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PREFACE,

Tue ready sale attending our ‘Aids to the Analysis of
Food and Drugs’ encourages us to hope for a favourable
reception for a larger work on the same subject.

Our aim 18 to produce a book convenient for laboratory
use, which shall contain all that is required for everyday
routine work without in any way pretending to be an
exhaustive manual on the subject.

As the work may run fo some 800 or 900 pages, we have
decided to bring it out in parts, so that each portion may
be up to date.

Kach part will be complete in itself, and will have an
index, while a general index will be issued with the last
part.

In order to keep the book within manageable limits, we
are compelled to deal briefly, or sometimes merely to refer
to researches which would be rightly included in a larger
work.

The length of the various articles must not be taken as
a criterion of the importance of the subjects dealt with, as
it often happens that much work has been done on com-
paratively unimportant articles, while on other subjects of
great importance very little information has been published.

Most of the grosser forms of adulteration mentioned in
the older text-books have disappeared, owing to the opera-
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tion of the Food and Drugs Act. The chief need at the
present time appears to be the formulation of standards to
which foods should conform. There is, of course, much to
be said on both sides as regards the effect such standards
would have if adopted; but they would in our opinion
be generally productive of good, and would tend to the
‘levelling up’ rather than to the ‘levelling down’ of the
quality of food.

The need of a proper standard for milk, one of the most
important foods of all, is admitted by everyone who is not
interested in its sophistication; while it seems equally
advisable that some limit should be imposed by law as to
the amount of water in bread and other foods, and a
minimum set for the fat in butter, cheese, cream, and
condensed milks. We have endeavoured to indicate in
each article to what standards and tests it should conform.

As the law relating to the adulteration of food and drugs
is likely to undergo changes in the near future, we have
made but few references to legal matters, which are, how-
ever, admirably dealt with in a small work recently pub-
lished, ¢ The Law and Chemistry of Foods and Drugs,” by
Cecil H. Cribb and Mansfield Robinson.

In conclusion, we beg to offer our sincere thanks to
all who have helped with suggestions or information,
particularly to Dr. J. A. Voelcker, Mr. Alfred Smetham,

and Mr. John Benson.
7. H.P.

Ct Gl M--
4, Daxes Ixx, Brrawn, Loxpox, W.C.,
June, 1897,
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THE ANALYSIS OF
MILK AND MILK-PRODUCTS

MILK.

Tue milk of various animals has always been used and
valued as food, and, judging from the many references
which occur in the ancient writings to the milk of the cow,
ewe, and goat, it is plain that these formed an important
part of the dietary of man from the earliest times. In spite
of the fact of the very early acquaintance with butter, curd,
cheese, whey, and other milk products, very little of any-
thing approaching an accurate knowledge of the chemistry
of milk was known until the end of the eighteenth century,
and it is only comparatively recently that many of the
constituents and proportions of the various bodies found in
milk have been investigated and estimated.

Milk may be defined as the fluid which is secreted in
the lacteal glands of all female mammals for the nourish-
ment of their young. In the case of cow’s milk, more
particularly, it should be understood to mean the whole
milk of perfectly healthy, properly-fed cows.

It 1s the only article occurring in Nature which combines
in the right proportions all the necessary elements requisite
to secure the proper nutrition. For children it is rightly
considered the ideal food ; but it is too voluminous to serve

1



2 THE ANALYSIS OF MILE AND MILE-PRODUCTS

for the sole diet of adults. Milk differs as procured from
different animals, but its general characteristics are the
same 1n all.

Genuine milk is a dense opalescent white liquid, often
having a yellowish tinge, which has a specific gravity
ranging between 10285 to 1°035. It has a sweetish, bland
taste. The colour is due essentially to suspended fatty
globules, which occur under conditions which prevent
spontaneous coalescence. Milk consists of water, fat,
casein, albumin, milk-sugar, and mineral salts, consisting
chiefly of the chlorides of potassium and sodium, together
with the phosphates of potassium, caleium, and magnesium,
and traces of sulphates.

The fat is suspended in the aqueous portion of the milk
in the form of minute globules, forming an almost perfect
example of a natural emulsion. When examined under
the microscope, milk will be seen to consist of a turbid
fluid, containing fatty globules of different sizes, from
0'000053 to 0°0004 of an inch in diameter, frequently with
small particles of epithelium. Just before and after calving
the milk is yellowish, due to the presence of yellow bodies,
from 000025 to 0001 of an inch in diameter. Such milk
is called colostrum, and, at least in the case of cows, is
unfit for human consumption. Pus cells, rather larger
than the red blood-corpuscles, granulated and with a core
of irregular contour, are found, as are blood-corpuscles, in
the milk of sick cows. They are prevented, as Soxhlet has
pointed out, from coalescing into an oily film by the con-
dition of the albumin, which isolates the fat corpuscles in
its meshes. The presence of an envelope, which used to be
thought probable, has been disproved.

When milk is allowed to stand for some time, a separa-
tion of the fat takes place. This is known as the rising
of the eream, the larger fat globules of the milk naturally
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rising first. Absolutely fresh milk is amphoteric in re-
action—that is to say, blue litmus is turned red, and red
litmus blue ; but usually by the fime milk reaches the
consumers 1t is faintly acid, owing to some slight fer-
mentative changes taking place, resulting in the produec-
tion of lactic acid.

We are still in ignorance as to many of the physiological
changes which take place in the mammary glands, result-
ing in the formation of milk. No satisfactory theory has
yet been put forward to explain the physical change which
takes place in the conversion of the fibrin and albumin of
the blood into the casein and albumin of the milk, or as
to the method by which the milk-sugar is formed, or as to
the remarkable changes which take place in the fatty mole-
cules, resulting in the production of butyric and other
higher fatty acid radicles. As already mentioned, when
milk is allowed to stand for some time it undergoes
fermentative changes, due to a miero-organism, usually
Bacillus acidi lactici.  This decomposes the milk-sugar,
resulting in the production of lactic acid, which eventually
causes the milk to become sour. This change is largely
dependent upon the time the milk has been allowed to
stand, but more particularly upon the temperature; milk,
of course, becoming sour more quickly in the summer than
in the winter. When the fermentative change has resulted
in the production of about 04 per cent. of lactic acid, the
milk can be distinctly recognised by the taste to be sour.
Finally, when the acidity reaches 0°6 per cent., the milk
curdles, whereby it spontaneously separates into a solid
known as ‘curd,” which consists of the fatty and proteid
constituents of the milk, and a clear liquid known as
‘whey,” which consists essentially of a solution of milk-
sugar and mineral salts. This change is also brought
about artificially, as in the manufacture of cheese, by

1—2
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the addition of rennet. The further changes which take
place in the composition of the milk after curdling depend
upon the nature of the bacteria which have gained access,
various organisms giving rise to different fermentations.

As would be expected from its origin, milk is subject
to great variations in its composition, on account of the
age, breed, food, changes in health, and the general con-
ditions of the animal yielding it. The general average
composition of genuine cow’s milk is as follows :

Water ... 876 per cent.
Fat ... B L
Milk sugar ... P L
Proteids s i ves: BB Cx
Mineral matter RS | L

Milk Fat.—The fat of milk is very complex in its chemical
constitution. This will, however, be fully considered nunder
butter fat, with which it is of course identical. As already
stated, the fat oceurs in milk in the form of minute globules,
from *0015 mm. to ‘005 mm. in diameter. These fatty
globules are stated by some observers to be covered by a
very fine film of albuminoid matter, but the presence of
this envelope is very doubtful, the spontaneous coalescence
of the fatty globules probably being prevented by the film
of non-fatty liquid in which the globules are suspended.

About 68 per cent. of the solid fatty acids are contained
in the form of palmitine and stearine; 30 per cent. as
olein.

Milk Proteids.—The proteids of milk consist largely of
casein, together with about 0'4 to 05 per cent. of albumin,
of the variety known as lactalbumin, with traces of globulin.
Much work is required to be done on these bodies before
their exact nature and their relation to one another can be
properly determined. It is these bodies that give to milk
its property of eurdling when rennet or an acid is added.
The albumin is coagulated by boiling. The form in which
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casein exists in milk is known as caseinogen. It is not
known with any degree cf certainty in what form the
casein exists, but it is possible that it is in ecombination
with the caleium and other phosphates. Acid destroys
the combination, precipitating the casein in an insoluble
condition ; but heat alone will not produce this change.

Very small proportions of other nitrogenous bodies are
present, including those to which are due the characteristic
flavour and smell of milk. An unorganized ferment or
enzyme, which converts starch, is also present in milk.

The albumen of milk consists mainly of casein, of which
the composition is by no means clear. Hamarsten regards
it as a combination of nuelein with some albumin. Done-
lewski considers it a mixture of two albumins, which are
themselves nuclein compounds, and others atfribute it fo
alkaline albuminates. According to Engling, dry calcium
phosphate is combined with the albumin of casein. The
casein 1s precipitated by dilute acids or by rennet or by
saturation with salt and magnesium sulphate at 37° to
40° C. Boiling precipitates it in small quantities, but if
continued for a day will throw it down almost completely.
In the presence, however, of organisms capable of decom-
posing milk-sugar, the action proceeds more rapidly in
proportion fo the amount of acid present, and ultimately
becomes spontaneous.

Usually, according to Sebelein, lactalbumin, a body
similar to serum albumin, but not identical with it, and
thrown down by heating to 70° or 80° C., is present in
small quantities, and in colostrum or in many milks from
sick cows in abundance. Its presence enables the milk to
be readily curdled by heat even in the absence of an acid
reaction.

By boiling, the taste and smell of milk is substantially
altered, but the chemical changes are at present obscure.
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A thin film is formed on the surface, which consists of
casein with lime-salts. Prolonged boiling, especially at a
temperature above 100°, partly decomposes the milk-sugar,
and the milk becomes brown and bitter in taste.

Many vegetable growths are eaten by the cows without
mischief, but lead to the production of milk which is dis-
tinetly poisonous, especially to children. In the same way,
certain metallic salts, such as mercury, lead, arsenie, and
antimony, if ingested by the cow in the form of medicine,
may pass into the milk and create danger for children.

Milk-sugar, or Lactose (C,,H,,0,,4+ H,0).—This variety of
sugar, which is an isomer of cane-sugar, i1s peculiar to the
milk of the mammalia. It is the most constant con-
stituent of milk, from 5 to 6 per cent. being present in
human milk, and 4 to 5 per cent. in the milk of most
of the herbivora. As milk-sugar is the most constant
constituent in milk, the variations in the specific gravity of
the whey or serum of genuine milk falls within much
narrower limits than in the case of the specific gravity
of milk itself. Lactose has only a faint degree of sweetness,
and is gritty when chewed. It is much less soluble than
cane-sugar, being soluble in six parts of cold and three of
boiling water. Milk-sugar is convertible by the action of
dilute acids into ‘ galactose’ and ‘lactoglucose ; these may
be reunited to form lactose. Lactose is dextro-rotatory to
a ray of polarized light, and resembles dextrose in its
reducing action on Fehling’s solution.

Milk-sugar is obtained commercially as a by-product
in  the manufacture of butter and cheese. After the
separation of the curd by rennet, the lactose remaining
in solution is separated by evaporation, and purified by
recrystallization. It oeccurs in the form of rhombie
erystals and prisms. That which comes into the market
has been crystallized on strings or wood splinters.
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Mineral Matter.—The mineral matter or ash of milk
obtained by the careful ignition of the solids of milk
consists of the chlorides of potassium and sodium, the
phosphates of calcium, magnesium, and potassium, with
traces of sulphates. The ash of milk varies from 065 to
085 per cent.

According to Konig, the average composition of the ash
of milk is as follows:

Potash as K,0 ... 240 per cent.
Soda as Na,0 B e
Lime as Ca0 Mg g
Magnesia as MgO ... s g o
Phosphorie acid as P,O, ... 263

Chlorine as C1 e 1859
Sulphurie acid as 80, ... 25
Iron ... ... traces.

The following table gives the composition of the ash
of cow’s milk, aceording to Dr. J. Bell :

- | Averag I Average I'u-[.'lk f
Bicetbuie ot | Aleoge | Siilkof | Milkof | Shorthorn

29 Cows, | several | several b yeara

| | Cows, | Cowa, | ald.

Total aghi = o - = ‘ 073 | 072 078 | 071
Potash—estimated as I{,0 | 1724 . 19-53 19-78 | 19-83
Soda s Na, O 429 | S50 3-67 3:19
Lime 2 CaQ | 2453 | 2448 24-78 ‘ 25-98
Magnesia o Mz0O 2:89 | 4-76 | 4:35 368
Phosphoric Anhydride P,0,| 38567 | 32-49 82-07 | 8287
Sulphurie = S50, 2:65 | 092 | 0-69 4' 162
Chlorine ek et 12:78 | 14:62 | 1466 | 15-03
Total e ... 100000 | 100700 | 10000 | 100-00

It may be here mentioned, although only of theoretical
interest, that citric acid is a normal constituent of the milk
of various animals. Human milk contains about 0°05 per
cent., and cow’s milk 0'1 to 0'15 per cent. There are also
frequently traces of carbonic acid and other gases in the
free state present in solution.
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Colostrum.—The milk which is yielded immediately after
pregnancy is known as ‘colostrum.” This is thick and
yellow, and differs from normal milk mainly in the pro-
portion of proteids present, which may sometimes reach as
high as 20 per cent. Leffmann and Beam give the follow-
ing as the average composition of ¢ colostrum " :

Fat e ... 85 per cent.
Proteids ... S 5 %
Milk-sugar e 2

Ash s . 08

Water ... ... 1788

Human Milk.—The composition of human milk, as in the
case of that of cows, 1s largely dependent upon the health
and condition of life of the individual yielding it. The
specific gravity of human milk varies from 1029 to 1035.
Abnormal variations occur between the limits 1017 and
1086. The amount of mineral matter does not vary so
much as in the case of cow’s milk. The proportion of
spugar is very nearly constant, but the fat and proteids
vary very much in quantity, being very much dependent
upon the stage of the nursing, as will be seen from the
following figures :

Variation in Fat in Huwman Milk (Rotch).

From 43 analyses by Leeds ... 2°1 to 69 per cent.
’ 3 - Konig SO i T s
From 29 analyses by Chem. Lab. Coll.
Phys. and Surg., N.Y. ... 1'1 1o 50 =

Variation in Proteids in Human Milk (Rotch).

From 43 analyses by Leeds ... 085 to 486 per cent.
1 ” W Konig .. O6Ttod426
From 29 analyses by Chem. Lab. Coll.
Phys. and Surg., N.Y. . 09 to 862 ”

The following table shows the average composition of
human milk, according to various observers :



MILK 9

-
|

! Pfeiffer, | Leeds, | Meigs, Johannes- | Lufl, | Leeds,
00 | 48 43 | sen, 25 12 S T

| samples. | samples. samples. samples.  samples. ‘ samples.

Water ..| 885 | 868 | 872 | — | 885 | 875 | 878
Total . .

solids ...! 11'G 132 12-8 — | 11'5 12:5 | 12:8

Proteids! 19 | 20 10 11 24 i s FRl )

Fat .| &1 41 43 32 24 36 34

Lactose 63 69 74 i o a4 ] T 64

Ash' .| 02 | 09 01 L 03 02 | 02

e,

The following table shows the variations in the com-
position of different kinds of milk as compared with human
and cow’s mlk :

e e—

! | o & by
Kind of | 5 S e e A z = g | :
: = £= | 0@ () 2 T LN 2B Analyst.
Millk. f 2 ) fz= | ) | :f. | - ;T:_E
Human...| 878 | 123 | 84| 64 | 17 | 02 | 10818 |
Cow ...|876|124| 36| 48 a5 | 07 =i |
Goat ...|867 | 188 | 88| 45 | 41 | 09 — | Richmond.
BEwe . ...| 752 | 248 | 11:3.| 86 | 88 | 11 | 10393 |J. Bell.
Ewe _..!|8183 i 187 | 68| 48 | 63 | 08 | — | Vieth,
Ass .| 898 | 102 | 12| 68 | 17 | 45 — | Richmond.
Ass .| 896|104 | 16 61 | 22| 05 | — |Vieth.
Sow ..|896|104| 48| 84| 18|09 — |
Gamoose | 842 | 158 | 55| 54 388 | 10 - 10354 | Richmond.

From the above table, it will be seen that, taking cow’s
milk as a standard for comparison, human milk shows an
increased proportion of sugar, but all the other constituents
are materially less. The milk of sheep is notable for its
enormous percentage of fat; it is not employed to any
extent in this country, but abroad it is largely used in the
manufacture of Roquefort cheese. The milk of asses is
much lower in fat and solids-not-fat than cow’s milk ; the
casein is not readily curdled, on which account it is some-
times used as a substitute for human milk.

As already stated, the health, age, food, etc., of the
animal yielding the milk have a great influence upon its
composition and quality. The following are the chief
circumstances to which these variations in the composition
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of cow’s milk depend, which of course apply equally to all
other animals yielding milk :

1. The Breed of the Cow.—Some breeds yield quantity,
others quality. Alderneys and Jersey cows yield the most
fat ; Shorthorns give the most casein and sugar. The
average capacity of a cow’s udder is about 5 pints, and
the average annual yield of milk about 600 gallons.

2. The Time and Stage of Milking.—Cows are usually
milked twice a day, the morning milk usually being the
larger in quantity and the poorer in quality. The milk
which 1s first drawn, known as the ‘fore milk,” contains
very much less fat than that last drawn, known as the
‘strippings.” This 1s due to a partial creaming taking
place in the udders. Dishonest dealers have often taken
advantage of this fact in adulteration cases, to have the
cows partially milked in the presence of ignorant witnesses,
the resulting milk eonsisting largely of the ‘ fore milk.’

3. The Age of the Cow.—Young cows give less milk,
while cows from four to seven years old give the richest
milk, and less milk is given with the first calf. Cows
usually become milkers in the third year. They give the
largest yield, according to Fleischmann, after the fifth until
the seventh calf. After the fourteenth calf they yield, as a
rule, no more milk.

4. The Time of Year.—The poorest milk is yielded
during the spring and early summer months, the richest
during the autumn and early winter.

5. The Mental and Physical Conditions under which the
Animal is kept.—If the cows are worried or driven about,
the quality and yield of the milk is reduced. If they are
kept warm and well fed, the quantity and quality of the
milk is naturally increased.

6. The Food.—The natural food, fresh grass, is the best;
falling this, hay is the next preferable food. The greater
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the proportion of the nitrogen in the food, the greater is
the yield of the milk, the proportion of fat being especially
high. Beets, carrots, and swedes throw up the proportion
of milk-sugar. TFeeding cows with brewers’ grains depreci-
ates the quality by lowering the total solids of the milk.
This objectionable practice of feeding cows with brewers’
grains is illegal in the State of Wisconsin, U.S.A.

T. The Time since the Last Calving.—Milk is not fit for
use until the colostrum has disappeared, which does not
occur until at least four days after parturition, and it does
not become normal in composition until about a month has
elapsed. At the end of the milk period, the milk is liable
to be wvery poor in quality, and near calving-time the
supply almost ceases. The milk is the best in both quality
and quantity from the end of the first month to the begin-
ning of the fifth month after calving. Not more than thirty
days’ milk can be expected.

8. The Health of the Animal.—As would be expected, the
health of the animal has a profound effect on both the
quantity and composition of the milk. In the case of
diseased udders, the milk is likely to be contaminated with
blood, pus-cells, and other morbid produets. Milk itself is
liable to a number of diseases, particularly those of a
bacillary nature. These will be dealt with in detail later.

The Variations in the Composition of Cows Milk.—For our
knowledge of the composition of milk, we are indebted
mainly in this country to the elaborate and prolonged
researches of Adams, Bell, Hehner, Richmond, Stokes,
Vieth, and many others. As the result of many thousands
of analyses, it 1s found that genuine cow’s milk does not
normally differ materially from the analysis given as typical
on p. 4.

It 1s only on the rarest occasions that milk contains less
than 35 per cent. of fat, while the average is 4 per cent.
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The amount of solids-not-fat may fall from such causes as
ill-health, old age, length of time from calving, and in-
judicious feeding. Foods such as brewers’ grains, maize,
and certain roots will increase the quantity of milk given,
at the expense of ifs quality, unless the diet 1s supple-
mented in a suitable manner.

The evidence that genuine milk contains upwards of
85 per cent. of fat, and 85 per cent. of solids-not-fat, is
overwhelming. It is not surprising that the adulteration
of milk is so universal, seeing that it is possible to add
about 20 per cent. of water, or 30 per cent. of skimmed
milk, to milk of average quality, without the resulting
mixture falling below the present standard. Some analysts
make it a practice to adopt a higher standard—namely,
3 per cent. of fat— and report as adulterated all milks
which contain less than 3 per cent. of fat. This course is
highly to be commended, and it is to be hoped that a legal
standard will shortly be fixed. Milk forms, in many cases,
the entire diet of children and invalids, and, under the
present conditions, it varies so enormously that a doector,
in preseribing so much milk per day, does not know within
30 per cent. how much nourishment he is giving, unless,
indeed, he realizes this fact sufficiently to insist on the
milk being obtained from one of the large dairy companies
that exercise a reliable supervision over the purity of their
milk,

The following number of samples of milk were examined
by the public analysts during the past six years:

Total Number Percentage of

Examined, Adulterated. | Adulteraticmn.
o 5 |
1890 11,967 1,530 | 128
1891 12,151 1,633 13-4
1892 18,6588 1,818 | 13-8
1893 15,548 2,310 14-9
1894 16,805 1,868 11'5
1895 18,307 2,030 | 11-1
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These figures are not unsatisfactory, but it should be
borne in mind that public analysts have had no authorized
standard of pure milk to work by during the periods above
mentioned, and the diminution in the number of samples
reported against cannotf, therefore, be regarded as con-
clusive evidence that there is less adulteration in milk than
formerly. The diminution may to some extent represent a
change in the opinion of analysts as to what constitutes
adulteration. Moreover, having regard to the enormous
volume of the trade in milk, it may be doubted whether
the number of samples of this article submitted for analysis
is sufficient to offer a safe basis upon which to form an
opinion of the extent of milk adulteration.

The earlier figures published showing the composition of
milk generally give too high a figure for the solids-not-faf;
this was owing to the faulty methods of analysis used failing
to extract all the fat.

The following figures were published by Dr. James Bell,
of the Inland Revenue Laboratory, Somerset House, in
1881 (Bell, ** Chemistry of Foods,” vol. 11.). The analyses
of the milk of 236 individual cows are given; all these
were said to be thoroughly milked in the presence of a
responsible person, and the genuineness of the sample was
in each case authenticated. The results were as follows :

Milk of 236 Indwidual Cows.

i Highest. | Lowest. | Average.
Specific gravity st 155 C. ...| 10869 | 10267 | 10821
Total solids - 10-3% 12-8%
Fat S ' 19 3-8
Solids- nut fﬂ.t 113 | 80 90
T 0'87% 0°62% 0-71%
Volume of meam after 24 .

hours.. 26 t 2 10

In addition to the above samples, Dr, Bell also published
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the analytical results upon twenty-four dairy samples
(mixed milk from herds of eows). The results were as
follows :

]

|  Highest. | Lowest. 'i Average.
Total solids ... 14-7% 11-8% | 13-2%
Fat 51 ! 52 41
Solids-not-fat ... 90 | 85 90
SR R B S e R 063 | 072

At the suggestion of the Local Government Board, a
further systematic investigation was made in 1892 in the
Inland Revenue Laboratory, Somerset House, under the
dirvection of Dr. James Bell, to inquire into the composition
of genuine milk. The investigation embraced the milk of
273 single cows, and the mixed milk of fifty-five dairies.
In each case the cow was thoroughly milked in the
presence of one of the assistant analysts of the depart-
ment, so that the genuineness of the sample was substan-
tiated. The results contained in the report show a sensible
improvement in the quality of the milk as regards the
proportion of fat since the investigation which was made
ten years previously. The samples included the milk of
country farms as well as of town dairies, and were
collected over large areas. The breed of the cows, as well
as the kind of food, was duly noted. The report, which is
dated August, 1893, has been very ably eriticized by J. F.
Liverseege in a paper in the Analyst for January, 1895.

The average composition of milk, as shown by the above
report, is as follows :

e —e

| Specific Total Fat, | Solifs not
I

e

Averages. | Gravity. Bolids, Fut,

Milk of 273 single cows ... | 1082:3 | 12:9% | 4:0% 899
Milk of 55 dairies .| 10819 || 12:0 £0° | 89

The range in quality of the above samples is shown in
the following table compiled by J. ¥, Liverseege :
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: Toral Solids. | 56 Dairies, 273 Cows,

Under 11:5 % | 0 Milks = 0 ¥ | T Milks = 3 5
115 to 1199 | R T SR e 14
120 ,, 1249 | s 11 [ 2 e 25
12:6 ,, 12*99 19 35 I 44 16
130 ,, 1399 k) R 42 o5 R 30
140 ,, 14:99 ‘ BY A 5 2 M bl
150 and over | EPS )] I 2l S 4
| 55 100 278 100

Fat. S ‘ ks ;_“.M R

Under 275 7 0 Milks = 0 % 6 Milks L
2:76 to 2-99 1 : 2 1|7 R o
a0 ,, 819 1 2 . [ H
32 ,, 349 i o 15 8% i 14
a5 ., 890 LRI 52 i, 27
40 ,, 499 20 ., 47 95 34
30 and over 1 2 o 5 10
= T === =
55 100 ! 278 100

E'Su'li.dﬁ-unt—l":tt._.__l i A

Under 80 % O Milks = 0% | 5 Milks = 2
80 to 829 i 0 . 0 10 ., 4
83 ,. 849 f g 4 T e A 11
85 ,, 869 : Bl 11 | .88 ., 12
87 ,, 899 A7 LC 38 TINE | R 35
9:0 ,, 949 R 45 7 2
9-5 and over | ! [ 2 ! 28 . L

| 99 100 278

Dr. Vieth, in a series of papers contributed to the Analyst
between 1880 and 1891, gives the analyses of no less than

120,540 samples of milk.

extending over

curves showing

wasg as follows :

A summary of these results,

a period of eleven years, together with
the monthly variations, was published in
the Analyst for May, 1892. As the methods of analysis
had changed somewhat during this period, the whole of the
results were recaleculated, so as to make all the analyses
strietly comparable amongst themselves.

