give
a turbid appearance to the water, when this is first
exposed to the air. A water thus naturally highly
charged with this gas is the well known Apollinaris
water, and it may be interesting to point out in this
connection that some of the carbonic acid present in
water may be derived from the oxidation of organic
matter (carbon), though of course it always mainly
indicates a decomposition of carbonates.
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In addition to the innocuous gases upon which the
aeration of a pure water depends, ¢.c., nitrogen, oxygen,
and carbonic acid, it is obvious that water may at the
same time take up noxious gases (such as the consti-
tuents of coal gas), or those which, though not noxious
in themselves, yet—inasmuch as they are generally the
products of organic putrefaction and decomposition—
indicate the presence of danger, such as sulphuretted
hydrogen, ammonias, marsh gas (CH,) and olefiant gas
(EH), &c:

Some waters issuing as springs in the vicinity of
volcanoes, are charged with sulphurous acid.

The estimation of the nitrogen, oxygen, and carbonic
acid, can serve no practical hygienic ends, as no con-
clusions of value can be drawn from the results; in-
teresting as they are from a chemical point of view.
Evidence of most of the other gases may be obtained
by heating the water to 110° F., in the manner already
described when treating of “smell;” or frequently sul-
phuretted hydrogen and ammonium sulphide may be
discovered in very small quantities by the addition of a
solution of lead acetate, when the water darkens. A
solution of the nitro-prusside of sodium (a few drops)
will create a violet purple colour with ammonium sul-
phide, but will remain unchanged if sulphuretted hy-
drogen be alone present.

Should, however, a more careful and delicate investi-
gation be desirable, the gases may be liberated by boil-
ing half a litre of the water, and then collected over
a mercurial trough, when they may be tested for their
nature according to the methods given in the chapter
upon air-analysis.

Though ammonia will always exist in small quantities,
when there is marked evidence of its presence, or when
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sulphuretted hydrogen, ammonium sulphide, or the con-
stituents of coal gas are present, then the water should
be regarded with the greatest suspicion.

While sulphuretted hydrogen may, however, be de-
rived from mineral sulphides, or from reduction of
mineral sulphates® (which reduction is frequently effected
by organic matter and living alga), and the presence
of ammonia may be due to reducing agents in the strata
subsequently percolated acting upon nitrates, yet these
sources are very rare as compared with the danger
yielding ones.

With regard to vapour in water, advantage can be
taken of the fact that if water is distilled the foreign
liquids present will come over in the first quantities of
distillate, and this may accordingly be examined for
any suspected vapours.

ANaLyYsis oF MINERAL WATERS.

In these waters a careful analysis of the ash must be
made, and the following acids and bases should be
especially sought for :—

(a) Bases.—Potassa, soda, lithia, baryta, strontia,
magnesia, alumina, protoxide of iron and also
of manganese.

(b) Acids.—Phosphoric, sulphuric, silicic, carbonic,
boric ; chlorine, bromine, iodine, sulphuretted
hydrogen.

* Good examples of waters charged with sulphuretted hydrogen
from such harmless sources, are to be found at Harrogate and Aix-la-
Chapelle notably. Some waters from the clay have a distinct odour
of sulphuretted hydrogen, derived from the tiny particles of iron
pyrites which enter into the composition of the clay.
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Specimens of the water at various depths in the case
of wells should be collected.

The whole of the dissolved gases must be collected
and analysed.

The temperature of an immersed thermometer (at the
time of collecting) should also be taken, and the specific
gravity should be ascertained and compared with that
of distilled water taken as 1000,

Tuar OprINION UPON A WATER ANALYSIS.

It will be seen from what has already been written,
that there are many considerations to be carefully
weighed together, before any definite opinion can be
formed upon the presence or absence of organic pollu-
tion in any given water sample ; and in order to impress
the point, the reader is again reminded of the fact, that
in forming such an opinion dependence must not be
placed upon the issue of any one stage of the analysis,
but upon the results of the various stages considered
collectively.

To instance the force of this contention it is only
necessary to point out, that in some country districts, if
reliance were placed upon Wanklyn’s process alone, the
rain-water even would be held to be suspicious.

There is no necessity, however, in those cases where
it is necessary to form a rapid conclusion as to whether a
water may be safely drank for the time being, to subject
it to a complete and thorough analysis ; since the quan-
titative estimation of the ¢ two ammonias,” the chlorine
and the nitrates, together with a qualitative examination
for nitrites and the poisonous metals, will here suffice.

It is desirable that a water analysis should be
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as inclusive and complete in every case as it is
possible to make it, and it becomes an absolute sine
qud non that this shall be so in those instances when
the question arises of selecting a water from among
several others for a permanent domestic supply.

In expressing an opinion upon the analysis, it is very
desirable to adopt such terms which, while leaving no
doubt in the mind of anyone as to the opinion held
upon the safety of the water, shall not be fo0 definite in
signification ; and thus it will always be better to say
that *‘ the water shows no evidence of harmful organic
pollution,” than to employ such a precise statement as
‘““there is no organic pollution;” and the results of a
single examination in the case of well, river, and pond
water, must not be considered sufficient evidence to
enable one to pronounce aught but the fact, that #he
sample examined is that of a good water. In order to
commit oneself to a statement which would imply that
the source from which the water is derived is a constantly
pure one, it will be necessary to examine many samples
at different seasons, and under different conditions of
rainfall, drought, &c.—any of which furnish important
factors in determining the different degrees and char-
acters of the fouling which may obtain. It would be
of great assistance to most medical officers of health if
they carefully constructed ‘ water standards” for their
districts, Such would be prepared by selecting the
purest water in each locality, and would form a ready
and reliable means of detecting the smallest amount of
additional impurity which may have gained access to
the supply of any particular household, the water of
which it may be desirable to examine. For instance, a
water sample may well contain 2°5 parts per 100,000 of
chlorine without any suspicion being aroused ; but say
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that the average of the pure water of the locality is 15
parts, then tlie excess becomes important evidence of
¢« added chlorine,” the presence of which would have to
be accounted for.

It will be appropriate here to recapitulate the amounts
which, when found in the most important stages of the
analysis of water, would indicate danger, or make its
employment otherwise undesirable.

¢« Fyee” ammonia and * albuminoid ” ammonia.—I1f the
« albuminoid ’ ammonia exceeds 5 parts per hundred
million, the ¢ free” should not be above this amount,
but if the former is represented by a cypher, then con-
siderable * free’” ammonia may not signify danger;
conversely the ¢albuminoid” ammonia may reach to
10 parts per hundred million if the ¢ free™ does not
exceed I.

The oxidisable ovganic matter examined by Tidy’s modifica-
tion at 80° F.—The oxygen absorbed must reach the
proportions of 160 parts per hundred million in 2 hours,
or about 400 parts per hundred million in peaty waters,
before its amount can be regarded as suspicious.

Chlovine—More than 3 parts per 100,000, 1f not
accounted for by the strata permeated, would arouse
distrust.

T he oxidised nitrogen.—More than o1 parts per 100,000
of nitrogen in nitrates and nitrites, excites suspicion.
The faintest trace of nitrites will generally condemn.

The poisonous metals—More than g5 grain of lead or
copper should probably suffice to condemn. Zinc
should not exceed 1 grain, mor iron % grain. The
faintest trace of arsenic condemns.

The total solids.—These should not exceed 50 parts per
100,000, but of course much depends upon their con-
stitution. In no case, except in peaty waters, should
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there be much charring on ignition, nor should fumes or
odour ever be appreciable during this process.

The hardness should certainly not exceed 30 parts per
100,000, and the greater the proportion of ¢ temporary "
to ¢ permanent hardness " the better.
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CHAPTER XVII.

WATER SAMPLES.

Sample 1.

A Very Pure WATER.

(.., Showing amounts which, when not exceeded, denote great
purity in all the steps of the analysis).

Physical Characters.—Pleasant taste. Well aerated. Clear and
bright. No marked colour. No smell. No sediment.

Reaction - : : : 5 Neutral.
Saline Ammonia . : : : 2
Organic Ammonia . : . 4 l parts per
0, absorbed from Permanganate . 40 100,000,000.
(in 2 hours at 80° F.) &
Total Solid Matters . : : 8 \
(a) Volatile . : ; . 2
(b) Fixed : : - : 6

No appreciable
blackening. No

(¢) Appearance on ignition { smell or fumes

given off. \ parts per
Total hardness . : e - 8 100,000.
(a) Temporary . : . 5
(&) Permanent - : . 3
Chlorine - - 3 : ; 1'5
Equivalent to Common Salt . 2'4
N as Nitrates and Nitrites . : oor J :
Poisonous Metals - : . nil } grg:;lsnﬂfr

Microscopical Examination of Sediment. If any sediment it must
be very small in amount, and should consist of a harmless mineral
or unrecognisable debris.
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Note.—As has been pointed out, if the oxidisable
organic matter is of a vegetable nature, the 40 parts
per hundred million may be much exceeded in even
4 Very pure water,

Sample I1.
A FourL aNp Dancerous WATER,

(¢-¢., Showing dangerous pollution in all the steps of the
analysis).

Physical Characters.—Unpleasant taste and smell (on heating). A
dirty (yellow or brown) colour. Turbidity. Sediment. Often poorly
aerated.,

Reaction 5 : R E § Alkaline.
Saline Ammonia . E 5 . 10
Organic Ammonia . - : 12 parts per

over 250 (1f not due | 100,000,000,

O, absorbed from Permanganate { to peaty matter). |

(in 2 hours at 80° F.)

Total Solid Matters . - . 6o \
(@) Volatile . - . - 25
(b) Fixed . : : 3 35

(Cﬂnsidﬂrable char-

S ring, and fumes
(¢) Appearance on ignition .1 aln:% odour may

be given off. S‘ parts per

Total hardness . - - : 30 ‘ 100,000.
(a) Temporary - - : 15
(b) Permanent 2 ; ; 15
Chlorine - . - . 8
Equivalent to Common E.aIt : I3°T
N as Nitrates and Nitrites . : 0'g
Poisonous Metals . ‘ 3 {D;."l%l?f%ia;;”ggfﬂ gl;:‘i“lﬂmf.ﬂf ’

Microscrpical Examination of Sediment :—Low forms of animal and
vegetable life, such as bacteria and fungi; and organic debris.
Evidence of human excretal contamination in epithelium, cotton
fibres, undigested particles, paper, &c.

L2



148 LABORATORY WORK.

Notes.—Water polluted by sewage emanations (gases
and vapours) shows an absence of this excess of
chlorine and nitrogen as nitrates and nitrites ; but
other evidences of organic pollution are marked, and
especially the ¢ free ammonia.” Microscopically, abun-
dant evidence of bacteria and micrococci is forthcoming.

Sample 111I.
A Susrpicious WATER.

(i.., Showing amounts which indicate danger in all the steps of
the analysis. The possibility of peat and of certain
mineral elements having been yielded by the strata being
excluded ).

Physical Characters.—Slightly coloured (shades of yellow or brown).
Not perfectly clear. No marked taste or smell, though not pala-
table. Slight sediment. :

Reaction : : e ; Alkaline. \
Saline Ammonia . . : . 6
Organic Ammonia i ; : 11 . parts per
0, absorbed from Permanganate . over 160 s i
(in 2 hours at 80° F.) )
Total Solid Matters . - - 40 \
(a) Volatile . . . ‘ 15
(b) Fixed ‘ g : 2 25
() Appearance on ignition { E?T;ﬂihg:r;;gélﬁ i
Total hardness . . ; , 25 pIa;snggr
(a) Temporary A : . 15 A
(b) Permanent : . . 10
Chlorine . ; ‘ ; % 4
Equivalent to Common Salt . 65
N as Nitrates and Nitrites . - 0°25 /
Prieamas Natals . : o] nil (except faint } grains per
traces of iron). gallon.

Microscopical Examination of Sediment. A few low forms of animal
and vegetable life, of questionable origin and significance.
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Sample IV,
Rain-WATER.

(As collected genevally in countvy distvicts).

Physical Characters—No colour apart from that of pure water,
Quite clear, Pleasant taste. No smell. Well aerated. No sedi-

ment.
Reaction - - . 5 : Slightly alkaline.
Saline Ammonia . . : . 5 )
Organic Ammonia. : . ; 0’5 parts per
0, absorbed from Permanganate . about 15 " 100,000,000,
(in two hours at 80° F.) |
Total Solid Matters . - ! 3'5 )
(a) Volatile . : - . I's5
(b) Fixed : : : : 2
(¢) Appearance on ignition . no charring, &ec.
Total Hardness . - - g ST > parts per
(a) Temporary : - : . 0'4 100,000.
(b) Permanent : : ; o6
Chlorine . : ; 0'5
Equivalent to Common Sal’ 08
N as Nitrates and Nitrites 0'005 |
Poisonous Metals . . - nil { gl;;ﬁzﬁfr

Microscopical Examination of Sediment. —

Notes.—In towns the reaction is slightly acid, from
the sulphurous acid in the atmosphere; and the water
is a little different in other respects, owing to further
impurities taken up, such as soot—which furnishes other
sulphur compounds and increases the amount of ¢ free
ammonia,"’

That rain-water, which is collected in country districts
after long periods of continuous rainfall, affords the
purest possible natural water,
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Sample V.

A TvyricarL PeAaTY ¢ UPLAND SURFACE” WATER.

Physical Characters.—The colour is generally yellowish-brown, but
peat may create various shades of green, yellow, and brown,—or
there may even be no colour at all. Not quite clear (from fine
suspended matter). No marked taste or smell. Aeration slight.

Reaction : . - i 3 Distinctly acid.
Saline Ammonia . - i : Ig \
Organic Ammonia. . : : 12 _ parts per
Qs absorbed from Permanganate . about 300-400 100,000,000.
(in two hours at 80° F.) )
Total Solid Matters : : : 8 \
(a) Volatile . . : : 5
() Fixed : : ; : 3
(¢) Appearance on ignition jjSome blackeniag,
" |faint sweet odour
Total Hardness 5 >— pats per
100,000.
(2) Temporary I
(b) Permanent : ; 4
Chlorine : . : . a 1
Equivalent to Common Salt . 1'6
N as Nitrates and Nitrites . : 0'00Q /
Poisonous Metals . . a . nil -I grga;ﬂi[]fr

Microscopical Examination of Sediment.—Shows vegetable debris,
fibres, cells and parenchyma, and frequently minute forms of vege-
table life (vide Chapter on Water Sediments).

Note.—In many ¢ peaty waters” the ‘“ organic am-
monia "’ and the ¢ oxygen absorbed ” will be found to
much exceed the amounts given above,—which consti-
tute the mean of many such waters analysed.
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Sample V1.

SPrRING WATER FrRoM THE CHALK.

Physical Characters.—No marked colour. No smell. Very pala-
table. Well aerated as a rule. Quite clear. No sediment.

Reaction ! : : . - Alkaline.

Saline Ammonia . : : - 1 )

Organic Ammonia. : - : 3 | parts per

(0. absorbed from Permanganate . about b5 100,000,000.
(in two hours at 80" F.) :

Total Solid Matters . . . 30 \
(a) Volatile . : : . 6
() Fixed : - g . 24
(¢) Appearance on ignition . no charring, &c.

Total Hardness . ‘ : : 20 > parts per
(a) Temporary. : . - 13 100,000.
(6) Permanent : . - 7

Chlorine : . : § : 2'5

Equivalent to Commaon Sal : 4T
N as Nitrates and Nitrites . : o g
Poisonous Metals . : : . nil gg;ﬁsonp-er

Microscopical Examination of Sediment. —

Note.—The solid constituents of such waters must
naturally vary materially in different samples.

Sample VII.
A TyricarL River WATER.

(Devived from deep springs, divect rainfall, and surface
drainage).

Physical Characters.—No marked colour. Fairly well aerated.
Pleasant taste. No smell. Clear and no sediment—or a very slight
one.

Reaction v : ; . : Faintly alkaline.

Saline Ammonia . . : ; I'5

Organic Ammonia . : i . 6 parts per

O3 absorbed trom Permanganate . about 8o 100,000,000.
(in two hours at 80° F.) J
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Total Solid Matters . . . 25 \
(a) Volatile . o ; 8
(b) Fixed. . - ‘ . 17

[ No, or extremely

(c) Appearance on ignition . tfaint, diGcolorticn
Total Hardness . . . - 21'5 &- P?Euggr
(a) Temporary ; : : 13 g
(b) Permanent ! ; ; 85
Chlorine. - : : : 1°7
Equivalent to Common Salt : 2'8
N as Nitrates and Nitrites , - 02 'J
Poisonous Metals . : ; 3 nil -{ g?;ﬂsﬂfﬂ

Microscopical Examination of Sediment.—A trace of mineral or vege-
table debris may be present.

Notes.—These quantities will also be found to approxi-
mate to the averages of the water supplied by the
Thames Companies (i.e., after it has passed through
their filters).

The composition of River water will always of course
vary with the following circumstances.

1. The nature of the country through which the
river courses, and which it therefore drains; i.c., whe-
ther this be cultivated and manured, or wild ; whether
there be much or little vegetation; and whether it be
thickly or sparsely populated.

2. The amount of pollution by sewage, waste pro-
ducts of manufactories, the drainage of manured land
and cemeteries.

3. The nature of the bed of the river, and of the
strata through which the springs (which feed the river)
rise.

4. Therapidity and smoothness of flow—i.e., the more
rapid and interrupted this is, the greater the powers of
the river in the direction of self-purification.
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Sample VIII.
A Deep WELL-WATER FRoM THE CHALK.

Physical Characters.—No marked color. Pleasant taste. No smell,
Generally well aerated—though sometimes poorly so, and at others
to great excess. Clear. No sediment.

Reaction - . - A : Alkaline,

Saline Ammonia . . : ' 8

Organic Ammonia S . 3 parts per

Os absorbed from Permanganate . about 75 100,000,000,
(in two hours at 80° F.) }

Total Solid Matters . ; ; 45 )
(a) Volatile . . - ' 10
(b) Fixed : \ ; ; 35
(¢) Appearance on ignition no charring, &c.

Total Hardness 5 i . p 29 5. parts per
(a) Temporary : ; . 19 100,000.
(6) Permanent. - ¢ 5 ' B (s

Chlorine : 5 . ; : 4’5

Equivalent to Common Salt : 7'4
N as Nitrates and Nitrites . ; Qs
Poisonous Metals . i : ; nil BIENNS el

gallon.
Microscopical Examination of Sediment. —

Note.—The total solids may reach as high as 250
parts per 100,000 in some of these waters, but this
amount 1s very rare.

SEA-WATER.

The Rivers' Pollution Commissioners found that sea-

water contained approximately :—
PARTS PER 100,000,
Free Ammonia : - : ; : 0 00b
Chlorine . : : : . ; . 19756
Total Solids . ; : ; ; . 38987
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A specimen collected by the late Dr. Tidy during high
water at Margate gave :(—

Chlorine . : ; : - ' . I770°§

Total Solids . 5 . ] - . 33430

JEIMe : : : A - . 35°I

Magnesia : - : A : . 2056

Silica : . . ; : . : 04

Hardness : : - : : . 5640
SEWAGE.

An average composition of sewage was found, by the
above mentioned Commissioners, to represent about the
following quantities in parts per 100,000.

Free Ammonia. - : : g . 5°520
Nitrogen as Nitrates and Nitrites . . 0003
Chlorine . - ; ' : . . I0°66
Total Solids . . : . - e ]

SCHEME FOR EFFECTING AN ANALYSIS IN THE QUICK-
EST AND MosT CONVENIENT MANNER.

(As by this scheme more than one process is going on
at the same time, care must be taken that all due at-
tention is given to each; although a little confusion
may be experienced at first, yet, after a little prac-
tice, the plan will be found as practical as it is ex-
pedient).

1. Remove 100 c.c. of the water from the sample
bottle, and start the evaporation over a water-bath for
« the total solids in solution.” This will take from 2 to
3 hours.

2. Remove 250 c.c. and commence the estimation of
¢ the oxidisable organic matter.”

3. Remove 500 c.c. from the bottle, and start the
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distillation for the estimation of ‘‘saline” and *‘organic”
ammonia.

4. Well shake the sample, noting any smell distin-
guishable, and decant about 1 litre of the water into a
clean glass beaker; cover this, place aside, and allow
the bulk of any suspended matter present to settle—
with this object disturb the water as little as possible
when amounts are removed for the following purposes.

5. Estimate the hardness, “total,” ¢temporary,” and
“permanent.”

6. Make the “ quantitative estimation of chlorine.”

7. Test for poisonous metals, and e&hmate quanti-
tatively if any one is present.

8. Note the physical characters in the two-foot tube
&c., together with the reaction of the water (acid, alka-
line, or neutral).

9. Test qualitatively for nitrites ; sulphates; and phos-
phates.

10. Collect aud make a microscopic examination of
the sediment (if any).

11. Prepare the water for the quantitative estimation
of “nitrogen as nitrates and nitrites,” set aside, and com-
plete the process on the following morning.

SCHEME FOR EXAMINATION PURPOSES.

(In the examination for Public Health Degrees, the
time is limited, and—as they are at present conducted —
the subjoined tests are considered to suffice in detecting
whether the candidate has a good knowledge of the
subject of water analysis or not. He is expected to
hand in an abstract of each process by which he arrives
at his results, in addition to the results themselves).

1. Start the quantitative estimation of ‘free” and
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¢ g]lbuminoid” ammonia® and then proceed to deter-
mine the following points : —

2. The physical characters #.c., colour; clearness;
aeration ; reaction; taste; smell ; sediment (if any).

3. The quantitative estimation of chlorine.

4. The total hardness.

5. The qualitative examination for poisonous metals
and calcium salts.

6. The qualitative examination for nitrates ; nitrites ;
sulphates; and phosphates.

7. The macroscopic appearances of any sediment
present.

8. If the necessary material is given to the candidate,
and only one sample is provided for analysis, a quanti-
tative estimation of * nitrogen in nitrates and nitrites,”
and of the ¢ oxidisable organic matter,” would be re-
quired. (Vide Appendix for a quick method of estimat-
ing the former).

AN AnaLyTICAL FORM.
(Adapted to a quick analysis of a mineral vesidue).

If a solid residue:—(1) Dissolve as much as
possible by boiling in distilled water ; (2) dissolve any
residue by boiling in dilute hydrochloric acid; (3) dis-
solve any residue still remaining by warming with
strong hydrochloric acid and nitric acid, mixed in the
proportion of 2 parts to I.

An entire solution having been thus effected, to some
of the liquid add :—

A. A few drops of hydrochloric acid, until the
maximum precipitate—if any—1is created.

* This process must be watched as the other tests are proceeded

with. A skilful worker will have finished step 4 before the * free ™
ammonia is all over, and ready for estimation.
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(@) A white precipitate — silver, mercury (-ous salt), or
lead; add ammonia, if the precipitate dissolves = silver; if
it blackens = mercury ; if unchanged = lead.

Add a solution of potassiwm chromate to some of the
original liquid ;—a reddish brown precipitate = silver; a
red precipitate — mercury ; a yellow precipitate = lead.

B. If no precipitate add strong sulphuretted
hydrogen water.

(a) A yellow precipitate — Arsenic, tin (-ic salt), or
cadmium. If arsenic or tin (-ic), the precipitate is
soluble in ammonium sulphide and in liquor potasse.
Distinguish by Reinsch’s test. If cadmium the preci-
pitate is more of an orange colour, and it is insoluble in
ammonia sulphide and liquor potassz.

(b) A red precipitate — antinomy.

Add liquor potassz to original liquid, and a white
precipitate forms, soluble in excess.

(¢) A brown precipitate — Bismuth, copper, or tin (-ous).

If bismuth or copper, the precipitate is insoluble in
ammonia and liquor potassz.

If tin (-ous), the precipitate is soluble in ammonia and
liquor potassz.

Copper will give a bronze colour and precipitate with
potassium ferrocyanide.

(@) An ovange or black precipitate — Mercury (-ic, salt).

A solution of potassium iodide will give a red colour
to the original liquid.

C. To a fresh portion of the solution add a solution
of the chloride of ammonium, and ammonia.

(@) A4 black precipitate — iron ;—ferrocyanide of potas-
sium will yield a blue color ; ferricyanide of potassium,
a red with ferric and blue with ferrous salts.

(b) A greenish-white precipitate — aluminium,

(¢) A dark green precipitate — chromium,
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D. If no precipitate, further add some ammonium
sulphide solution.

(@) A white precipitate — zinc.

(b) A salmon-colowr preciprtate — manganese.

(c) A black precipitate = nickel or cobalt.

If nickel, liquor ammonia yields a blue; if cobalt,
liquor ammoni yields a green.

E. If no precipitate, add ammonium carbonate
solution.

() A white precipitate — barium, strontium, or calcium.

If barium—burns with a green flame; if strontium and
calcium —burns with a red flame ; potassium chromate
creates a yellow with strontium, and none with cal-
cium.

F. If no precipitate, is obtained by this stage, only
magnesium, ammonium, potassium, and sodium can be
present.,

Add lhiquor potasse.

(a) A white precipitate — magnesium.

If no precipitate, but ammonia is evolved = ammonium.

If potassium, it burns with a lilac flame; if sodium,
it burns with a yellow flame.

Potassium and ammonium will create a yellow with
platinum chloride solution.

For acids.

A. Add barium chloride solution (or if silver,
mercury, or lead be present, use barium nitrate).

(a) A white precipitate = sulphates, carbonates, phos-
phates, oxalates,® or borates.

Add hydrochloric acid.

If sulphates,} the precipitate is insoluble even on

* If organic matter has not been previously destroyed.
§ Insoluble sulphates will not have much concern for sanitarians,
but barium and lead sulphates may be detected by converting them
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boiling ; if carbonates the precipitate is soluble (also in
acetic acid) with effervescence ; if phosphates or borates
the precipitate is soluble (also in acetic acid); if
oxalates the precipitate is soluble (but not in acetic
acid).

B. If no precipitate, to some of the original solution
add silver nitrate.

(@) A white precipitate — chlorides or cyanides®; add
nitric acid.

If chlorides the precipitate is insoluble, (and it fuses on
heating) ; if cyanide the precipitate is soluble on boil-
ing.

(b) A pale yellow precipitate — bromides or iodides; add
a drop of strong sulphuric acid.

If bromides, starch paper is coloured orange; if
iodides, starch paper is coloured blue.

C. Test especially for:—Nitrates; sulphides—
heat with acid and sulphuretted hydrogen evolved ;
acetates®—heat with dilute sulphuric acid ( vinegar
smell) ; tartrates*—heat with strong sulphuric acid it
blackens ¢mmediately, and burnt sugar odour and sul-
phurous acid smell evolved ; citrates®—treated similarly
to tartrates, blackens slowly and pungent irritating fumes
are given off.

Salieylic acid.—Add a solution of the perchloride of
iron, and a deep purple colour is created.

Boracic acid and bovates. Condense the liquid by eva-
poration from a large bulk to a very small one, then add
hydrochloric acid and continue the evaporation. While
this is proceeding direct a flame across the top of the

into their corresponding sulphides, by heating them with sodium
carbonate upon charcoal, and the metals can be detected by their
blow-pipe reactions.

* If organic matter has not been previously destroyed.
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evaporating dish, and it will acquire a green tinge. Or
evaporate the liquid to near dryness, and then add
about a drachm of spirit of wine, warm together and
then ignite, and observe a bright green flame.

After adding just sufficient hydrochloric acid to render
the liquid slightly acid, dip in a piece of turmeric paper,
then dry this at a gentle heat, and it will turn red.
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ALKALIMETRY AND ACIDIMETRY.

For estimating the amount of alkalinity or acidity of
a liquid, it is expedient to use standard test solutions
based on the atomic system. Of such, a ¢ normal solu-
tion " signifies one made up as follows:—The number
representing the atomic weight of the reagent employed
is found, and then, whatever this may be, a correspond-
ing number of grammes of the reagent are weighed out
and dissolved in a litre of water—in the case of univalent
substances (H =1), such as sodium, iodine, &c.; but the
number is divided by 2, in the case of bivalent sub-
stances, such as lead, calcium, &c.; and by 3, in the
case of trivalent ones. ‘ Seminormal’ and ¢ deci-
normal ” solutions are obviously those made up to 1
and J%;, respectively, of the strength of the ¢“normal”
solutions.

In estimating alkalinity, a standard solution of hydro-
chloric acid is employed; whereas for acidity, a standard
solution of sodium carbonate is taken.

The normal solution of hydrochloric acid (HCl)—
since the atomic weight of H=1 and Cl=35'37—con-
sists of 36°37 grammes of hydrochloric acid to a litre of
distilled water.

The normal solution of sodium carbonate (Na,CO,)—
since the atomic weight of Na=23, C=12, and O—16—

: 106 :
consists of —— = 53 grammes of pure sodium carbonate
to a litre of distilled water.

A similar amount of each of these solutions should
thus exactly neutralise each other; but it is difficult to
get these to absolutely correspond, and when they do
not do so, the difference must be ascertained, and a

M
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simple calculation made in order to get their relative
values.

In making the estimation methyl-orange (about 1
gramme to the litre) is the ‘‘indicator ” which should
be selected. This substance has the property of yielding
a beautiful scarlet colour in the presence of acidity ; but
its solution, which is of a bright orange colour, must not
be employed where organic acids are concerned, or where
nitrites are present.

Example.—It is desired to estimate the alkalinity of a
solution. A few drops of the methyl-orange “indicator ™
are run into a measured quantity—say 100 c.c.—of the
solution in a Nessler glass, placed upon a white porce-
lain slab.

A * decinormal " solution of hydrochloric acid is then
dropped in from a graduated burette, until a scarlet tint
appears, denoting all alkalinity to be neutralised.

It took 20 c.c. of the decinormal hydrochloric to effect
neutrality, therefore the alkalinity is equivalent to 20
c.c. of this acid solution. But 20 c.c. of the * deci-
normal ” hydrochloric acid is equivalent to a similar
amount of ¢ decinormal” sodium carbonate solution,
therefore the alkalinity is equivalent to 20 c.c. of the
«“ decinormal ” sodium carbonate solution.

But 1 litre of the “ normal” solution contains 53
grammes of sodium carbonate; therefore 1 litre of the
‘« decinormal ”’ solution contains 5'3 grammes of sodium
carbonate, and 1 c.c. of the ¢ decinormal ” solution con-
tains 00053 gramme of sodium carbonate, and 20 c.c.
of the * decinormal” solution contains o°106 gramme
of sodium carbonate.

Therefore the alkalinity of 100 c.c. of the solution is
equivalent to o106 gramme of sodium carbonate.

In testing for acidity, the ‘“indicator” would be
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added, and the sodium carbonate * decinormal” solu-
tion run in until the scarlet colour is just discharged,

when the calculation would be made upon the principles
shown above.

TaBLE oF Artomic WEIGHTS (by latest vesearches).

Barium (Ba) = 136'8
Calcium (Ca) = 399
Carbon (C) = 11°97
Chlorine (Cl) = 35°37
Copper (Cu) =S 63°18
Iron (Fe) = 5588
Lead (PDb) = 2004
Magnesium (Mg) = 23°94
Hydrogen (H) == I'0
Nitrogen (N) = 14°01
Oxygen (O) = 1596
Sodium (Na) == 22°9Q
Sulphur (S) = 3198
Zinc (Zn) 64°9

A Quick METHOD OF ESTIMATING THE “NITROGEN IN
NiTrRATES.”

The phenol-sulphuric acid method of estimating
nitrates is not quite as delicate as the copper zinc
couple process, but the results can be very much more
rapidly arrived at. It will not be necessary here to go
fully into the details of the process, if the main prin-
ciples are pointed out, since the former will occur to the
reader of the foregoing pages.

The reagents required are:—

(1) Phenol-sulphuric acid, made by mixing 8 wvols.

M 2
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and 1 vol. respectively, of pure sulphuric acid and pure
phenol, heating for several hours at 100° C., and then
diluting to three times the original bulk with distilled
water.

(2) A standard solution of potassium nitrate (0-7215
gramme to the litre), each c.c. of which contains o0-0I
milligramme of nitrogen.

(3) Liquor potasse.

Tue PRrRoOCESS.

10 c.c. of the water sample and 10 c.c. of the standard
nitrate solution are each placed in a clean platinum
dish, and evaporated just to dryness. 3 c.c. of the
phenol-sulphuric acid, followed by a couple of drops of
pure hydrochloric acid, are then run into both of the
dishes, which are subsequently allowed to remam on
the water bath for about three minutes.

The contents of the two dishes are then each put into
a separate Nessler glass, and the dishes are washed out
with liquor potassa (the washings of each being also
placed into its appropriate Nessler glass) and then liquor
potassz is added to each glass until effervescence ceases.
The glasses are then filled up to their marks with dis-
tilled water. That which received the contents of the
platinum dish which held the 10 c.c. of standard nitrate
solution, has now assumed a distinct orange colour (due
to the formation of tri-nitro-phenol, i.e., picric acid);
and the contents of the other Nessler glass are coloured,
more or less, according to the amount of nitrates in the
10 c.c. of water sample.

By transferring measured quantities from the deeper
coloured liquid (which will generally be that containing
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the potassium nitrate), into other Nessler glasses, which
are again filled up with distilled water to their marks, a
match is effected ; that is to say, it is learnt how much
of the deeper coloured liquid is required, when this is
filled up to the 50 c.c. mark with distilled water, to
match the tint created by those nitrates which are
furnished by the water sample in the other Nessler
glass.

Suppose that 25 c.c. are required of the 50 c.c. of the
darker coloured liquid (which in this case contains the
10 c.c. of standard nitrate solution). Then of course
(4 of 1o0=) 5 c.c. of the standard solution are required,
to match the colour created by nitrates, in the 10 c.c,
of water sample.

But 1 c.c. of the standard solution contains o‘or
milligramme of nitrogen; therefore 5 c.c. of the standard
solution contains o'o5 milligramme of nitrogen; there-
fore there is 0'05 milligramme of *‘ nitrogen in nitrates”
in 10 c.c. (10,000 milligrammes) of water, or there is o'5
milligramme of ‘ nitrogen in nitrates " in 100,000 milli-
grammes of water, or o'5 part per 100,000.
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PART 11
SOIL EXAMINATION.

TuE ANALYSIS OF SoiLs.