The average composition of the above 120,540 samples
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{11 it ... 4'1 per cent.
Solids-not-fat T S L s
Total solids ... L o

The above valuable series of analyses has been continued
by H. Droop Richmond, who has published yearly papers
in the Analyst from 1892, showing the yearly average com-
position. The following table is a synopsis of his results :

Yearly Averages.

Numhber of
Year, Samples ' T
Examined. . gf-:ﬂf; | Bl‘ﬂtéisl Fat. __ H-uli#::cl.ml,.
1892 23,865 10820 12°71% 391% | 880%
1893 28,487 10318 1268 391" | 877
1894 28,455 10822 1267 386 | 881
384 | 882

24,662

| 10822 | 1266

1895
The following figures show the greatest variation between
the monthly averages of the above two series of analyses

from 1881 to 1895 inelusive :

Total solids ... 12'3 to 137 per cent.
Fat P T o
Solids-not-fat ... PRSI - 1 L

It is very satisfactory to see that the recent Select
Committee upon Food Products Adulteration have attached
due importance to the above unique series of analyses,
representing 226,009 samples of milk, made in the
laboratory of Aylesbury Dairy Company by Dr. Vieth and
his successor, H. Droop Richmond. All these samples of
milk were taken from healthy cows of all kinds, fed in every
kind of manner, during all weathers and times of the year.

The absolute reliability of these figures as truly repre-
senting the composition of genuine cow's milk is fully
admitted by all analysts of experience, and the information
obtainable from them is amply sufficient to justify the
immediate formulation of a legal standard. The recent
Seleet Committee upon Food Products Adulteration, how-
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ever, have made no recommendation in this respect, but
state that the fixing of a standard would be ‘one of the
most important duties that would engage the attention of
the proposed Court of Reference.’

Milk Standards.—There is a very urgent need for a proper
legal standard of purity for milk in this country, and 1t 18
to be hoped that, in the inferest of purchasers, honest
tradesmen and public analysts generally, one will soon
be adopted. The standard of purity for milk generally
understood to be adopted by the chiefs of the Inland
Revenue Department Laboratory, who are the referees
under the Sale of Food and Drugs Acts, is as follows :

Total solids ... 11+25 per cent.
IFEI.-t wa a8 A mww 2‘?5
Solids-not-fat o T s

This standard is evidently founded upon the poorest quahity
of milks that have been known to be yielded by cows.
There is a certain amount of evidence to show that milk
as poor as this has been yielded by separate cows, who
were possibly in ill health, or otherwise abnormal, due to
improper feeding or other canses; but it is grossly unfair
to judge the quality of milk by the standard of these
inferior samples. Milk from single cows is rarely if ever
met with in commerce ; almost all the milk which finds its
way into the market is the mixed product of two or more
animals, which should be above the meagre standard in
question. It is only fair for a purchaser of milk to expect
this article to be of at least, or not materially below, the
average quality. The insufficiency of this standard will be
readily seen on comparing it with other standards, when it
will be seen to be lower than any other with which we are
acquainted.

It is not too much to say that the disgraceful state of

the milk trade in this country is fostered, if not actually
2
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caused, by this ridiculously low standard, by which, of
course, public analysts are compelled to abide, or take the
risk of being overruled by the referees, who are thought to
be infallible in the eyes of some magistrates.

The following table shows some of the standards adopted
for milk in various places :

MILK STANDARDS.

Percentage by Weight of Solids.
Btate, Town, Authority, ete. . - . - :
Fat. | Non-fatty. Total Bolids,

Society of Public Analysts 30 85 11-5

Inland Revenue Department 275 85 11-25

Central and Associated Chamber

of Commerce (proposed standard) | 30 | 90 120
Canada (proposed standard) 80 8:5 12:0
Paris o 4:0 90 13:0
Berne i -3 35 90 125
Treasury Department (U.S.A) ... 35 95 130
Pennsylvania 30 95 125
Philadelphia 85 85 120
New York ... 30 90 12:0
Boston ( Massachusetts) ... — — - 130
New Jersey 80 | 9-0 ; 12-0
Minnesota ... 35 05 i 150
Massachusetts - ik 37 9-3 ' 13:0
& during May and June — —- ! 12:0
Columbus (Ohio) ... 3-125 9-376 | 12°5
Baltimore ... — | — 120
Denver (Colorado) — — 12:0
Omaha (Nebraska) 30 90 12:0
Portland (Oregon) ... — | - 12:0
Lansing (Michigan) 50 95 12:5
Madison (Wisconsin) T SR e
Burlington (Vietoria) 85 | 9:0 125

Des Moines (Iowa) 85 | 968 1313

The limits adopted by the Society of Public Analysts are
as follows :

Total solids ... 11'5 per cent.
Fat ... sen. B0 o
Solids-not-fat e EBD -

This standard is very low when compared with the average
composition of milk, and should be regarded as a minimum,
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and any milk falling below these limits should certainly be
regarded as adulterated. It must not be lost sight of that
if as low a standard as this were made legal, there would
be a great temptation, especially amongst the larger milk
contractors, to bring the higher quality milk down to the
level of the standard by means of the addition of water or
skim milk, resulting in the milk supply being brought fo a
dead level of inferiority.

The only basis on which to found a proper standard
for milk is what a purchaser has a right to expect, milk
of average quality. Abnormal samples have nothing to do
with the question at issue. The Courts should accept no
excuse for any deficiencies, either natural or acquired,
which result in the sample materially falling below the
average quality of milk, and so not ‘of the nature, sub-
stance, and quality demanded by the purchaser.’

Abnormal Milks.— The causes giving rise to abnormal
milks have already been stated, but no practical object
would be aftained in this small work by discussing the
various samples which analysts have drawn attention to
from time to time. A large number of these will be found
in the pages of the Analyst. Various papers on abnormal
milk, and an interesting discussion thereon, will be found
in the Analyst for January, 1893.

Skimmed and Separated Milk.— Bond-fide skimmed millk,
in which the cream had been partially skimmed by hand,
has ceased to be sold as such, and has now practically dis-
appeared from commerce. Next to actual watering, partial
skimming of whole milk, or what amounts to the same
thing, the addition of separated milk to whole milk, con-
stitutes the most frequent form of adulteration of milk.

Every 10 per cent. of the fat removed from whole milk
represents approximately the loss of half an ounce of cream
from the quart of milk, the value of which is about a

2—2
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halfpenny, thus proving a very profitable adulteration to
the dishonest vendor.

All eream is now separated from milk by the various
mechanical centrifugal separators, the best forms of which
do not leave much more than 0°1 per cent., or at most 0°2
per cent. of fat in the separated milk. The solids-not-fat
are of course, owing to the removal of the fat, proportion-
ally higher than in whole milk. Separated milk containing
less than 8'7 per cent. of solids-not-fat should certainly be
regarded as adulterated. Separated milk usually sells at
about three-halfpence per quart.

Butter-Milk.—Butter-milk 1s the residue after the removal
of the butter after churning. It approximates in composition
to separated milk. The following analyses are given by
Dr. Vieth :

Total Solids. Fat. Solids-not-Fat. Ash,
(1) 9039, 0639, 8409, 0709,
(2) 802 065 7-87 129
(8) 1070 054 1016 082

Frozen Milk.—Partial freezing of milk produces a con-
centration of the solids in the part remaining liquid, while
the part frozen is deficient in them. In the winter, when
the milk has undergone a partial freezing, great care should
be taken to allow it to thaw, and then to thoroughly mix
the same before allowing it fo be sold.

H. Droop Richmond (Analyst, 1893, p. 53) has examined
a sample of partially frozen milk in which the ice amounted
to about 10 per cent. The composition of the frozen and
liquid parts were as follows:

lee. Liquid.
Water iy S e 96289 95-62%
Fat... w1728 473
Sugar s ot e 1+492 4-95
Proteids ... - 081 3-90
Ash e .o 021 0-80
Specific gravity ... ... 1009 1:0845

The proportions that the various constituents bear to each
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other are not markedly different in the ice and in the
portion which is unfrozen.

Koumiss.—Koumiss is a preparation of mares’ or asses’
milk in a partly fermented condition, which is largely used
in Russia. It is prepared as follows: The milk is allowed
to cool, and is then deprived of a part of its cream, a little
veast is then added; this sets up a slow fermentation, the
milk-sugar being converted into alecohol and lactic aecid.
During the fermentation the milk is subjected to frequent
agitation, the object of which is to retain the casein in
suspension, which has a fendency to separate during the
fermentation.

Koumiss is prepared in this country from cows’ milk,
The following analyses of Russian koumiss by Drs. Bell and
Hartier respectively will give an idea of the general com-
position of this preparation :

Bell. Hartier.
Lactic acid SR 0] 1-15%,
Casein S 1-12
Sugar we. o T ) 2:20
Fat... e L 1-20
Aleohol ... il L L 165
Ash e AN L
Water e 91978 L

Kephir.—Kephir is a preparation of fermented cows’ or
goats’ milk, very similar to koumiss, and is prepared by
means of a special ferment. It 1s used largely by the tribes
of the Caucasus.

Methods of Analysis. — An instrument termed Feser's
lactoscope, which depends on the opacity of milk, was used
before exact methods of analysis were devised; but both
this instrument and the ereamometer are too inaccurate to
be relied on, or to be used at all, now that we are in
possession of methods at once accurate and expeditious.

We will now proceed to describe in detail the methods of
analysis ordinarily applied to milk.

Specific Gravity.—Directly the samples are received in
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the laboratory the gravity should be taken, each sample
being carefully shaken first, to mix in any cream that has
risen, but avoiding the ereation of a quantity of air-bubbles.

The specific gravity may be taken either by a delicate
hydrometer or (more exactly) by means of a Westphal
balance.

When milk is sampled, it is important to stir up the
whole quantity contained in the vessel thoroughly, so as to
ensure a complete distribution of the eream throughout the
body of the milk. This is frequently neglected by
Inspectors under the Acts, and they should be repeatedly
reminded of its necessity. If a sample is to be divided into
three parts, one pint should be purchased and poured into
bottles of such a size as to fill them almost to the cork.
If they are filled entirely it is difficult to shake them so as
to mix in the eream ; while if they are not filled up to the
neck, the shaking of the milk in transit may cause some of
the cream to be echurned into butter, in which case there 1s
no alternative but to evaporate the entire quantity, and
apply Bell's method of analysis. The term ‘ Recknagel’s
phenomenon * is applied to the inerease observed in the
specific gravity of milk, which takes place some time after
milking. H. Droop Richmond (Analyst, 1894, p. 76) gives
an example of this, the results of which were as follows :

Speecific Gravity 1} hours after milking ... 10310
1 1 i " 1 2o ]{}32'.‘%
i3 L1 ]8 1] (L} £ s 1“32.3

This rise in the speecific gravity must not be confounded
with a similar rise when frothy milk is allowed to stand.

Recknagel’s phenomenon has been studied by H. Droop
Richmond (see Analyst, January, 1895), who considers it
possible that the explanation may be that a change oceurs
in the casein due to the action of an enzyme. Another
possible explanation is that the small air-bubbles produced
during milking cause the gravity at first to be below the
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truth ; or, again, it is possible that the vast multiplication
of bacteria, that oceurs in milk with great rapidity, may be
the cause. If this is so, the phenomenon should be less
apparent in winter than in summer, as cold retards the
arowth of all micro-organisms. The samples should be
shaken genfly just before taking the gravity, so as to mix
in cream, but eare must be taken to avoid the creation of a
quantity of air-bubbles. The specific gravity of genuine
milk generally falls between 10290 and 1034'0 at 155" C.
Tables may be used to correct the gravity taken at tempera-
tures near 15°5° C. to what it would have been if the milk
had been exactly at 155" C., but in practice it is easy to
bring them to the correet temperature by standing the
bottles in water.

Table for Correcting the Specific Gravity of Milk according
to Temperature (compiled by Dr. Vieth)—Find the tempera-
ture of the milk in the uppermost horizontal line, and the
specific gravity in the first vertical column. In the same
line with the latter, under the temperature, is given the
corrected specific gravity. [Frample: Supposing the tempe-
rature to be 64°, and the specific gravity (10)34, the
specific gravity corrected to 60° is (10)34-6.

e e - ——

Degrees of Thermometer (Fahr.).

Speine! | 55 |56 | 57| 58 | 69| 60|61 62|63 64 65

253 254265
26°3 265 26°6

124'6|24°6 [ 24°7 | 24°8 949250251 2
1026°0 | 255|256 | 25°7 | 25°8 | 250 | 26°0 | 261 2
| 265

(L |
® &
KD b3 |

[=71

1027-0 265|266 | 267|268 | 269 | 270|271 | 273|274 27'5|27°6
1028'0 | 275|276 |27-7|27-8|27-9/28-0| 281 283 284 28'528'6
10290 | 285 (286|287 28'8|28'9 29°029°1 29°3 204 295|296
10300 294 |296|20:7 20-8 | 20-0| 300 | 30-1 30-3| 304 305|307

10310 304|305 39-6'30-5!30-9 31-031-2 31-3|31+4 315|317
10320 31-4(315 3]‘6!31'?'31'9 32-0|32-2 | 32-3| 825826827
10330  32+4|325 az-ajsa-ﬂsz-ﬂ!as-ﬂ 33'2| 33'3| 335 | 336 53-8
10340 333|335 33'633°7 (339 34'0 /342 343|345 34'6 348
10350 [34:3|34°5 34°6 347 849 :;5-n}|::5-2'35-3 35°56 356|358
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~ Milk samples should be examined at the earliest oppor-
tunify, as curdling takes place very rapidly in summer, and
directly the milk is at all eurdled it is impossible to
estimate the gravity accurately. If the curdling has not
proceeded too far, it is possible to obtain a uniform mixture
again, by adding a few drops of ammonia to the sample,
and shaking. This will enable us to measure out the
required amounts by pipette, instead of resorting to the
more lengthy operafion of weighing. The specific gravity
of milk is raised by the abstraction of fat, and lowered by
the addition of water ; hence, by partial skimming and
watering an adulterated sample may possess the same
gravity as that of genuine milk. Whether, therefore, the
gpecific gravity is normal or otherwise, it will be necessary
to estimate the fat and the total solids.

Total Solids.—The total solids in milk are estimated by
drying 5 grammes in a shallow dish upon a water-bath
until constant in weight. A platinum dish is best for this
purpose ; but whatever kind of dish is used, it will gene-
rally be necessary to dry for three hours on the water-
bath, and then for two hours inside a water-oven. Where
rigid aceuracy is not required, 5 c.c. may be taken for
the total solid determination, correction afterwards being
made for the weight from the specific gravity of the
gample.

Care should be taken fo ascertain that the temperature
inside the water-oven really reaches 100° C., as some water-
ovens give a much lower temperature than this. Some
operators prefer to take only 25 grammes of milk, and add
a drop of very dilute aleoholic acetic acid, which, of course,
15 driven off by evaporation afterwards; this addition
curdles the milk and prevents the formation of a skin over
the surface, which retards the drying.

The milk solids should be weighed at once after drying,
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as they absorb moisture from the air very readily, in
addition to the well-known change of weight that takes
place with all platinum articles, due to the occlusion of
gases on their surface.

The total solids of genuine milk rarely fall below 12°5
per cent.

The total solids of milk being on the average 125 per
cent., and the fat 3-5, it follows that the solids-not-fat
will be 9:0 per cent.; of this, about 0°75 is mineral matter,
or ash ; about 3°5 per cent. albuminoids, and the remainder
4*75 per cent. milk-sugar.

Estimation of the Ash.—The residue after the determina-
fion of the total solidsis heated cautiously at a temperature
as low as possible over a Bunsen burner until a white ash
is left. Over-heatine will cause the result to be too low,
owing to loss of sodium chloride. The ash of normal milk
1s about 0°75 per cent., and is slightly alkaline. If the ash
18 found to be materially less than this, it would point to
watering. A marked degree of alkalinity and effervescence
with hydrochloric acid would suggest the addition of a
carbonate to the milk.

The ash of milk is of but little value as an indication of
purity, owing to the almost universal practice of adding
varying quantities of borax or borie acid to the milk, at
least during the summer months.

The most constant figure in normal milks is the propor-
tion of ash to solids-not-fat, which averages 8'3 per cent.
of the solids-not-fat. It very rarely exceeds the limits,
80 to 8'5. In cases of abnormally low solids-not-fat the
ash generally bears a higher ratio.

Estimation of the Fat.— There are several different
methods of determining the fat, which may be divided
into the following classes :

1. Estimation of the fat by reading off the volume of
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fat liberated after treatment by chemical means with the
employment of centrifugal force. On this principle all
the mechanical methods are based. :

2. Kstimation by simple extraction with a solvent of
the milk dried () without addition (Bell’s method) ; () on
blotting-paper (Adams’ method); (¢) on chrysotile fibre
(Macfarlane’s method).

5. Estimation by extraction of the fat by ether from
milk, after destruction of the casein by acid (Werner-
Schmidt).

 p—— - ¥ e
T TR L ST 44 by B i s ———

F16. 1.—LEFFMANN-BEAM MACHINE.

Mechanical Methods.—There are several forms of centri-
fugal apparatus in use—namely, the Leffmann-Beam
machine, the Gerber, ete. Perhaps the one at present
most commonly used is the Leffmann-Beam machine,
which is capable of giving results precisely identical with
the Adams’ process in skilled hands. All these methods
depend on the liberation of the fat from the milk by
treatment by sulphuric acid. The application of centri-
fugal force then causes the heavier liquid to force the
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fat to rise up into the neck, which is graduated into
divisions corresponding to a tenth of a per cent. of fat by
weight.

Leffmann-Beam Process.— Leffmann-Beam bottles are con-
structed to hold about 40 c.c., and the neck is gradunated to
estimate up to 8 per cent. of fat. The procedure is as
follows: 15 c.c. of milk are run into the bottle, and 3 c.c.
of a mixture of fusel-oil and hydrochloric acid are added,
and the bottle carefully shaken so as to cause the liquids
to mix, but not so as to shake the milk up into the neck ;
9 e.c. of strong sulphurie acid are now added with agitation
—the best strength of acid to use 1s 95 per eent. The milk
will turn brown or purple, and the bottle is now full to
within 3 or 4 c.c. of the graduations, and fat is generally
seen beginning to separate. We now fill the bottle nearly
up to the zero mark with a hot mixture of sulphurie acid
and water in equal parts, and the bottle is whirled in the
machine. Care must be taken to balance the machine
properly by placing bottles in each receptacle, or it will
vibrate. A minute’s whirling is generally sufficient to
cause a complete separation of the fat from the aecid
liquid ; the line of demarcation should be sharp, and
both fat and liquid should be quite clear. The reading
15 made from the extreme top to the extreme bottom of
the fat column. If there is a cloudy layer between the
fat and the acid liquid, it may be due to using too strong
acid, or to careless mixing of the milk and acid. Some
samples of fusel-oil cause high results, and some com-
parisons should be made whenever a fresh batch of fusel-
oil mixture is used, or when Leffmann-Beam bottles are
bought, though we have found these latter to be exceed-
ingly accurate. The object of using fusel-oil is to cause
the fat globules to collect together, which they would not
do so readily if sulphurie acid were employed alone. This
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method of fat estimation is most useful on account of its
rapidity, and, in practised hands, its exactness.

In summer, when milks curdle soon after they are
received, it is a great advantage to be able to deal with a
considerable number, and fo ascertain within a short time
which of them are suspicious and will require further
work.
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Fig. 2. —THE GERBER MACHINE.

Gerber Process.—The Gerber apparatus consists of a
hollow disc about eighteen inches in diameter, in which
are clips for holding the glass tubes, which, when placed in
position, are covered by a plate that fits over the dise, form-
ing a hollow box. The dis¢ and its contents are rotated
by giving fifteen to twenty sharp pulls with a string,
after the manner of a top, and the apparatus, which
runs in ball-bearings, then attains a wvelocity of 2,000
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revolutions per minute, and will run by itself for the three
minutes which suffice to separate out the fat completely.
The procedure, abstracted from the * Working Instructions’
furnished with the machine, 18 as follows. 10 ec.e. of
sulphuric acid, from 1-820 to 1'825 speecific gravity, are
placed in the bottle; then 1 c.c. of amyl aleohol is added,
and finally 10 c.c. of the milk to be tested. The bottle is
then closed with the indiarubber stopper, and shaken
till all the ingredients are thoroughly mixed, and the
solution changes to a dark brown. They are then rotated
in the machine for three minutes, and the fat read off. If
the top of the fat column does not precisely correspond to
one of the graduations, it is readily made to do so by
moving the indiarubber stopper slightly.

When skimmed or separated milk is used, the milk must
be shaken for two to three minutes, and, after rotating, the
test-bottle is to be placed in hot water for a few minutes;
this rotating and warming is to be repeated three separate
times. The same procedure applies to condensed milk,
working on a 10 per cent. solution. Other milk produects
are tested thus :

1. Cream : Take from *5 to 1 gramme, add 6 e.c. hot water,
then 1 c.c. amyl aleohol, 65 ec.c. of sulphurie acid, and
shake well ; add 6 c.c. hot water (60" to 70° C.), and rotate
in the machine; after a few minutes’ rotating place in hot
water for a short time, and read off.

2. Butter : Weigh out from '5 to 1 gramme, add 12 c.c. cold
water, 1 c.e. amyl alcohol, and 65 c.c. of sulphuric acid ;
shake well and rotate. Place in hot water for a few
minutes, and read off.

3. Cheese: If the cheese is soft, pound it in a mortar ;
if hard, pare it finely. Weigh out *5 to 1 gramme, add 6 e.c.
hot water, 65 c.c. of sulphuriec acid, and shake well ; add
a further quantity of 7 c.c. of hot water, then run in about
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5 drops of amyl aleohol, close the bottle, and shake well.
After having rotated, add 1 c.c. amyl aleohol ; then shake
gently, and place for a few minutes in hot water (60" to
70° C.). Rotate a second time, place in hot water, and read
off. If skimmed cheese is being examined, rotate three
times, and make the second addition of hot water 8 c.e. '
instead of seven.

(a) Bell's Method.—This method (used by the referees) is
particularly applicable to curdled milks. In such cases the
entire contents of the sample bottle should be poured out
into a large platinum dish and evaporated nearly to dryness.
When nearly dry, the milk solids are stirred with a glass
rod, so as to bring them into a state of fine division. The
solids are finally ground with ether and poured on to a
filter, and washed with the solvent till free from fat. The
ether having been distilled off, the fat is weighed.

This is without doubt the best way of treating curdled
milks, in which much separation of the curd and serum has
often taken place, thus rendering it impossible to work
satisfactorily on a part of the sample.

(b) Adams’ Method.—5 c.c. of the milk are spotted on to
an Adams’ paper, which is allowed to dry and then rolled
up. One and a half strips of the specially fat-free Adams’
paper will absorb 10 c.c. of milk, but it is better not to put
more than 5 e.c. on one paper. After the paper has dried
in the air, it is placed in the bath for a few minutes’ final
drying, and extracted in a Soxhlet extractor. A very handy
form of condenser is the hollow metal ball, which is more
efficient than a three-foot tube condenser. The fat flask
should have a short wide neck, and weigh about 15 grammes;
its weight to two places of decimals should be marked on it
with a diamond. Sufficient ether (specific gravity 720)
should be used to fill the Soxhlet one and a half times,
and it should be made to siphon over twelve times at least.
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It is advisable to place a light serew of paper in the top of
the condenser tube to limit as far as possible the entrance
of air, which would deposit moisture inside the condenser
and wet the ether. Dry ether has no solvent action on
milk-sugar, so that nothing but fat will be extracted if the
ether 18 kept dry; but if it contain water, milk-sugar will
come out with the fat, and if much moisture gets into the
ether it may cause the coil to become damp, and then there
may be an error in either direction—i.c., an excess owing
to milk-sugar being weighed with the fat, or a loss from fat
remaining in the damp coil.

This is certainly the best method of fat extraction for
reference work where absolute figures are required. The
Adams’ process is the official method of the Society of
Public Analysts.

(¢) Macfarlane's Method.—Macfarlane, chief analyst to the
Canadian Government, dries 10 c.c. of milk on chrysotile
fibre, which is packed into a short wide glass funnel. Affer
drying and weighing, a number of these are placed together
in a tall glass cylinder and extracted at once with light
aasoline. On re-weighing, the loss of weight gives the
percentage of faf.

(d) Werner-Schmidt Method.— The Werner-Schmidt process
was first introduced into this country by A. W. Stokes, and
is briefly described in the Chemical News, vol. lviii., p. 197.
In the same paper (vol. Ix., p. 214) A. W. Stokes published
in detail the exact procedure he recommends, together with
a table showing the comparison of estimations made by it,
with the amount of fat caleulated from the total solids and
gravity. We quote the description in his own words :

‘ Into special tubes (to be obtained of Messrs. Townson
and Mercer), which are partly graduated up to 50 c.e.,
pipette 10 c.c. of the milk, if fresh, and then pour direct
from its bottle some HCIl roughly to the 20 c.c. mark. If
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the milk is a sour sample, weigh out 10 grammes, and with
a small wash bottle containing strong HCI, wash the milk
into the tube till it 1s full to about the 20 ¢.c. mark. Now
boil the mixtare, with frequent shaking, till it turns brown.
Merely heating it to the boiling-point of water by immersion
in a water-bath is not sufficient. Leave for about three
minutes to stand; the colour will darken considerably,
while thus standing, without further heat. Cool by
immersion in water; fill up roughly to about the 50 c.c.
mark with ether. It is not necessary that the ether should
have been previously washed with water, unless it contains
more than 8 per cent. of aleohol. Cork the tube and shake
the mixture for half a minute; let settle for five minutes.
Accurately pipette off 20 c.c. of the supernatant ethereal
solution into a tared beaker, evaporate off the ether, dry in
air-bath, and weigh the residual fat. It is advisable to
take at least 20 c.c. of the ethereal solution, so as to avoid
the errors of high multiplication. It is perfectly easy to
pipette off accurately 20 c.c. of the ethereal solution; the
presence of the fat in the ether prevents the difficulty that
is found in pipetting off ordinary ether. Now notice how
many c.c. of ethereal solution are left in the tube. Here
there is sometimes a slight difficulty, since above the sharp
line that separates the brown mixture of HCl and milk
from the colourless ethereal solution sometimes there floats
a fluffy narrow stratum of casein. If, however, three-
quarters of this stratum be assumed to be ether, a correct
reading will be made. From the whole quantity of ethereal
solution originally present the percentage of fat in the
milk is now calculated.

‘The whole process, doing at the same time a number of
samples, need not take more than twenty minutes. Iis
accuracy 1s not excelled by any other process; the process
is simple ; the reagents are those found in every laboratory ;
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almost all the ether can be recovered, if thought worth
while; the only special apparatus needed is a cheap
calibrated tube.

‘The HCl and the milk in the process should not be
boiled together more than two minutes, else the ether will
take up a caramel-like substance. Very highly watered
milks do not turn a dark brown because of the small
amount of milk-sugar present, while condensed and sugared
milks become almost black.

¢ An example may show the calculation required :

“10 c.c. of a milk having the specific gravity 1031,
and giving 12 per cent. by weight of total solids, when
treated thus, gave, in 20 ec.ec. of ethereal solution,
0277 grammes of fat. There were left in the tube 65 c.c.
of ethereal solution, making a total of 265 c.c. Then,
0-277 x 265
e
Dividing this by the specifie gravity 1031, we get 3-55 per
cent. by weight of fat in the sample. Caleulating from
the specific gravity and total solids, the fat should be
354 per cent.’

Calculation Method.—Seeing that the presence of fat in
milk tends to lower its specific gravity, while the presence
of the solids-not-fat tends to raise it, it is evident that
there is a relation between the gravity, fat, and total
solids, which will enable us to calculate the third factor,
if the other two are known.

Formul® have been devised whereby, knowing two of the
factors, the third is easily calculated. The formula of
Hehner and Richmond is the one now exclusively used,
this having been based on a very extensive series of
observations, in conjunction with perfect methods of
analysis.

The formula is as follows :

= 367 per cent. in 100 c.c. of the milk.
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F=-859T —*2186G.

I represents the fat, T the total solids, and G the last
two units of the specific gravity, together with any
decimal.

The above formula suffices for ordinary milks, but for
gskim milks it has been found necessary to slightly modify
it as under :

g—ﬂ'ﬁ}.

This correction need only be applied when G divided by
T exceeds 2'5. KExtended tables are published (see the
Analyst, vol. xiii., p. 26) to facilitate caleulation founded
on the above formule, but a still more ready means of
using the formula is by means of the invaluable instrument
described below.

Riehmond’s Slide Ilule.—This consists of a wooden rule,
part of which is made to slide, and by its aid we can
calculate the fat from the total solids and gravity, or
the gravity from the total solids and fat, or the total solids
from the fat and gravity. The rule has three scales, two
of which are for total solids and fat respectively, which
are marked on the body of the rule, while that for specifie
gravity is placed on the sliding part. The divisions are
as follows: Total solids, 1 inch divided into tenths; fat,
1'164 inches divided into tenths; specific gravity, each
division=0254 inches. These numbers show the relation
according to the formula

T—-254G=1'164F.

For example, supposing that a certain milk has a specifie
gravity of 1032, and is found to contain 3'5 per cent. of
fat; the sliding portion of the rule is adjusted, until the
arrow points to 3'5 per cent. of fat. The figure represent-
ing total solids will now be exactly below the gravity figure,

F="859T —-2186G — "05(
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and in this particular case will show the total solids o be
12:2 per cent., and if we made an actual estimation by
evaporation, the figure obtained should vary but little from
this. Having obtained the total solids by the slide rule, we
subtract the fat, and if the solids-not-fat do not fall below
8'5 per cent., an actual estimation of the total solids is not
required.

Total Proteids.— The best method of determining these
is by calculation from the total nitrogen, which is deter-
mined by Kjeldahl's process. This method, which oceupies
but a short time, and does not involve the use of com-
plicated apparatus, has almost entirely replaced the com-
bustion process.

It depends on the conversion of the nitrogenous matter
into ammonium sulphate, which is subsequently decom-
posed by an excess of alkali, the liberated ammonia being
distilled off and titrated.

About 5 grammes of the milk are weighed into a round-
bottomed, long-necked flask of about 300 c.c. capacity.
The milk is then evaporated to dryness over a water-bath,
the last traces of water being got rid of by drying in a
water-oven and by gently blowing warm air into the flask.
To the dry solids are then added 20 c.c. of concentrated
sulphurie acid, and 5 to 10 grammes of potassinum sulphate,
and the whole heated for some time over a Bunsen flame.
At first frothing takes place and white fumes escape, con-
sisting chiefly of water vapour.

The flask should be placed in a slanting position, so as
to encourage condensation of the sulphurie acid vapours in
the neck as far as possible. When the liquid has become
clear and colourless, or nearly so, the flask is allowed to
cool; 200 c.c. water is added, and the whole poured into
the funnel of the distilling apparatus. A further quantity
of about 200 c.c. of water is used fo rinse out the flask,

3—2
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which is also poured into the funnel, then 75 c.c. of 50 per
cent. soda hydrate solution. The stop-cock of the funmel
is closed and heat applied ; the ammoniacal steam is freed
from splashings by its passage with the glass  anti-splasher.’
With this apparatus the most troublesome substances can
be dealt with.

FiG, 3.—DISTILLATION APPARATUS FOR KJELDAHL,

The apparatus i1s constructed as follows : A copper flask,
capable of holding 500 c.c., is fitted with a rubber cork,
through which passes a Soxhlet tube, the other end of
which is closed by a rubber cork pierced by two holes;
through one of these passes the stem of a tapped funnel,
and through the other the end of a block-tin tube, § inch
in diameter, which is carried up about 18 inches, and then
down again, its other end passing through a rubber cork
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into a tapered glass connector, which dips into 50 c.c. of %
sulphurie acid contained in a 4-oz. flask, which is kept cool
by being placed in a vessel of cold water.

The ammoniacal steam condenses largely in the tin tube,
and is received in the acid. After about 250 c.c. of dis-
tillate have been collected, the stop-cock is opened and the
burner turned out.

The distillate is cooled by placing the flask under the
tap, and then titrated with % soda hydrate, till the excess
of acid is neutralized, using methyl-orange as indicator.

Each c.c. of % sulphuric acid neutralized by the ammo-
niacal distillate corresponds to 0014 gramme of nitrogen,
or *0017 gramme of ammonia.

Working with ordinary reagents, it will be found that
a ‘blank ’ experiment usually requires *2 c.c. of % sulphurie
acld, hence ‘2 c.c. should be subtracted from the number of
c.c. of % soda used to neutralize the 50 c.c. of acid taken.

The total proteids are found by multiplying the amount
of nitrogen found by the factor 6-33. This will give a
very close approximation to the total amount of proteids
present, as they contain on the average 158 per cent. of
nitrogen.

The Estimation of Sugar by Pavy's Method.—This method
18 a modification of Fehling’s process, where, instead of
weighing the copper in the form of euprous oxide, as in the
ordinary method, the modification devised by Dr. Pavy
depends on the fact that cuprous oxide dissolves in
ammonia, forming a colourless liquid. When the saec-
charine liquid to be tested is run into the boiling Pavy
solution, instead of a bulky red precipitate falling and
obscuring the end reaction, the liquid changes from blue to
colourless.

To prepare the test solution, dissolve 20°4 grammes of
Rochelle salt and the same weight of caustic potash in
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distilled water; dissolve separately 4'158 grammes of pure
cupric sulphate in more water with heat; add the copper
solution to that first prepared, and when cold, add 300 c.c.
of strong ammonia, and distilled water to 1 litre.

If ordinary Fehling solution is to hand, the Pavy solu-
tion is most readily made as follows: To 120 ec.c. of the
ordinary Fehling solution is added 300 c.c. of ammonia
(specific gravity ‘880), and 400 c.c. 12 per cent. caustic
soda solution; the mixed solutions are then made up to
1 litre. 100 e.c. of this solution has the same oxidizing
power on glucose as 10 c.e. of the ordinary Fehling solu-
tion.

Pavy’s solution possesses a different oxidizing power on
maltose and lactose from that exerted by Fehling's solu-
tion. Its reaction on invert sugar under the above-named
conditions 1s only five-sixths of that exerted by Fehling's
test. Hence 120 c.c. of the latter are employed in making
the ammoniacal solution instead of 100, as would be the
case if they were strictly equivalent (A. H. Allen).

In working with Pavy’s solution, either 50 or 100 c.c.
should be placed in a flask, and the milk, diluted with
fairly strong ammonia, run in from a burette, the nose of
which passes through a hole in the cork which closes the
mouth of the flask. Another tube, just passing through
the cork, is connected to a rubber tube leading the
ammoniacal vapour out of the window. The Pavy’'s solu-
tion is brought to a boil and maintained just boiling, and
then the diluted milk is run in slowly till the blue colour is
just discharged. The reaction does not oceur so rapidly as
when glucose is brought into contact with Pavy’s solution.

A suitable dilution for the milk would be five parts of
milk made up to 100 c.c., with ammonia and water.

Polarimetric Method of Determination of Lactose.— Milk-
sugar can be readily determined by determining the
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rotation of the sample, after the removal of the fat and
proteids. The best form of instrument for the purpose is
one of the half-shadow type, for use with the sodium mono-
chromatic light. This, destroying all eolour, causes a dark
shadow to appear when the instrument is used, and so
enabling colour-blind persons to use the instrument without
difficulty.

The specific rotatory power of a body, usually expressed
as [a]°, is the amount of angular rotation of the ray of

Fi1g. 4. —THE POLARIMETER,

polarized light in degrees which is produced when a solu-
tion of the substance, containing 1 gramme in 1 c.c., is
examined in a column 1 decimetre long., It is expressed by

the following formula :

Let a=the observed angle, ¢ the strength in grammes per 100 c.c.,
and [ the length of the tube used in decimetres; then—

[a]?= 100

cexl’
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The caleulation of the amount of sugar corresponding to
the observed rotation may be determined by substitution in
the formula.

The specific rotatory power of lactose at 20° C. is 52°5°
when observed by the sodium flame. The rotatory power
is unaffected by the degree of concentration within the
limits met with in ordinary analytical work. It is also but
slightly affected by temperature, it being decreased by
about 0'042° for each successive rise of each degree of
temperature.

When milk-sugar is freshly dissolved in water it exhibits
the phenomenon known as ‘birotation,” whereby 1t shows
a higher rotation than that given above. By standing, or
immediately on boiling and cooling, the rotatory power
falls to normal. This precaution is unnecessary when
operating upon milk. In preparing solutions of solid milk-
sugar care must therefore be taken to raise them to the
boiling-point before making up to a definite volume.

To determine the amount of milk-sugar by means of the
polarimeter, the proteids and fat must be removed. This
1s best done by means of mercuric nitrate, prepared as
follows : Mercury is dissolved in an equal weight of nitrie
acid of specific gravity 1-42; when dissolved, an equal
weight of water is added.

The process is as follows: 60 c.c. of the milk 1s placed
in a 100 c.c. flask, and 1 e.c. of the mercury solution added,
and water added up to the mark. The solution, after being
well shaken, is filtered through a wet filter. The liquid,
which should be quite clear, is now ready for examination
in the polarimeter tube. Several readings should be care-
fully made, and the average taken. Correction should be
made for the space occupied by the fat and proteids. This
is done by finding the volume of the fat by multiplying the
weight by 1°075, and that of the proteids by 0°8.
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For example: Specific gravity of sample of milk taken
1080-0. Fat, 4 per cent. Total proteids, 4 per cent.

Milk taken =60x103=61"8 grammes,
Weight of fat =4 per cent. of 61'8 =247 grammes.
Volume of fat =247 x 1'076=2"G5 e.c,

Weight of proteids =4 per cent, of 61-8 =247 grammes,
Volume of proteids =247 x *8=1-97 c.c.

.*. The actual bulk of the sugar-containing liquid is:
100 — (2:65+1-97) = 9538 c.c.

In order to avoid the caleulation involved in taking
60 c.c. of sample as above, an amount may be employed
which is a simple multiple of the standard amount of the
polarimeter to hand. In case of instruments adjusted so
that 1619 grammes of sucrose (=20°56 grammes of milk-
sugar) in 100 ec.c. of the solution produce 100 degrees on
the per cent. scale, therefore, 61'68 (=20'56 grammes
x 3) grammes of the sample are weighed out, treated with
mercury solution, and made up to 100 c.c. The joint
volume of the fat and proteids is calculated as above, and
the same volume so found is added to the 100 e.c. The
flask is well shaken and filtered as before. The bulk of the
sugar-containing liquid will now be exactly 100 e.c., and
the polarimeter readings divided by 3 (if a 200 mm. tube
be used) will give the percentages of hydrated lactose.

Detection and Estimation of Preservatives in Milk.—The
following are those which are most commonly employed :
(1) Borax and borie acid; (2) Formaldehyde ; (3) Salicylic
acid ; (4) Potassium chromate.

This is the order in which we have most frequently met
with them, but there is no doubt that formaldehyde, being
the most effective, when it becomes more generally known,
will supersede boric acid as a preservative. Mixtures of
the above are sold to farmers and dairymen under pro-
tected names, with directions how, and in what quantity,
they are to be added.
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The following table of the relative efficiency of various
preservatives, compiled by R. T. Thomson (Analyst, 1896,
p. 65), is of value. The author kept measured quantities
of the same milk, to which the various preservatives were
added, in stoppered bottles, under identical eonditions, and
examined them from time to time.

Grains of | . . Sﬁdfg;. l?fltf;m
Preservative | Freserva- | After After After | After | "7 B
ST | tive per | standing | standing | standing | s!:mudmg | Tackic Lactic
gal. of 2 days. 4 days. G days. 7days. | Acid Acid
milk. | ;perce::itw. per r;*clit.
(Pure milk)], — Dis- | Slightly . Sour |Sour and| 68 ‘71
tinetly | sour | curdled |
turned I |
Formic al-| 8+75 Sweet Sweet | Sweet | Sweet | Sweet |Sour and
dchn}'dc 01256% | | "12 curdled
(40%) : 43
- - 175 Sweet | Sweet | Sweet | Sweet | Sweet | Sweet
025 | om0 | a4
g1 35 Sweet | Sweet | Sweet | Sweet | Sweet | Sweet
055, | | 07 10
Borie acid 35 Sweet | Sweet | Turned |Sour and 42 52
067 ‘ curdled
Borie acid 35 Sweet | Sweet | Sweet | Sweet | Sweet | Sour
+ borax | (175 of I - ‘10 ‘32
(calen- each) | _ ,
lated to - - !
boric acid) I ,
Salieylic 17:5 Sweet Sweet | Sweet | Turned | Sour 42
ueicf 025% ' | || =g
o | 36 Sweet Sweet | Sweet | Sweet | Sweet | Sour
05, ' ; 10 33
Benzoic 175 | Sweet | Sweet  Slightly Sour | Sour *52
acid 025% ' turned} | 4h

B ——— — -

(1) Borax and Boric Acid, Na,B,0.10H.,0; H,BO,.—
The above table shows that a mixture of boric acid and
borax in equal parts is more efficient than an equal weight
of boric acid. .

The presence of either may be demonstrated by ashing
a few c.c.’s of the milk, and after moistening with strong
sulphurie acid and aleohol, applying a light, when a green
colour is imparted to the flame, which is more easily seen
by placing the dish in the dark, if either borie acid or
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borax be present. This reaction is fairly delicate, for as
small a quantity as 0°01 per cent. can be detected in this
manner.

Another and slightly more delicate mode of testing for
these is by treating the ash with dilute hydrochloric acid,
and on placing a small piece of freshly prepared turmerie
paper in the dish, it will furn reddish-brown, which 1s
turned to bluish-black when treated with a liftle sodium
carbonate solution.

Boric acid in milk may be estimated by Thomson’s
method as follows: One to two grammes of sodium hydrate
are added to 100 c.c. of milk, and the whole evaporated fo
dryness in a platinum dish. The residue is thoroughly
charred, heated with 20 c.c. of water, and hydrochloric acid
added drop by drop until all but the carbon is dissolved.
The whole is transferred to a 100 c.c. flask, the bulk not
being allowed to get above 50 to 60 c.c., and 0'5 gramme
dry calcium chloride added. To this mixture a few drops
of phenolphthalein solution are added, then a 10 per cent.
solution of caustic soda, till a permanent slight pink colour
is perceptible, and finally 25 c.c. of lime-water. In this
way all the phosphoric acid is precipitated as calcium
phosphate. The mixture is made up to 100 c.c., thoroughly
mixed, and filtered through a dry filter. To 50 c.c. of the
filtrate (equal to 50 grammes of the milk) normal sulphurie
acid is added till the pink colour is gone, then methyl
orange, and the addition of the acid continued until the
yellow is just changed to pink. Fifth-normal caustic soda
is now added till the liquid assumes the yellow tinge, excess
of soda being avoided. At this stage all acids likely to be
present exist as salts neutral to phenolphthalein, except
boric acid, which, being neutral to methyl orange, exists in
the free condition, and a little carbonic acid, which is
expelled by boiling for a few minutes. The solution is
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cooled, a little phenolphthalein added, and as much
glycerine as will give at least 30 per cent. of that substance
in the fitrated solution, and titrated with fifth - normal
caustic soda till a distinet permanent pink colour is pro-
duced ; each c.c. of fifth-normal soda is equal to 0°0124
gramme crystallized boric acid. A series of experiments
with this process showed that no boric acid was precipitated
along with the phosphate of ealeium so long as the solution
operated upon did not contain more than 02 per cent. of
crystallized borie acid, but when stronger solutions were
tested, irregular results were obtained. The charring of
the milk is apt to drive off borie acid, but by carefully
carrying the incineration only so far as is necessary to
secure a residue which will yvield a colourless solution, no
appreciable loss oceurs.

A modification of Gooch’'s method is recommended by
C. E. Cassal (Analyst, 1890, p. 231), and is performed as
follows: In the case of cream about 50 grammes, and in
that of milk about 100 grammes of the sample are rendered
alkaline with caustic soda, evaporated to dryness and
incinerated. The ash, which need not of course be burnt
white, is ground up and transferred, washing in with a
little methyl aleohol and a few drops of water, to a conical
flask of from 200 c.c. to 300 c.c. capacity, provided with a
doubly-perforated caoutchoue cork, through which pass a
stopcock-funnel tube and a delivery tube. The flask is
attached to an ordinary condenser by means of a flexible
joint, in such a way as to admit of its being shaken round
oceasionally, and is placed in an oil-bath. The mixture in
the flask is acidified with acetic acid, and 5 e.c. of methyl
aleohol is run in from the funnel tube and distilled. The
distillate is received in a weighed amount of pure lime
(ignited to constant weight). About 1 gramme is a con-
venient quantity. The lime is contained in a platinum
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dish capable of holding about 70 c.c., which 1s placed in a
glass receiver.

This receiver may be made from a ground-edged glass
vessel, covered with a perforated ground-glass plate. The
end of the condenser passes through a grooved or closely-
fitting cork in the perforation of the plate, and terminates
just above the lime in the platinum dish.

Distillation with 5 c.c. of methyl alcohol is repeated
several times, ten such treatments being ample for all
likely cases; fewer are generally quite sufficient. A gela-
tinous mixture is obtained in the platinum dish; it is well
stirred, and allowed to stand for some minutes; it is then
evaporated in an oil-bath, and finally heated over the blow-
pipe flame to constant weight. The increase of weight is
borie acid, and the error does not in any case amount to
more than 1 milligramme plus, when dealing with from 0-1
to 025 or 0-3 gramme of anhydrous boric acid. To make
sure that the acid has been completely volatilized, the
residues in the distillation-flasks are tested with turmeric-
paper.

The few drops of water added before the first distillation
greatly increases the rapidity of the removal of the borie
acid.

(2) Formaldehyde, CH,0.— Formaldehyde is, compara-
tively speaking, a new food preservative, and is by far the
most effective ; consequently a smaller amount being
required to preserve the milk, renders its detection and
estimation a somewhat difficult matter.

It is usually added in the form of a 40 per cent. solution,
which is called ‘Formalin.” Two or three drops in a pint
of milk keeps it fresh for three or four days, and the
addition of 0°05 per cent. preserves milk for months.

In the trade a much more dilute solution of formaldehyde
is generally employed, namely, 1 part of formaldehyde to
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80 of water. 8. Rideal states that a quarter of a pint of
such solution added to 17 or 18 gallons of milk keeps it
fresh for at least three days, and does not communicate
any smell or taste to the milk.

Formaldehyde may be detected by the following methods :

On tasting milk containing formaldehyde, a peculiar
gsensation is noticed at the back of the throat, and when
strong hydrochlorie acid is added to it (as in the Werner-
Schmidt process) the casein turns yellow, and is less
soluble than that of pure milk.

The most reliable test is one pointed out by Otto Hehner.
It is based upon the fact that when milk, formaldehyde,
and sulphuric acid are mixed together a blue coloration
is formed. The best method of applying the test, according
to Richmond and Boseley, is to dilute the milk with an
equal bulk of water and add sulphuric acid of 90 to 94 per
cent. strength. Under these conditions milk, in the absence
of formaldehyde, gives a slight greenish tinge at the junction
of the two liquids, while a violet ring is formed when
formaldehyde is present. This colour is permanent for
two or three days. In the absence of formaldehyde a
brownish-red colour is developed after some hours, not at
the junction of the two liquids, but lower down in the acid.
It cannot be mistaken by anyone who has had any ex-
perience with the test for the formaldehyde reaction.

It is stated that 1 part of formaldehyde in 200,000 parts
of milk can be easily detected by means of this test, but
the blue coloration is not obtained with milks containing
over 0°5 per cent. This method is represented to be much
more delicate than Schiff’s test, which is as follows :

The reagent used is a solution of magenta decolorized
by sulphurous acid, care being taken not to have an excess
of sulphurous acid. This is added to the whey obtained by
coagulating the casein with a little dilute sulphuric acid
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and filtering, the presence of formaldehyde being indicated
by a red coloration.

Otto Hehner prefers to conduet the operation by adding
five drops of the reagent to the distillate from 100 e.c. of
milk (amounting to about 25 c.c.), placing the mixture in
a stoppered cylinder, and to observe the colour next morning,
and then to add a few drops of sulphurous acid solution.
After a short time any colour which may be due to oxidation
will have vanished, while that due to the presence of an
aldehyde remains. There is certainly a difference in the
tint produced by colour oxidation, which resembles that
of rosaniline, and that of the aldehyde compound, which
18 violet ; and with those small traces with which we have
often to deal, only a comparison of the relative colours
would allow of anything like a safe conclusion being drawn.

Another test suggested by Otto Hehner is the following,
which is equally sensitive as the foregoing :

If to the distillate from a sample of milk, ete., one drop
of a dilute aqueous solution of phenol is added, and the
mixture poured upon strong sulphurie acid contained in a
test-tube, a bright erimson ecolour appears in the zone of
contact. This colour is still readily seen with one part of
formaldehyde in 200,000 of water. If there is more than
one part in 100,000, there is seen above the red ring a
white, milky zone, while in stronger solutions a copious
white or slightly pink, ecurdy precipitate is obtained. This
reaction has the advantage of the one above referred to,
masmuch as it is obtained with formaldehyde solutions
of all strengths, while the blue colour with milk is not
obtained with milk containing much formaldehyde.

Acetaldehyde also gives a coloration and a precipitate
with phenol and sulphurie acid, but it is orange-yellow,
not crimson.

Trillat, Kleeberg, and Plochl’s tests are useful as con-



48 THE ANALYSIS OF MILK AND MILK-PRODUCTS

firmatory ones, but are less sensitive than those mentioned
above. |

R. T. Thompson has recently made experiments with the
object of proving the presence of this substance in milks,
and has found that a modification of the well-known re-
action with ammonia nitrate of silver gives a good indication
of its presence. To apply the test 100 c.c. of the milk are
carefully distilled until (say) 20 c.c. of distillate comes
over; this is transferred to a stoppered tube, and about 5
drops of ammonia silver nitrate added. (This solution is
prepared by dissolving 1 gramme of silver nitrate crystals
in 30 c.c. of distilled water, adding dilute ammonia till the
precipitate at first formed is redissolved, and then making
up to 50 c.c. with water.) The mixture of the milk distillate
and the silver solution is now allowed to stand for several
hours in a dark place (as much as twelve to eighteen hours
may be necessary if very little formic aldehyde is present),
when, if formic aldehyde is present, a strong black colour
or deposit will be produced. A light brown colour should
be disregarded ; but, so far as his experience goes, the pro-
duction of a decided black under these circumstances is
only brought out by formic aldehyde, but possibly by other
aldehydes also. The usual method of heating with the
silver solution in order to obtain a silver mirror is of no
ralue with weak solutions of formic aldehyde. It was
found that genuine milks from various sources, when tested
by the method described, gave no reaction whatever, even
when the distillate was left mixed with the silver solution
for twenty-four hours; or at most gave a slight brown
tinge. When as little as 2 grains of the 40 per cent.
formalin were added to 1 gallon of milk (which before
addition gave no reaction with this process), the distillate
from 100 c.c. gave a decided black colour, or deposit,
intense enough to render the mixture quite opaque. As
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9 grains per gallon is a quantity of formalin which would
be of little value in the preservation of milk, it is evident
that this method of testing is quite delicate enough for the
purpose. It ought to be noted that, if a milk contains
about 2 grains of formalin per gallon, the 20 c.c. distillate
from 100 e.c. of the milk appears to contain all the formie
aldehyde that will distil over, and distillates after that give
practically no reaction. A milk containing 7 or 8 grains
per gallon of the preservative may require the distillation
to be carried on till 30 or 40 c.c. are collected before it
ceases to show a reaction with the silver solution; but in
all cases the reaction can be got by distilling over the 20 c.c.,
or indeed 10 e.c.