THE Sanitarian will not often find it necessary to make
a chemical analysis of soil, and where he does, it must
be very rarely required that the analysis should pro-
ceed beyond a qualitative estimation of those various
constituents which are soluble in water, and which may,
on this account, gain access in many cases to the drink-
ing water supply. If, moreover, the subject is looked
upon from an agricultural point of view, the soluble con-
stituents of the soil will alone concern the analyst, since
these alone are taken up by plant life. It will be neces-
sary, however, to include in the analysis those sub-
stances which are soluble in a weak acid medium, since
such acidity is sometimes naturally supplied in the form
of vegetable and peaty acids, carbonic acid, &c. A
quantitative estimation of any of these substances is of
little practical import, and no attempt will be made to
treat of such, since the reader will have already become
familiar with the chief methods of quantitative analysis
which would apply to such an estimation. All soils
contain, though in different proportions, the chief mine-
ral constituents which are found in the ash of the plants
which grow upon them ; and an analysis of such ash
will afford a rough and ready clue to the constitution
of the soil, which may frequently suffice for all practical
purposes; but it should be pointed out in this connection,
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that the same value 1s not attached to an analysis of the
aqueous extract of soils as was formerly the case, for it
is now well understood that such does not contain the
same proportions of the soluble constituents as origin-
ally existed before the solution was made. This is ac-
counted for by the fact that soil will yield up readily to
water, the substances in regard to which its powers of
absorption have been satisfied, while it will more or
less strongly retain other soluble ingredients. Whereas
the power of absorbing and retaining moisture is a con-
sideration of the first importance from a health view,—
exercising as it does an important influence upon the
health of whole communities,—yet it is of little practical
value to perform any tests in this direction upon small
quantities of soil, which are collected and brought to a
laboratory : the powers of retaining moisture,—together
with other conditions,—are so largely dependent upon
the characters of the subsoil, &c., that the most reliable
and valuable information is always obtained, by obser-
vations of such tests as are applied by nature herselt
to the soil i situ.

In collecting samples, it must be borne in mind that
the characters of the soil may vary within small areas,
and at different depths —so that many samples must be
collected and analysed, before one can speak, with any-
thing approaching accuracy, of the constituents of the
soil of a district. The depth of the surface soil varies
considerably in different localities. In uncultivated
grounds the soil generally occupies only a few inches in
depth on the surface, and in cultivated grounds its depth
is generally the same as that to which the implements
used in cultivation have penetrated. Soil is composed
of certain mixtures or combinations of the following
substances : —the earths—silica, alumina, lime and mag-
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nesia ; the alkalies—scda, potassa and ammonia; the
acids—sulphuric, hydrochloric, carbonic, nitric, phos-
phoric and silicic; oxide of iron, and small portions of
other metallic oxides; a considerable proportion of
moisture ; and several gases,—chiefly oxygen, hydrogen
and carbonic acid. Besides these, every soil contains a
large amount of vegetable and animal matter, which is
either partially or wholly decomposed.

The stratum which lies immediately under the soil is
called the subsoil, into the composition of which com-
paratively little organic matter enters; sometimes this
subsoil is porous sand or gravel ; sometimes light and
loamy and closely similar to the super-imposed soil;
sometimes stiff (clayey) and more or less impervious to
water.

The Analysis—The sample having been collected, the
coarser stones should be removed, and all lumps broken
up so far as possible with a hard wooden pestle.

Special apparatus has been devised, both for tho-
roughly crushing, and also—where this is not done—for
washing and separating the various coarse constitutents
seriatim ; thus the small rock fragments are first
separated, then the small stones or gravelly sand, next
the coarse sand, the fine sand, and the clayey sand,
until finally the finest clayey portions only remain.

But essentially the analysis is of importance in de-
tecting the substances which a water will extract and
hold in solution, and hence this is made the chief fea-
ture of the analysis here.

Schulze's method is the best for thus obtaining the
aqueous extract of a soil :—the necks of several middle-
sized funnels are closed with small filters of strong filter
paper ; these are moistened, and the paper pressed close
to the sides of the funnel; the air-dried soil is then
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introduced in small lumps ranging in size from a pea
to a walnut, (but not pulverised or even crushed),
until the funnels are filled to about two-thirds. Dis-
tilled water is now poured in, in quantity sufficient to
cover the soil ; if the first portion of the filtrate is turbid,
it must be poured back into the funnel, and the filtra-
tion allowed to proceed quietly; the funnels are again
filled with water, and this process of extraction is con-
tinued until the filtrates weigh twice or three times as
much as the soil used (2-3 litres). The several filtrates
are next mixed in one vessel, and a portion of the washed
soil 1s kept. The aqueous solution is divided into a
larger and a smaller part, and the larger part is eva-
porated to a small bulk. A part of this concentrated
solution is then tested for organic matter and chlorine ;
and the remainder, (which generally contains a little
precipitate), is evaporated to dryness and cautiously
ignited,—so that the organic matter may be slowly but
completely burnt off ; some of the ash thus obtained is
tested in the dry for manganese, by fusing it with 2 or
3 parts of sodium carbonate upon a platinum wire :
the bead of manganate of soda thus formed, appears as
a transparent green while hot, and an opaque bluish-
green when cold. The remainder of the ash is dissolved
in hydrochloric acid, when any effervescence indicates
carbonic acid ; the whole is then evaporated to dryness,
— to separate silicic acid--then moistened with hydro-
chloric acid, water added, and the mixture warmed and
filtered. The filtrate is next tested for sulphuric acid,
phosphoric acid, iron, and (if required) for magnesia,
potassa, soda, and lithia. The residue generally con-
tains a little carbon, a little clay, and also silicic acid;
and the silicic acid may be tested for by washing the
residue, boiling it with caustic soda, filtering, satu-
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rating with hydrochloric acid, evaporating to dryness,
and finally taking up the residue with water—when the
silicic acid will be left behind.

Alumina was never found by Schulze in the aqueous
extract.

The smaller part into which the non-concentrated
aqueous solution was divided, is finally tested for nitric
and nitrous acids and ammonia. The portion of the
soil insoluble in water averages about go per cent. of
the total, and the analysis then proceeds to deal with
this, thus :—

About 50 grammes of the washed soil are heated for
several hours with hydrochloric acid (of medium strength)
upon a water bath, and then filtered. The filtrate,
which is often yellow from ferric chloride, contains the
substances in the soil which are soluble in an acid
medium ; and it is accordingly tested for iron, manganese,
copper, alumina, lime, fluorine, magnesia, potassa, soda
and lithia, silicic, phosphoric, sulphuric, carbonic, and
even arsenic acids.

As the solvents which act naturally on the soil, how-
ever, are far weaker than the hydrochloric acid here
employed, it will be more exact if we examine those sub-
stances which are soluble in carbonic acid water—as by
saturating distilled water with carbonic acid, and allow-
ing this to act upon the soil for several days in a closed
flask, which should be well shaken from time to time.
Water containing both carbonic acid and ammonium
chloride (about o'05 per cent.), should also be allowed
in a similar manner to act upon the soil, and the sub-
stances then taken up should be discovered.

No practical hygienic purpose will be served by
analysing that part (which is always the greater) of the
soil which is insoluble even in an acid medium,—it then



ANALYSIS OF SOILS,. I Eo7 ] |

becomes chiefly a question of finely crushing, and
examining for, and estimating, silicates.

An examination for the peaty acids may be made
thus :—Some of the washed soil is dried and sifted, to
separate any straw, roots and stones; what passes
through the fine sieve is digested for several hours at
80° to go° with a solution of carbonate of soda, and
filtered ; the filtrate is then slightly acidified with hy-
drochloric acid,—and if brown flakes separate, these
consist of the peaty acids, ¢.., ulmic, humic, or geic
acids. Collect these flakes upon a weighed filter, wash
until the water begins to be coloured, dry, and weigh.
Burn the dry mass, deduct the weight of the ash (after
subtracting the filter ash) from that of the dry mass,
and enter the difference as ‘¢ acids of humus.”

The estimation of the moisture of soil has been seen to
be of no practical value; as ordinarily performed it is
simply a matter of driving off the water from a weighed
quantity of soil, weighing the residue, and noting the
loss as due to water.

The estimation of carbonic acid is conducted upon
lines which will at once occur to the reader.

FiG. 29.—Fraenkel’s borer, for taking samples of soil from any depth.

A microscopical examination of the soil may some-
times be made with advantage, and a bacteriological
one generally surpasses even the chemical in impor-
tance. The microbes in soil, their characters, and what
they effect, are as yet but partially understood, and they
afford an interesting subject for research.

The results, obtained by the writer, of a mineral
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analysis of a few common soils, are here appended ; but
it must be understood that those soils which are called
by the same name, may vary considerably in the nature
and amounts of their less characteristic constituents.
The main purpose of the following analyses is to afford
an approxvimate idea only of the amount of the various
substances which enter into the composition of the more

common soils.

Cray (Stourlridge).

Silica ; : : . ; 68
Alumina . : : ; : 15
Organic matter : : : 4
Iron (oxide) . : : : 3
Lime ; : : : . I°5

(carbonate 1°4)
(sulpbhate o-1)
Magnesia, &c. - e

traces o°
Phosphoric acid . L .
Water . : : : : 8
100°0

CaLcarREOUS (Sussex ).

Lime - ; : . : go
(carbonate 8g'5)
(sulphate  0°35)
(phosphate o°15)

Magnesia (carbonate) . : 0'5
Oxide ot iron and alumina : 2:%
Silica ; : : : ; 0'55
Organic matter : : ; 3
Water . . : . : 3°45

10000

ey
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PeAaTY (Devonshive).

Organic matter . . ; 0o's5
Silica . : : : : 7'5
Alumina : : : : 074
Eime. . g : . . 0'5
Sulphuric acid A ; ; 0'2
Oxide of iron : ; : 0'46
Magnesia ; 5 : ; 0'05
Phosphoric acid . ; : 0'02
Sodium and potassium . . 0'03
10000

(GARDEN VEGETABLE MouLD.

Silica : . s : 49°25
Organic matter . : : 13'5
Oxide of iron : : : 925
Carbonic acid . : : 7:12
Water : g : : 69
Calcium . : : ; BT
Alumina . ; : : 2'74
Sodium and potassium ] 2'5
Chlorine . : ! ; 1’5
Sulphuric acid . . ; 13
Oxide of manganese . ; 0'25
Phosphoric acid . ; : 0°4
Magnesium . . : ‘ 0'16
100°00

If an attempt be made to classify a soil, it can readily
be effected in the following manner. A weighed quantity
should be mixed with water, shaken thoroughly, and
then placed at rest; in a few minutes the sand will
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settle, while the fine lighter particles of clay will remain
suspended. If the water and clay is decanted, after a
time it becomes clear ; and the clay can be collected,
dried, and weighed.

Any soil which is not so rich in vegetable matter as
to constitute a ¢ peaty ” one, and which contains—when
thus treated—not over

10 per cent. of clay = a “sandy " soil.

10-40 per cent. of clay = a ‘* sandy loam.”

40-70 per cent. of clay = a “loamy soil.”

-0-85 per cent. of clay = a * clay loam.”

85-95 per cent. of clay = a ‘ strong clay soil.”

A soil containing no sand at all=a * pure agricultural
clay,”—which is essentially a silicate of alumina, mixed
with organic matter, alkalies, and oxide of iron.

If there is more than five per cent. of calcium car-
bonate, the soil is called * a marl;” and if there 1s more
than twenty per cent. ‘* calcareous.”

¢ Peaty " soils generally contain from sixty to eighty
per cent. by weight of organic matter; ¢ rich cultivated
soils ” from about five to twenty per cent.; and *stiff
clayey ” ones from two to ten per cent.

Strong clays absorb and retain nearly three times as
much water as sandy soils, while peaty ones absorb a
still larger proportion; and the same remarks broadly
apply to the relative readiness with which water is lost
by evaporation from those soils through the day, and
can be reabsorbed from the air at night.

In 100 parts of soil dried in the air, Krocker found
that clayey soils, before manuring, yielded o' to 0°45 of
ammonia ; loamy soils, 0'13 of ammonia; sandy soils
(never cultivated), about 005 of ammeonia ; marls, 0004
to 0'0g of ammonia.

The various manures with which the soils under cul-
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tivation are dressed, of course effect considerable
changes in the constitution of the original soil, besides
yielding abundance of soluble matter to the water which
comes 1in contact with them. The commoner manures
are :—

Farmyard and animal excrement, and ¢ Guano.”

Bones, and other phosphatic manures.

Vegetable manures —sawdust, soot, charcoal, peat
and seaweed.

Ammonia salts.

Sodium salts—especially the nitrate,

Potassium salts—especially the chloride and phos-

phates.
Gypsum.
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PART IIT.
AIR ANALYSIS.

CHAPTER 1.

Tue NorMAL AND ABNORMAL CONSTITUENTS OF AIr.
EUuDIOMETRY.

A mvcienic analysis of atmospheric air aims at detect-
ing the injurious gases and vapours which it may con-
tain, together with the nature and amount of the sus-
pended matter present.

Atmospheric air, the elastic fluid which we breathe,
consists, almost #n toto, of a mixture of the gases—nitro-
gen and oxygen ; it is possessed of gravity, fluidity, and
of the power of becoming rarified and condensed, and
since all gases have now been resolved, by reduction of
temperature and increase of pressure, into liquids, they
differ only from those bodies in their degree of elas-
ticity, and in the aeriform condition under which they
exist.

It is advantageous to recognise this at the very
outset, for a knowledge of the fact will serve to make
clear a good deal in the methods of treating gases for
analytical purposes. We shall find ourselves, for in-
stance, measuring gases in a graduated burette, pouring
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them into receptacles, and condensing them in a very
similar manner to fluids.

Broadly, the atmospheric air consists of :—oxygen, 21
per cent., and nitrogen 79 per cent.; but to be more
correct a trace of carbonic acid has to be included in
its composition, which thus becomes :—

Oxyoen .. . . . 2055

Nitrogens. = i ian

Carbonic acid . . o004
100°00

After this air has been respired, the carbonic acid is
increased to the extent of about 4 per cent., and there
is a corresponding diminution in the oxygen: i.e., ex-
pired air contains about :—

Gyoen WL . N NG ah

Nitrogen®. . g

Carbonic acid . . 4'04
100°00

and in addition to this change in its composition, it has
gained “ organic matter,” and is saturated with aqueous
vapour.

An analysis of ordinary air will detect, however,—in
addition to oxygen, nitrogen and carbonic acid,—the
presence, in traces only, of suspended matter, and also
of other gases. If an attempt is made to represent, in a
tabular form, the common constituents of country and
town air respectively, the following would have to be
included in each case :—

N
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CouNTRY AIR.
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Nitrogen . . . T R s £ 0
Oxygen 20796
Carbonic acid . 0'04

Aqueous VApour . . . « = o+ o+ o {"a::flzl_gj (from o4
Ammonia . . . traces

Oxidised nitrogen . -

Ozone "

Marsh gas . . . S

Common salt and mher mmeral sub-
stanices’ . it ernt

Organic matter—in vapour Or in sus-
pended solid form—living or dead
(including micro-organisms)

TownN AIR.

(Reaction—faintly acid)

17

£ ]

INIEFOZEnt.: = o= il e e 79°00
Oxygen . 20 g2 (average)

: ; 005 (average 007
Carbonicacid fad S s SEN e { dsuE*ing foz).
Aqueous vapour variable
Ammonia traces

Oxidised nitrogen .

Sulphurous acid . .

Sulphuretted hydrogen .

Marsh gas: . = o

Common salt and other mineral sub-
SEATICER. 5.0 e i B SR e e

Organic matter—more than in country
air (including micro-organisms) .

It will thus be seen, that, with

i
L} ]
L
1
1

L]

the exception of

oxygen and nitrogen, everything else which may be
found in the general atmosphere exists only in the

very smallest proportions,

and as it is these latter
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constituents which chiefly concern the sanitarian, it
will be gathered that any processes adopted for their
estimation, must be delicate, and carefully performed,
and that large bulks of air should be employed.

There is not, under ordinary circumstances, much to
be gained by a sanitary examination of the general
‘“ external atmosphere,”* except it be with regard to
its moisture, or during the occasion of city fog. The
chief scope for such an analysis lies in the unhealthy air
of crowded rooms (as to its organic matter, &c.), of
manufactories (as to the presence of poisonous gases
from the chemicals, &c., employed), of mines (for poi-
sonous and explosive gases), of cellars (for  ground
air,” ¢ sewer gas,” &c.).

What then are the gaseous and volatile substances
which may, under favourable conditions, gain access
to the air? and what is their source ? It is obvious,
with regard to the latter question, that their source
must be either from the vital processes of organic life
(respiration and transpiration), the decomposition of
organic matter, the combustion of various materials, or
from the products, &c., of trade processes.

They may be thus classified :—

Carbon and compounds of carbon :—Carbon (from incom-
plete combustion).

Carbonic oxide (from combustion, iron and copper
stoves, furnaces, &c., cement works, brickfields).

Carbonic acid (from combustion, brickfields, cement
works, respiration, chemical works—soda water manu-
factories, brewing, &c.).

Carburetted hydrogen (from combustion).

Carbo-ammoniacal substances (from sewers, &c.).