(3) Salieylic Acid, C,H,0;.—The use of this acid as a
milk-preservative is gradually diminishing in this country,
though it is still largely employed on the Continent.

It is best detected by H. Pellet’s method as given in
Allen’s Commercial Organic Analysis, vol. iii., part i., p. 53.
200 c.c. of the milk are diluted with an equal measure of
water, then heated to 60° C., and treated with 1 ec.c. of
acetic acid and an excess of mercuric nitrate free from
mercurous salt. The salicylic acid is extracted from the
filtered solution by agitation with ether, and recognised by
evaporating a little of the ethereal solution to dryness, and
testing the residue with ferrie chloride, which gives a violet
coloration with salieylic acid.

(4) Potassium Chromate, K,Cr,0,.—We have no knowledge
of this substance occurring as a milk-preservative in this
country, but it is stated to be used on the Continent. It
18 needless to point out the great danger to publie health
which would acerue from the ure of this highly dangerous
salt.

The following abstract of a paper by J. Froidevaux (Jour.
Pharm. Chim., 1896, pp. 155-158) appeared in the Analyst,

1
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1896, p. 285: The author describes experiments made to
determine what amount of neutral potassium chromate is
necessary for preserving milk for an appreciable time, and
finds that at least 02 gramme per litre is required, an
amount which gives to the milk an intense and absolutely
abnormal colour. He considers that the proportion of
2 grammes to 50 litres of milk, which (according to Deniges)
the retailers of Bordeaux employ, is altogether insufficient
to retard coagulation.

With regard to the detection of chromates in milk, the
method of Deniges (addition of 1 c.c. of a 2 per cent. solution
of silver nitrate to 1 c.c. of milk) is satisfactory when the
amount of chromate exceeds 0°01 gramme per litre ; when
below this the colour is masked by the precipitated phos-
phates. The following method is preferred : The ash from
10 ¢.c. of milk is dissolved in a few drops of water acidified
with nitric aecid, neutralized with magnesium carbonate,
and the silver nitrate solution (preferably 20 per cent.)
added.

As a control test the ash from 10 c.c. of milk is taken up
in a few drops of water slightly acidulated with sulphurie
acid, and tincture of guaiacum added little by little. An
intense blue colour, which rapidly disappears, is produced
when chromates are present. The reaction will detect 002
to 003 gramme of chromate per litre.
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THE BACTERIOLOGY OF MILK.

Milk usually contains a large number of bacteria derived
for the most part from the external surroundings of the
cow. Where these are unclean, the number may reach
three or more millions per c.c. These can for experi-
mental purposes be completely separated by filtration
through Pasteur tubes, the tubes being cleaned at short
intervals. A thin watery serum constitutes the filtrate, the
whole of the fat being arrested with the organisms, so that
milk cannot therefore be freed from organisms for practical
purposes by any known system of filtration.

Milk is capable of being curdled by ferments, even in the
absence of an acid reaction. The most notable of these
ferments is rennet, obtained from the stomach of a ecalf.
On slightly warming the milk, thick lumps of paracasein
are thrown down, and whey is separated. This action does
not occur when the milk has previously been boiled, but
it can then be induced by the addition of a little acid,
even CO,.

Duclaux (Comptes Rendus, 1891) and Hueppe (Deutscle
Mediz, Wochenseh., pp. 48, 49) first pointed out that such
ferments are conveyed by many different bacteria, which
precipitate the casein in the presence of a weakly acid,
amphioteric, or even neutral reaction. The numerous
tyrothrix bacilli isolated by Duclaux, the Bacillus pyo-
cyancus, yellow sarcina, and particularly the organisms
deseribed by Flugge (Zeitsch. f. Hygiene, xvii., p. 272), and
characterized by their capacity to peptonize milk, belong to
this class. Cohn (Centralbl. f. Bacteriologie, ix., p. 653) pro-
duced the precipitation even by means of bacteria of which

4—2
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the vegetative capacity had been completely abolished with
chloroform, thus showing that the fermentative action was
due to a substance independent of the metabolic products
of the organism. These substances have been isolated by
Cohn and others; they are destroyed in most cases at from
65° to 75" C. Some ferments, however, as, for example,
that described by Gorini (Hyg. Rundsch., 1893, p. 881), in
association with the Bacillus prodigiosus, resist as much as
an hour’s exposure to 70" to 80°, and require at least half
an hour’s exposure to 100° C. for their destruction.

The amount of the ferment varies with the species and
age of the culture and also with the temperature, much
more coagulating ferment being obtained at 20° than at
37°.. The ferment works, however, as does rennet, much
more strongly at 87" than at lower temperatures. Its
action is impeded by the presence of alkalies. When
tryptic ferments are produced simultaneously, the coagu-
lating ferments, which are developed more slowly, may fail
to work, the casein being peptonized before the coagulat-
ing ferment has acted.

The chemistry of the action of the coagulating ferments
is mainly due to Ringer (Journal of Physiology, xi., p. 464).
It probably ocecurs in two stages. In the first place, the
casein, or, as Ringer considers, the caseinogen, is decom-
posed into one or more unknown intermediate products,
and in the second place these products are precipitated by
the lime-salts in the milk. Barium or magnesium salts
will have the same effect, but not the salts of the lighter
alkalies. This conception of the process explains the fact
that casein freed from sugar, fat and ash is not preeipi-
tated by the ferment until some calcinm salt is added.
The conditions of the two parts of the process are different.
The change in the casein is delayed by low temperatures,
stopped by alkalies, and hastened by dilute acids; while
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the combination with calecium salts occurs readily, even at
freezing-point and in weakly alkaline solutions. After,
therefore, the ferment has acted on the casein, it may be
destroyed by alkalies without affecting the subsequent
coagulation ; and in this way it becomes clear that the
second part of the process is entirely independent of the
action of the ferment.

It is practically inevitable that milk as delivered from
the cow should contain a number, and usually a very large
number, of bacteria. The extent of their presence 1s,
however, affected by many ecircumstances, of which some
are also indications of unwholesomeness or danger. Many
of the organisms which are capable of causing disease do
so by produecing toxic decomposition-products from the
milk. Their vegetative capacity increases greatly with a
rise of temperature; and it is therefore an essential con-
dition of sanitary milk-production, and especially of the
designation of a milk as suitable for children, that it should
be kept at a low temperature during the whole of the in-
terval between being drawn and being consumed.

Milk has a great capacity for combining with aromatie
substances, and if kept in dirty or ill-ventilated surround-
ings will lose its characteristically pleasant flavour, a cir-
cumstanece of which account should be taken in examina-
tion of samples.

There are very many so-called diseases of milk due to
the presence of various organisms. Thus, milk may he
ropy, bitter, slimy, blue, soapy, red, yellow, and even
putrefying ; and in each case the disease appears to be
caused by one, and possibly by more than one, organism.
Most of these organisms are probably derived from the
surroundings of the milk, and their presence can be abso-
lutely avoided by proper cleanliness in the bacteriological
sense. Thus, for instance, Adametz (Milch. Zeitung, 1889,
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p. 48) found in two streams large numbers of a bacillus
which had the property of producing a high degree of
ropiness in sterilized milk; so that under microscopical
examination no trace of the structure of the fat corpuscles
could be observed, although the fat had not been decom-
posed. This water may either have been used to wash ouf
the utensils, or grass moistened with it may have been
conveyed into the stables as hay, and the organisms have
found their way into the milk through the dust. This
explanation 1s not inconsistent with the fact that the
trouble of ropy milk has been known to disappear on the
substitution of a good for a bad fodder. The recognition
of ropy milk can be readily made by taking a few drops
between the fingers, when it will be found capable of being
drawn out into threads.

Bitter milk is recognisable by the taste, which is very
often also mouldy and accompanied by coagulation, though
the latter phenomenon may not occur until the milk is
warmed. Several organisms have been isolated which
have the capacity of producing bitterness in milk, notably
by Hueppe and Loffler. The bacillus of bitter milk proper
is that of Bleisch (Zeitschr. f. Hyyg., xiii., p. 81)—a facul-
tative anaerobic organism, consisting of a stout rod with
bundles of flagella, rapidly liquefying gelatine, producing a
thin, flat, grayish growth on agar and potato.

In milk it will after a week produce transparent yellow
streaks below the cream, the milk itself coagulating, and
the coagulum being subsequently, earlier or later, almost
completely dissolved. 'The bitter taste arises after the
gecond week ; there is no smell ; the reaction is acid. At
higher temperatures the milk becomes bitter, and gives the
biuret reaction after twenty-four hours, while spores are
produced which resist boiling for six hours. The miecro-
coceus of bitter milk is that of Cohn (Centralbl. f. Bakt.,
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ix., p. 653), which coagulates milk, and then forms it into
a slimy solution, with a slightly sour and very bitter taste.

The peptonizing organisms were minutely investigated
and classified by Flugge (Zeitschr. f. Hyg., xvii., pp. 272,
342). In general, they require many hours’ boiling for
their destruction; boiling for an hour, for instance, being
sufficient to destroy the lactic acid and butyric acid bac-
teria, but not the peptonizing organism to which those of
bitter milk belong. Their development is greatly favoured
by warmth, so that they multiply with great rapidity at
room-temperature in summer time. It is not easy to
detect their action on milk with the eye, the commence-
ment of the peptonizing giving at the utmost a thin, clear
layer under the cream. KExperimentally, several of these
organisms have been shown to produce serious intoxica-
tion, and it is some organisms of this group which are
responsible for infantile diarrhcea. Their significance is
probably even greater than this fact implies, because, if
not sufficient to produce acute specific disease in adults,
bhey or their decomposition-products in milk are liable to
set up digestive derangements which render the consumer
more accessible to other diseases of intestinal origin.

Slimy milk is attributable to various organisms. The
Micrococeus viscosus of Schmidt - Muhlheim (Archiv. f.
Physiol., xxvii., p. 490) is of 1 x diameter, often oceurs in
wreathed chains of fifteen or more cells, and gives a slime
analogous to that of plants, and derived from the milk-
sugar. The process seems to differ from that of slime-
production in wine in that it forms no mannite and no
carbonic acid. Hueppe also isolated a coceus, and numerous
bacilli have been discovered, all possessing the property of
making milk slimy. In the case of Guillebean’s Bacillus
Hessii (Ann. de Microg., iv., p. 225) the slimy character
disappears after two days’ exposure to 85° C. The Bacillus
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lactis wviscosus of Adametz mentioned above is notable for
the length of time during which it operates, and the com-
pleteness with which it attacks the milk. Its effect is
apparent after four or five days, and is confinued for four
weeks, by which time the milk-corpuscles have practically
disappeared and the milk is transparent. The casein is
not precipitated ; no acceleration of the process oceurs on
a rise of temperature, and there is no special smell. The
Bacillus lactis pituitost of Loffler (Berlin Klin., Wochensehr.,
1887, p. 631), on the other hand, gives a specific smell,
and renders the milk slimy and slightly acid, especially at
the lower part. Whether the viscous substance is derived
from the milk-sugar or the casein has not been determined.

The Bacillus cyanogenus, or DBacteriwm syncyanewm of
Ehrenberg, appears to cause blue milk. It is described at
length by Hueppe (Mitth. a.d.k. Gesundheitsamt, ii., p. 335),
and by Heim (Avbeiten a.d.k. Gesundheitsamt, v., p. 518),
and figured in Lehmann and Neumann’s Atlas. It gives
an alkaline reaction, and produces neither coagulation nor
acidity. It usually yields two pigments, one of the ordinary
fluorescent type, and the other of a bluish to grayish colour,
which becomes more strongly blue up to azure in unsteri-
lized milk with an acid reaction. The addition, for instance,
of Bacillus acidi lactici a day or two after syncyaneus has
been introduced into the milk, shows this very clearly.
The addition of soda or potash produces a pink coloration.
Numerous other organisms are also capable of turning milk
blue. Scholl (Fortschr. d. Med., 1889) isolated six baeilli
which had this capacity.

Soapy milk may be produced by the Bacillus lactis
saponacei of Weigmann and Ziron (Centralbl. f. Bakt., xv.,
p- 464). It does not coagulate milk, but makes it slimy and
slightly ropy, with a faint soapy taste. It grows bestat 10° C.

Red milk may be produced by the Bacterium lactis
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erythrogenes of Hueppe, which is deseribed in detail by
Grotenfelt (Fortschr. d. Med., 1889, ii., p. 41). It gives
milk a red coloration, which is developed best when the
medium is slightly alkaline and kept in the dark, and is
checked by acidity and light. On standing, the cream
rises as a yellowish layer, and the casein is precipitated,
though the reaction remains alkaline and the clear serum
18 pink. Other organisms, as for instance the sarcina of
Menge (Centralbl. f. Bakt., vi., p. 22), and the red yeast or
Saccharomyeces ruber of Demme (Festsehrift, Hirschwald,
Berlin, 1890), may also colour milk red. The latter is
liable to cause infantile diarrhcea. Red milk may also be
caused by the passage of blood corpuseles in the case of a
sick cow, or by the accidental presence of the Bacillus
prodigiosus.

Yellow milk is stated to be produced by the Bacillus
synxanthus of Schroter, the colour being removed by acids
and restored by alkalies.

In the space at command, it has only been possible to
enumerate a small number of those organisms which have
been known to produce abnormal appearances in milk, and
1t cannot be said that in the case of all of them a pathogenie
character has been demonstrated; but it is unquestionably
the case in regard to a large number, and none of the
appearances in question are either natural in milk or
proper to it. They cannot of course be classed as adultera-
tions; but on the same principle as that laid down by
Lehmann, which regards as adulteration anything which
does not normally belong to the food in question, it is
proper that milk having these appearances should be
rejected, and steps taken to prevent them. A rough-and-
ready but very useful and effective test is the rate at
which milk goes sour. For practical purposes, it may be
said that any milk which goes sour rapidly is a bad milk,
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although the converse is not necessarily true. According
to Schatzmann, if a sample of milk be kept for twelve hours
at 40° C., and within that time coagulates, it is to some
extent defective; and in nine hours no change whatever
should appear to have occurred. The presence of colostrum
i1s a ground for the immediate condemnation of milk; it
can usually be detected by the presence of long elastic
yellowish threads.

The remedy for almost all of these diseases lies above
all in cleanliness, both as to the udders and body of the
cow, the stable, and the hands of those employed in milk-
ing. Clean milk-pans, pure water, and a cool, odourless
and clean store-room, are absolutely indispensable. The
milk-cans or other utensils are best made of earthenware
or well-tinned copper or iron, and they should be thoroughly
scalded and cleaned between each change of milk.

In addition to the faults which arise from specitic
bacterial causes, milk may be watery in the case of ill-kept
and ill-fed cows. Salty milk may be watery (1027 to 1029
specific gravity). Salty milk is stated to oceur only in
connection with inflammation of the udder. It is to be
detected not only by its taste and its high percentage of
ash, but by its low percentage of milk-sugar. Aeccording to
Klenze, 2'4 per cent. of small deposits of caleinm carbonate
in the milk glands may give rise to sandy milk.

The faults mentioned so far are those which arise for the
most part through causes external to the cow, and are
diseases of the milk itself. Milk may, however, be no less
defective through disease in the cow. A large number of
diseases are known to be capable of being conveyed in this
way ; in many cases the milk ifself is affected unfavourably,
so that it would be rejected for its unpleasant smell or
taste ; but this is far from being invariable. Cows suffering
from pulmonary tuberculosis give, for instance, an un-
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pleasant and unsavoury milk, which carries its own con-
demnation with it: those, however, which suffer from
generalized tuberculosis may yield a milk which only in
advanced stages gives the slight yellow coloration, the
reduction of cream, fat and milk-sugar, and the inerease of
albumen which has been attributed to such milk. Never-
theless, it has been shown that cows suffering from
generalized tuberculosis, whether it has or has not affected
the ndders, are capable of conveying the baecterial infection
into the milk, which constitutes, therefore, a serious danger.
Scheurlen (Avbeiten a.d.k. Ges.-Amt., vil., 1891) investi-
gated the extent to which milk can'be freed from bacteria
suspended in it by the operation of a centrifugal machine ;
and his results, although not obtained with that object, are
of eonsiderable assistance in arranging the examination of
milk. He found the curious result that, while of the large
majority of the bacteria contained in milk three-fourths
went into the c¢ream on being eentrifugalized, and the rest
stayed in the separated milk, and the same result was
obtained by merely leaving the milk to stand, and that
these results held good not only for the ordinary milk
bacteria, but also for anthrax, typhoid and cholera
organisms, the tubercle bacillus only remained to a small
extent in either the milk or the eream, and the large
majority was ejected under the centrifugal influence.
Scheurlen’s method for demonstrating the tubercle
bacillus in milk was to steep it for twenty-four hours in
absolute alcohol, digest in ether for another twenty-four hours
in order to remove the fat, and stain according to Ziehl’s
method. (For Ziehl’s method, see ‘ Applied Bacteriology,’
Pearmain and Moor.) Ilkavitch (Munchener med. Woehen-
schr., 1892, p. 5) described a convenient method of applying
this result : 20 e.c. of milk are coagulated with citric acid,
filtered and dissolved in saturated aqueous solution of
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Na,PO, The solution is treated with 6 c.c. of ether, the fat
which rises to the surface is decanted, and the remainder,
after the addition of one or two drops of acetic acid, is
centrifugalized in a copper tube with a screwed bottom.
The deposit is separated from the fluid by means of a
fairly well-fitting ball, which is let into the tube on a
stalk. The bottom of the tube is then scraped, the deposit
divided between two cover-glasses and stained for the
tubercle bacillus.

Drs. Woodhead and Macfadyen found the tubercle
bacillus in six samples of milk out of 600 samples ex-
amined.

The question of the use of tuberculous milk has received
much more attention on the Continent than it has in this
country. In Denmark a most thorough and complete
system of inspection has been instituted with excellent
results ; cattle found to be tuberculous are at once isolated,
and, 1f, necessary, slaughtered and the body destroyed.

The great mortality amongst young children, due to
tubercular intestinal affections, is undoubtedly due to the
use of milk containing the tubercle bacillus. Delicate
children are the most susceptible, as, owing to imperfect
nutrition and other causes, the system is unable to resist
the attack of the organism. Brouardel cites a case where
five out of fourteen young girls living together in a board-
ing-school became consumptive subsequent to the daily use
of milk from a tuberculous cow.

That the tuberele bacilli occurring in milk are virulent
has been proved by subjecting animals to subeutaneous
injection, and by feeding them with the infected milk.

Dr. Martin writes (Royal Commission on Tuberculosis,
1895) : ‘ The milk of cows with tuberculosis of the udders
possesses a virulence which can only be described as extra-
ordinary. All animals inoculated showed tuberculosis in
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its most rapid form.” Dr. Woodhead, after investigating
the effects of unboiled tubercular milk, speaks in similar
terms of this virulence of milk derived from tuberculous
udders and inoculated immto test animals.

These two observers had occasion to use milk from a cow
that had tuberculous disease in one quarter only of the
udder ; and they found the milk from the other three
quarters to be perfectly harmless on inoculation ; but the
mixed milk from the four teats was to all appearance
just as virulent as the milk from the diseased quarter.
Butter, skimmed milk, butter-milk, obtained from the
milk of a cow having tuberculous udders, all contained
tubercle baeilli.

To some extent, the chances of infection are reduced in
actual practice, as the milk as usually supplied to the
consumers is the mixed milk of a herd of cows, whereby a
tuberculous milk suffers considerable dilution with the milk
from healthy cows; but this dilution, as shown by recent
experiments, only reduces the risk of infection, but does
not entirely do away with it.

Freudenreich examined twenty-eight samples of mixed
milk, and found out of this number four that proved to he
virulent when inoculated into guinea-pigs. Two of these
samples came from dairies where from twenty to thirty
cows were kept, and where m each case only one cow was
suspected to be affected with tuberculosis. The other two
samples, which were more virulent, came from dairies
where there was more than one suspected cow, and where
the udders of some of the animals were visibly tuber-
culous.

Affected milk may not, under ordinary circumstances,
induce tuberculosis, owing to its not containing a sufficient
number of organisms to constitute a ‘toxie dose,” but, in
the case of persons rendered susceptible owing to disease
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or weak health, or who have a constitutional predisposition
to consumption, the use of tuberculous milk constitutes a
very grave danger to health.

An admirable acecount of the animal tuberculoses by
Nocard has recently been translated by Scurfield, in which
the latest views as to the relation between the tuberculosis
of man and animals are set forth. In this work a detailed
account of Professor Bang's method for stamping out tuber-
culosis in cattle is to be found.-

Professor Bang has shown that it 1s possible to produce
a healthy stock from one partially infected, by the simple
procedure of isolating those cattle that react to the tuber-
culin test.

Calves are rarely tuberculous, and if kept with healthy
animals, will probably not contract the disease, so that the
procedure adopted, of dividing the herd so that the healthy
and infected animals are kept entirely separate, and placing
all calves as they are born, whether from healthy or in-
fected cows, in the buildings occupied by healthy animals,
speedily resulted in a great diminution of the disease. The
testing with tuberculin was repeated every six months,
the healthy and the infected animals were provided with
entirely separate stables, although they were allowed to
mix when out in the fields. The plan appears to have been
attended with remarkable success, and deserves attention in
this ecountry.

In addition to the diseases which may be caused in the
milk itself by external eircumstances and to the organisms
of disease which may pass into it from an affected animal,
milk can also serve to transmit organisms of infectious
disease which neither cause abnormal modifications in the
milk nor arise from sickness in the cow. Such diseases are
notably scarlet fever, diphtheria, typhoid, and cholera. It
is probable that such transmission is due invariably either
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to the presence of the infection in the persons immediately
concerned in drawing or handling the milk, or to the
absence of cleanliness either in the water or in the other
surroundings. The meaning of eleanliness in the water m
the present sense is freedom from bacterial contamination ;
and it is unquestionable that unless an exceptionally pure
source of supply is at hand, no water should be allowed to
be used for dairy purposes unless it has been boiled, or,
preferably, passed through a Pasteur filter immediately
before use. It must be borne in mind that some organisms,
such as typhoid, find in milk a medium capable of favour-
ing their multiplication at an enormous rate, and the film
of damp which is inevitably left on a vessel after cleaning
may serve to contaminate the whole of the milk which
may be poured into it if it be kept for a few hours. The
standard of purity of water for dairy purposes is not to be
estimated chemically, nor in the presence of a medium in
which the number of bacteria in the water is liable to in-
crease at so enormous a rate is the criterion of a small
number of bacteria any substantial protection. The sole
eriterion which can be admitted, and the only one which,
in the absence of direet chemical contamination such as
that which may arise from lead pipes, is necessary, is that
the water be absolutely sterilized before use. In the same
way the presence of dust must be avoided where milk is
about. There is no practicable method of purifying dust,
and not only tuberculosis, but probably the peptonizing
organisms described above, both of which are liable to
assume forms of the highest resistance and permanence,
are largely conveyed by way of dust.

Finally, it must be remarked that under the influence of
various organisms, which are only now beginning to be
identified, milk undergoes decompositions resulting in the
production of direct poisons—such, for instance, as the
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tyrotoxicon of Vaughan. These are usually accompanied
in milk by an odour which causes its rejection, and in
those cases where the milk is rapidly consumed after being
drawn it probably seldom happens that the organism has
the necessary time for development. It is accordingly in
cheese, where a somewhat pronounced bouquet is more
readily tolerated than in milk, and where much longer
periods are allowed for the development of the organisms,
that cases of such poisoning are most frequent. The
poisoning appears to be analogous to that which occurs
with decomposing meat, sausages, ete., and is liable to
assume acute forms, terminating fatally.

The sterilization of milk for sanitary purposes is a
question allied to that of its preservation. The preserva-
tion of milk by freezing has been attempted, and is in some
measure successful. It is, however, only of temporary
value, and while it probably stops the development of
pathogenic organisms for the time being, it does not
necessarily kill them.

In the Report of a special analytical and biological
commission on milk-supply, held under the auspices of
the British Medical Jowrnal (1895), the following reforms
were suggested for the better management of dairies, to
secure a pure milk-supply :

1. That all milking be carried on in the open air, the
animals and operators standing on a material which is
capable of being thoroughly washed, such as a floor of
concrete or cement. Such a floor could be easily laid down
in any convenient place which can be found. The site
chosen should be removed from inhabited parts as far as
possible, and should be provided with a plentiful water-
supply. Only in this way does it seem possible to avoid
the initial contamination with the colon bacillus.

2. That greater care should be expended on the personal
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cleanliness of the cows. The only too familiar picture of
the animal’s hind-quarters, flanks, and side being thickly
plastered with mud and fwmces is one that should be common
no longer. It would not be difficult to carry out this
change; indeed, in the better managed of our large dairy
companies’ farms such a condition no longer prevails, but
in the smaller farms it is but too frequently met with.

3. That the hands of the milker be thoroughly washed
before the operation of milking is commenced, and that
after once being washed, they be not again employed in
handling the cow otherwise than in the necessary operation
of milking. Any such handling should be succeeded by
another washing in fresh water before again commencing
to milk.