* By the term ‘‘ external atmosphere " is implied the atmosphere
not included within buildings, mines, &c.

N 2
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Sulphur and compounds of sulphuy :—Sulphur (from com-
bustion, &c.).

Sulphurous acid (from combustion—and varying in
amount with the pyrites in the fuel, bleaching works,
copper smelting, volcanic action, cement works, brick-
fields, &c.).

Sulphuric acid (from combustion).

Sulphuretted hydrogen (from combustion, brickfields,
chemical works, &c.).

Ammonium sulphide (from combustion).

Carbon bisulphide (from combustion, vulcanised india-
rubber works, &c.).

Chilovine and compounds of chlovine : — Chlorine (from
bleaching works).

Hydrochloric acid (from alkali works, &c.).
Ammonia.

1
- : From organic
Nitrous acid. 8

L decomposition,
from combus-
tion.

Compounds of {

Sr it Nitric acid.
S Iﬁnlmnnium sulphide.

Ammonium carbonate. |
Organic vapours, the composition of which is unde-
termined (from decay of organic matter, trade processes
— such as soap works, glue refiners, bone boiling and
burning, slaughter houses, tanyards, &c.).
Metallic fumes of arsenic (from copper smelting, &c.,
vide arsenic).

. T’ copper (from copper smelting).

s s lead (from various trade processes).

% i zinc (from brass founding).

b - phosphorus (from match making,
especially before the red or amor-
phous phosphorus was employed).

Water.—(From combustion, respiration, &c.).
The next point is to consider upon what principles we
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shall proceed to estimate the proportions of the consti-
tuents of any gaseous mixture,—since the nature of these
is determined by reactions with which the reader is
already familiar. Well! if we follow out the analogy
which such a mixture presents to a liquid, some chemi-
cal substance might be added—as in the latter case—
with which the gas in question has the property of
combining, and the amount of such gas which has thus
combined may be readily estimated by the increased
weight, &c., gained by the substance which was exposed
toit. This plan, however, is not very satisfactory, and
is not, in consequence, generally employed ; the only
other practical alternative remaining, is to estimate the
amount of gas which has thus been absorbed, by ascer-
taining what loss in wolume the original mixture has
suffered.

The eudiometer (evdisc, serene, good, and wérpcov, mea-
sure) 1s the instrument used for conducting the latter
process, and it consists of an apparatus employed for
measuring the volume of a gas, or gaseous mixture;
and eudiometry may be defined as the act of estimating
the volumetric proportions of any of the constituents of
a gaseous mixture. Eudiometry is the method now in
frequent employ; and in order to demonstrate the most
simple and ready manner of performing it, the estima-
tion of the amount of oxygen in a sample of air is
chosen. It is obvious that the process must be con-
ducted with great care, and that—dealing as we are
with a gas—the different volumes of the mixture must
be measured off under exactly the same conditions of
temperature and atmospheric pressure ; and that—vary-
ing as these do from time to time—the process of esti-
mation should not be unduly prolonged.

We have seen that the amount of oxygen in the
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external atmosphere may be taken to constitute a
normal percentage of 20:g6. After a careful consider-
ation of the number of investigations which have been
made, it seems that it may reach its highest limit of 2I
per cent. over large expanses of open country ; and that
in the most crowded parts of cities it seldom, if ever,
falls below 2075 in the external atmosphere (even in
the time of fog), or below 20'65 in the atmosphere of
occupied rooms.

In mines,® however, the oxygen has been estimated
as considerably below 20 per cent, (Angus Smith found
1827 per cent.; during fog and frost in Manchester,
and in the pit of a theatre, the same observer found
2089 per cent. and 2074 per cent. respectively).

Having in view the fact that the amount of oxygen
diminishes to such a slight extent in atmospheres which
are foul and unhealthy, it is clearly not by the estimation of
this element that much information of a sanitary nature
can readily be gleaned, and its introduction here is main-
ly because it serves admirably to illustrate the perform-
ance of an eudiometric observation,—the principles of
which the reader must early become conversant with.
It must not be thought, however, that small though the
difference is between 20°g6 per cent. and 2075 per cent.,
(i.e., 021 per cent.), it may be altogether ignored, for
the loss in oxygen is made up by some deleterious agent
or agents,—and these will be present in a million vol-
umes to the extent of 2,100 volumes !

* The explosion of gunpowder, where this is still employed, further
contributes to the carbonic acid yielded by respiration to an atmo-
sphere which is never sufficiently renewed.
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Tue ESTIMATION oF THE AMOUNT OF OXYGEN IN THE
ATMOSPHERE BY EUDIOMETRY.

Apparatus required.—-Many of the gas-measuring
apparatus are cumbersome, costly, and difficult to work,
and the writer has found one of the most simple and
convenient of these instuments to be Hempel's gas bu-

(—

i S |

Fi1c. 30.—Hempel's gas burette and absorption apparatus.

rette. IFrom the accompanying figure, it will be seen
to consist of two glass tubes supported on flat round
iron stands, and connected together at their lowest
points by wide india-rubber tubing ; the tube which is
seen in the figure to be held up (and which will be sub-



184 LABORATORY WORK.

sequently referred to as tube A) is plain, and 1s con-
tinued, full bore, up to its top, where it generally
ends in a slight trumpet-shaped mouth; the other
tube (which will be referred to as tube B) is gradu-
ated into cubic centimetres, and narrowed above so
as to fit inside of a piece of small india-rubber tub-
ing, which serves to connect it with the apparatus con-
taining the chemical substances employed to absorb and
remove any constituent of a gaseous mixture. This
apparatus, as shown mounted upon a wooden stand,
consists of two glass bulbs blown in a fine glass tube
bent in the manner portrayed in the plate; the lower
globe has a larger diameter than the upper, and is
capable of holding about 150 c.c. of the reagent em-
ployed, while the upper one should be of at least 100
c.c. capacity.

Reagents employed.—A solution of pyrogallic
acid and caustic potash in distilled water.

THE PRocess.

1. The amount of atmospheric air is first measured in
the gas burette in the following manner :—Both tubes
are placed upon a level surface, and water is poured
down the plain tube A until each tube is about half- full,
Now, owing to the well known physical fact that water
seeks its own level, according as the tube A is lowered,
will the height of the water in B descend, and vice versa.
Raise the tube A, therefore, and thus fill the tube B
with water; then lower the tube A, and the atmospheric
air of the compartment will rush into the graduated
tube B, where it is imprisoned by applying a pinch cock
to the india-rubber tubing at is mouth. This volume
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of air collected is next exposed to the same atmospheric
pressure as obtains in the room, by adjusting the two
tubes (on wooden blocks), at the respective heights neces-
sary to insure that the water stands at the same height
in each. A reading is then made of the volume of air
experimented on, by noting the space (i.c., number
of c.c.’s) which it occupies in the graduated tube.

2. Connection is then made, as shown in the figure,
by fine stiff india-rubber tubing with the * absorption
pipette,” which is fitted upon a stand and raised up
very close to the tube containing the air,—since it is
desirable to have as short a length of tubing as pos-
sible. The necessary quantity of pyrogallic acid solu-
tion is then poured into the ¢ absorption pipette” to
quite fill the lower and larger bulb, and the height
to which the solution stands should be marked off
upon the piece of enamel which is seen to form a back-
ground to a part of the absorption apparatus. Next,
by liberating the two clasps shown in the figure, the gas
burette and absorption pipette are put into communi-
cation with each other, and by raising the tube A the
water ascends in tube B, and the air is thus forced over
into the absorption pipette ; whence it can be brought
back again by lowering the tube A,

This is slowly repeated several times,—in order to give
the solution time to absorb all the oxygen,—and the air
is finally drawn back into the burette, care being taken
that the acid solution is left standing exactly at its
original level, as shown by the mark placed upon the
piece of enamel. The height of the water in the two
tubes is then brought to the same level, just as it was
at the commencement of the process (and for the same
reason), and then the volume which the air now occu-
pies is read off. The volume remaining is broadly
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L
due to the nitrogen, and the difference between it and

the original volume represents the oxygen absorbed.

It is desirable to further expose the air to the pyro-
gallic acid, and then to see if the volume of the remain-
ing gas (N) is the same. If so “a constant reading”
has been obtained, and there is no doubt that all the
oxygen has been absorbed.

NoTES UPON THE PROCESS.

Since, as it was pointed out, the conditions of tem-
perature must remain the same throughout the estima-
tion, the gas burette after it has been charged, should
not be handled except by its iron stand. -

The solution of acid employed should be made about
up to the strength of 15 grammes of pyrogallic acid, and
50 of caustic potash (in sticks).

The oxygen may also be estimated by Dumas’ process,
in which the air having been freed of its carbonic acid
by a strong solution of caustic potash, 1s passed through
a combustion tube containing a length of pure spongy
metallic copper. The copper is kept ignited, and the
air is gradually drawn over the surface of the bright
metal which becomes tarnished by oxidation, and the
difference in weight of the original copper and this
tarnished metal, represents the oxygen taken up from
the volume of air experimented upon.
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CHAPTER 11I.

CoLLECTING SAMPLES. EXAMINATION BY THE SENSES.

SaMmpLES are most conveniently collected in large wide-
mouthed, glass-stoppered bottles, of about four litres
capacity—which, when used for these purposes, are
termed ‘¢ air-jars.”” These must be thoroughly cleansed
in every case before use—the last washings may with
advantage be of distilled water ; they are then inverted,
allowed to drain quite dry, and subsequently stoppered;
and after the collection of the sample the jars should
be closely sealed in those cases where they have to
be removed. Lastly, a label which carries a written
statement of the current temperature and pressure, is
applied.

Following out the principles advocated with regard
to water samples, a sample of air should be collected—
whether it be vitiated by respiration, combustion, trade-
processes, or by products of decomposition, &c.—at the
time when, so far as can be judged, the atmosphere will
afford its maximum evidence of pollution.

In investigating the case of respiratory contamination
in the air of a bedroom, for instance, the sample should
be taken shortly before the first riser quits the room ;
that is to say, after the room has been occupied by its
customary number of inmates for the greatest con-
secutive number of hours. Specimens of the external
atmosphere are best collected at a height of about four
feet from the ground, that being about the mean level
at which it 1s most generally inspired.
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The air is made to occupy the jar by either of the
following methods :—

~ I. A jar may be accurate]y filled with good water—
which can with rare exceptions be got upon the
premises, and may with advantage be previously boiled—
and then inverted, emptied, and allowed to drain dry in
the compartment the air of which is under examination ;
a sample then rushes in to fill the place of the original
water.

2. The air may be blown in, by bellows which are

g

W

-

F16. 31.—The flexible bellows-pump employed by Angus Smith to
draw out air from the air-jar.

provided with a nozzle longer than is usual, so that it
may be placed well down into the jar to within an inch
of the bottom ; this insures that the air which originally
occupied the jar, will be displaced from below upwards
in its entirety.

3. The original air in the jar may be pumped out by
means of a small air-pump, and if this is done in the
same atmosphere as that of which a sample is desired,
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the jar is, of course, refilled by a sample of such flow-
ing in to fill the void.

Angus Smith drew the air out of the bottle by a
flexible bellows pump, shown in the accompanying
diagram (after Angus Smith).

4. A jar may be accurately filled with mercury, and
emptied in the compartment where the sample is to be
collected. Although this plan is theoretically a good
one, it is practically inapplicable on account of the
large amount of mercury required, and from the diffi-
culty of conveying it (from its enormous weight) from
place to place.

Each plan, it is seen, involves the encumbrance and
expense of special instruments—with the exception of
the first; and this is the method recommended on ac-
count of the facility of its execution, and from the fact
that it is at least on a par with the others as regards its
freedom from the possibilities of error.

Whenever it is possible, there is no gainsaying the
advantage, in greater exactitude, attained by making
the analysis at once in the compartment in which the
sample has been taken, since the general atmosphere
is that of the jar; and this can generally be done, a'-
though frequently at the cost of much trouble and incor-
venience, Sometimes, however, the matter becomes
practically impossible, and in those cases the extra
precision attained—which in careful hands will not be
great—need not be aimed at.

Under all the circumstances and conditions in which
we are concerned with the collection and analysis of
air, it is apparent how necessary it is for the operator
to avoid the error which would be introduced by breath-
ing into the apparatus, or into the reagents, &c.
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ExAMINATION BY THE SENSES.

The extent to which injurious gases are allowed to
pollute an atmosphere which is breathed continuously
by human beings, is never so great as to afford any
evidence of their presence save by the sense of smell.

The sense of smell is doubtless capable of considerable
education, and some people possess, naturally, powers
in the direction of odour perception, superior by far to
those of others; and in the case of these very sensitive
ones it may safely be said —with regard to odorous
gases—that if such are not appreciable by smell they do
not exist in injurious amounts. But unfortunately the
sense is remarkably blunt in others, and especially with
certain sections of the community whose noses have
been constantly subjected to non-refining influences,
and which have in consequence grown accustomed
to—that is to say, have become blunted in their per-
ception of—bad smells. This consideration alone will
suffice to show the advisability of the adoption of further
means of detection ; but when we consider that many
gases are entirely odourless, though not the less harmful
on this account, the adoption of such means becomes
imperative.,

Fortunately the atmospheric impurity which we are
by far most generally concerned with, ‘.., organic
matter from the lungs and skin—gives an index of its
presence when it has reached a harmful extent, in a
manner which is almost universally appreciated. Every-
one is familiar with, and can detect at once, the “ stuffy”
odour in an atmosphere, as soon as such organic matter
accumulates beyond a certain point—everyone, that 1s,
who passes into such an atmosphere direct from the

-

i
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external air! The atmosphere may, however, be suf-
fered to acquire a high degree of ‘stuffiness,” (with
which is synonymous ¢ unhealthiness,”) without de-
tection, vnless—as is the case with most of our other
special senses—we quicken our perception by instituting
a comparison,—made in this case between the smell
of the external and internal airs.

The perception of odour in the atmosphere is ma-
terially influenced by the temperature, the amount of
moisture present, and the degree of agitation existing at
the time; a low temperature, little moisture, and per-
fect quiescence, being all unfavourable to odour percep
tion. The more common gaseous or vaporous impurities
which furnish an odour are :—¢“organic matter,” em-
pyreumatic and tarry matters, ammonium sulphide,
sulphuretted hydrogen, ammonia, coal gas, carbon-
bisulphide, &c.; while carbonic acid, carbonic oxide,
and marsh gas, are practically inodorous.

Reaction.—The air over open country regions and the
sea has no evident reaction to litmus papers, and may
be said to be neutral : under those circumstances, how-
ever, in which ammonia exceeds its usual amount, a
faint alkaline reaction may be sometimes produced.

The air of large towns is slightly acid, owing to the
sulphurous acid which is derived from the sulphur com-
pounds contained in the substances used for combustion.
A piece of delicate blue litmus paper, moistened with
neutral distilled water, denotes this acidity by changing
in an hour or two to a faint, though distinct, red.

In the neighbourhood of manufactories, it is evident
that the air may be markedly acid or alkaline, according
to the nature of the predominant gases which escape in
connection with the manufacturing process.
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CHAPTER III.
CArRBONIC AcID.

Tur estimation of the carbonic acid in the atmosphere
is of all air analyses the one of most general importance,
and is, on this account, the one most frequently per-
formed. This is not because the carbonic acid is liable
to exist in injurious amounts, even under the worst
conditions of ventilation commonly obtaining, but be-
cause the gas, being a product mostly of respiration,
affords an important clue as to the extent to which
another and highly injurious product is co-existent, $.2:5
organic matter from the lungs.

So inert is the carbonic acid itself, that it may exist,
when unaccompanied by this poisonous organic agent,
to the extent of 1°5 parts per roo. It is therefore the
cavbonic acid which has been added to the atmosphere by ves-
piration which mainly, if not solely, concerns sanitarians,
and this simply because it affords an index to the
amount of organic matter, which, coming from the same
source, increases pretty nearly par: passu with it.

The amount of carbonic acid which is present in the
general atmosphere,—and which may be termed ‘ nor-
mal,”—has been seen to be o'o4 per cent. by volume ;
it arises mainly from three sources :—

1. The combustion of ordinary fuel, &c.

2. Animal respiration.

3. Organic decay, fermentation, and combustion.

The lowest estimation of carbonic acid made in any
atmosphere was 002 per cent.
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The purest mountain and sea air contains only o'03
per cent.*

The external atmosphere, during fogs, often contains
0°'07 per cent.

Where there is overcrowding it has been estimated
as high as o'7 per cent., and it is commonly under these
circumstances o-3.

Angus Smith found in the worst parts of theatres
0°32 per cent.; in mines, he found an average of 0785,
but in one case the amount reached as high as 2'5 per
cent.

Carbonic acid, per se, does not appear to be injurious
even when it reaches as high as 1°5 per cent., and fatal
results would not accrue with less than 5 to 10 per cent.

The relative importance of the estimation of this gas
has been recognised for many years, and it is probable
that it will ever have an abiding place in hygienic air
analysis, although to a degree its use may be restricted
as our knowledge of the composition of organic vapours,
&c., increases.

We are indebted to Pettenkofer, of Munich, for a
method, which, owing to the facility of its performance,
1s universally adopted ; a method which,—though many
innovations have been suggested, and sometimes adopted,
—has not been materially improved upon since its intro-
duction, now many years ago.

So small is the amount of carbonic acid existing in
the atmosphere, under even bad conditions of ventila-
tion (save in mines), that eudiometry fails to indicate
its amount, and resort is had in Pettenkofer’s process,

* Recent investigations tend to prove the fact that carbonic acid
exists in greater quantities in the air over the summits of very high
mountains, than lower down towards their base. If this is 50, it Is
difficult to conceive a satisfactory explanation of the circumstance,

O
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to make the gas combine with the lime of lime-water
(CaO + CO, = CaCOy); and then to estimate the quan-
tity thus absorbed by the diminished alkalinity which
the acid has effected in the lime-water.

PETTENKOFER'S ALKALIMETRIC METHOD OF ESTIMATING

tue CARBONIC ACID IN THE ATMOSPHERE.

The rationale of the process is as follows :—Clear lime-
water*—a strongly alkaline medium—will, owing to the
lime it contains, absorb carbonic acid with great readi-
ness, and thereby become turbid (Ca0 4C0O,=CaCO;y);
this carbonic acid is a weak acid, and will diminish on
this account the degree of alkalinity (the © causticity ')
of the original lime-water, according to the extent to
which it is absorbed. If, therefore, the degree of alka-
linity of a measured quantity of lime-water is estimated,
and then this reagent be made to take up all the car-
bonic acid of a sample of air, the diminished alkalinity
of the lime-water —when subsequently tested —will
represent the amount of carbonic acid which has com-
bined with the CaO (lime).

More recently other methods have been suggested
which appear to have little more than novelty to recom-
mend them, for they have not offered in the writer's
hands—as an inducement for adoption—any more true
or more readily achieved results. They need not con-
cern us here, save that it may be of interest to point out
that they are all based upon two self-evident principles.

(a) That if the turbidity in the lime (or baryta)
water taken from the air jar, be matched by adding

+ Pettenkofer first used lime-water, and afterwards baryta-water.
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known . quantities of carbonic acid (in the form of
sodium carbonate) to a similar bulk of the original
clear lime (or baryta) water, the carbonic acid taken
up by the lime-water from the air in the jar can be thus
estimated.

(6) 1f the carbonic acid in the air be absorbed by a
strong solution of caustic soda, then the amount of the
residual air can be measured volumetrically, and the
loss will be due to the carbonic acid removed.

Apparatus required for Pettenkofer’'s me-
thod :

1. A large air-jar, 7.e.,, a large wide-mouthed glass
stoppered bottle of about 4 litres (4000 c.c.) capacity.
It is necessary to be acquainted with the exact capacity
of the bottle, in order that the amount of air which it
will hold may be accurately known. This can be as-
certained by filling the bottle quite full of water, and
then measuring the water as it is emptied out,—the
volume of the water which the bottle holds will likewise
be the volume of air which takes its place.

2. A white porcelain dish.

3. A glass stirring rod.

Chemical reagents:—

1. Pure clear lime-water (saturated), made by slaking
lime with water and stirring, and then when the lime
has subsided pouring off the clear lime-water.

2. A standard solution of oxalic acid (crystallised)
made to such a strength (i.c., 2:84 grammes to the litre)
that 1 c.c. corresponds in acidity to o5 c.c. of carbonic
acid.

3. Yellow turmeric paper.

o2
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Tur PROCESS.

1. A sample of the air should be collected in the air-
jar.

2. 50 c.c. of perfectly clear lime (or baryta) water are
then placed in this, and thoroughly shaken up with the
sample of air; the jar is then set aside for from 6 to 10
hours—in order that time may be given for all the car-
bonic acid present in the sample to combine with the
lime, and thus create a turbidity of calcium carbonate.

3. 25 c.c. of the clear lime-water are meanwhile tested
as to their degree of causticity, (due to the amount of
caustic lime present), in the following manner :—the 25
c.c. are placed in a porcelain dish, and the standard
solution of oxalic acid is cautiously run in from a gradu-
ated burette, until the causticity of the lime-water has
been just neutralised by the acid; then the amount of
acid necessary to effect this neutrality 1s read off from
the burette. The method of detecting the exact stage
when neutrality is reached, is by the use of turmeric
paper,—since yellow turmeric paper has the power of
turning brown when moistened with an alkaline medium,
and this reaction is excessively delicate. A number of
small pieces of this paper should be disposed on a clean
surface, upon the operator’s right; he can then, while
adding the acid solution by the left hand, employ the
right to mix it up (by a glass rod) with the lime-
water, and frequently test the reaction by transferring
the wet rod to one of the pieces of turmeric; as the
neutral stage becomes near, the degree of browning
gets fainter and fainter, and when the stage 1s ex-
actly reached, the original yellow colour of the paper
remains entirely unchanged. Care must be taken not
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to add acid beyond this point, or the causticity of the
lime-water will be over-estimated—for turmeric has no
power of denoting acidity.

4. At the end of from 6 to 10 hours, 25 c.c. of the
lime-water are removed from the air-jar, and the causti-
city is estimated in a precisely similar manner,—but 1in
effecting the removal the precipitate of calcium car-
bonate which has settled, must be disturbed as little
as possible.

5. The difference in the number of cubic centimetres of
acid solution required to neutralize (a) the original lime-
water and (b) that which has taken up the carbonic acid
of the air in the jar, represents half the amount of car-
bonic acid in the air—since another 25 c.c. of lime-
water remains in the jar, and this has been weakened
by carbonic acid to a similar extent to the 25 c.c. which
has been removed and tested.

6. The sample of air examined must not be counted
as 4000 c.c., for when 50 c.c. of lime-water were added
to the jar, an equivalent bulk of air was displaced. The
air experimented upon therefore represents 4000—j50 c.c.
= 2gsoic.e:

7. The result may be returned as the amount of car-
bonic acid per cent. (or per 1000 parts) of air, at the ¢ cur-
rent temperature and pressure,” after carefully noting
what these respectively were at the time of experiment.
Or, as is more usual, it may be reduced to the ‘“standard
temperature,” .., 32° F. or 14°5° C., and the ¢ standard
pressure,” i.e., 29'922 inches or 760 millimetres of mercury.

To reduce results to the standard temperature of 32°
F., it is necessary to bear in mind the fact, that air
expands, when heated, to the extent of o-0o2 of its bulk
for every degree rise above 32° F., and in consequence
at this temperature a larger amount of cold condensed
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air would occupy the same air-jar, than would be the
case with the warmer and more expanded air at 68° F.
Supposing that we have found that the carbonic acid
represents 0'07 per cent. per volume of the sample of air
collected when the current temperature was 68> F., and
we require to find what per centage amount by volume
this will correspond to at 32° F. It is obvious that we
must find how much more of the air than that which
constitutes 100 volumes at 68° F. will be contained in
a4 similar number of volumes at 32° F., and that 100
volumes at 32° F. will be found to contain more air
than 100 volumes at 68° F. since the roo volumes at
32° F. will expand in bulk for every degree above that
temperature, and thus occupy more space. There is 1n
this case a difference of 36 degrees between 68 and 32,
and for each of these degrees the air will contract 0 002
of its volume: that is to say, each volume of air at 68°
will become 1 — (36 X 0°002) = 0°928 at 32% and 100
volumes will become g2:8. Therefore g2:8 volumes at
32° are equivalent to 100 volumes at 68°; or in other
words, 100 volumes at 32° will contain the same amount
of carbonic acid as 107-2 volumes at 68°. It 1s neces-
sary, then, to find the amount of carbonic acid in 107°2
volumes at the current temperature, to ascertain the
amount which will be present in 100 volumes at 32° 153

But 100 volumes at 68° contain 0'07 of carbonic acid
and therefore 107°2 volumes contain :—

100 : I0%7°2 @i 007 i X = 0075,

That is to say, since 100 volumes of the air at 32° cor-
respond to 1072 at 68°, 100 volumes at 32° will contain
0'075 parts of carbonic acid.

The correction to the standard barometric pressure 18
not necessary unless the experiment is made upon a
considerably elevated region; for the circumstances
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under which a sample is collected and analysed for
public health purposes, the correction need rarely if
ever be made, and at best must represent an insignifi-
cant figure. The object is to reduce the percentage
amounts of carbonic acid at the current pressure, to the
percentage amounts at the standard pressure, since air
occupies a smaller or larger volume according to the pres-
sure which it is subjected to (i.e., according as the height
of the super-imposed column of air is greater or less).
The correction is made upon the same lines as that of
temperature, when necessary, by the following estima-
tion :(—

As the current height of the barometer: the standard
height (29'g22“) :: the percentage amount of carbonic
acid at the standard temperature, and at the current
height : that of the standard height and temperature.

Suppose for instance the carbonic acid at the baro-
metric reading of 29:5 inches is 0'075, then as i —

29°5 : 29'g22 :: 0.075 : ¥ = 0'076
The amount is seen to be greater, since more air is
compressed into the 100 volumes by the greater atmo-
spheric pressure.

Example.—The causticity of 25 c.c. of the original and
clear lime-water was tested, by first running in 20 c.c.
of the standard acid solution, and subsequently adding
this, more cautiously, in cubic centimetres.

30 c.c. of the acid solution were required to just effect
neutralisation.

25 c.c. of the lime-water from the air jar required
only 27 c.c. of the acid solution to neutralise its dimin-
ished causticity.

Therefore 30 — 27 = 3 c.c. of the acid solution repre-
sents the carbonic acid taken up by this lime-water from
the sample of air.
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But 1 c.c. = 05 c.c. of carbonic acid.

it 6.6 =T 955656 v -

The other 25 c.c. of lime-water left in the jar will also
have combined with another 1'5 c.c. of carbonic acid.

.. the carbonic acid combined—or, what is the same
thing, the carbonic acid in the air-sample, = 3 c.c.
The capacity of the jar was 4000 c.c., and the air ex-
amined is 4000 c.c. — 50 c.c. (space occupied by the
lime-water) = 3950 c.c.

.. there are 3 c.c. of carbonic acid in 3950 c.c. of
air, or 3950 : 100 :: 3 : x carbonic acid per cent. =
0'0759 — at the current temperature and barometric
pressure (.e., 72° F. and 29-8").

NoTEs UPON THE PROCESS.

There is but little scope for error in the estimation
which is a very approximately correct one, and quite near
enough for all practical hygienic purposes. Evidently the
lime-wager does not remain of exactly constant alkalinity,
even though it is well stoppered, for when 75 c.c. are
removed for each experiment, 75 c.c. of the air of the
room (containing carbonic acid) are admitted ; but while
this does not effect results, since it is only necessary to
know the causticity of the lime-water at the time of use,
it will serve to point out the necessity of making a fresh
estimation of this causticity for each experiment. In
order that the lime, or baryta water, shall be kept quite
pure, and constant in strength, it will be necessary to
remove the carbonic acid from the air which enters the
store bottle when some of its contents are withdrawn—
as by making it pass through the pumice stone mois-
tened with caustic potash. The accompanying figure will
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serve to demonstrate how this can be readily effected :—
A large glass store bottle is represented fitted with a
glass tap to draw off the clear lime-water; any air which
enters must pass through the U-shaped tube, which is
packed with the pumice moistened with caustic potash.

The turbidity which appears in the clear lime-water
on the addition of the oxalic acid solution, is due to the
insoluble oxalate of calcium being formed.

If clear and pure baryta water is substituted for the
lime-water, it will be found to absorb the carbonic acid
much more readily than the latter, and the air sample
need only be exposed to its action for an hour. The

Fic. 32.—Store bottle for lime-water,

strength should be about 7 grammes of the crystallised
hydrate to the litre of distilled water.

A simple indicator of the exact stage at which neu-
trality is reached, is a drop or two of a solution of
methyl-orange, which then loses its yellow colour, and
assumes a reddish hue.

Conclusions to be dvawn from the amount estimated.—It is
generally agreed that the air of compartments, which
are occupied by human beings, should not show more
than o'06 per cent. of carbonic acid, i.¢., the o'o4 per cent.
which exists normally in the air, and o'o2 per cent. of
‘“ allowable respiratory impurity.” This limit is chosen
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because, when it is reached solely from respiration, the
organic matter, &c., is judged to have reached an un-
healthy amount, and is said to be appreciable to the
sense of smell (creating a ‘* stuffy” atmosphere). It
must be so, however, only to those in whom the sense 1s
extremely delicate, since from the writer's experiments
nothing is generally thus appreciated until the carbonic
acid reaches 0'08 per cent., in those cases where samples
have been collected from rooms occupied under ordinary
conditions. The air of inhabited rooms, moreover, 18
so generally above this limit, without any evidence of
harm, and carbonic acid can be furnished to a room
from other sources than the lungs of its inmates, that it
would appear to be a little arbitrary to demand the
limit of 006 per cent. in every case.

When the carbonic acid from respiration carries the
total up to o-15 per cent., most of the inmates will then
complain of headache, torpitude, lassitude, and faint-
ness ;: and no further impurity can be detected by the
sense of smell after the carbonic acid, from respiration,
has carried the total up to 1°3 per cent.

It is, of course, not necessary that rooms in which
gas lights are burning shall show only a percentage
amount of carbonic acid equivalent to o006 per cent.,
since in these cases there is no concomitant organic
matter, such as is given out by the lungs. The
extent to which a common gas burner may furnish car-
bonic acid to the atmosphere is about ten times that of
an average adult, i.c., about six cubic feet per hour; and
the amount of sulphur compounds thus yielded, in a
good gas, is not important hygienically.

The air over burial grounds, especially when these
are crowded, contains a high amount of carbonic acid.

Angus Smith devised a rough ‘“ household test,’
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which, though little adopted at the present time, is
simple and practical, and as such is of special value
for determining as to whether the carbonic acid 1s
above or below ¢ the allowable limit.” He found, by
experiment, the largest volume of air which could be
shaken up with clear lime-water without furnishing
a turbidity, so long as the carbonic acid therein
did not exceed the allowable amount, viz., or0b per
cent., and from the findings of his experiments he pro-
pounded the following :—* Let us keep our rooms so that
the air gives no precipitate, when a 10} ounce bottle is
shaken up with 1 ounce of clear lime-water;"” which is
equivalent to stating *‘ let us keep our rooms so that the
carbonic acid shall not exceed o'06 per cent.”
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CHAFPTER IV.
TuE OrcaNIic MATTER IN THE AIR.

THE organic matter in the air includes that given
off from the lungs and skin, and this varies in
character and amount in different human beings with
the constitution and state of health of the individual.
It probably forms pabulum for the nourishment of
germs, while at the same time its presence debih-
tates those exposed to it, and renders them more sus-
ceptible to diseases, and less capable of combating them.
Its composition is very imperfectly understood, and it
probably consists partly of volatile fatty acids and their
ethers, and partly of vaporous and suspended matters
(epithelial and fatty debris). It is certainly largely
nitrogenous and oxidisable, since it will deoxidise so-
lutions of the permanganate of potassium, and will yield
ammonia. It quickly putrefies; and when air containing
it is aspirated through sulphuric acid, the organic par-
ticles are charred and darken the solution. When
present in large amounts in water, it can be precipitated
by silver nitrate. Probably the major part is molecular
and suspended, since it does not diffuse equally about a
room, and tends to fall and settle; and there i1s no
doubt that it is mostly in combination with watery
vapour, for substances absorb it according to their
hygroscopic powers (i.e., it is absorbed chiefly by wool,
feathers, &c., and least so by horse-hair). It gives a
feetid smell to the atmosphere, and from the persistence
of this it is doubtless burnt off but slowly by the atmo-
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spheric oxygen ; and in small quantities it gives odour to
water. When organic substances decompose in the air
they give off gaseous compounds of carbon, nitrogen,
sulphur, and phosphorus.

The processes employed for the estimation of this matier in
air are preferably those with which we have already
grown familiar, and which have served to detect the
same matter in water. A known quantity of the air
—and from choice a large one—is made to slowly pass
through doubly distilled ammonia free water,® which
will retain all the soluble and suspended material—in-
cluding organic matter as such, and those gases which
afford evidence of the presence or former presence of
such matter. The water is then tested for its nitro-
genised organic constituents by Wanklyn's method—
as to its ‘“free” and ““albuminoid ” ammonia, and by
Tidy's improvement of the Forchammer process—as to
its ¢ oxidisable organic matter;” it being borne in mind
in the latter test, that either putrescible organic matters,
sulphuretted hydrogen, or tarry matters, will, if present,
decolourize the permanganate.

The most convenient method of pevformance is to take a
glass wash bottle, partially fill with 500 c.c. of doubly
distilled ammonia free water, and then tightly fit with
a doubly perforated india-rubber cork. Into one perfor-
ation a glass tube bent at right angles with one trumpet-
shaped extremity is accurately fitted, with the trumpet-
shaped end projecting externally (to collect the air),
while the other extremity is made to dip well down into
the distilled water; the second perforation conducts
another bent glass tube, the end contained within the

* The distilled ammonia free water should always be redistilled
quite recently, as, even when comparatively fresh, it is often found
to contain minute traces of ammonia.
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flask being well above the surface of the water, and
the other connected directly by india-rubber tubing to
the aspirator. The capacity of the aspirator being
known (and a convenient size is that of 25 litres),
it is filled to the top with tap-water, the tap is then
turned so that the water passes slowly out—when air of
course enters the trumpet-shaped mouth of the bent
glass tube to fill the vacuum created; such air is
washed in the distilled water (which has the property
of taking up gases, &c., with extreme readiness) before
it reaches the aspirator.