4. That all milk-vendors’ shops should be kept far
cleaner than is offen the case at present. That all milk-
retailing shops should be compelled to provide proper
storage accommodation, and that the counters, ete., should
be tiled.

CREAM.

‘ Devonshire’ or Cornish ’ cream is prepared by warming
milk in pans for several hours, when the cream rises to the
top in a much more coherent layer and more rapidly than
if the milk is merely allowed to stand at room-temperature.
The eream obtained in this way contains 60 per cent. or
more of butter-fat. Owing to the partial sterilization that
it has thus undergone, cream prepared in this way keeps
sweet without preservatives being added much longer than
separated cream would.

Before the introduction of separators, cream used to be
prepared either by the above-menfioned method, or by
simply allowing milk to stand overnight and skimming off

5
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the cream in the morning. Such a rough method as this
would of necessity result in a product containing very
varying amounts of fat, according to the temperature of the
milk and the shape of the vessel. Now, however, there are a
number of centrifugal machines
in the market, by the use of
which milk can be almost en-
tirely denuded of 1fs ecream.
The accompanying illustration
shows one of the well-known
‘Laval’ separators, by means
of which the eream can be so
completely separated as to leave
only 0°05 per cent. of fat in the
milk. Milk is slightly warmed
before being passed through the
separator, as it is found that
this causes a more complete
separation of the eream.

The percentage of fat in sepa-
rated cream is often as high as
65 per cent., but it is rarely
sent out for sale at this strength,
and the retailers dilute it down
considerably before it reaches
the consumer, in many cases
adding an equal volume of milk.

It is therefore evident that a standard for eream should
be fixed, and a reasonable standard would be that it should
contain not less than 45 per cent. of fat.

Cream is generally bought and sold on its taste and
appearance, not on the amount of fat that it contains.
There is hence a certain temptation to thicken it artificially
g0 as to enable a thin cream to sell at the best price, and

Fi16. 5.—THE LAVAL
SEPARATOR.
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we recently examined a sample containing only 40 per cent.
of fat which had been thickened with gelatine so as to
bring it to the same thickness as a sample containing 60 per
cent. of fat. The addition of any considerable quantity of
gelatine to cream causes 1t to assume a buttery consistency,
and it will no longer pull out into strings as genuine rich
separated cream will.

The difference is very apparent on comparing a sample
of cream adulterated in this way with a genuine sample.
Gelatine in cream may be detected by carefully drying a
weighed portion, as in Bell’'s method for the analysis of
milk, removing the fat with ether, and taking up the
residue with the least possible quantity of boiling water.
On allowing to cool, if gelatine is present, the liquid will
set solid.

Another method, for which we are indebted to Mr. A. W.
Stokes, depends on the precipitation of gelatin by tannin.
Mix a weighed quantity of the suspected sample with warm
water, and add acetic acid to precipitate fat and albuminoids,
taking care to avoid excess; filter, and to the clear liquid
add a few drops of strong solution of tannin.

A sample of genuine cream should be treated in the

' same way for comparison. On addition of the tannin
' solution, a slight precipitate is produced in the case of
genuine cream ; but in a sample adulterated with gelatine
a copious precipitate will be thrown down.

The amount of fat in cream is most readily estimated by
weighing out 2 grammes into a small dish, thoroughly
mixing with about 12 c.c. of water, pouring into a Leffmann-
Beam bottle, and treating in the same way as ordinary milk.
The result obtained is multiplied by the factor 7-77, as
explained in the analysis of cheese. The fat i cream
might also be estimated by the Werner-Schmidt method,

5—2
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or by the Adams’ method ; but the process above deseribed
is quite accurate and by far the quickest.

Separated eream almost invariably contains preservatives;
one preservative, very commonly used, consists of borax
and boric acid, sweetened with saccharine. The use of a
preservative is practically a necessity in the cream trade,
as separated cream will begin to turn sour in as short a
time as four hours in the summer, if no preservative has
been added.



CONDENSED MILK 69

CONDENSED MILK.

Attention has often been drawn to the serious conse-
quences of using inferior brands of condensed milk for the
feeding of children, a use to which they are largely applied,
and complaint has been made that sufficient disclosure of
the composition of these milks is not made to the purchaser.
It appears that some of the labels on some of the tins of
inferior condensed milk bear the words ¢ skimmed,’ but in
such small type that the intimation might be easily over-
looked. To remedy this, it has been suggested that all
tins containing milk, such as that referred to, should be
required to bear labels on which the words ‘condensed
skimmed milk * are printed in large and legible type. 1t is
also suggested that it should be made compulsory that an
additional notification should be printed on the labels to
the effect that such milk is not suitable for the purpose of
feeding young children.

The following number of condensed milk samples were
examined by the public analysts under the Food and Drugs
Act during the past six years:

| Total Number Examined. Adulterated. Efﬂ?ﬁ‘;ﬂ%::::f
1890 | = e AL
1891 L = =t
1892 — - ok
1893 159 14 88
1894 | o Al i
1895 | 72 3 I 41
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Condensed milk seems to have been first prepared about
the year 1856, and is now an article of great importance,
particularly on account of the great quantity used in the
feeding of young children.

There are about fifty brands at present on sale in this
country, many of which are the same milk under different
labels. They may be roughly divided into four classes :

1. Unsweetened milks,

2, Sweetened milks.

3. Sweetened partly-skimmed milks,
4, Sweetened skimmed milks,

In most cases the degree of concentration is that obtained
by evaporating three volumes to one ; that is, the addition
of two volumes of water (to an unsweetened milk) will pro-
duce a strength equal to the original.

1. The unsweetened milks, of which there are at present
four different brands, are well prepared, and keep perfectly.
They contain the due proportion of fat.

2. This class forms by far the largest and most important
part of the whole supply, and for the most part there is
nothing to complain of in them, except that the dilutions
recommended would in very nearly every case produce a
milk very much below standard. A sweetened condensed
milk generally contains rather more added cane-sugar than
milk solids. The following figures are typical of a good
specimen :

Fab ... ... 11-0 per cent.
Proteids ... 4 S L .
Milk-sogar ... . 140 -
Glih, . L G B RS T
Cane-sugar ... v 50 =

3. This class seems now to have almost disappeared.
4. Separated milks (generally miscalled skimmed milks)
are largely used by poor and ignorant people for infant-
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feeding, and there can be no doubt but that great harm
results from the practice.

In 1881 Dr. A. Voelcker (Analyst, vi., 221) published the
figures he obtained on three samples of unsweetened con-
densed milk, and five samples of sweetened condensed milk.
The unsweetened milks were rich in fat, but the sweetened
condensed milks were all, in his opinion, prepared from
partly skimmed milk.

In 1889 Harald Faber (Analyst, xiv., 141) examined two
samples of condensed milk, one the well-known ° Goat’
brand, on which he obtained results that accord closely
with figures by several subsequent observers, while the
other was a sample of unsweetened condensed milk, the
brand of which he does not mention, but which was
evidently only condensed to one-half in process of manu-
facture, as he found fat 6:15, albuminoids 5:85, sugar 9°55,
and ash 144 per cent. The direction on the label recom-
mended the addition of seven parts of water, which would
give a liquid containing 2'8 per cent of solids! The author
rightly points out that the use of such a mixture as the
chief or only food for infants might have fatal conse-
quences.

The following figures were obtained by Charles P.
Worcester (Massachusetts), on samples of so-called ¢ evapo-
rated eream ’ (unsweetened condensed milk), and sweetened
condensed milks, in the year 1892 :

EVAPORATED CREAM.

Brand.

- .-_'fl.'o-tal.ﬁo-li.d.s_. Solids-not-Fat. | Fat. \‘i’at:nr-.
Highland ... 41-44% | 29-009; i 12°44%1 5856
Highland ... 33-26 26:14 L 2 r 66:T4
St. Charles 3123 2740 | 383 | 6877
St. Charles 2064 | 23°87 | 577 | 7036
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CONDENSED MILKS.

a

—————

Brand. | Total Solids. =~ Solids-not-Fat. | Fat. Water.
Newport .. .. | 77719% 71959, 581 2291%
Star s 7767 7308 459 2233
Red Cross 107D 65314 738 2448
Superior ... 7413 G868 H4h 25-87
Atlantic and Pacific i

Tea Company ... | 7310 6725 585 2690
Red Cross e | 71066 63-95 771 28-34
In 1898 he obtained the following figures :
EVAPORATED CREAM.
"~ Brana. | Total Solids. |  Solids-not-Fat. | Fat. Water.
St. Charles e I 11 e 26'83% 504% | 6813%
Highland ... e 9180 25:70 590 6840
St. Charles 31-09 26:74 436 6891
CONDENSED MILK,

‘ Hra.-nd, . Total Bolids. | Solids-not-Fat. Fat. W;u?.ar-.-
Baby 67-209; 59-70% 7-50%| 32:80%
J. B. Smlth TH43 6365 1178 24-57
Newport ... 6832 61-10 722 | 31'68
Puritan 7835 68-00 10-35 2165
Maine Jersey 6902 62-75 6-27 30°98
Full Weight 7445 6716 7'29 2555
Sovereign ... 71-75 6500 6:75 | 2825
Winner 6800 6200 6:00 | 3200
Fisherman's 69-10 6:3-07 603 3090
Champion ... 7420 G550 870 | 2580
Twitchel Ghamplm

Co. 72:20 5980 1240 = 27-80
Dime 72:10 6000 | 1210
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In 1894 he obtained the following figures :

Brand. : Total Solids. | Solids-not-Fat. | Fat. | Water
Watch: .. .. | 6885% | G485 4400% | 3115%
Tiptop ... e |0 AAGE) 6730 670 2540
Highland ... O ) 6775 765 | 2460
Maine Jersey ... 68-32 6105 W2 | 3163
Dirigo 7070 6475 | b'9b 2930
Full Weight 76°68 6585 | 773 | 2332
Winner ... 7166 66-19 | 447 28-34
Interstate ... 6876 6458 | 4°18 3124
Gold Medal 5 74-33 66-50 783 2567
J. B. Smith e | 6960 6475 | 485 30-40
Clover we | 7423 (825 | 508 2577
Pine-tree ... 73:08 69-20 . 388 2692
Leader ... 93-15 T0-00 | 3:1b 26-85

Out of all the above samples only three, namely, ¢ evapo-
rated cream’ ‘Highland' brand (1892), and condensed
milks ¢J. B. Smith * and ¢ Puritan * (1893), can be regarded
as prepared from whole milk, all the rest having evidently
been prepared from a mixture of whole milk and separated
milk. The report does not state what action, if any, was
taken.

In a paper on ‘ The Composition and Analysis of Con-
densed Milk,” printed in the Analyst for December, 1895,
we drew attention to the inadequate disclosure of the
contents made on most of the labels, and stated that it
ought not merely to be enacted that the words ¢ skimmed’
or ‘separated’ should be printed on the label in as con-
spicuous type as the words ‘ condensed milk,” but that it
should be made compulsory to add, ¢ Skimmed milk is unfit
for the nourishment of children.’

In the case of the best condensed milks, prepared from
genuine milk with all its fat, the directions for dilution are
very open to criticism. The following table shows the
character of the liquid—it cannot be called milk—that is
produced by following out the directions on the labels of
half a dozen of the best brands of whole-cream milk :
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Drilution recom-

Sweetened nended § Fatinsuch | Dilutionrecom- g 00
Whole Milk. | ’:lfﬁi.aeumaﬂr Produck ‘ Jandrd dor P
fUrposes, 2]
A. 1 to 3 267 | 1to 5 1-8%
B. 15 TV S 07
C. 1. 5 16 b, S e 06
. 105 Ll = e L TR e
: L ; _ ;
F. 1.5 17 1, 14 07
G. T 1-7 i 1 07
Human Milk, ! 3 fs 35

e — e — —— e —

If the dilution were carried out with only two parts
of water, so that the fat in the diluted milk would be equal
to that in the original milk before condensation, the fluid
so produced would be so rich in sugar as to be an un-
drinkable syrup in the case of the sweetened milks, and no
dilution can give them anything like the same composition
as the natural food for infants, human milk. This led us
to wonder whether it was possible to prepare a condensed
milk, at a price not exceeding that of the best brands of
condensed milk, which should, on dilution, yield a liquid
closely approximating to the composition of human milk.
An account of this preparation will be found at p. 83.

In the Analyst for December, 1895, Alfred H. Allen
published the analyses of a number of condensed milks
bought in the year 1894, and these figures are of great
interest as showing the change that has taken place, in
the disappearance from the market of the class of ‘ partially
skimmed milks.” His results are as follows :
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Total | ; S e ,
Brand. Solids. Fat. | Proteids. Deseription on Lahel.

|
Alderney i 68107 | 11:05% | 11.}-[}.-'&' Guaranteed to contain 60

per cent. of original
cream.

Anglo-Swiss ... | 7370 70 | 987 .Hest_i;;nskimmed country

' | milk.

Arcadia e | 71020 808 | 1025 | From best and purest
cow's milk.

alf o . ouu | 6630 — 1019 | Contains skimmed milk.

Cow ... oo | 1250 | 650 | 1057 | From partly - skimmed
milk.

Cowslip e | 12410 0-18 | 10-20 | Skimmed milk.

Daily ... o | 69764 0-26 | 1058 | From skimmed milk.

Devon... . | 7060 gqal | 163 - o

Farm ... .| 6660 | 012 | 1014 | Lo
First Swiss ... | 2837 876 | 10114 | Unsweetened,
L i AR 10 8 6 9 [ i <
Fourpenny ...| 7536 940 1318 | From pure fresh milk con-
taining all its cream.

Full weight ...| 7570 | 1160 | 1127 | Warranted not skimmed,
Geraninm o e 10°35 8:H6 : Full ¢cream.

Goat ... cee | TO10 430 | 1044 | From skimmed milk.
Handy,... ...| 6738 [ 017 |10:20 | » ”

Home ... vee | 69744 15t SR 0 L £ O (NS » "
Milkman L.l 7366 | 11-80 ! 1140 | Warranted to contain all

original cream.

Mother o | 70B0D ' B5T 532 | From unskimmed milk.

Popular o | 717D | 247 | 10114 | From partly - skimmed
i . milk,

Rose ... o | 7240 | 10-30 975 | Warranted not skimmed.

Shamrock e | 11930 | — 10-88  From skimmed milk.

St. Olaf .| 7186 | 1130 | 1050 | From pure unskimmed

f | l]ll]]h
Sunlight  ...| 7176 | 560 | 863 | From unskimmed milk.

Swiss (Nestle’'s) | 7500 | 1350 | 1044 | From pure milk, and only

small guantity of pure
EH.I'IE-SUgH.I'.
- 3 7041 | 1103 | 1051 | From pure milk, and only
small quantity of pure
! cane-sugar.
Threepenny ...| 6625 | 030 | 1049 | From partly - skimmed
E | | mllk.
Tip-top e | 7425 | 812 | 8482 | Warranted not skimmed.
Viking... .| 3516 | 10440 | 914 | Unsweetened.

In the issue of the British Medical Journal of July 27,
1895, a report on seventeen samples of condensed milks
was published. The report forms part of a ¢ Report on the
Milk Supply of London.” The samples were obtained by
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the editor, and submiftted to Dr. Bernard Dyer for analysis.
All the samples purchased were skimmed condensed milks,
the only sample of true condensed milk which was subse-
quently examined, as showing the amount of fat that con-
densed milk of good quality should eontain, being a sample
of the ¢ Milkmaid ’ brand.

In the report several of the labels were reproduced, which
gives it great addifional interest, as it has caused some of
them to be withdrawn. The following table shows the
results obtained by Dr. Dyer, and the conclusions he draws
as to the proportions of whole and skimmed milk in each
sample. All the tins were sold as skimmed or separated
milk, so that no action could be taken against the vendors
under the Sale of Food and Drugs Aet, though some of
them are actually recommended for the food of infants.

e ———— e ——

Brand. | Fat. Conelusion.
Shamrock ... . 079 All separated milk,
Bwiss Dairy 063 e -
Calf o 060 b v
Cup cx' 4 0-49 x »
Tea e 0-48 is 5
Wheatsheaf 062 e e
Marguerite 042 . e
Daily 069 2 s
Gondola ... 0-49 i s
As You Like It ... | 4-23 60 per cent. separated milk,
| 40) per cent. whole milk.
Nutrient ... el 236 80 per cent. separated milk,
200 per cent. whole milk.
Clipper 0-73 All separated milk.
(Goat 056 1 33
Handy 149 90 per cent. separated milk,
10 per cent. whole milk.
Cross o fl 096 All separated milk.
Cow ous | 284 70 per cent. separated milk,
30 per cent. whole milk.
Home ... 102 All separated milk.
Milkmaid ... 10-92 Condensed milk of good
quality.

The following figures, which appeared in the Analyst for
December, 1895, represent the composition of all the con-
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densed milks then on the market that we were able to meet
with :

UNSWEETENED CONDENSED MILKS.

. e — e e e —_— e r———— ——— ——

Brand. Total Bolids, I_ Fat. | Milk Bugar, Proteids.
e " | |
First Swiss ... 3674 | 105% | 12y 9:7%
Ideal ... 380 | 12+4 | 160 83
Hollandia i 430 | 9-8 . 185 ' 113
Viking ... a 34-2 ' 100 ' 13-3 9C

SWEETENED CONDENSED MILEKS.

Cane-

Brand. E-I:I[:I?IE‘II&}! Fat. q;'.;:‘l | Proteids. | giene
Anglo-Swiss e | T4y | 1008%| 160% |  88% | 371
Cleeves ... 71-0 10-8 17°1 10-1 al'3
Clover Leaf 760 10-7 j 136 88 409
Darby and Joan ... 131 28 | 130 133 347
Fourpenny 765 | 104 130 98 41-3
Fern s SR (S 150 106 298
Full Welght e [0 g 13:5 12:3 372
Geranium ,.. w0 | 8 130 75 431
Go-ahead ... 7671 10-00 14-6 97 397
Gowan .. 720 1008 | 134 10-5 356
Home and Colonial 726 | 135 17-0 21 30°5
Lipton’s ... a0 | 93 14:5 79 371
Lucerne Lion i L R 152 93 344
Mother ... nn e 1 B8 137 13 405
Milkmaid ... S b 110 | 146 9-7 387
Nestle's ... 712 137 | 150 97 ai2
Bogado ol o0l oes | 12 ‘ 17:6 83 | 361
Scandinavian o 46 | 10-8 145 66 411
World’s Tea Co. ... 750 9-3 —_ — —

SWEETENED SKIMMED MILKS.

Brand. E{;‘jﬁ‘; ‘ shﬁg;:r Proteids. :,?1?.3'
Beshive: i | | ARTE 0-2% [Fel e — —
Calf R BE 1:0 | 160% 75% | 319%
Cow T4 20 130 11°6 458
Cowslip ... T70-9 1'4 | 146 114 41-9
Cross e 7540 12 | 160 105 447
Cup 50 ceo |l DBD 1-0 154 85 304
Daily oo | 683 1-3 137 102 41-1
Daisy SR e | 6470 05 — — —_
Drummer Boy ... — 1-0 — 96 —
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SWEETENED SKIMMED MILKS—continued.

Brand, sE?ﬁﬂ. Fat ‘ si‘.'g'}fr: | Proteids, ‘ s'ffé‘;ﬁ:
Farmhouse e | TTO% | 04¥%| — — =
Favourite ... = O 1 (R J——— | 1000% | —
Goat ai —oeel TR 1a | 1z} taa | abos
Golden Eagle ... — 1-0 — 68 | 9 —
Handy il Sibeh ‘ 03 | 170 123 | 443
Homg: : . Al o7 e e il ieeg 1111 | 439
Household... ...| 700 | 03 — g
Imperial Dairy ...| 704 37 12:6 113 | 41-2
Lancer ... 676 03 166 12-3 358
Lifeguard ... 658 (03 - o et
Lovers 730 0-2 - S =
Minstrel ... 75°3 02 154 97 | 483
Shamrock ... g B i T 05 184 11'8 | 389
Springtime Tk 740 03 - — —
Wasp 54 10 12-3 1110 472

— == -

1

The following figures were obtained by one of us
(C. G. Moor) on five samples of condensed milk, examined
during January, 1897 :

Brand. Hold as | Fat. Ash. E:I;?itﬁ;_
Milkcan ... | Partly skimmed | 0:2% 3-0%, 74:4%
Dolphin . - | 026 942 72:0
Grass Country | Not skimmed 9-7 20 731
Flaminge ... | Skimmed milk 0-29 2-1 760
Coopers | Unskimmed 13:9 2:0 43

Attention has again been drawn to the question of
dilutions recently by A. H. Allen (Analyst, xxi., 281), who
has determined the percentage of fat contained in the fluids
obtamed on following the directions on the tins of twelve
well-known brands of condensed milk; of these, the dilu-
tions recommended for ordinary use would only in two
cases produce a milk containing as much as 3'0 per cent.
of fat, six other samples show about 2'5 per cent., while
the remaining three samples showed only traces of fat.

Of the twelve samples, seven carry on their labels
direetions for dilution for feeding infants, and, if we take
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the extreme dilution, the fat in the fluid produced averages
for the whole seven only 0°96 per cent.

The Analysis of Condensed Milk.—The analysis of con-
densed milk should comprise estimations of the total solids,
ash, proteids, milk-sugar and fat. The last four items added
together and subtracted from the total solids will give the
cane-sugar with fair accuracy. We have examined the ash
of a number of milks for tin and lead, but they have been
absent in every case. In examining any tinned article for
tin or lead, great care must be taken to use a sharp tin-
opener, or fragments of mefal may be torn off and vitiate
the result. The tin should be cut open and the contents
should be thoroughly mixed, and 10 grammes weighed out,
and made up to 100 c.c. We have now a 10 per cent.
solution, which serves conveniently for the following
estimations :

Total Solids.—20 c.c. of the solution are evaporated in a
platinum dish till constant in weight ; this will take five or
gix hours.

Ash.—The same quantity will serve for the determination
of ash, and should be ignited at as low a temperature as
possible. The ash in condensed milk varies, but on the
average is somewhat over 2 per cent.

Proteids. — 10 c.c. of the solution are evaporated to
dryness in an 8-ounce oxygen flask, and the nitrogen
determined by the Kjeldhal process ; the proteids are then
calculated by the 6-3 factor.

In May, 1893, Richmond and DBoseley read a paper
before the Society of Public Analysts, entitled ¢Points in
the Analysis of Condensed Milks,” in which they give
methods for the estimation of the casein and the albumin,
and point out some of the errors liable to oceur in the use
of Ritthausen’s process for determining proteids. They
recommend the Adams process for the extraction of the fat.
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Milk-Sugar.—10 c.c. of the solution are made up to
100 c.c. by the addition of 40 c.c. of water and 50 c.c. of
ammonia. This gives us a 1 per cent. solution, which is
of a convenient strength for the estimation of the sugar by
Pavy’s method. In applying Pavy’s test to milk-sugar,
the reagent must be kept boiling briskly while the milk-
sugar solution is run in slowly. The reaction takes longer
in the case of milk-sugar than in the case of glucose, so
that unless the titration is conducted slowly, the milk-sugar
solution may be added in excess of the quantity required to
complete the reaction. Using ordinary Pavy’s solution, it
will be found in the case of most condensed milks that
about 35 c.c. of the 1 per cent. solution of condensed milk
will be equivalent to 50 c.c. of Pavy’s solution, and the
caleulation will be as follows :

If 35 c.e. dilute milk = 50 e.c. Pavy's Solution,
Or 70 c.c. dilute milk =100 c.c. Pavy’s Solution,
Or *7 grammes sample =100 e.c. Pavy's Solution,

e i = *05 grammes of glucose,
.. 100 grammes of sample = 05 ?{TID{} =grammes glucose.
" ” = }fﬁlgl;: Ll per cent. of milk-sugar

in the original sample.

Fat.—Two quantities of 5 c.c. of the solution are placed
on two Adams papers, which are well dried and then
extracted with dried ether.

The method of drying with sand or ealcium sulphate,
and then extracting with ether, is unsatisfactory, as the fat
is extracted with great difficulty.

We have attempted to apply the Leffmann-Beam machine
to the estimation of fat in condensed milk, and it succeeds
fairly well if the following details are adhered to: Place
10 c.c. of the 10 per cent. solution in a Leffmann-Beam
bottle with 3 c.c. of the hydrochloric acid and fusel-oil
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mixture, shake well, and add 15 c.c. of sulphuric acid, 85
per cent., and fill up to the mark to the hot mixture of
sulphuric acid and water. The bottle is then whirled for
three minutes. The fat will not all come out at onece; and
after whirling, the bottle should be placed in the water-bath
and then whirled again, when the entire amount of fat will
be separated. The chief objection to this method is the
large factor that has to be employed, namely, 155, showing
that we are working on 1 gramme of the original sample.

It is rarely possible to get the figures representing the
separately determined constituents when added up to agree
with the total solids in an ordinary milk, but the error is
usually small; hence, in the case of sweetened condensed
milks it 1z usual to subtract the sum of the ash, fat,
proteids, and milk-sugar from the total solids, and to
consider the difference added sugar.

In the case just referred to respecting the difficulty of
cetting agreements between the sum of the separately
determined constituents and the total solids, some of the
anomalies observed may be due to the fact that milk-sugar
may or may not be dehydrated, according to the manner in
which the evaporation has been condueted; or, again, the
proteids may have become altered during the process of
condensation, causing them to be incorrectly represented
by the ordinary factor.

Condensed sweetened milk used to be used as an
adulterant of cow’s milk, buf 1t is not now employed for
that purpose. Unsweetened condensed milk is sold in
large tins, which are made use of by the retailer to
supplement his daily supply on occasions when milk is
short, and a special milk is sold for this purpose, which is
prepared in Italy from milk confaining about two-thirds
the proper amount of fat. It has the following composi-
tion :

6
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Fat «s 9D per cent.
Milk-sugar ... ier - LA
Proteids B L =
Ash eis. -~ D

It 1s heavily preserved with borie acid.

Attempts have frequently been made to replace the fat in
separated condensed milk by working in some foreign oil or
fat, just as margarine cheese is prepared by adding mar-
garine fat to skim milk and then curdling in the ordinary
way.

The following is an abstract of IEnglish Patent 2,081,
1896 :

“ Milk Products, Condensed, Improvements in the Manu-
facture of. W. F. Maclaren and A. Smith Fleming, of
Glasgow.

‘ The object of this invention is to prepare a wholesome
condensed milk from separated milk., Forty gallons of
milk are mixed with 28 1b. of sugar and condensed to about
100 1b. To this is then added an emulsive compound con-
sisting of 12 lb. of refined beef-oil (oleo-oil), 8 1b. of lime-
water, 1 1b. of cornflour, and 12 1b. of sugar. The
emulsifying is preferably carried out in a steam-jacketed
pan provided with an agitator, the lime-water being gradu-
ally added during the mixing operation.’

In a newspaper dated 1895, Warnampool (Victoria), is
an account of the exhibition by the inventor, a Mr. Munro,
of a condensed milk prepared by the addition to condensed
skimmed milk of a ‘compound’ (presumably an emulsified
fat). The report states that the inventor in no way claimed
that the condensed milk so prepared was fit for feeding young
children—in fact, he proposed to state that it was not
suitable for this purpose on the labels.

Foreign fat in condensed milk would be readily detected
by extracting 200 grammes of the sample with ether, after
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grinding with enough anhydrous sulphate to form a dry
powder, and examining the fat when quite free from the
solvent by the Valenta or Reichert tests.

A sample of condensed milk may be regavded as genuine
whieh fulfils the following requirements :

1. The fat must not be less than 10 per cent., and must
be true butter-fat.

2. The albuminoids, estimated by multiplying the
nitrogen figure by the 63 factor, must not exceed the fat
figure.

3. The sample must be free from preservatives (except
sugar), starch, and all other foreign matters.

Humanized Condensed Milk.—It has long been recognised
that, however pure cow's milk may be, the proportion of
albuminoids which it contains is necessarily higher than
that in human milk, and must therefore be more difficult
of digestion for infants. Various methods have been used
for removing a portion of the execess of albuminoids, and
the preparations so obtained are called ‘ humanized milks,’
because they closely approximate to human milk in
chemical constitution.

After considering these methods, one of us (C. G. M.)
found it practicable to produce a milk of similar composi-
tion in a condensed form, having the following composition :

Fat ... e B
Albuminoids S )
Milk-sugar ... ) B
Mineral matter B |
Water .o D60

1000

When diluted with three parts of water its composifion
will closely approximate to that of human milk. It con-
tains no cane-sugar, colouring matter, or preservative.

It would be improper, in a work of this nature, to make

6—2
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BUTTER.

By continuously shaking or beating milk at a high
temperature, the fat corpuscles can be divided, and their
number increased. If, however, the milk is cooled, and
is then shaken or beaten, the fat corpuscles adhere
together and form butter, a thin bluish butter-milk re-
maining behind.

The amount of butter-fat in butter prepared from cow’s
milk is about 85 per cent., the remainder being water,
casein, or curd, and generally added salt.

Butter varies in colour from white to deep yellow, and
18 more or less granular in character.

The butter-fat is very complicated in composition, con-
sisting as it does of fatty acids in combination with glycerol,
forming triglycerides.

The fatty acids that enter into the composition of butter-
fat are: Bufyrie, caproic, caprylie, capric, myristic, palmitie,
stearie, and oleic acids. The first four are soluble in water,
and are therefore known as ‘soluble fatty acids’; the
latter, being insoluble, are known as  insoluble fatty acids.’

Dr. J. Bell has published the following analysis of a
sample of butter-fat :

Butyric acid ... e, 1%
Caproic, caprylic, and capric acids ... Sl |
Myristic, palmitic, and stearic acids e 494
Oleic acid sui ot
Glycerol (calculated)... saay 2

The proportion of butyric acid and its immediate homo-
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logues produced by the saponification of butter-fat ranges
between 5 and 8 per cent.

The amount of glycerol in butter-fat was first deter-
mined by Chevreul, who obtained 11'85 per cent. by
direct weighing of the isolated glycerol. Benedict and
Zisigmondy, by oxidizing the glycerol with permanganate
of potash, and determining the oxalic acid so formed,
have found from 10'2 to 116 per cent. of glycerol to be
formed by the saponification of butter-fat. A. H. Allen
has confirmed these experiments.

These analytical results show that butter-fat is essentially
a mixture of various triglycerides, those of butyrie, palmitic,
and oleic acids being the leading constifuents :

Tributyrin Tripalmitin Triolein
C.H,(0.C;H;0); C,;H;(0.C;cHyu0);  CyHy(0.C1sHys0)s.
Some experiments of Dr. J. Bell indicate that the
olycerides contain several acid radicles in the same
molecule, and therefore the butyrin cannot be separated
by any process of fractional solution from the less soluble
glycerides of palmitic and oleic acids. Hence bufter-fat
probably contains complex glycerides of the {following

characters :

0.C,H,0.
C.H,) 0.CyHy0.

Gy Hgs0.

Such a complex glyceride would yield on saponification
fatty acids and glycerol in the same proportion as would
be obtained from a mixture of butyrin, palmitin, and olein
in the ratio of their molecular weights (A. H. Allen,
¢ Commercial Organic Analysis,” vol. il.).

Margarine. — Margarine, oleo-margarine, butterine, or
Duteh bufter, as it used to be termed, is prepared by
churning melted and clarified animal fats, usually beef or
mutton fat, oceasionally lard (vegetable oils are now but
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rarely employed), with skim milk, milk, or eream ; in this
way the curd or casein found in the margarine contracts
more or less the flavour of genuine cow’s butter. When
margarine is carefully prepared and duly coloured, it is not
easy to tell the same from pure butter by taste or smell.

Any fictitious butter can now only be legally sold in
this country under the term ‘margarine,” and must be so
marked by a label bearing this name in letters not less
than 1} inches high. If unlabelled, an inspector may
require the shopkeeper to supply him with the article as
butter, and convictions are often obtained in this manner
(see the Margarine Act).

Margarine differs from butter in yielding only traces of
“goluble’ fatty acids. It consists mainly of the glycerides
of oleic, stearic and palmitic acids. The absence of glyceryl
butyrate, which is the chief characteristic of butter-fat, is
the most valuable means of distinguishing between butter
and margarine. On this difference depend the Reichert,
Valenta, and Hehner tests, the three most trustworthy tests
we have for butter.

The following number of samples of butter were examined
by Public Analysts during the past few years:

B

Total Number

Examined. Adulterated. Adulteration.
1890 2,743 316 11-5%
1891 3,558 551 155
L | 4,743 725 153
1593 5,784 794 137
1894 6,419 667 , 104
1895 7,186 590 | g9

Eight hundred and ninety butters were sampled by the
Customs and analyzed in the Inland Revenue Laboratory
between May, 1895, and February, 1896, with the view of
ascertaining whether imported butter was much adulterated.
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Of these 106 were regarded as adulterated, but the methods
of analysis employed are not stated.

The Analysis of Butter and the Detection of Foreign Fat.—
Professor Tichborne has made an elaborate series of ex-
periments on the quantitative estimation of margarine in
mixtures of butter and margarine. He worked on mixtures
of margarine (made up without the addition of butter) and
pure butter of known origin.

He made mixtures containing 50 per cent., 10 per cent.,

and 5 per cent. respectively of margarine, and examined
their melting-points and specific gravity, and applied the
Reichert and the soluble and insoluble acid tests.
- In each case he gives the inference to be drawn from the
result of the experiment both when the figures yielded by the
butter and margarine are known, and when (as in ordinary
working) they are unknown. It would have added greatly
to the value of these observations if determinations had
also been made by the Valenta test and by the oleo-
refractometer.

Professor Tichborne’s figures are printed in the appendix
of the Report from the Select Committee on Food Products
Adulteration (price 2s. 51d.; Eyre and Spottiswoode).

Water.—Ordinary good bufter should contain about
12 per cent. of water; anything over 16 per cent. should be
held to be adulteration. Out of 1,500 samples of English
and foreign butter examined by Vieth, Richmond, Bell,
and others, only 0°6 per cent. contained over 16 per cent.
of water; the larger number contained between 11 and
13 per cent. of water. Where the amount exceeds 16 per
cent. it has either been left in by careless manufacture
or fraudulently incorporated. Professor Tichborne is ap-
parently in favour of allowing more than 16 per cent. of water
in Irish salt butters, but we cannot believe that they could
not be made so that the water should not exceed 16 per cent.
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The amount of water can be best estimated by drying
10 grammes in a platinum dish at 105" C. until practically
constant in weight; this will generally be when no
erackling noise can be heard when the ear is brought near
the dish.

Salt.—The residue, after burning off the fat from the
above, can be taken as salt for all practical purposes.
The salt in butter may amount to, but does not often
exceed, 10 per cent. Dr. Bell found as much as 15 per
cent. in one sample of English butter.

Casein or Curd can be estimated by drying the butter as
above, transferring to a filter, and washed with ether until
fat-free, and the residue, which consists of casein, weighed.
The casein varies from 03 to 4 per cent.

Examination of the Fat.—The sample is put into a beaker
and placed in the water-bath for a short time, when the
water and eurd will settle to the bottom. The fat is then
decanted and filtered through a dry filter-paper. If this is
carefully done the fat will be quite clear and bright.

The fat is now examined by the Reichert-Meissl and
the Valenta acetic acid test. The indications given by
these two tests are generally all that is necessary for
all ordinary purposes, but mm the case of suspicious or
adulterated samples it may be desirable to determine the
soluble and insoluble fatty acid by the Hehner method,
and also to take the specific gravity of the fat.

The Reichert Method of estimating foreign fat in butter
is as follows: 5 grammes of the fat at as low a temperature
as it will keep fluid are weighed into a flask, and 2 c.c.
50 per cent. NaHO and 30 c.c. rectified spirit are then
added and the flask attached to a reflux condenser. The
flask is then heated over a water-bath, and the contents
allowed to boil briskly for twenty minutes. The flask is
then detached from the condenser and the alecohol boiled
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off; the last traces are removed by gentle blowing with the
bellows ; 100 c.c. of hot water are then added to the flagk
and shaken unfil the soap is entirely dissolved. 40 c.c.
dilute sulphurie acid (40 grammes to the litre) is then run
in together with a small piece of pumice-stone to prevent
explosive boiling. The flask is quickly attached to an
ordinary condenser, and heated with a naked Bunsen flame
until 110 c.c. have distilled over ; the distillation should
last thirty minutes. The distillate is mixed and filtered.
100 c.e. is then titrated with % soda or baryta, using
phenolphthalein as indicator. As 110 c.c. was distilled
and only 100 c.c. titrated, we have to add % to the number
of e.c. of 5 alkali required.

Leffmann and Beam have published a process wherein
olycerine is used instead of alecohol to perform the
saponification. This process 1s much quicker than the
alcohol method, with which it gives concordant results.
Special flasks with a bulb blown in the neck, which can be
placed on the fine balance, can be obtained, which are very
much more convenient than using a flask into which the
fat has to be weighed by subtraction. Genuine butter-fat
requires from 24 c.c. to 32 c.c. 1y alkali for neutralization.

Margarine-fat and the vegetable oils when tested by
this process give distillates which only require from
02 to 1°0 c.c. v5 alkali.

From the above data we can calculate approximately
the amount of butter-fat in a mixture. Many chemists
use bhalf the above quantities; that 1s, they work on
2:5 grammes of fat, and obtain a distillate of 50 c.c., which
18 titrated direet without filtering. Hence, in speaking
of the Reichert figure it is important to know which
procedure has been employed. Of course the amount of
alkali required by the distillates in this case is only about
half that in which 5 grammes of fat were saponified.



BUTTER 91

Professor Tichborne obtained the following results, s
employing Reichert’s test :

¥
| Result of Test | Inference (1) Inference (2)
i required knowing figures  not knowing figures
Sample. | of Decinormal | given by the Butter given by Butter
{ Baryta. and Margarine. and "-Iarga.nne
Pure butter {° 270cc. | — Pure.
Margarine ... ’ 22 eco. | — Margarine.
Mixture, 50 per cent. 143 ' 48°89, marga- 46-99% marga-
; |  rine rine.
= 10 ., . 24 3 | 909% marga-| T7%
! rine

The pure butter used in the first series of experiments
was specially made by the Eduecational Dairy Company.

IT.
Pure butter eS| 275 ce. — Pure
Margarine .. el Se4 —_ | Margarine,
Mixture, 5 percent ' 153 50°69, marga- | 4869, marga-
' ring | rine,
- 0, 2500 10-39% marga- | 45%
| T1ne
2 B s | 26-3 409 marga- | Pure.
' rine |

_ - —— — e — — — —

In the above experiments 5 grammes of fat was saponi-
fied by heating with a solution of caustic soda in glycerine,
and the resulting soap dissolved in 90 c.c. of water and
acidified with 50 c.c. of sulphuric acid (40 grammes of
sulphuric in a lifre of water), and 100 c.c. were distilled
and titrated with decinormal alkali. These experiments
confirm the experience of other observers, who agree in
regarding the Reichert test as the most valuable we have
at present.

The Valenta Acetic Acid Test.—This test depends on the
intermiseibility of butter-fat and strong acetic acid at a
low temperature, whereas animal and vegetable fats do
not form a clear mixture, except at a much higher tem-
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¢ perature. The acetic acid used must be about 99 per cent.
This will give a turbidity with genuine butter-fat at from
32" to 36" C. It is best o set the acid against a sample
of butter-fat of known purity rather than by titration.

This test is carried out as follows: A test-tube is graduated
by running two quantities of 3 c.c. of water from a burette
or pipette; file scratches are made exactly opposite the
dark line forming the meniscus. The tube is then dried,
and 3 c.c. each of the fat and acetic acid poured into the
tube. The mixture is warmed to 40° (., when, if the
sample is butter-faf, the contents of the tube will become
clear, whereas margarine will not dissolve in the acid at a
lower temperature than 75° C. Mixtures of butter and
margarine will of course require intermediate temperatures.
In practice we do not note the temperature at which solution
takes place, but the point at which turbidity (the reverse
of solution) begins fto appear on removing the source of
heat. This is done by stirring the mixture, previously
heated till clear, with a thermometer, and noting the
temperature as soon as the point of turbidity is reached.
It makes its first appearance as a tail following the thermo-
meter bulb. (See a paper on ‘The Acetic Acid Test,” by
the authors, Analyst, July, 1894.)

The Determination of the ‘Soluble’ and ‘Insoluble’ Fatty
Acids (Hehner's Method).—This method was first devised by
Angell and Hehner, but the original process has been
modified and improved by Allen, Muter, and others.

The following procedure is recommended as the most
satisfactory by A. H. Allen in his ‘ Commercial Organie
Analysis,” vol. ii.

Before ecommencing the operation, the following standard
solutions must be prepared :

() Dissolve 14 grammes of good stick-potash in 500 e.c.
of reetified spirit, or methylated spirit which has been



BUTTER 93

redistilled with caustic alkali, and allow the liquid to
stand till clear. This solution will be approximately
seminormal.

() A standard hydrochloric or sulphuric acid of approxi-
mately seminormal strength.

(¢) Accurately prepared decinormal caustic soda. ISach
1'0 e.e. contains 0040 gramme of NaHO, and neutralizes
*0088 gramme of butyric acid, CH0,.

A quantity of the butter-fat is melted in a small beaker,
a small glass rod introduced, and the whole allowed to
cool and then weighed. It is remelted, stirred thoroughly,
and about 5 grammes poured into a strong 6-oz. bottle.
The exact weight of fat taken is ascertained by reweighing
the beaker containing the residual fat.

By means of a fast-delivering pipette, 50 c.c. measure
of the alecoholic potash (solution @) is run into the bottle,
and the pipette drained exaetly thirty seconds. At the
same time another quantity of 50 c.c. is measured off in
an exactly similar manner into an empty flask.

The bottle is fitted with an indiarubber stopper, which
1s fightly wired down, and is placed in the water-oven,
and from time to time removed and agitated, avoiding
contact between the liquid and the stopper. In about
half an hour the liquid will appear perfectly homogeneous,
and when this is the case the saponification is complete,
and the bottle may be removed. When sufficiently cool
the stopper is removed, and the contents of the bottle
rinsed with boiling water into a flask of about 250 c.c.
capacity, which is placed over a steam-bath, together with
the flask containing merely alcoholic potash, until the
alcohol has evaporated.

Into each of the two flasks is now run about 1 c.c. more
seminormal aecid (solution b) than is required to neutralize
the potash, and the quantity used accurately noted. The
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flask containing the decomposed butter-fat is nearly filled
with boiling water, a cork with a long upright tube fitted
to it, and the whole allowed to stand on the water-bath
until the separated fatty acids form a elear stratum on the
surface of the liqguid. When this occurs, the flask and
contents are allowed to become perfectly cold.

Meanwhile, the blank experiment is ecompleted by care-
fully titrating the contents of the flask with the decinormal
soda, a few drops of an alcoholie solution of phenolphthalein
being added to indicate the point of neutrality.

The fatty acids having quite solidified, the resultant cake
is detached by gently agitating the flask, so as to allow the
liquid to be poured out, but avoiding fracture of the cake.
The liquid is passed through a filter to catch any flakes of
fatty acid, and is collected in a capacious flask. If any
genuine butter be contained in the sample, the filtrate
will have a marked odour of butyric acid, especially on
warming.

Boiling water 18 next poured imto the flask containing
the fatty acids, a cork and long glass tube attached, and
the liquid cautiously heated till it begins to boil, when the
flask is removed and strongly agitated till the melted fatty
acids form a sort of emulsion with the water., When the
fatty acids have again separated as an oily layer, the
contents of the flask should be thoroughly cooled, the cake
of fatty acids detached, and the liquid filtered as before.
This process of alternate washing in the flask by agitation
with boiling water, followed by cooling, and filtration of
the wash-water, is repeated three times, the washings
being added to the first filtrate. It 1s often difficult or
impossible to obtain the wash-water wholly free from acid
reaction, but when the operation is judged to be complete,
the washings may be collected separately and titrated with
decinormal soda. If the measure of this solution required
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for neutralization does not exceed 0°2 c.c., further washing
of the fatty acids is unnecessary.

The mixed washings and filtrate are next made up to
1,000 c.c., or some other definite measure, and an aliquot
part carefully titrated with decinormal soda (solution ¢).
The volume required is calculated to the whole liquid.
The number so obtained represents the measure of deci-
normal soda neutralized by the soluble fatty acids of the
butter-fat taken, plus that corresponding to the excess of
standard acid used. This last will have been previously
ascertained by fhe blank experiment. The amount of
soda employed in this is deducted from the total amount
required by the butter-fat quantity, when the difference
is the number of cubic centimetres of standard soda corrve-
sponding to the soluble fatty acids. This volume multiplied
by the factor 0°0088 gives the butyric acid in the weight of
butter -fat employed. Thus, suppose an experiment to
have given the following figures : Weight of butter-fat taken,
5120 grammes; decinormal soda required in the blank
experiment, 390 e¢.c.; decinormal soda required to
neutralize one-fifth of the solution of the soluble fatty
aclids, 6-25 ec.c. Then,

0088(31-25-39) x 100 _ | _
e =470 per cent.

The flask containing the cake of insoluble fatty acids is
thoroughly drained, and then placed on the water-bath to
melt the contents, which are poured as completely as
possible into the (wet) filter through which the aqueous
liquid was previously passed. The fatty acids are then
washed on the filter with boiling water, to remove the last
traces of sparingly soluble acids. The funnel, with the
filter containing the fatty acids, is then placed in a small
beaker and put into the water-bath until all the fatty acid
that will has run through.
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The flask, funnel, and filter-paper are well washed with
ether, and the washings evaporated in a flask to obtain
the last traces of fatty acids. The beaker containing the
bulk of the insoluble fatty acids, together with the smaller
quantity recovered from the ether washings, are dried to
constant weight at 100" C. and the two weights added ; the
sum gives the weight of the insoluble fatty acids contained
in the weight of butter-fat taken.

The soluble fatty acids, caleulated as butyrie acid, should
amount to at least 5 per cent., any notably smaller pro-
portion being due to adulteration. The insoluble fatty
acids from genuine butfer-fat rarely exceed 88} per cent.,
occasionally reaching 89 per cent., but a sample ought
scarcely to be regarded as certainly adulterated unless the
insoluble acids exceed 89} per cent. As a standard for
caleulation, 88 per ecent. of insoluble acids may be regarded
as a fair average, the soluble acids being taken at 51 per
cent.

According to J. Bell, the proportion of soluble acids,
calculated as butyrie acid, not unfrequently falls as low
as 4'5, and the percentage of insoluble acids sometimes
slightly exceeds 890 per cent.

The percentage of adulterant in a butter-fat may be
caleulated from the following formula, in which F is the
percentage of foreign fat, and I that of the insoluble fatty
acids :

F=(I-88)x 133,
Or each 0'1 per cent. of soluble acids above 0'5 may be
regarded as showing the presence of 2 per cent. of butter-

fat.
Determining the soluble fatty acids, Professor Tichborne

found as follows :
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1.
k]nl'crencf? (1) : {:lfuru_rm&é?}
Sample. Result of Test. g].v:.t;?vl;yn%l Il:.-f'::.l nﬂgi#élx?l?l?yn uft-v.lf:ﬂ
| and Margarine. and Margarine.
Pure butter 6079 | e Pure.
Margarine .. | 074 | - Margarine.
Mixture, 50 per cent. 340 50% 29%
2 [ 2 | 540 ‘ 12-5 Pure.
IL
Pure butter l 63% | — Pure.
Margarine .. ]| (-82 I — | Margarine.
Mixture, ul"l per cent. 377 | 47°5%, 20-89,
" " ‘ 561 ' 1244 Pure,
» 6-0 . 54 | Pure.

The soluble fatty acids were estimated at the same time
as the insoluble acids, by estimating the acidity in the
filtrate and washings from the latter due to dissolved fatty
acids.

Determining the insoluble fatty acids, Professor Tich-
borne found as follows

I
T e T e [T e Inforence (3)
Samul . | knowing figures |not knowing figures
i e Result of Teat. | given by the pure given by Butter -
Buttm & Mﬂ.rgamie and Margarine.
Pure butter  ...| 90079 | =i ‘Slightly adul-
terated.
Margarine .. 0454 | — Margarine,
Mixture, 50 per cent.| 92- 6%, 92 3%| b77% 67-8%
ahﬂws ex- |
actly 507 |
e e T L 11-1 9283
II.
Pure butter 88-89 — Pare.
Margarine .. | 9501 — . Margarine,
Mixture, 50 per -:.:entr 918 47-6%, | 529 marga-
1 rine,
e 10 . 844 F 9-2 ‘ 759 marga-
. rine.
X B-Fos ! 891 47 f Pure.
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The insoluble fatty acids were determined by saponifying
the butter-fat with an aleoholic solution of soda, by heating
in a elosed vessel in a water-oven. Water was added, and
the aleohol evaporated, and the fatty acids precipitated by
sulphuric acid, and after repeated washings with water,
dried and weighed. Professor Tichborne remarks that ‘ this
test requires great delicacy of manipulation, even the error
of experiment causing a great difference. Thus (in the case
91°8 per cent.), 91-95 per cent. would show 50 per cent.’

The Specific Gravity of Butter-Fat.—The method of taking
the specific gravity at the ordinary temperature is now but
seldom employed, i1t being more convenient to take the
density at temperatures at which the fat is in a molten
condition. The temperatures that give the best results,
and those that are generally employed, are 37'8° C.
(=100" F.) and 99° to 100° C.

Dr. James Bell prefers the former temperature. The
fat at about 110° F. is poured into an ordinary specific
gravity bottle, which is then allowed to stand in water at
exactly 100" F. for a few minutes. The stopper is then
pushed well home, the bottle wiped dry, cooled, and
weighed. The weight is then compared with water as
1,000 at the same temperature. As the result of the
examination of a great number of samples, pure butter-fat
is found to range from 910'7 to 913°5, the greater number
falling between 911 and 913. Margarine examined under
the same conditions ranges from 9015 to 906-0.

Allen, Esfcourt, and others, take the specific gravity
of butter-fat at the temperature of boiling water (98° to
100° C.), comparing with water at 15-5° C. as unity.

This is best done with the Sprengel tube. The tube is
filled with the melted fat by sucking the contracted end of
the tube, the wider end being immersed in the fat. The
tube is then placed in water in a state of rapid ebullition,
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contained in a beaker of such a size that the capillary ends
are only just free of the boiling water. When the expan-
sion ceases the tube is set to the mark by the application
of filter-paper to the capillary orifice. The tube is then
withdrawn, dried, cooled, and weighed. The weight of the
Sprengel tube and the weight of the water contained in it
at 15°5° C. being known, the weight of fat contained at
99° (. divided by the weight of water at 15-5° C. will give
the density of the fat at the temperature of boiling water.
The following are the limits for butter-fat and margarine
at a temperature of about 995 C. compared with water at
o B
Butter-fat ... "B653 to ‘8668
Margarine % ... 8560 ,, 8600

The above method may he replaced by the Westphal
balance, as recommended by Estecourt. The o1l or fat is
contained in a wide test-tube, which is immersed in boiling
water ; the tube is arranged with a collar, or some other
device, to protect the balance from the steam. The plummet
is then dipped into the fat, and the specific gravity found
as soon as the maximum temperature is reached.

The best form of apparatus with which to carry out this
method is that devised by Charles Esteourt, a full account
of which will be found in Allen’s ‘Commercial Organic
Analysis,’ vol. ii., p. 16.