%,

F1G. 33.—An aspirator.

Example.—It is desired to make an estimation of the
nitrogenous organic matter ;—then, if the aspirator be
twice filled and allowed to empty, 50 litres of air will
have replaced the 50 litres of water, and these will have
been drawn through the 500 c.c. of distilled water;
therefore this 500 c.c. of water will contain the nitro-
genous organic matter of 50 litres of air.

Suppose the 500 c.c. of water are found to contain by
Wanklyn’s method o'05 milligramme of free ammonia,
then there will be 0’05 milligramme of free ammonia in
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50 litres of air. But in dealing with air the results are
expressed in terms of ‘° milligrammes per cubic metre ™
(2.e., 1000 litres).

Therefore, if there is o'o5 milligramme of free am-
monia in 50 litres, there will be 1 milligramme of free
ammonia in 1000 litres—or a cubic metre—of air.

Pure air contains albuminoid ammonia up to o1 milli-
gramme per cubic metre, and averages about 0'08. In
a hospital ward this ammonia has been estimated at 1'3.

Generally speaking the external atmosphere (pure air)
averages about o0'06 milligramme per cubic metre of
free ammonia, which has been estimated as high as o8 in
hospital wards.

The process is made much more troublesome, and is
but slightly increased in accuracy, by passing the air
through a succession of small wash bottles containing
ammonia free distilled water—instead of one large
bottle.

In the same manner pure distilled water may be
charged with the oxidisable organic matter; but before
estimating this, any sulphuretted hydrogen, sulphurous
and nitrous acids, and chlorine compounds, must be
previously got rid of in the manner already seen, and
likewise any tarry matter—which will generally give
evidence of its presence by yielding a smell or turbidity
to the water.

The water may also be tested for oxidised nitrogen
(nitrates and nitrites), chlorine, &c. For processes
vide ¢ Water.” |

Another, rougher, plan is to surround a thoroughly
clean U-shaped glass tube with a freezing mixture
of salt and snow (or ice), and to aspirate the air
through the tube, when the low temperature condenses
the watery vapour in the air as it passes through, and
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most of the organic matter is thereby collected. The
U-shaped tube can then be washed with ammonia free
distilled water, and the washings treated for ¢ free"”
and ¢ albuminoid ” ammonia.

This plan may also be used for the collection and
examination of suspended matters.
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CHAPTER" WV,

AMMONIA—MARSH Gas— CarBoNIC OXIDE— SULPHUR
CoMPOUNDS.

AMMONIA,

Traces of this gas are present in every atmosphere—
normally, to the extent of about 0:06 milligramme per
cubic metre—and such are derived from organic decom-
position (sewage, &c.), from combustion (coal), and
from manufacturing processes in which chemicals, &c.,
containing ammonia are employed. The ammonia exists
generally in combination with an acid, so as to form
a salt,—such as the carbonate and chloride, and, less
commonly, as the nitrate, or sulphate. Ammonia
vapours do not appear to injure health, beyond affecting
the conjunctiva when in excessive quantities, and it is
doubtless one of the most wholesome forms in which
nitrogen and hydrogen, as gases, pass into the air. It
1s in greatest quantity near the ground—over peaty land
it is abundant during hot weather—and it is largely
present at the back of houses where refuse matter is
deposited. Its presence, however, is regarded with
scant favour, in spite of its comparative Innocuousness,
for it is the result of decomposition, and it is a constant
ingredient in the most impure airs; it has therefore
very bad relations and keeps very bad company.

The gas may be detected by moistening strips of
filtering paper . with Nessler's reagent, and hanging

P
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these up for some time in the air of the compartment;
or if a sample of air is collected 1n a jar—by catching one
of these prepared papers between the stopper and the
neck, in such a way that it hangs down into the jar free
of the sides for a few minutes. Or known quantities of
air may be aspirated through doubly distilled water,
and the ammonia estimated quantitatively by ¢ Ness-
lerisation.”

Marsu Gas (CH,).

This gas probably exists in traces in most atmo-
spheres, although owing to the difficulties of its detection
it is not easy to speak definitely upon this point.* There
are certainly traces in the atmosphere of towns, and
over districts of abundant vegetation (especially when
such districts are marshy) it exists in large quantities.
As it is evolved from strata in which mining operations
are progressing, it is known as « fire-damp ;" and 1ts
character of exploding, when ignited in the presence of
carbonic acid, is often disastrously exemplified.

There is no doubt that marsh gas, though apparently
extremely innocuous, may create, after a while, sym-
ptoms of chronic cachexia (poisoning); and being in-
odorous and non-irritating, its presence would not be
detected by the senses. ~Any escape of coal gas, con-
taining as it does 35 per cent. of marsh gas, will charge
the atmosphere with considerable and dangerous
amounts of this substance, but fortunately in these
cases the strongly smelling ingredients of the coal gas
give timely warning.

* A. Muntz and E. Aubin found that a million volumes of such
ajr, previously freed from all dust and COg, yielded, when passed
over red-hot cupric oxide, from 3 to 1o volumes of COs.
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Carsonic Oxipe (CO).

Owing to the properties which this gas possesses of
entering into combination with the hamoglobin of the
red corpuscles, displacing their oxygen, and thus para-
lysing their oxygen-carrying functions, it plays the part
of a virulent narcotic poison; and since it gives no
indication of its presence to the senses, its powers for
evil are materially enhanced. It becomes, then, an
urgent duty to examine the air for this gas in those
cases where there is any likelihood of its presence, and
this will always be the case in the atmosphere of com--
partments where iron or copper stoves are employed,
and especially so when the material is cast iron, and
when the fuel is coke; where coal gas (which contains
6 per cent.) is incompletely burnt or escapes; or where
there is a possibility of some of the products of com-
bustion from furnaces, flues, &c., escaping into a com-
partment—for the air in furnace-flues has been found to
contain over 20 per cent. of carbonic oxide, and that of
ordinary flues from domestic fire-places as much as 4
per cent. The carbonic oxide of the air of flues is
always the product of incomplete combustion, that is to
say, the carbon of the organic material burnt is either
not fully oxidised to carbonic acid (CO,), owing to the
supply of fresh air being insufficient, or else the carbonic
acid, being formed low down in the furnace, gets re-
duced in passing through the rest of the furnace to
carbonic oxide.

It will also be of service to remember, that of the
gases generated from the explosion of gunpowder, car-
bonic oxide forms nearly 8 per cent. (7'5 per cent.); and
that a serious drawback to the adoption of ‘“ water gas”

P2
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as a source of heat and light, is the fact that it contains
(before combustion) 25 to 40 per cent. of this very
dangerous ingredient.

The carbonic oxide in the atmosphere of stove-heated
rooms, is derived from either of the following sources
(and probably to some extent from all) :—

(1) Red-hot cast iron will transmit the gas from the
fire—either through its substance, or through minute
fissures; and the hot iron will even itself reduce CO,
to CO.

(2) The carbon which enters into the formation of
the cast iron, may get oxidised and reach the external
atmosphere.

(3) Particles of suspended organic matter in the
atmosphere get charred and partially oxidised, by com-
ing in contact with the heated stove.

(4) Currents passing down the smoke flue, as they do
under certain conditions, may thus introduce the gas.

QUALITATIVE TEST OF ITS PRESENCE.

The best is Vogel’s,—but a knowledge of the spec-
troscope is necessary to the test, and for those unac-
quainted with the use of this instrument a short intro-
ductory description is appended :—

If a compound light, such as sunlight, is made to
pass through a glass prism, the different coloured rays
of which it consists are unequally refracted, (or bent
out of their original course), so that beyond the prism
they form, upon a white surface, a continuous line of
colours called the ¢ spectrum;” and the spectrum of the
compound white light will be seen to consist, 1n order,
of red, orange, yellow, green, blue, indigo, and violet.
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A number of dark lines—called absorption bands, or
Fraunhofer’s lines—are also seen to cross the image of
the solar spectrum.

In other lights, however, the spectrum will only show
a very tew bright bands (that of the sodium flame only
one), and the remainder of the spectral image 1s thus
rendered almost—or quite—invisible, by comparison.

If now we transmit solar light through different
coloured solutions, we then get different absorption
bands—though analogous to the lines of Fraunhofer.

F16. 34.—The spectroscope.

If a solution of fresh blood, for instance, be taken, and
the cell containing it is placed before the slit in the
instrument which admits the light, two distinct and
characteristic absorption bands are seen.

The accompanying figure will serve to show the
manner in which the spectroscope is constructed :—

A firm iron stand is seen to support, at its upper
end, a brass plate carrying the glass prism ; laterally
a cylinder is also fastened to the brass plate, and in
the end of this cylinder which is nearest the prism is
placed a lens, the other end being closed by a plate
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with a vertical slit in it (the breadth of which can be
regulated by a screwto meet requirements), and through
which slit the light (represented by two coloured flames
in the figure) is admitted to the prism—the rays being
first rendered parallel, and condensed, by passing through
the lens.: The spectroscopic appearance is then viewed
through a small telescope (with a magnifying power
of 8), and this is fitted on to the cast iron foct, so as
to be moveable in a horizontal plane about the axis
of the foot. The other tube seen in the figure contains
a fixed scale, which is reflected from the front surface
of the prism into the telescope, and serves the purpose
of fixing the width and distance apart of the various
characteristic lines— it is illuminated by a small gas
flame, as shown in the figure.

All foreign light must of course be cut off, and this 1s
done by a black cloth having a circular opening to
admit the illuminated tube just referred to, and which
is thrown over the prism and the other tubes.

By a spectroscopic examination, therefore, the colour,
number, and position of the bright lines on ‘the spectral
scale, are carefully observed and noted.

The most convenient and delicate method of perform-
ing spectroscopic observations is by means of the Sorby-
Browning micro-spectroscope, which simply consists of
a small spectroscope placed in connection with a micro-
scope, in such a way that the former fits into the tube
of the latter in the same manner as an eye-piece.

Viogel's test is so delicate that it more than suffices for
all practical purposes, detecting as it does as little as
a'03 per cent. To the sample of air collected in the jar,
a little pure water is emptied ; and the finger is then
pricked so that a drop of blood may be made to fall also
into the jar. The whole is then vigorously shaken up
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and allowed to stand for a short while, when:a little of
the reddish liquid is removed .and examined by the
spectroscope, and the appearance on the scale is care-
fully noted. The spectral appearance will be that of
oxy-hemoglobin.

Oxidised heemoglobin shows two well marked bands
in the yellow and in the green parts of the solar spec-
trum, both lying between Fraunhofer’'s lines D and E.
The spectral appearance of heemoglobin in the presence
of carbonic oxide is almost identical.

A few drops of a solution of ammonium sulphide are
next added, the bottle is well shaken, and the liquid is
re-examined. If no change whatever in the spectro-
scopic appearance of the fluid has ensued, carbonic
oxide s present ; otherwise the ammonium sulphide hav-
ing de-oxidised or reduced the haemoglobin, the two
bands will be represented by a single band, shaded oft

> i ]

Fi. 35.—Showing the characteristic disposition of the absorption
bands, in the spectroscopic picture of oxy- and reduced hazmoglobin.
The upper scale representing oxyhzmoglobin and the lower reduced

hamoglobin.

at the borders, and occupying a position intermediate
with regard to the original two bands.
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A QuaNTITATIVE TEST.

The subchloride of copper has the peculiar property
of absorbing this gas; and advantage is taken of the
fact to estimate the quantity present by the method of
eudiometry.

It will be unnecessary to repeat here what has already
been described in connection with oxygen and nitrogen;
it will suffice to state that a volume of air is measured
in the Hempel’s burette (at the current temperature and
pressure), and then passed over, slowly and repeatedly,
into the absorption pipette charged with the solution
of subchloride of copper. Time must be allowed for
complete absorption, which takes place slowly; and two
or three readings should be repeated until a ‘ constant
reading” is obtained, to ensure that all the gas has been
absorbed. The loss in the original volume, taken under
the same conditions of temperature and pressure, is due
to carbonic oxide present, and represents its amount.

NoOTES UPON THE PROCESS.

It is necessary to use an absorption apparatus with
large bulbs, in order that a good quantity of the copper
solution may be employed ; and this is especially desir-
able because the oxygen in the air somewhat impairs
the powers of the copper solution. Having in view this
fact, it is desirable to first remove the oxygen, and then
examine the residual gases for carbonic oxide—in those
cases where a very correct estimation is required. The
faintest traces will escape detection (as in the case of
carbonic acid) by this method of endiometry, and there-
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fore its utility for hygienic purposes is not great when
one considers the fact that an amount of under one
per cent. has caused narcotic poisoning, and that traces
far short of this must of necessity, from the nature of
the gas, work insidious harm to animal life. It seems,
therefore, that the qualitative test of Végel’s, which will
detect slighter traces, will suffice for sanitary purposes—
since it is not necessary to estimate the amount, when the
faintest trace suffices to make an atmosphere very un-
desirable. The solution of the subchloride of copper is
made by exposing copper-turnings and the oxide of
copper to the action of strong hydrochloric acid.

Sulphurous acid, sulphuretted hydrogen
and ammonium sulphide may all be present in
the atmosphere of large towns, the first two invariably
so, in traces ; the latter is, however, less often appreci-
able. They are also added to certain atmospheres by
combustion and trade processes.

There is no doubt but that their presence is deleterious
to health, and creates in time a chronic unhealthy
(cachectic) condition.

The external atmosphere chiefly gains sulphurous
acid from the combustion of the coal used in manu-
factories, especially when this is impure and contains
quantities of pyrites. The gas is distinctly injurious to
vegetation, and it is an open question whether—diluted
as 1t 1s 1n the atmosphere—it can even have the dis-
infectant powers which have been ascribed to it by
some.

Angus Smith considers sulphuretted hydrogen * one
of the most deadly of gases,”” and holds that ¢ it lowers
the tone of health, and may gradually diminish vitality
to such an extent, that disease ensues.” Chemists are,
however, exposed to it daily with no marked ill-effects !
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Sulphurous acid, in large quantities, appears to favour
the development of—even if it does not induce—chronic
chest conditions, an@mia, and conjunctivitis, &c. A
cubic metre of air examined at Lille, was found to con-
tain on an average 1'8 cubic centimetres.

These gaseous compounds of sulphur may all be
detected by exposing to the air strips of filtering paper
moistened with a solution of lead acetate. Any faint
evidence of darkening about the borders of the pre-
viously white paper will prove their presence in the
atmosphere. The darkening may be due to ammonium
sulphide; but if this is present, the air will at the
same time be alkaline in reaction, and similar paper
moistened with the blue solution of the nitro-prusside
of sodium will turn violet.

A quantitative examination may be made by drawing
a known volume of air through distilled water by
means of an aspirator, and having created a colcur 1n
this by adding lead acetate solution, match the colour
in a similar bulk of pure water (which is treated with
a like amount of lead acetate solution) by adding
known quantities of the sulphur compound. In the
case of ammonium sulphide, the violet colour produced
by the nitro-prusside of sodium may also be similarly
titrated.

Hydrochloric, nitric and nitrous acids pro-
voke chronic chest conditions; and carbon bisul-
phide induces serious chronic nervous derangements.
Their presence is indicated by tests given upon a subse-
quent page, or large volumes of the air may be passed
through distilled water — which may be afterwards
tested for these gases.
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CHAPTER VI.
OzoNE (O;)—AquEous VAPOUR.

Tuis gas is an allotropic oxygen, in which the molecule
is represented by 3 volumes of oxygen instead of 2. It
1s a gas with a peculiar phosphorous odour, and pos-
sessing marked irritating properties upon the mucous
membrane of the eyes and nose, and upon the respira-
tory tract; the function it performs in nature is to oxi-
dise oxidisable products, and thus to purify the atmo-
sphere. It is best prepared artificially by passing
electrical discharges through moist air, and hence it
will be readily understood that its chief natural source
is atmospheric electricity, and that it exists in greatest
quantities during and after thunderstorms—when it is
also generally associated with nitric and nitrous acids
and peroxide of hydrogen. The peroxide of hydrogen
is also a powerful oxidising agent, by parting with some
of its oxygen and becoming water (2H,0,=2H,0+4-0,);
and nitrous acid will also part with its oxygen with
great readiness.

According to the late Dr. Tidy :—

1. Most ozone is found after thunderstorms, and least
in damp and foggy conditions of the atmosphere.

2. More is found on the coast than inland, especially
when sea breezes are blowing.

3. More 1s found at high than at low levels.

4. More is found in country than in town districts,
and M. Houzeau suggests that this fact may be due
to the freer movement of air.
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5. More 1s found in winter than in summer.

6. More is found during the night than the day, and
the greatest quantity at dawn.

7. Western winds in Great Britain contain more
than Eastern. M. Houzeau points out that the mani-
festation of ozone is affected chiefly by the infensity of
the winds in most cases, except where these blow
directly off the ocean.