Determining the specific gravity, Professor Tichborne
found as follows :

Inference (1) : Inference (2)

Sample. |r' Result of Test. glzzﬁiglgh?:gﬁﬁer { ;?Eel:-}“]{;;*vmﬁ gﬁ;ﬁ
| and Margarine. and Margarine.
Pure butter | 91129 = Pure.
Margarine .. - | 905°7 -— Margarine, with
l a little butter.
Mixture, 5[1 p-ar cent. 9087 4559, | 2349,
- | 9106 10:9 Pure.

T—2
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I1.
St | Inference(1) | Inference (2)not
smple. | RowltofTost, | JOVIDg e | knowing lgwes
. | and Margarine. and Margarine.
Pure butter ant] 911-6% | — Pure, ;
Margarine ... | 9053 - — Margarine, with
f a little butter.
Mixture, 50 per cent. w87 | 46% marga- 239  marga-
| | rine | rine,
i 10 4 9108 ' 11'19, marga- Pure.
rine -
3 TR 911-28 5009 marga- Pure.

rine

The specific gravity test consists in taking the weight of
a certain volume of the fat measured at 100" F. and com-
paring it with the weight of the same volume of water
measured at 100" F.

The Xoettstorfer Saponification Equivalent of butter-fat
varies from 242 to 253, the mean figure for margarine
being about 284.

The Iodine Absorption of butter-fat ranges from 23 to
38 per cent., margarine giving from 40 to 55 per cent. of
iodine absorbed. These results, though interesting in
themselves, are not of much value when determining the
amount of foreign fat in butter.

The Oleorefractometer, an instrument devised by Messrs.
Jean and Amagat, has recently come into use for testing
butter and other fats. This instrument is so arranged that
a ray of light from a lamp is passed through a chamber
containing lard-oil, which is the ‘type’ or standard oil.
In the centre of this chamber is placed a hollow prism,
which is filled with the oil or fat under examination. The
light, in passing through the prism, is deflected to a more
or less degree, which casts a sharp shadow on a scale,
which is placed in the focus of the eye-piece of a telescope
attached to the body of the oil-chamber. A collimator is
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placed in front of the telescope, and the oil-chamber is
surrounded by a case to contain warm water, so that ob-
servations may be made at any required temperature. The
scale is divided into divisions, both right and left of the
zero mark. Vegetable oils deflect light to the right and
animal oils to the left of the zero. These deflections are
noted as + or — ; that is, right or left of the zero mark,
as the case may be. The liquid oils are examined at 22° C.
Butter, margarine, lard, etc., that are not liquefied at this
temperature are examined at 45° C.

As the result of the examination of several hundred of
samples examined in this instrument, pure butter-fat gives
a deflection of from —385" to —23°, margarine deflecting
from —18" to —10°.

On keeping, butter may turn rancid, especially if the
butter-milk has not been well washed out ; but the changes
it undergoes would not under ordinary circumstances be
sufficient to very seriously invalidate the Reichert, Valenta,
or ‘ Soluble’ and ‘ Insoluble * fatty acid determinations.

Some experiments to ascertain the change that butter
undergoes on keeping are published in the Analyst by
Alfred H. Allen and one of us, giving the analysis of butter
made when the butter was fresh, and again after keeping
for six years in tin boxes in the laboratory. Two samples
were examined, and in the case of one of these very little
change was observable, while the other had decomposed
more, and attacked the iron of the box. Such decomposi-
tion as would occur in the course of two or three months
would probably never be sufficient to invalidate the results
of analysis.

Mr. A. W. Stokes uses the microscope for sorting the
samples of butter. He cuts a piece off the sample to obtain
a clean surface; this surface is lightly seraped all along so
as to get as representative a portion as possible. The
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serapings should not measure more than about one-tenth
of the size of an ordinary pea. This is transferred to a
small microscopical cover-glass, which is then pressed down
on to the ordinary microscopical slip, so that the butter lies
in the form of a wedge between the two glasses, one side
being pressed very thin, while the opposite side is left very
thick. The slide thus prepared is placed under the 1-inch
power of the microscope; the microscope must be provided
with a good polarizing apparatus. The thinnest edge of
the slide should be so arranged that it cuts across half of
the field of view, the rest of the field being left blank.
(Gas-light should be used.

Now, on rotating the Nicol's prisms, so that the two
prisms are at right angles, the whole of the field will
remain equally dark if the sample be pure bufter. If,
however, as much as 20 per cent. of margarine be present
in the sample, it will be impossible, however the prisms
may be placed, to darken the side of the field occupied by
the sample. Margarine gives, when thus viewed, a similar
appearance to that of a cloud in a dark sky.

No selenite plate should be used. The butter should not
be melted, and since most of the adulterated samples of
butter contain over 20 per cent. of margarine, this micro-
scopical method will rarely pass an adulterated sample.
After an experience on many thousands of samples during
the past twenty years, Mr. Stokes still believes in the
efficiency of this simple and rapid method in the hands of
a competent microscopist.

Butter has occasionally been adulterated with sesame-oil,
which is readily detected by the use of Baudouin’s test,
which is as follows: Dissolve 0°1 gramme of cane-sugar in
10 e.c. of hydrochloric acid of specific gravity 1'2; add to
this 20 c.c. of the oil to be tested ; shake thoroughly, and
allow to stand. In the presence of even 2 per cent. of
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sesame-oil the aqueous liquid will become of a crimson
colour,

The addition of hydrochloric acid alone to butter-fat
sometimes produces a pink colour owing to the presence of
a tar-dye, so that care must be taken not to put down to
the presence of sesame-oil a colour due to a dye.

It occasionally happens that a butter is found which
gives a positive reaction with Conroy’s test for cotton-seed-
oil ; but if this reaction is obtained, it must not be taken
for granted that cotton-oil has been added to the butter, as
we found by experiment that when a cow, whose butter
normally gave no reaction with Conroy’s test, had half a
pound of cotton-seed cake added to her daily food, the
butter at once gave an unmistakable darkening with
Conroy’s reagent.

Artificial colouring matters are very frequently added
to butter, among which may be mentioned the following :
annatto, turmerie, saftron, saffronette, marigold, and the
azo-dyes, the last being of somewhat recent introduction
for this purpose. The introduction of artificial ecolouring
into butter is not regarded as an adulteration in this
country. It is worth noting that the butter from some
Jersey cows often has a very deep yellow colour.

If the colouring matter of a butter can be extracted with
aleohol, foreign colouring is undoubtedly present, as the
natural colouring matter is not soluble in alcohol.

Butter-fat on exposure to light and air loses its yellow
colour, and acquires the smell and colour of tallow.

Preservatives in the form of borie and salicylic acids
are sometimes added to butter. We have found boric acid
recently in a large number of samples, especially in those
coming from abroad.

Boric Acid is detected in the ash, as given under milk.

Salicylic Acid may be estimated by the method as used
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in the Paris Municipal Laboratory: 20 grammes of the
sample is repeatedly exhausted by a solution of bicarbonate
of soda, which converts the salicylic acid in the soluble
sodium salicylate. The aqueous liquid 1s acidulated with
dilute H,SO,, extracted with ether, and a little mercurous
nitrate added to the residue after evaporating off the ether,
when a preeipitate nearly insoluble in water is obtained.
This is filtered off, washed, and decomposed by dilute
H,S0,, free salicylic acid again resulting. It is redissolved
in ether, the solvent evaporated off, and the residue warmed
from 30" to 100" C. until nearly dry. In order to remove
any other acid present, the residue is extracted with
neutral petroleum ether, the ethereal solution diluted
with an equal volume of 95 per cent. aleohol, and
titrated with % alkali, using phenolphthalein as indicator
(1 e.c. of {5 NaHO=0"0138 of salicylic acid).

For further identification, the salicylic acid may be
liberated again with a corresponding amount of {5 HCI,
and the liquid tested with a drop of Fe,Cl; solution, when a
violet coloration should be obtained.

Bacteria in Butter.—Butter can serve as a vehicle for
many infectious diseases. Gasperini, for instance (Giornali
della Societa dei Igiene, 1890), made butter out of milk
artificially eontaminated with tubercle organisms, and found
that it retained its virulence even up to 120 days. That
the risk of tuberculous infection so conveyed is not small
was shown by Buearferro (Giornali dei Med. prat. Medico,
1890, pp. 2-3, 201). He found the organism in nine samples
of butter purchased on the market. His inoculations of
this butter into guinea-pigs showed the interesting circum-
stance that a portion of the infection was a form of tuber-
culosis which it is stated does not oeceur in ecows, and
must have therefore been due to external econtamination of
the milk, while another part was true bovine tubereulosis.
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Laser (Zeit. f. Hyg., x., p. 513) found that the cholera and
typhoid organisms could survive for about a week in butter.

Butter becomes rancid through chemical processes which
are at present but imperfectly understood. It is certain
that the presence of light and oxygen, as well as a high
temperature, favour the decomposition. Rancid butter is
extremely liable to cause intestinal disturbances, and is
unfit for food. Where the process has not gone far it is
possible, by re-churning it with milk or boiling it in water
containing a little soda, to get rid of the fatty acids which
cause rancidity.

Considerable effort has been made, particularly abroad,
to prepare butter from sterilized cream with pure cultures.
In many parts of Germany pure cultures are obtainable
commercially for the preparation of butter with partieular
aromas ; and butter so prepared is stated in many cases to
be much superior, both in capacity for keeping and in
aroma, to that produced in the ordinary way.
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CHEESE.

The manufacture of cheese by empirical methods has
been carried on from the earliest times, and was a means
of storing and preserving milk many centuries before any
other method was devised.

Cheese is made from the milk of the cow, goat, and
sheep, though cows’ milk alone is used for cheese-making
in this country. Cheese is made from whole milk,
skimmed, or separated, milk, and from milk enriched with
cream. The first step in cheese-making is to produce a
curd of perfectly uniform consistency, which, though it is
not sterile, is yet sufficiently free from bacteria to enable
the subsequent means that can be applied (variations of
temperature, moisture, ete.) to be effectual in encouraging
the development of those ferments, moulds, or bacteria,
whose presence is desired, while avoiding the growth of
others which might injure the flavour of the finished
cheese. Seeing how very empirical the process of cheese-
making has been until quite recently, one cannot help
feeling surprised at the success which is uniformly attained,
failures being only of comparatively accidental occurrence.

If it were admissible to sterilize the milk before curdling
and to keep it sterile throughout, and to add pure cultures
of the desired bacteria to the exclusion of all others, one
might expect that there would be no failures at all in so far
as they might be produced by the accidental predominance
of undesirable organisms. The cheese-maker, however,
cannot start with his medium (milk) entirely sterile, and
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therefore his efforts have to be directed towards the
restraint of the growth of injurious organisms, and towards
the development of those that are desired, so that it is
obvious that his efforts may, through the skill and know-
ledge attained by experience, be aftended with uniform
success, but cannot be expected to be invariably suecessful.
As above stated, the application of sufficient heat to sterilize
milk produces alterations in the casein which interfere with
the action of rennet, and causes the curd to lose its power
of coherence. ‘There is no doubt that the different kinds
of cheese owe their particular property or characteristics to
the action of definite bacteria, or classes of bacteria. BSince
it is possible to prepare any kind of cheese from a given
quantity of milk in a given place, or at any time, and
aceording to its nature to obtain it from this milk, it
follows that all* the kinds of bacteria which are necessary
for the manufacture of the cheese in question must be
present universally and invariably in the milk. These
bacteria must have an extraordinarily wide occurrence. The
art of cheese-making consists in the preparation of the
fresh cheese mass of each different kind in such a way that
those kinds of bacteria which are active in the ripening of
that parficular cheese must be developed to a predominant
extent ’ (Fleischmann). '

The following general process of cheese-making applies
with modifications to the manufacture of every kind of
cheese.

The milk, whether in its natural condition or with added
or abstracted fat, is warmed up to 80° F. or above, and
curdled by the addition of rennet. Sometimes rennet is
not employed, and curdling is effected by the acidity pro-
duced by certain of the bacteria commonly found in milk.

After curdling has taken place the curd is then cut up
by means of an apparatus specially designed to divide it



108 THE ANALVYSIS OF MILK AND MILK-PRODUCTS

into small fragments, without squeezing out the fat more
than is possible.

In this country rennet is commonly employed, but,
whichever method is adopted, the curd is allowed to stand
for some time after the whey is drawn off, and this
increases the amount of acidity. The time required for
coagulation by rennet is about an hour. The amount
of acidity in the milk both before the addition of the rennet
and after the formation of the curd, is of considerable
practical importance, and the amount should not vary
greatly from ‘20 per cent., while after the whey is run
off the acidity in the curd inereases somewhat.

After the eurd has been cut up, it is allowed to remain
with or without the whey till it has ‘ripened,” which
condition is judged of by testing whether a fragment on
being touched by a hot iron bar pulls out”to a thread of
a certain length ; after this it is placed in the press, which
is made of wood or metal, and pressure applied gradually.
The pressure must not be too suddenly applied, or the
moisture in the centre will not escape, so that the result-
ing cheese will be too damp, which is also the case if
the pressure is insufficient.

In using rennet too rapid coagulation must be avoided,
which might produce a curd so firm that it would refuse
to break up finely enough for subsequent working, while
if the period of coagulation is too extended, it is more
difficult to keep the temperature equable throughout, and
if this is not attended to the coagulum will not be of
a uniform nature.

Some cheeses are eaten fresh, while others are kept
in order that ‘ripening,’” on which the development of the
peculiar flavour for which the cheese is valued depends,
may take place. The normal ripening of cheese is due
to the action of fairly well-defined organisms, and does
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not oceur in their absence. Their effect is to first pepto-
nize the albumen, and in later stages to cause still further
decomposition with evolution (Zeit. f. Hyg., xiv. 267) of
ammonia, leucine, and tyrosine. If the organisms are
excluded, as, for instance, by using sterilized milk, and
according to Schaffer and Bodzynski (analyzed in Koch's
Annual for 1890, p. 92) and Freudenreich (analyzed in Koch's
Annual for 1891, p. 135), of sterilized rennet, or in the
presence of anti-septics, no ripening of cheese oceurs.
At the same time considerable difference of opinion prevails
as to the aectual organisms to which the ripening pro-
cesses are due. Considerable work is being done on the
subject, and no doubt ultimately trustworthy data will
exist corresponding to those which are available in the
case of beer.

It may be said that at present we have only an imperfect
knowledge of the organisms which are responsible for the
development of cheese. Moulds as well as bacteria un-
questionably take part in it, and many have been definitely
related to particular processes of ripening. At the same
time a deseription would occupy more space than we have
at our disposal. The taints of cheese are similarly refer-
able to organisms of which some have been isolated.

The capacity of milk to nourish organisms pathogenic
to man 1s possessed in some measure by cheese, and in
these cases where the organisms do flourish in that
medium the far greater length of time for which they
are kept promotes the production of poisons of extreme
virulence, as, for instance, the tyro-toxicon of Vaughan.
It 1s probable that some at least of these organisms are
related to, or are identical with, those which produce cases
of poisoning in meat, and in particular in sausages, salt
fish, and ham, where the same length of preservation occurs
to promote the formation of an extremely virulent poison.
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The Bacillus enteritidis of Gartner, and the DBacillus
enteritidis sporagines of Klein are of this order.

The mineral acids cannot be used to produce coagulation
because they could not be sufficiently washed out subse-
quently to allow the desired ripening to take place, and for
the same reason it is not possible to utilize (except in a few
cases) the natural tendency of milk to become acid, for the
large quantity of lactic acid and the large number of
rapidly-growing lactic acid bacilli would prevent or greatly
retard the growth of other organisms whose presence is
desired.

The following characteristics are representative of the
curd produced by rennet : it is elastic, not greasy or sticky,
and though, of course, not free from micro-organisms,
contains none that are of specially luxuriant growth, so
that it serves as an available culture medium for bacteria
that may either be purposely introduced at the time or
have fallen in from the air, being disseminated throughout
the building by previous operations, or for such bacteria
or moulds that may subsequently develop inwards from
the exterior of the finished cheese.

Fleischmann considers that the ripening of rennet cheeses
may be regarded as largely due to ferments which operate
throughout the whole of the cheese, while in the case of
cheeses in which curdling was brought about by natural
acidity, changes take place chiefly from the exterior to the
interior. Cheeses made with rennet contain a considerable
proportion of calcium phosphate enclosed in the casein.
When cheese is made by curdling due to natural acidity,
the curd is of quite a different character to the rennet curd,
and is not elastic, but sticky and greasy. As it is highly
acid, only certain organisms can develop, and hence a
lesser number of cheeses can be prepared from curd
obtained in this way. There is less calcium phosphate
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in this kind of cheese than in rennet cheese, as it 1is
dissolved in the lactic acid, and runs off in the whey.

Alfred Smetham, * Report on Cheese-making Experi-
ments at Worleston in 1893, says :

“All those connected with the Stilton cheese industry
know that it is difficult to obtain in a new dairy the
green ‘ fade” for which this class of cheese is so justly
noted, but that in a dairy in which good Stilton cheese
has been manufactured for years it is next to impossible
to obtain it without it. This is because in those dairies
in which Stilton cheese has been produced for many years
the spores of the mould necessary for the production of
the green ‘‘ fade” are floating about in the air, and find
a ready entrance into the curd in the processes of
manufacture.’

Regarding the accidents of cheese-making, Mr. Smetham
quotes Dr. H. W. Conn (Connectiecnt Agricultural Report,
1892) respecting the possibility of our having increased
control over the quality of cheese by a more exact know-
ledge of the bacteria of cheese-making :

‘The cheese-maker has not yet learnt to cultivate
bacteria as the brewer has learned to cultivate his yeast.
Some day, I think we may say in the not far distant
future, after our experiment stations have had time to
work upon this matter a little longer, the cheese-maker
is going to be told of some way in which he can cultivate
bacteria as the brewer does his yeast, and then he will
know what kinds of bacteria produce a badly-ripened
cheese, and what kinds will produce an exceedingly good
cheese.’

Rennet.—The fourth stomach of the calf has long been
known for its milk-curdling properties, which are due to a
ferment termed chymosin. This ferment is invariably
present in the healthy human stomach, and also in that of
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most animals. The chymosin may be extracted from the
calf’'s stomach with water; but a better way is to digest
with weak acid for twenty-four hours, and then carefully
neutralize the resulting liquid. Such solutions of rennet
cannot be sterilized, as the ferment is injured by a tempera-
ture of 60° C., and are therefore preserved by the addition
of a preservative such as salicylic acid. Aleohol pre-
cipitates the ferment in an impure form, and dry prepara-
tions are made of this precipitate, which keep better, and
are some thirty to a hundred and fifty times as strong as
the liquid extracts. Their strength is determined by making
a small scale experiment with a standard amount of milk
of a certain degree of acidity and rennet under given con-
ditions of temperature, and noting how long coagulation
takes to oceur. From the time observed to be necessary
for the formation of curd, a ealculation is made as to how
many volumes of milk would be coagulated in forty minutes.
This test applies to the determination of the value of the
rennet, and must not be confused with the testing of the
mill: with rennet, as mentioned in the account of Cheddar-
cheese making. There are various brands of rennet on the
market — Hansen’s, Blumenthal’s, Nicholl's, ete. They
range from a strength of from 2,000 to 10,000 in the liquid
form, and up to 300,000 in powder. The liquid forms are
most commonly employed.

Rennet will act in neutral or slightly alkaline milk, but
the coagulation takes longer, and unless there is a certain
amount of acidity in the milk, the curd will not contract so
as to expel the whey sufficiently. If too much whey
remains behind, the milk-sugar is liable to cause fermenta-
tion and swelling of the cheese during curing, while too
much acidity, on the other hand, has the opposite effect, and
produces a cheese that is too hard and dry, and conse-
quently wanting in flavour.
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¢ Starter’ for cheese-making consists of a culture of
Bacillus acidi lactici in milk, and is obtained by adding a
pure culture of the organism to sterile milk. It is not in
practice considered necessary that an absolutely pure
culture should be used, and therefore some soured milk
(in which this organism predominates) is obtained from
any dairy well known for ifs good cheeses, and fresh
‘ gtarter * is made as required for each day by adding a
little of the last batch of ‘ starter’ to sweet milk direct from
the cow, just as leaven for bread-making used to be pre-
pared in olden times.

CLASSIFICATION OF CHEESES.

Cheeses may be classified in various ways, as, for example,
1. Whether hard or soft.
2. According to the amount of fat in the raw material—
i.e., whether made from

(a) Cream ;

(b) Cream and milk ;

(¢) Whole milk ; |

(d) Partly-skimmed milk ;

(e) Skim milk.

3. Whether made by curdling with rennet or by natural
souring.

4. Whether eaten fresh or after being kept to ripen.

For the sake of convenience, we have dealt with the
various kinds of cheese used in this country, whether of
foreign or home manufacture, in alphabetical order; and
we have given figures obtained by ourselves, with others
published by Cameron and Aikman, and Leffmann and
Beam.

American Cheese.—This is a Cheddar cheese, and usually

8
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contains an excellent amount of fat, averaging about
33°0 per cent.

According to W. Fleischmann (translated by Aikman and
Wright, 1896), much cheese has lately been made in
America by the American Cheddar process from milk partly
deprived of its fat. This may be the case; but among
about sixty samples of American cheese bought during the
past two years, we have not found any that has shown
much below 30 per cent. of fat.

In the preparation of American Cheddar, the procedure
in use in making Cheddar cheese in England i1s followed
with but slight variations.

AMERICAN CHEESE.

Authority. Water. Proteids. Fat. Ash.
P. and M. 20-8 o/ 303 33+9 % 379

: 29°1 28-1 353 37

,, 924-1 = 3240) 5+

2 270 — 30-1 45

" 2540 = 20-1 70

i 97-2 = 309 14

., 28-1 —— 330 45
C. and A. 2259 3720 - 3041 4-80

i 31-80 3600 2870 350

Camembert.—Camembert 18 made in France, and im-
ported into this eountry in considerable quantities. It is
usually kept two months before being eaten.

CAMEMBERT.

Aunthority. Water. Proteids. Fat. Ash.
C.and A, 51:30 % 1900%  21550% 470
L. and B. 519 189 210 47
P. and M. 479 218 219 4-7

z 434 24-4 9926 38

Cheddar.—Cheddar is the typical cheese of English manu-
facture, and its composition, and the conditions under
which the greatest success is attainable, have formed the
subject of many researches. Of recent work on this point,

RIS
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we may mention that of F. J. Lloyd, particularly his
report for 1895, entitled ¢ Observations on Cheddar-Cheese
Making,” in the Bath and West of Kngland Society’s
Jowrnal.

We are indebted to Mr. John Benson, who supplied us
with samples of typical cheeses, for the following descrip-
tion of the manufacturing details employed in Cheddar-
cheese-making :

‘The Cheddar cheeses were prepared by taking 40
gallons of “ night’s milk,” cooling to 60° F., and allowing
to stand. Next morning the cream that had risen was
skimmed off and the milk heated to 90" F., and returned to
the vat, together with 40 gallons of *‘ morning’s milk.”” The
whole (80 gallons in all) was then raised to a temperature
of 84° F., and 2 quarts of *‘starter” were added to bring
the milk to the desired ripeness for adding rennet. At the
expiration of twenty minutes the milk was ripe—i.e., con-
tained about *22 per cent. of acid; then rennet was added
in the proportion of 1 drachm of rennet to every 4 gallons
of milk. After fifty minutes, coagulation had taken place
sufficiently to render the curd fit to be cut with knives. It
was then stirred for ten minutes with the hand, and then
with a rake, and the temperature gradually raised to
100" F. in fifty minutes. A fragment was then tested with
a hot iron, and drew out into strings a quarter of an inch
long., The whey was then drained off and the curd scooped
out into the cooler, allowed to mat together for ten minutes
and then cut up in square blocks, turned over, and allowed
to lie another twenty minutes, when it was in a fit condition
for milling. It was then tested with the hot iron, and
drew out into threads two inches long. The curd was then
ground up, weighed, and returned to the cooler, where it
was stirred with the hands for ten minutes, then spread
out in the cooler, covered with a cloth, and allowed to

' 8—2
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stand for twenty minutes. It was then broken up again
and well stirred and salted, 1 oz. of salt being added to
3 1bs. of curd, and then vatted, and then put to press with
very light pressure, the time taken from renneting to
vatting being five hours. Next day the cheese was then
taken out and a fresh cloth put on, and a pressure of
30 cwt. was applied during the night, and the cheese was
kept in the press for three days, after which it was bandaged
and taken to the curing-room and kept at a temperature of
62° F. till ripe, which required four months.

CHEDDAR.
Authority. Water. Proteida, Fat. Ash,
C. and A. 27839,  44479%  24049% 366 9%
b 928 34 4703 2101 362
P. and M. 330 274 29-5 4-3
,, 855 278 256 42
= 338 267 305 41
£ 3433 276 306 36

In two samples of Cheddar cheese supplied us by Mr.
Benson (March, 1897) we found 523 and 338 per cent. of
fat.

Cheshire Cheese.— We are indebted to Mr. Alfred Smetham
for the following figures on three Cheshire cheeses, which
were made on three different farms, in July, 1892, by a
gkilled cheese-maker under his supervision. The analyses
were made when the cheese were three months old :

l Water, ! Fat. Proteids. Milk Bugar, ' Ash,
4| gg-8 el ey o S INa e 21 9 3:9 9
B a3y e 237 13 32
¢ | 408 | 288 22-6 39 3-7

The procedure adopted in the manufacture of these
cheeses may be regarded as typical, and was as follows :
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‘A mixture of evening and morning milk was curdled
with Van Hasselt's rennet (1 oz. being required for every
22 gallons of milk) at a temperature of 86° F. DBreaking
down of the curd commenced in fifty-five minutes, and
lasted fifty minutes. The temperature was then raised to
88°F., and after one hour and fifty minutes the whey was
drawn off, and twenty minutes later the curd was broken
up by hand. The curd was then weighed, and 7 oz. of
salt were added to every 20 lbs. of curd and mixed in
through the curd-mill. Affer pressing, the cheese was
kept for three months, and at the end of this time was fit
for sale.’