8. It is rarely, if ever, found in the air of dwelling
rooms when occupied.

Test.—The common test for ozone is that of exposing
to the atmosphere a white porous paper (filtering or
blotting), after this has been soaked in a solution of
potassium iodide and starch and then dried. Ozone
will free the iodine, which then combines with the
starch to form the blue iodide, and thus a blue colour is
created (O;+2KI+ H,0=2KHO+1,+4+0,). The papers
are exposed for a definite time in a cage, which aids in
protecting them from direct sunlight, dust and rain—all
of which must be excluded (together with wind), or sub-
sequent bleaching and fading of the colour ensues.

The test is a coarse one, however, and fallacy arises
from the following causes :(—

1. The oxides of nitrogen, peroxide of hydrogen,
and chlorine (which may also be formed by electrical
discharges in the atmosphere) will produce the same
results upon the papers.

2. The freed iodine 1s partially volatilized, and thus
its effect 1s lost; while some of it may return to the
potash and form inert iodide and iodate.

3. It is impossible to get uniform atmospheric condi-
tions, ¢.c., the amount of light, moisture, temperature,
and wind—vary, and make results inconstant; and the
purity and strength of the starch varies considerably.
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The greater the movement of the air (wind), the greater
the quantity of ozone which is brought to act upon
the paper, and hence less quantities of this gas present
on windy days may create more bluing than greater
quantities on still days.

A better test (Houzeau) is the bluing of faintly red-
dened litmus paper when moistened with a solution of
potassium iodide and dried—when the potash formed by
the ozone, being alkaline, gives the paper a blue tint.
Ammonia is the only other gas in the atmosphere which
can produce the same effect, and consequently another
piece of the litmus paper, nof treated with potassium
1odide, 1s exposed at the same time. Then if the whole
colour is not due to ozone, any difference in the shades
of the two papers must be created by this gas—which
can thus be estimated.

The principles upon which a quantitative estimation
of ozone (i.c., “ozonometry’) is made, are colorimetric.
The intensity of the blue colour created by the ozone act-
ing upon the papers when these are exposed to the atmo-
sphere, is matched with one of a series of papers forming
a standard scale (1 to 10) of tints—each tint having been
produced by exposing such papers to known amounts of
ozone; the same tint of blue will, of course, in either
instance, be produced by similar quantities of the gas.

Aqueous vapour must only be briefly considered
here.

It is best estimated by hygrometers, i.e., instruments
which read the amount of moisture present in the at-
mosphere. The best of these is probably the combina-
tion of wet and dry bulb thermometers, the readings of
which, when applied to Glaisher’s Tables,* form a ready
means of making the calculation.

* Vide pages 240, 241.
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The wet and dry bulb hygrometer consists of two
thermometers, identical in every respect, and fitted on to
a stand. The bulb of one of the thermometers “(the
“wet thermometer”) is covered with thin muslin, and
around its neck are twisted conducting threads of cotton
which pass thence into a small vessel of pure water,—
placed at such a distance as to allow a length of about 3
inches of thread: this vessel is fixed upon one side,
so that the evaporation of its contained water may not
affect the readings of the dry bulb thermometer. The
cotton is previously freed from fat by ether, and then it
conducts the water from the vessel to the muslin sur-
rounding the bulb of the thermometer, where it eva-
porates quickly or slowly according to the dryness
(*“ drying power ) of the atmosphere; and as during
evaporation there is a reduction of heat, the tempera-
ture recorded by the wet bulb is always reduced below
that of the dry bulb—except of course in those cases
where the atmosphere is already saturated, and no eva-
poration on this account ensues. The temperature of
the air, and of evaporation, is thus given by the differ-
ence in the readings of the two thermometers; from
which can be ascertained by means of Glaisher’'s Tables
the various hygrometric data.

The instrument should be placed in the shade, with
the bulbs of the two thermometers well exposed—though
protected from any radiant heat which may pass from
the walls of occupied houses. The observations are
generally taken at a height of 4 feet from the ground.

The amount of watery vapour in the atmosphere
varies much from time to time, and from place to place,
and is greatly dependent upon temperature; warm air
having the power of holding more invisible moisture
than cold. It may range from 30 per cent. of the
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amount necessary to create complete saturation, to
complete saturation itself, taken as 100. From 65-70
per cent. of saturation is probably the degree most con-
ducive to general good health, and 75 per cent. is very
agreeable—a difference between the dry and wet bulb
thermometers of about 5 degrees, that is!

‘Abnormal dryness of the atmosphere gives rise to an
oppressive feeling, and obtains chiefly in store heated
rooms, or in rooms ventilated with hot air; and ab-
normal dampness, gives rise to numerous conditions
familiar to everyone.

All air contains some moisture, and when the tempera-
ture 1s lowered to a less or greater degree, at last—ac-
cording to the amount of this invisible moisture present—
a degree is reached at which the air is no longer capable
of holding the vapour, and it is deposited in a solid
visible form ; the temperature to which it is necessary
to reduce the air of any place in order that it shall thus
deposit its moisture, is called *“the dew-point.”

The amount of vapour which will saturate a cubic
foot of air under the standard barometrical pressure at

32° F. = about 2 grains.*
35° o= 19 2% )
40° F. = a3l s 19
45a F. = » 3% 1
SGG F' — 13 4— 33
55:' F. = 1 5 33
oS B %R - i
65¢°H: =& il ety
?DD F' — 22 8 I |
?5° B 11 9% 13

* For precise amounts see Table on page 241.
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CHAPTER VII.
SUSPENDED MATTER IN THE AIR.

THE nature of the suspended matter in the atmosphere
must, of course, vary widely with the place and the
circumstances of its collection; and it would not be
going too far to say that particles of almost everything
the observer can see about him may be present to a
greater or less degree. Under these circumstances, the
task of tabulating here these various materials would
become a difficult and tedious one ; but those which are
of more common occurrence will be given.

Although under general conditions they are invisible
to the unaided eye, everyone must have been struck
with the enormous quantities of these suspended mat-
ters when a ray of sunshine enters a room, and the
rays of light reflected from their tiny surfaces disclose
their presence. Obviously their number increases ac-
cording as the atmosphere departs from its state of
greatest purity; high mountain air on the one hand
containing few, and low town air containing many
(soot, dust, &c.).

These minute solid particles, which mostly have a
tendency to settle when the air is still, gain access
to the atmosphere chiefly in the following manners :—

They are lifted up by air currents; by the bursting
of the bubbles which may form upon the surface of
liquids ; by the ascensional force of evaporation; by
combustion ; and by volcanic upheavals.
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It is more especially in the work-rooms of factories
that this examination of suspended matters becomes an
urgent desideratum, since both the nature and amount
of these have been abundantly proved to be concerned
in the production of disease.

The collection, and microscopical examination, of the
dust which settles in a room, gives a rough means of
investigating the subject—but it is necessary to deal
with methods which are more inclusive and precise.

The methods of collection.—

Undoubtedly the best method is to aspirate large
volumes of the air slowly through small amounts (say
100 c.c.) of distilled water, placed in 2 or 3 small wash
bottles. These are then covered up and set aside—so
that the suspended matter may settle as much as
possible—when the supernatant fluid is siphoned off, or
decanted ; specimens of what remains behind in the
bottles are next removed by a pipette, and mounted
for examination. At the same time some of the ap-
parently clear supernatant liquid should be examined
for those suspended matters which have not settled.
The method can be made quantitative by aspirating
measured quantities of air through water and counting
the number of particles in an aliquot part of such water.

Another plan is by means of Pouchet's aévoscope.

This instrument consists of a vertical glass cylinder,
capable of being hermetically closed at either end by a
copper ferule. The ferule at the upper extremity of the
cylinder is a permanent fixture, and gives passage to a
vertical copper tube which is partly outside and partly
enclosed within the cylinder; of this tube, the extremity
of the part which is outside the cylinder is expanded
into a trumpet-shaped mouth (so as to better collect the
air) and the end of the part which is inside the cylinder

o
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is gradually drawn to a very fine point, not more than
o'5 mm. in diameter.

The ferule at the lower extremity can be removed, so
that a circular glass plate—which has been previously
smeared with glycerine—can be placed immediately
under the finely drawn point of the copper tube. The
whole apparatus is then made air-tight, and connected
with the aspirator. The air which is thus sucked in
falls in a spray upon the glass slide, and the glycerine
retains the suspended matter.

A modification of Pouchet’s aéroscope is the instru-
ment of M. Marié-Davy, a description of which is not
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F1u. 36.—M. Marié-Davy’s modification ot Pouchet’s aéroscope.

necessary, since from what has been written the accom-
panying figure sufficiently explains itself.

Hesse's apparatus is seen by figure 37 to consist of a
long glass tube connected at one end to the aspirator;
the small india rubber cap which closes the other end
is removed just before use, and 50 c.c. of pure glycerine
is poured into the tube, which is then turned round on
its horizontal axis so as to make the glycerine coat the
whole interior. As the air is subsequently aspirated
through the tube, the suspended matter is caught up by

the glycerine—which can be removed and examined
microscopically.
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Methods in which glycerine is employed are some-
what unsatisfactory, since it is rare that the original
““pure” glycerine will not contain marked evidence of
solid particles. A preliminary microscopic examination
of the glycerine would not, however, entail much addi.
tional labour or loss of time !

A thard plan entails the use of a pure sugar filter
through which the air is slowly drawn: the sugar is then
dissolved in a sufficiency of pure water, and the sus-

&
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F16. 37.—Hesse's apparatus for the collection of suspended matters
in the air. a. The extremity connected with the aspirator. b. A re-
moveable cap.

pended matters caught up in it are retained in sus-
pension in the water, when they may be collected and
examined microscopically.

The filter is best arranged as a glass tube, at least an
inch in diameter, disposed horizontally, and packed—
not too tightly—for several inches with the sugar crys-
tals. One end of the tube is left open for the entrance
of air, and the other connected by india-rubber tubing
with an aspirator. The filter dissolved—the suspended

Q2
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matter may be separated by filtration through a weighed
Swedish filter-paper, then dried at a low temperature
and weighed. If the amount of air aspirated has been
recorded, the weighed quantity of its original suspended
matter may be expressed as milligrammes per cubic
metre, i.e., a quantitative estimation may be made.

Objections may be raised to each of these processes,
but such are not of great import: it may be argued for
instance —and truly so—that some substances will pass
through the water in the aspiration method, or may be
deposited in the tubes and bottles. These consider-
ations, however, will only affect conclusions when ex-
tremely refined work 1s desired.

THE NATURE OF THE SUSPENDED MATTER.

This is, of course, either animal or vegetable (dead or
living), or mineral. The more common substances
found are :(—

Animal.—

1. Dead.—Debris from wear and tear of clothes, &c.;
wool, silk, &c., fibres; human hair; particles of feather;
molecular debris (?) in considerable quantity; debris
of dried epithelial cells, and epidermic scales from
skin; pus cells; pyogenic micro-organisms; frag-
ments of insects, 7.c., scales from wings, legs, and
particles of the spider’s web ; dried faecal particles
from horses’ dejecta, &c.

2. Living.—Minute ova ; infusorians—minute forms
even grow in the atmosphere—chiefly amcebiform.

VYegetable.—

1. Dead.—Soot or particles of carbon, &c.; molecular
debris (?) in large quantity ; vegetable fibres, hairs, and
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cells, &c.; cotton, &c., fibres; starch grains; portions
of plants, and pieces of woody fibre ; pulverised straw ;
dead spores, &c., of moulds, fungi, diatoms and bacteria.

2. Lwing.—Pollen seeds; spores of fungi, moulds,
and diatoms (which may even live and grow in the
atmosphere), and rarely mycelium of fungus*; alge,
notably protococcus pluvialis, and also the small oval
cells of other unicellular algz; bacteria and their
spores.

Mineral.—Especially numerous when the ground is
dry. Minute particles of every chemical constituent of
the soil may be raised up into the atmosphere, ¢e.g., silica,
silicate of aluminium, sand, mud, salts of sodium potas-
sium and calcium (carbonate and phosphate), peroxide
of iron, &c.

Sodium chloride is invariably present, and in greatest
quantities at the sea-side.

Lead, arsenic and zinc from the wall-papers, paint,
and ‘““dryers ” employed upon the walls of rooms; and
arsenic also from artificial fruit, flowers, curtains, &c.,
used for ornamentation. Molecular debris (?), coal
ashes, &c,

There are certain trade-dusts which vitiate the air of
the immediate neighbourhood in which the trade pro-
cesses are carried on; and particles of the following sub-
stances find their way into the atmosphere :—

Coal and tin, in coal and tin mines ; and the former
also exists to a considerable extent in furnace and engine
rooms.

Stone, in quarries, and places where the stones are
ground, &c.

Slate, in quarries, and places where they are prepared.

* The spores and mycelium of Achorion Schénleinii and Trico-
phyton tonsurans have been found in the atmosphere of skin wards.
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Cement, in cement works, &c.

Sand, where collected and employed.

Wood, as sawdust in saw-mills, carpenter’s shops, &ec.

Soot, when chimneys are swept, &c.

Earthenware, clay, and china—in the work-rooms.

Steel, where such is ground and worked up—as by
cutlers, file-makers, steel-grinders, needle and pin makers,
tool makers, &c.

Lead, where such is being worked with—as by file-
makers, printers, white-lead manufacturers, plumbers,
painters, glaziers, lapidaries, file-makers, lead-miners,
type-founders, glazed card manufacturers, earthenware
manufacturers, &c.

Fabrics of clothing, ¢.e., wool, silk, cotton, linen, flax,
&c., in factories of these articles.

Wheat, and other flour, in mills, bakeries.

Arsenic, in wall-paper, and artificial flower manu-
factories.

Copper, in brass founderies, copper smitheries, and
tin-plate works.

Bichromate of potassium, &c., in manufactories of
such.

Pearl-dust, in button, &c., manufactories.

Glass, in glass-works, sand-paper making, &c.

Phosphorus in match manufactories, especially before
the red or amorphous phophorus was used.

Mercury, in silvering and gilding works— before
electrolysis was employed.
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CHAPIER WIII.

THE CHARACTERS OF THE AIrR COLLECTED FROM VARIOUS
SOURCES.

MarsH AIRr.

THE air collected over marshy regions is contaminated
by the products of vegetable putrefaction and fermenta-
tion ; for the circumstances of moisture are just those
which favour these changes, i.e., sufficiency, but not ex-
cess; and the temperature being favourable will also
aid materially in these changes.

Such air contains :—Excess of carbonic acid—about
0'055 per cent. being the mean; marsh gasin considerable
quantity ; sulphuretted hydrogen is also sometimes in
considerable quantity ; watery vapour in large amount ;
ammonia in traces; ozone in faint traces generally;
phosphuretted hydrogen in faint traces. Decaying or-
ganic matters, (vaporous and solid), together with living
minute forms of animal and vegetable life, constitute
almost entirely the suspended matter; such is found,
therefore, to mainly consist of vegetable debris, algze,
diatoms, fungi, bacteria and other micro-organisms,
(which in some countries may include the bacillus
malarize) —most of which gain access to the atmo-
sphere by the ascensional force of evaporation.

In those cases where the presence of sulphuretted
hydrogen is marked, there must be soluble sulphates in
the marsh water which have become deoxidised to sul-
phidss by reducing agents (chiefly organic matter)—
from which the sulphuretted hydrogen is doubtless
formed by the action of vegetable (‘*“ peaty,” &c.) acids,
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SEWER AIR.

Sewer air is of course variable in composition. Its
reaction is generally alkaline.

Oxygen 1s variously diminished, according to the effi-
ciency of the sewer ventilation ; it is sometimes in nor-
mal proportions.

Carbonic acid is variously increased from the same
cause; 1t probably does not average more than twice
the normal amount.

Ammonium ]

Sulphuretted hydrogen | are present in small quanti-

Ammonium sulphide I ties.

Carbon bisulphide

Marsh gas is small in amount, or absent.

The feetid and putrid organic vapours of sewage, are,
according to Odling, allied to the compound ammonias,
and are probably carbo-ammoniacal, and contain traces
of ptomaines and leucomaines (i.c., animal alkaloids).

Moulds, fungi, and bacteria (chiefly bacilli), and their
spores, together with animal and vegetable debris, ap-
pear to constitute almost the entire suspended matter.
Micro-organisms average about 6 per litre in the air of
a good sewage system.

AIR ovER BuriaL. GROUNDS.

The oxygen is slightly diminished.

The carbonic acid varies, but is commonly about
twice the normal amount.

Ammonia

Ammonium sulphide }in faint traces.

Sulphuretted hydrogen

Organic vapours.

Animal and vegetable debris, fungi, bacteria, &c.
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Tue AIrR oF MINEs.

The oxygen is diminished in proportion to the effici-
ency of ventilation; the carbonic acid is increased also
proportionate to the ventilation ; marsh gas, in small or
large amount ; frequently a little sulphuretted hydrogen
1s present; organic matter—chiefly vegetable; few
moulds, fungi, or bacteria.

Blasting by gun-powder yields to the atmosphere :—
carbonic acid, carbonic oxide, carbon, hydrogen, sul-
phuretted hydrogen, and mineral salts (of potassium).

THE AIrR puring Fogs.

Reaction acid: the oxygen is diminished: the car-
bonic acid very much Increased—may reach orog per
cent.; sulphurous acid in small quantity ; carbon bisul-
phide in traces; carbonic oxide in traces; ammonium
sulphide or carbonate in small quantity ; sulphuretted
hydrogen generally in faint traces : watery vapour ex-
cessive; fine suspended particles of carbon and tarry
matters, together with the commoner forms of sus.
pended matter in air (quod vide).

GRrouND AIR.

Ground air may be sucked from considerable distances
into a house, owing to the aspirating effect of the
warmed and expanded air of the house itself ; and the
foul air of cesspools has been shown to be sucked through
the earth into a dwelling, for distances of over 20 feet,
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When it is borne in mind that many houses contain
cellars built in and ventilated considerably below the
ground level, it is not difficult to see how ¢ ground
air’ must enter materially into the constitution of the
atmosphere of such cellars.

A consideration of the character of ground air will
show its undesirability ! It containsan enormously high
percentage of carbonic acid, and the maximum amount

Fic. 38.-—Hesse's apparatus for collecting ground air.

of this impurity is always found between July and
November—doubtless due to the amount of vegetable
life which dies off in the early autumn, and the circum-
stance that at that season the temperature and moisture
prevalent favour its rapid decomposition.

The escape of large quantities of ground air into base-
ments and cellars will, then, be best detected by ex-
amining the atmosphere for carbonic acid, and any
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considerable excess of this gas not otherwise accounted
for, points to such pollution; other impurities likewise
being present it becomes a question as to whether these
are derived from the same source, and the matter can
be settled by collecting a sample of the ground air in
the vicinity of the house, analysing it, and comparing
it with that of the house basement.

A sample of ground air is conveniently taken in the
following way :—A sharp-pointed narrow steel cylinder,
with numerous perforations just above its point, 1is
driven into the earth to depths varying from 1 to
6 feet. The upper end of the tube is connected
with a large air jar, which is again connected to an
aspirator. The connection between the jar and the
steel cylinder is shut off, and the jar is first emptied,
by means of the aspirator, of the air it contains ; the
connection is then re-established and the sample col-
lected.
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CHAPTER SIX.

SCHEME FOR THE DETECTION OF (GASES WHEN PRESENT
IN LARGE QQUANTITIES.

(Mainly constructed  for use of Candidates for Examinations in
- Hygiene). ;

WHEREAS for the detection of the various gases which
contaminate an atmosphere, no better course can be
pursued than that of passing air through doubly dis-
tilled ammonia-free water, and then treating this water
according to the tests already given—yet, when these
gases exist in considerable quantities. (as in the atmo-
sphere of chemical manufactories, or those manufac-
tories in which chemicals are employed), they can be
discovered by tests applied directly to the air itself—
such as by the exposure of strips of filtering paper
appropriately prepared, &c.

To test the knowledge of candidates presenting them-
selves for examination in Public Health, generally a
large amount of a gas is put into a small air-jar; and two
or three of these jars, containing each a different gas, are
placed before the candidate. In these cases he cannot
do better than adopt the following ready method of
procedure, which has been devised to meet these special
circumstances, and is of course of no use where small
quantities of gases are concerned.

1. The air-jar contains large quantities of the gas.

2. Partially remove the stopper, smell, and replace as
quickly as possible.
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Free chlorine has a peculiar and disagreeable odour,
and is particularly irritating to the throat and lungs ;
when in very small quantities the odour closely resem-
bles that of seaweed.

Hydrochloric acid has a fainter chlorine-like odour.

Carbonic, nitric, and nitrous acids, have no marked
smell.

Sulphurous acid has a pungent sulphur-like smell.

Ammonia, ammonium sulphide, and sulphuretted
hydrogen, all possess well-known and characteristic
smells. = i

Carbon bisulphide has a peculiar and disagreeable
garliky odour.’

3. Moisten two pieces of delicate red and blue litmus
papers in neatral distilled water, and catch these be-
tween the stopper and the neck of the bottle—in such a
way that they hang down into the bottle free of the
sides. Note any change in the colour of these papers
after waiting a minute or so.

4. Pour rapidly into the jar a small quantity of dis-
tilled ammonia-free water (i.c., about the amount which
half fills a small test-tube), and replace the stopper at
once ; then shake vigorously several times, so that the
bulk of the gases may be taken up.

5. Half of this water is then decanted into a test-tube
and tested as follows : —

A. If the blue litmus paper turns ved (2., the gas is acid),
it is either carbonic acid, hydrochloric acid, sulphurous
acid, nitric or nitrous acids.

Add a drop or two of a solution of silver nitvate to some of
the distilled water emptied from the jar into a test-tube.

(@) Theve is a white precipitate, which denotes the pre-
sence of either :—

1. Carbonic acid.—Very slight precipitate, which is in-
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soluble in nitric acid; acidity also wvery faint;
clear baryta water added to the jar becomes
turbid—which turbidity is increased by adding
liquor ammoniz.

2. Hydrochlovic acid.—Marked precipitate ; insoluble in
nitric acid, but soluble in liquor ammoniz ;
acidity also marked.

3. Sulphurous acid.—Mavked precipitate; soluble in
nitric acid; the original precipitater on being
heated darkens (Ag,S).

(b) There is no precipitate, from which is inferred the

presence of either :—

1. Nitric acid.—Add brucine and sulphuric acid to the
original water, and note the appearances of the
pink zone changing to yellow and brown ; or add
a crystal of ferrous sulphate and then sulphuric
acid to the original water, and note the brown
coating of the green crystal.

2. Nitrvous acid.—Add a drop each of the solutions of
starch and potassium iodide, and then a drop of
sulphuric acid—a blue colour forms in the
presence of this acid; or the meta-phenylene-
diamine test may be applied.

B. If the ved paper ts turned blue (i.e., the gas is alka-

line), it is either :—

1. Ammonia.—Add a drop or two of Nessler’s reagent
to some of the distilled water from the jar, and a
yellow to amber colour appears; odour charac-
teristic.

2. Ammonirm sulphide.—Nessler's reagent causes a
black colour to appear ; nitro-prusside of sodium
creates a violet colour; odour characteristic, 1.¢.,
that of rotten eggs predominates, but a deep sniff
will always also detect the presence of the am-
monia.
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C. If the litmus is not affected” (i.e., the gas is appar-
ently neutral), it is either :—

L. Sulphuretted hydvogen.—ILead acetate papers sus-
pended in the jar are darkened, as are also
solutions of lead, iron, or copper salts; odour
characteristic.

2. Carbon bisulphide.—A highly inflammable vapour
with a garlicky odour; the condensed liquid burns
with a yellow flame, giving off sulphur fumes, and
leaving a yellow deposit of sulphur behind.

D. If the litmus papers are slowly bleached, the gas is :—

1. Chlorine.—Filtering paper moistened in a solution
of potassium iodide and suspended in the jar is
first darkened and then bleached ; odour charac-
teristic.

Nore.—Sulphuretted hydrogen has many reactions
in common with ammonium sulphide, 7.c., both gases
will darken lead acetate papers and solutions of lead,
copper or iron salts, and their odours are closely
similar ; but they may be readily told apart if attention
1s paid to the subjoined differences :—

Ammonium sulphide.—Alkaline reaction ; creates a violet
colour with solutions of nitro-prusside of sodium;} odour
of rotten eggs and ammonia.

Sulphuyetted Jiydrogen.— Neutral reaction: no effect
upon the nitro-prusside ; odour of rotten eggs alone.

* If neither acid or alkaline, no water should be added to the
air-jar.
+ This reaction is only got from alkaline sulphides.
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Two oF GLAISHER'S TABLES.

TaBLE I.—Factors by which it is necessary to multiply
the excess of the reading of the dry thermometer
over that of wet, to give the excess of the tem-
perature of the air above that of the dew point—for
every degree of air temperature from 32° to 75°.

READING OF DRY HACTOR READING OF Dry Bk
Bure THER. ] BuLs THER. :
Degree. Degree.
32 332 54 1:g8
33 3'or 55 1:96
34 277 56 1'04
35 2'6o 57 1'92
36 2°'50 | 58 I'90
37 2°42 | 39 1'89
38 2°36 ! 6o 188
39 2°32 .’ b1 1-87
40 2°2Q i b2 186
41 2:20 63 1'85
42 2°23 | 64 1'83
43 2'20 l 65 1-82
44 218 66 1'8I
45 216 67 180
46 2'14 63 1'79
47 2°12 bg I'73
48 2°10 H0 1'77
49 2'08 71 176
50 2 0b 72 175
51 2°04 73 I'74
52 202 74 L,
53 2'00 25 I'72
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TaBLE II.—Showing the weight in grains of a cubic
foot of vapour (.., grains of vapour to saturate a
cubic foot of dry air), under the pressure of 30
inches of mercuryvfﬂr every degree of temperature
from 32° to 75°.

WEIGHT 1IN GRS | YVEIGHT, IN
TEMPERATURE |__ Cusic Foor| TEMPERATURE | GRs. OF A
FAHR. Ch ""'* Bt FaHR. Cueic Foort
O% WAROIR OF VAPOUR.
Degree. Grains. Degree. Grains.
32 2°'13 54 471
33 2:27 55 487
34 2'30 56 5'04
35 2°39 57 52X
36 248 58 539
37 2'57 59 5°58
38 2'66 6o 5'77
39 276 61 597
40 2'86 62 617
41 297 63 6°38
42 308 64 659
43 320 65 6:81
44 3'32 66 7°04
45 3'44 | 67 727
46 3'50 68 7'51
47 369 | 69 7°76
48 3:82 70 301
49 396 71 827
50 410 72 8-54
51 424 ! 73 882
52 439 _ 74 9°10
53 4°55 | 75 939
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PART TV,

COAL GAS ANALYSIS.

CHAPTER 1.

Tue ComposiTION AND ANaLrLvsis ofF CoaL Gas.

As it 1ssues from the retort, crude coal gas—the volatile
product of the destructive distillation of coal—contains
large quantities of ‘“impurities,” in the form of water,
tarry matters, ammonia, carbonic acid, sulphuretted
hydrogen and carbon bisulphide; and it is therefore
necessary to effect considerable purification. This is
done by passing it through condensers, which remove most
of the watery vapour and tarry matters, and some of
the ammonia (absorbed by the condensed vapour);
through scrubbers, which remove the remaining ammonia
and tarry matters; through lime purifiers, for the removal
of carbonic acid; and lastly, through purifiers of an
iron salt (generally an oxide) for the abstraction of
sulphuretted hydrogen—a sulphide of the metal being
formed. Where carbon bisulphide has to be removed,
a small purifier of calcium sulphide is used—with the
result that a sulpho-carbonate is formed,
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A volumetric analysis of coal gas (by Bunsen, Heidelberg).

Hydrogen . : ; 46°2
Marsh gas (CI-L) or ¢ llght carburetted

hydrogen ™ . ; ; ; : 34°02.
Carbonic oxide®™ : : . : 8:88
Carbonic acid . : ; 3 : 3-0I
Ethylene (C,H,) or *“olefiant gas,” or

““ heavy carburetted hydrogen” . 2°55
Nitrogen . ; ; ; : : 2'15
Benzene . : ; : : : Ieoe
Propylene : 3 . 3 : [
Oxygen . : : : ; 065

Minute traces of napthalene : . —

I00°00

Coal gas i1s thus seen to be a compound gas, con-
sisting of illuminants, diluents, and impurities (z.e., car-
bonic acid, sulphuretted hydrogen and other sulphur
compounds).

The illuminants are the benzene, propylene, naptha-
lene, and ethylene.

The hydrogen, marsh gas, and carbonic oxide, dilute
these illuminants, and themselves burn without creating
luminosity—though furnishing heat. The composition
of “pure” coal gas must vary in every case, of course,
according to the efficiency of the means taken to purify
the crude gas, but an average of the London companies
would be about :—

Hydrogen . : : 45
Marsh gas . . : 35
Carbonic oxide ; ; 7

* Carbonic oxide has been estimated as high as 11 per cent.
R 2
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[lluminants . : ; 6 (ethylene =3)
Carbonic acid . . 3
Nitrogen : : - 2

Sulphurous acid .
Sulphuretted hydrogen
Carbon bisulphide . 5
Ammonium sulphide :
In ¢“ gas” which has been but little purified, traces of
many complex substances may be present, (mostly alco-
hols and hydrocarbons) but neither their importance
or frequency of occurrence is such as to make their in-
clusion here desirable.
Professor Roscoe found the following differences in
channel and coal gas :(—

- Marsh |Carbonic|Heavy hydro- Nitrogen, carbonic acid
H}rdm“m'i gas. oxide, carbons. and oxygen.
Channel gas| 2582 |s51°20 | 785 13°06 207
Coal gas 47'60 | 41°53 | 782 3'05

A fter combustion the following changes have occurred
in coal gas :(—

Nitrogen : . 2 ; : : 67
Water . - - ; : : 5 16
Carbonic acid ; : . 2 . 7

Carbonic oxide, variable, and least when
combustion is most complete ; generally

about : ; ; y ; . 5to6
Sulphurous acid . i . : } .
Ammonia, &c. : J 2

One volume of coal gas uses up the oxygen of from
6 to 8 volumes of air in complete combustion, and pro-
duces about 2 volumes of carbonic acid; and each cubic
foot burnt furnishes o'2 to o'5 grains of sulphurous acid.
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THE ANALYSIS.

It is beyond our purpose to go into the matter of
a complete analysis of coal gas; what concerns us
mainly is to learn whether it is sufficiently purified that
the products of its combustion shall not yield injurious
amounts of harmful gases {such as sulphuretted hydro-
gen and other sulphur compounds, &c.) to the atmo-
sphere of our rooms, and also whether the illuminating
power it supplies is constantly efficient. The value
of the estimation of the sulphur compounds is of
especial hygienic import, and Professor Corfield has
pointed out that when coal gas gains admittance to the
atmosphere, in constant though small quantities—as
from defects in pipes or burners— people breathing this
atmosphere are apt to contract relaxed and ulcerated
conditions of the throat, due in all probability to the
sulphur compounds which are added to the atmosphere
by the escaping gas.

Another possible source of such air pollution resides
in the fact that coal gas can frequently be detected, in
small quantities, in the ground air collected from the
earth adjacent to gas pipes; and there is no doubt that
the gas has the power, in these cases, of passing, under
favourable conditions, through the pipes in small quan-
tities. When the escape is in large quantities, into an
atmosphere more or less confined, the result may be
fatal to those breathing it; this fact is due chiefly to
the. large amount of carbonic oxide which thus gains
access to the air, and the symptoms are accordingly
those of poisoning by this agent.
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TueE Gaseous COMPOUNDS OF SULPHUR.

The sulphur in coal gas has been estimated as high
as 60 grains in 100 cubic feet of gas; but its amount
will necessarily vary with the pyrites in the coal em-
ployed, the manufacture of the gas, and the efficiency
with which provision for purification is made and main-
tained. The sulphur is mainly in the form of sulphur-
etted hydrogen, sulphurous acid, and carbon bisulphide.

Sulphuretted hydrogen.—This harmful constituent of
crude coal gas (of which it may form as much as 1000
grains in 100 cubic feet) can be so easily and thoroughly
removed by the employment of efficient purifiers, that
there is no excuse for its presence in the gas as sup-
plied to consumers. By Acts of Parliament all gas
supplied must be wholly free from this impurity; a
quantitative estimation, therefore, is unnecessary, sirce
any trace suffices to condemn the gas.

In making a qualitative determination the Gas
Referees recommend that the gas should be passed,
as it leaves the service pipe, through an apparatus
(figure 39),* in which are suspended slips of bibu-
lous paper impregnated with the basic acetate of
lead (r part of sugar of lead to 8-9 parts of water).
Such papers become darkened in the presence of sul-
phuretted hydrogen, &c., in degree varying with the
amount of this agent present; the faintest indication
will generally be found in a slight discoloration of the
extreme margin of the papers.

Sulphurous acid, and sulphur compounds other than sul-

« For the illustrations of apparatus required in gas analysis, [ am
indebted to William Sugg and Co., Gas Engineers, London.

(=
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pluvetted hydrogen.—These are estimated by collecting
the sulphur as sulphuric acid, into which it is converted
by combustion ; precipitating this by baric chloride as
the sulphate of baryta, and then estimating the sulphur
in the precipitate (of BaSO,).

The gas is passed through a meter, by means of which
the rate of flow can be adjusted and registered to halt a
cubic foot per hour, and in which a self-acting move-

T
h|

‘1\ m

F1G6. 30.—Apparatus for testing the presence of sulphuretted hydro-
gen.

ment shuts off the gas when 10 cubic feet have passed
through. The meter employed is shown in figure 4o.
The dial of the meter is divided into 100 parts, and
each complete revolution of the index hand represents
that one cubic foot of gas has passed through the
apparatus; and each division, therefore, represents
4= of a cubic foot. The position of the long index hand
on the dial must, accordingly, be carefully noted at the
commencement of each test.
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When making the estimation no other gas should be
burning in the same room, and, according to the direc-
tions of the Referees, the gas (which has been freed from
sulphuretted hydrogen) is to be burnt in a small Bunsen
burner mounted upon a short cylindrical stand (figs. 41
and 42), perforated with holes for the admission of air
(which is necessary to support combustion), and which
has, on its upper surface, a deep circular channel to re-
ceive the wide end of a trumpet-shaped glass tube. On

F16. 40.—The experimental ‘‘ gas ™ meter.

the top of th