In the case of sample A we give Mr. Smetham’s figures,
not merely for the cheese, but also for the milk, whey and
curd compared with the finished cheese :

Milke, Whey, Curd, Cheese,

June 28, 1802, June 28, 1592, June 23, 1592, Sept. 16, 1802,

Water et C [ 9333 % 47-90 %  39-55 9,
Fat ... iy krigerd 24 26-00) 290-56

Casein and albumen

(N = 6}) ... 3-30 ‘88 20037 24:83
Milk-sugar, ete. ... 460 506 Bedy 2-11
Ash ... 71 49 226 295
100-*0 10000 10000 100-00)

CHESHIRE CHEESE.

Authority. Water. Proteids. Fat. Ash.

P. and M. 378 ¥ 20T % il s 42 %
0 316 26D 305 44

L. and B. 304 J6°1 25D 45

Cream Cheese.—Cream cheese may be made either by
coagulating with rennet, or by allowing the cream to sour
naturally ; in either case it should contain about 75 per
cent. of butter-fat. We are indebted to Mr. Alfred
Smetham for two analyses of cream cheese. No. 1 had
been prepared by natural souring ; the mode of preparation
of the other was not known.
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No. T, No. 2.

Water e 1144 9 1971 %
Butter-fat ... e 8603 7405
Casein 87 512
Milk-sugar, ete. ... 61 54
Mineral matters ... 105 610
10000 100-00

In the July number of the Analyst, 1894, we published
the following figures on two cream cheeses :

i Water. Aﬂ-l_l.. | Fat. Proteids.
Double cream ... _f);i;'tiﬁ% | 349 | ; 393% 19702,
T | 244 94

Bondon ... = 39-5 !

Derbyshire Cheese.—The evening’s milk is cooled and sef
to stand as in Cheddar-cheese-making, and in the morning
the cream is skimmed off, the milk heated to 90° I., and
the eream mixed with morning’s milk and returned to the
vat. The whole is heated to 84° F., and rennet is added
while the milk is only slightly acid ; if it is not acid enough
1 per cent. of ‘starter’ is added. The coagulation must
be rather firmer than is required for Cheddar-cheese-
making, and the curd is cut in pieces about the size of
broad beans. It is then stirred gently with the hands
for ten minutes, and the temperature gradually raised
to 95° F. After sufficient acid has developed the whey
is drawn off, while the amount of acid is equal to that
in the same stage of Cheddar-cheese-making, but the
curd is in a much moister condition. The curd is now
drawn up to the end of the vat, covered with a eloth
and pressed with rack and weights, left for twenty minutes,
and then broken up lightly by hand to allow the whey
to escape, and then pressed again as before. In about
fitty 'to sixty minutes after drawing off the whey the
curd should be ready for milling, and should draw in
threads 1 inch long when tested with a hot iron, and
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have a tough, leafy appearance. The curd is then ground
roughly so that as much moisture as possible is retained
and stirred well for fifteen minutes, and salt added in
the proportion of an ounce to every 4 lbs. of curd. The
curd is then placed in hoops holding about 35 lbs. each,
they are slightly pressed during the night, the cloths
changed in the morning and pressure inereased. They
are pressed for two days and bandaged, and removed
to a curing-room kept at 62° F. The cheeses are ready
to eut in two months, and should have a soft, flaky
texture.

We are indebted to Mr. Benson for the ahove description
and for a sample of Derby cheese which contained 26-9 per
cent. of fat.

DUTCH CHEESE.

Authority. Water. Casein. Fat. Ash.
P. and M. 37-6 %, 325 9, 106 9 63 o
: 9282 9291 295 65

In consequence of the variations exhibited in the amount
of fat, a further number of samples of Dutch cheese were
examined by one of us, which gave the following amounts
of fat (February, 1897. C. G. Moor) :

Sample. Fat, per cent. Valenta test. Frice per lb.
1 155 230 ° C. tid.
2 10°7 240 6d.
3 155 240 6d.
4 162 26°0. 6,
] 284 270 6d,
6 26-1 300 8d.
i 146 300 Tid.
8 210 300 7id.
9 150 30°0 61d.

Gloucester Cheese. — Two varieties of this cheese are
made : Single Gloucester, and Double Gloucester. The
distinetion between these cheeses is one of size only, and
has no reference whatever to quality.
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GLOUCESTER.
Authority. Water. Proteids. Fat. Ash,
C. and A. 2141 9% 49-12 9 2538 % 409 9,
b 3582 3796 21-97 4-25
P. and M. 331 318 235 50
£ 374 D83 98-1 46

Gorgonzola.— Gorgonzola when ripe is permeated by
moulds. The spores of the moulds are introduced by
adding in the process of manufacture powdered bread
crusts on which moulds have been allowed to grow.

GORGONZOLA.
Authority. Water. Proteids. Fat. Ash.
C. and A. 4356 9 24-17 9% 27-95 % 432 %
P, and M. 4003 277 26-1 53
g 330 958 267 46

Gruyere.—The term Gruyére is applied to two kinds of
hard Swiss cheese, which are prepared from cow’s milk.
Much of the cheese sold in England as Gruyere is known
as Emmenthaler in Switzerland.

GRUYERE,
Authority. Water, Proteids. Fat. Ash,
P. and M. 28-2 9% 313 % 286 % 47 9%
. 304 287 318 5
C. and A. 40°00 3125 24-00 300
3 3468 3141 28:93 3-85
L. and B. 320 3071 280 48

Leicester Cheese.—The manufacture of this cheese is
as follows :

The evening’'s milk is cooled to 64° F., and in the
morning the cream is skimmed off and the milk heated
to 90° F., and the cream mixed with a volume of morning’s
milk equal to the evening’s and returned, the whole being
brought to 84° F. If ‘starter’ is used, it should be in
less proportion than for either Cheddar or Derby cheeses
as the development of the acid in the curd must be slower
than 1n the above-named cheeses to obtain good results.
The proper quantity of rennet is then added, together
with the colouring (annato), and about fifty minutes
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should elapse before the curd is ready for cufting, when
it is cut up rather smaller than in Cheddar-cheese-making,
and then scalded up to 98° F. in about sixty minutes
after cutting up. The curd should be well cooked and
then rolled to the end of the vat, and before the whey
is drawn off the curd is pressed in the vat with rack
and weights, the acidity at this stage being rather less
than in the corresponding stage of Cheddar or Derby
cheeses. When the whey has been drawn off, the curd
is cut into pieces about 4 inches square, and spread out
on the bottom of the vat to let the whey drain off. The
cutting-up and pressing is repeated three times, and in
about an hour after drawing off the whey the curd should
be ready for grinding, and at this stage should draw into
threads $ inch in length when tested with a hot iron.
After grinding finely the curd is salted, adding about
an ounce of salt to 31 lbs. of eurd, which is then vatted
into hoops holding about 50 Ibs. each, and very light
pressure is applied till the cheese i1s turned at night,
pressure being increased next day, and the cheese turned
daily for three days. The cheese is then rubbed all
over with hot lard, bandaged, and taken to a curing-room
kept at 62° F. The cheese ripens in about five months,
and shows a slightly granular texture, midway between
Cheddar and Derby for firmness, and should keep perfect
in flavour for several months.

The important points in the manufacture of this cheese
are to start with milk in proper condition, and to keep
control over the development of the acid, which must not
be too rapid, for if the acidity develops too rapidly before
the curd is properly ‘cooked,” the resulting cheese will
be soft and soapy, and will not keep. The object, there-
fore, i1s to get a dry, granular curd with a moderate
amount of acidity; this ensures slow curing and the
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production of a cheese of good flavour and keeping
properties.

A sample received from Mr. Benson in April, 1897, gave
29°2 per cent. of fat.

Parmesan Cheese.—Parmesan cheese is prepared from
partly skimmed goat’s milk.

PARMESAN,
Authority, Water. Proteids, Fat. Ash,
P. and M. 32'5 9, 436 % 17'1 % 62 %
C.and A. 2756 44-08 1595 572

Roquefort Cheese.—Roquefort cheese is prepared from
partly-skimmed ewe’s milk, and is highly prized.

ROQUEFORT.
Authority. Water. Proteids. Fat. Ash.
C. and A. 19309, 43289  3230%  —
P. and M, 296 283 300 67
L. and B. 265 320 32-3 44

Skim-Milk Cheese.—Skim-milk cheese may be prepared
either by natural souring, or by the use of rennet.

Authority. Water. Casein, Fat. Ash,
P, and M. 631 % 17-9 9, 65 %, 1-4 9
C. and A. 43-14 49-79 0-86 621
L. and B. 4538 450 b0 52

Stilton.—Stilton cheese 1s prepared in this country, in
America, and on the Continent. It is prepared from
a mixture of whole milk and eream, or whole milk
alone.

STILTON.
Authority., Water. Casein. Fat. Ash,
P. and M. 19-4 9, 2i=1 2 422 o 26 %
= 212 263 45'8 2+1)
C.and A, 32-11 24:31 3756 343
3 38-28 2393 3059 3:20)

We found, March, 1897, 423 and 41'5 per cent. of fat
in two Stilton cheeses prepared at the Midland Dairy
Institute. They were made under the direction of Mr. John
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Benson, to whom we are indebted for the following
description of the precise details of their manufacture,
which may be regarded as typical :

‘The Stilton cheeses were prepared from fresh milk
containing 37 per cent. of fat. After the milk had been
heated up to 84° F., it was curdled by the addifion of
a sufficient quantity of Hansen’s rennet, in the proportion
of 1 drachm of rennet to 4 gallons of milk. This addition
was sufficient to produce a firm coagulum in one and a
quarter hours. The curd was then ladled out into cloths
and fightened during the day, the whey having been
allowed to remain with the curd for one hour after ladling
out, and seven hours later the coagnlum was turned out
on to a draining sink in a firm condition; the curd was
then cut up into pieces about 4 inches square, and turned
occasionally. At the expiration of twenty-four hours,
counting from when the milk was first set, the curd was
judged to be sufficiently ripe for salting and hooping. At
this stage the whey draining from the eurd would contain
some 1‘0 per cent. of lactic acid; salt was then added
in the proportion of 1 oz. to 4 lbs. of curd. The moulds
or hoops were then filled and turned the same evening,
and kept in the *‘ making-room " (temperature 65° F.) for
nine days; at the end of this period the sides of the
cheeses became creamy, and they were then taken to
the  coating-room” (temperature 60° F.) where they
were seraped and bandaged. This seraping and bandaging
was repeated on three successive days, after which the
bandages were removed, and the cheeses kept in the
coating-room till the outside became dry and ecrinkled,
when they were taken to the * curing-room,” which is
kept damp and at a temperature not exceeding 65° F.
In this manner the cheeses were kept to ripen for three
months, and were turned daily. As soon as blue moulds
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began to appear in the interior of the cheeses they were
removed to a cellar, where they are kept until sold. The
temperature of the cellar is about 56° F., and that of
the ripening-room 62° . In the case of these particular
cheeses, about 12 Ibs. of milk were required to produce
1 1b. of ripened cheese, which was fit for sale when four
and a half months old. The curing-room and cellar are
both kept damp to encourage the growth of the blue
mould to penetrate to the interior of the cheese.’
Wensleydale Cheese.—This is one of the blue-mould
cheeses, and is made chiefly in the north of Yorkshire.
The method of manufacture is somewhat like that for
Stilton. Fresh milk only is used, and is coagulated at
80" to 82" F., the curd is cut into rather large pieces
at the end of an hour, and the contents of the wvat
heated up to 86° F. The curd is stirred by hand for an
hour and then allowed to sink in the whey and remain for
an hour and a half or thereabouts; it is then ladled
out on to open ecloths, after drawing off the whey. A
board with loose weights is placed on the cloths to assist
in expelling the whey. The curd is ground some five
or six hours after renneting, and is then only slightly
sour. Salt is added in the proportion of 1 oz. to every
4 1bs. of curd, and the curd is filled loosely into the
hoops. The cheese remains without pressure over-night,
and next morning is turned into a dry cloth, and put
into the press with a very slight pressure for one day.
The curd when put into the press is only slightly acid,
and contains a good deal of whey, but as it is left without
pressure all night, sufficient acidity is developed to
obviate any danger of fermentation taking place, and
the open texture, produced by the absence of much
pressure, allows the free admission of air, which is
necessary for the formation of the blue mould, the
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spores of this mould being in the air of the room. A
further quantity of whey drains from the cheese in the
curing-room, and this increases the openness of the
interior of the cheese. The cheeses are cured at 60° F.,
and the curing-room is kept damp to render the cheese
soft, and favour the growth of the mould. The cheeses
are made Stilton shaped, and require about the same
time to ripen.

A sample received from Mr. Benson gave 315 per cent.
of fat (April, 1897).

Adulteration of Cheese.—The only adulteration of cheese
at the present day is the substitution of foreign fats for the
true butter-fat, such cheeses being known as margarine, or
“filled ’ cheeses. They are prepared as follows : Skim-milk
is churned up with an emulsion of clarified animal fats
(margarine), and the mixture curdled, pressed, and treated
in the ordinary way. The sale of this product as cheese
without any qualifying description is an offence under the
Food and Drugs Act, and convietions have been from time
to time obtained ; so that very little margarine cheese is to
be found in this country.

Margarine cheese is prepared at Dunragit, N.B., at Ham-
burg, in Holland, and in America. Its sale and its pre-
paration are both prohibited in Canada, New York State,
Pennsylvania, Massachusetts, and Wisconsin.

The smell of margarine cheese is peculiar, and its de-
tection analytically is so exceedingly easy and certain that
there is little chance of its ever being sold in Fngland,
except on rare occasions. The methods for its detection
are given under the ¢ Analysis of Cheese.’ |

In 1894, we examined a sample of margarine cheese that

was purchased as American Cheddar, the figures obtained
being as follows:

Water. Proteids. Fat, Asgh,
306 9 308 9 977 9% 36 9,
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The fat, when tested with an equal volume of strong
olacial acetic acid, gave a turbidity at 82:0° C. In July and
September, 1895, R. Bodmer examined two samples of
cheese purchased under the Food and Drugs Act, which
proved to be margarine cheeses. They contained 42°4 and
317 per cent. of fat respectively, and the Reichert figure ob-
tained on the fat showed them to be almost entirely devoid
of butter-fat. The samples were sold as American cheeses,
and in each case the vendors were convicted and fined.

The following number of samples of cheese have been
examined by the Public Analysts during the past six years:

— = === —

Total Numb - Pe t f
:_. ;‘am 5;_11[;11“ : Adulterated. A L{ﬁfﬁl:‘:ﬁ?ﬂ:’i,
1890 130 | 8 615 9
1891 143 I D 36
1892 = | —_— —
1893 a0 , 12 36
1894 421 ! 18 42
1895 ! I} ’ 19 o
|

In 1884, Macfarlane, in Canada, examined fifty - six
samples of cheese, all of which proved to be genuine.

In Massachusetts there is no legal standard for the fat
in cheese, but of a number of samples examined by Charles
P. Worcester during the past three years the fat averaged
about 85 per cent. He used the Babcock centrifugal
machine for determining the percentage of fat.

In 1885, a special New York State brand was adopted for
¢ pure eream cheese,” which is said to have accomplished
much in restricting the sale of the spurious article.

Wynter Blyth (‘Foods and their Adulterations’) says,
¢ A cheese which shows under 10 per cent. of fat may with
propriety be called skim,” and with this we heartily agree.

At present we may purchase as ‘cream cheese’ what is
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not even a milk cheese, and if cream cheese is really
desired it must be asked as ¢ double eream,’” or under some
fancy name.

There is no standard for cheese in this country, and con-
sequently a skimmed-milk cheese containing only traces of
fat may be sold as cheese without any qualification, while
we are confronted with the anomaly that if margarine-fat is
added, it is an offence to sell the resulting product as cheese
unless its character is declared.

It is therefore evident that a standard for cheese should
be adopted, and the following would be a fair one, namely :
not less than 30 per cent. of true butter-fat, while no starch
or other extraneous matter should be present. Any cheese
that does not come up to this standard should be required
to be plainly marked and sold as ‘prepared from millk,
from which a portion of the fat has been removed.’

The Analysis of Cheese.—Water is estimated by drying
5 grammes of the sample in thin slices at a temperature of
105° C. till constant in weight.

The ash is estimated on the above by igniting at as low
as possible a temperature. It will vary wvery largely
(without taking into consideration the added salt) according
to the amount of acidity that was permitted in the process
of manufacture, the higher the acidity the more calcium
salts will have been dissolved and run off with the whey.

The proteids are obtained by multiplying the nitrogen
figure by the factor 6-3.

Fat.—Many methods may be employed to estimate the
fat in cheese. After having given some considerable atten-
tion to the matter, we prefer to use one of the two following
methods :

Ether Fxtraction Process.—Fifty grammes of the cheese is
ground up in a mortar with a fairly large quantity of sand.
The powder so obtained is placed in a tall stoppered



128 THE ANALYSIS OF MILK AND MILK-PRODUCTS

cylinder, and extracted by means of four successive portions
of ether, using in all about 500 c.c. The ether-washings
are then made up to a definite volume and an aliquot
portion taken, the ether evaporated, and the residual fat
weighed in the usual way.

Mechanical Process—When 1t 18 merely necessary to
estimate the fat, it can be quickly and accurately deter-
mined by means of the following modification of the
Leffmann-Beam process for milk:

Two grammes of the cheese are taken and reduced to as
fine a state of division as possible ; this is then transferred
to a small dish and treated on the water-bath with 30 c.c.
concentrated hydrochlorie acid until solution is effected and
the solution is of a dark purplish colour. The mixture is
then poured into a Leffmann-Beam bottle, and the dish
rinsed with the HCl-fusel-oil mixture into the bottle,
and, finally, enough of the hot strong acid added fo fill
the bottle to the mark. It is then centrifugated for one
minute.

The Leffmann-Beam bottles are graduated so that ten
divisions equal 1'0 per cent. by weight on the 1555
grammes (=15 c.c.) of milk taken.

It follows therefore that the factor, in order to make use
of the bottle, will be :

1555

o =TT

With very little practice concordant readings are easily
obtained, which agree with the ether extraction process
already explained.

To obtain fat on which to do further work, it is generally
sufficient to chop up about 50 grammes of the sample,
which is hung up in a muslin bag in the water-bath ; the
fat will generally run out clear. The fat can also be
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obtained from the remainder of the ether by evaporation in
the process already given.

The fat should be examined by means of the Reichert
process, as described under butter, to prove that it is true
milk-fat. Starch should be tested for by taking a portion
of the fat-free residue, boiling with water, filtering, and
testing the filtrate for starch, by means of a dilute solution
of iodine in potassium iodide. No blue coloration should
be obtained.

9
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PREFACE.

WareR is not technically included among foods or drugs,
but it enters so constantly into the ordinary practice of an
analyst whose work lies in their examination that it
appears to us desirable to include it in the present manual.

It has been impossible in the space at our disposal even
to refer to many of the enormous number of processes
which have been proposed for the estimation of the various
substances contained in waters. In making a selection,
we have chosen those which by actual prolonged use we
have found to be convenient, and, within practicable limits,
accurate.

The information in regard to the suspended matter n
water is illustrated by original drawings, as the recognition
of the larger organisms is easier than that of the bacteria,
and might be practised with advantage more often than
is usual. The majority of the drawings have been made
for this work from her own preparations by Miss Ethel
Smithwhite.

We are indebted to Mr. Wolf Defries for criticism, more
particularly in regard to the circumstances which affect
the significance of results and to the ‘duty’ of several
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methods of examination. Although the wviews which
Mr. Defries holds in regard to these matters, both from
the chemical and the bacteriological standpoint, are
stronger than those which it is usual for analysts to
express, we have adopted them with the greater satis-
faction because we do not think that the limitations
peculiar to the examination of water are as clearly
recognised as they should be. We have also to thank
Dr. E. H. Cartwright for his kindness in reading the
whole of the proofs, and to many other analysts for much
information as to their personal methods.

b H e

C. G. M.

4, Daxg’s Inn, STrAND, W.C.
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THE CHEMICAL AND BIOLOGICAL
ANALYSIS OF WATER.

[. INTRODUCTION.

It is now universally acknowledged by sanitarians that a
proper supply of unpolluted drinking-water is one of the
most essential conditions to ensure the health of the
community. This being so, it is one of the first duties of
the Sanitary Authorities to see that this is provided to
every house under their jurisdiction. Most of our large
towns are provided with a more or less satisfactory publie
water-supply, but the larger proportion of the population,
who are resident in villages and isolated dwellings all over
the country, are dependent upon water-supplies derived
generally from shallow wells, which in many cases are
grossly polluted. This state of affairs is all the more
serious, in view of our certain knowledge of the conveyance
of disease by means of polluted water-supplies. One is
frequently met with the retort from ignorant persons that
such waters have been drunk without harm from time
immemorial.  Although water contaminated with sewage
has been, and is still, drunk by a large number of people
apparently with impunity, yet such dangerous waters may
at any moment become positively injurious to the health of
the persons using them. It is now well known that
polluted water is the most important agent in the convey-
1
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ance of typhoid fever. The slightest contamination of a
water-supply with the dejecta from a single case of enterie
fever has, in many well-authenticated instances, caused
widespread epidemics of the disease amongst those persons
who have used the contaminated water-supply, as witness
the recent epidemics at Worthing and Maidstone.

The object of water analysis is, as a rule, to ascertain
the suitability of a water from a particular source for
drinking and other purposes. In judging of the suitability
of a particular supply, it is advisable to ascertain its
history as far as possible—that is, the character of the
geological strata from which it is derived, the relative
positions of possible sources of pollution, such as cesspools,
churchyards, stables, ete. This information is frequently
withheld by persons submitting a sample for analysis for
fear of biassing the analyst’s opinion, and thus information
that might have been of use is often wanting.

In the absence of the history of a water, we have
generally to rely on the information we are able to gain
from the three methods of examination, which we place in
the order of the importance we attribute to them :

(1) Chemical analysis.
(2) Biological examination.
(3) Physical examination.

The first point to be clearly grasped is that neither any
one, nor the whole, of these methods, applied to a single
sample or to a few sporadic samples of water, can warrant
the fitness of a water-supply for drinking purposes. The
analysis of such sample or samples may disclose sufficient
quantities of substances or bodies of suspicious origin to
show that the water is unfit for consumption, or, at least,
that it is either derived from sources liable to convey
infective material or contains poisonous substances. It
may, however, give no such positive results, and this
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circumstance may be due either to the fact that the water
is either pure in itself and not open to pollution, or to the
fact that at the time at which the sample was taken no
pollution happened to be drawn or foreced into the supply.
The latter interpretation is very frequently the correct one;
and the danger which attends it, if it be not recognised by
the Sanitary Authorities, is that due to false confidence,
and has been responsible for some of the most serious
water-borne epidemics. The means of protection which
are available through analysis are due to two facts. When
infective organisms are introduced to a water initially
proper for consumption, these organisms do not come
alone, but are usually accompanied by chemical substances
and by other organisms, which alter the chemical and
biological composition of the water in a manner to be
detected by analysis. When no substances which are
infective or liable to convey infection are introduced inte
a water-supply, its composition is usually found to be
practically constant. It is possible, by taking observations
over a sufficient period, to determine whether the com-
vosition of a water-supply is constant or variable; and
before it can be warranted as safe, it must by such
systematic and continued examination have been shown to
be of practically constant composition in all its factors.

The first, and beyond comparison the most important,
fact in the analysis of any water-supply for sanitary pur-
poses 1s that its examination at short periodical intervals is,
without reservation, the only means at disposal for obtain-
ing the protection which technical examination can give.
It may be said, indeed, that even a partial examination con-
ducted under rigidly constant conditions every day, or even
every week, is preferable to a complete examination made
once a quarter, and would yield a far greater increase of
security to those who use the water.

1—2
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Each of these methods of examination of water has its
own special importance, but it may be as well to indicate
the information which is gained by these methods of
examination. Undoubtedly the chemical examination is
usually the most important.

It permits a far larger number of independent factors to
be accurately estimated ; and although the consumption of
the substances discovered may in itself be indifferent fo
health, the chance of detecting variation in composition,
which is the most important sign of danger in waters
which may sometimes or usually be safe, is considerably
greater than by other methods. Its least merit is the
certainty by which directly poisonous, as distinguished
from infectious, material i1s detected ; for such material
is of rare occurrence. In the same way, but not for
the same reason, it may be said that the least merit
of bacteriological examination is the direct detection of
specific infective organisms. Where such organisms are
detected the supply is, of course, to be condemned. Bub
it must be remembered that infective organisms are not
dissolved in the water and uniformly distributed over if.
They are solid bodies floating in it, and as only a very
small sample of the total supply is examined, they may
be present in the supply and absent from the particular
samples chosen. They are also in all cases accompanied
by other organisms, some much better capable of growing
in water; and when they reach the analyst, they may be
so far attenuated, that they fail to develop in his media,
and though present, may escape recognition. The chief
merits of bacteriological examination are two. On the one
hand, it furnishes a factor capable of quantitative estima-
tion, by which variations in the composition of the supply
may be detected. On the other hand, it enables organisms
which, though themselves indifferent, are usvally intro-
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duced with infective material to be detected. It also
enables us to control the working of water-filters.

Respecting the information that we may gain from the
microscopic examination of suspended matters, it must be
remembered that while we may sometimes find such bodies
as epithelial scales, undigested muscular fibre, and the like,
which may lead us to suspect pollution with sewage or
other putrescible matter, yet in most cases of waters from
towns such substances will be filtered out of the water;
this will also happen in the case of well-waters, so it is only
occasionally that this method of examination will render
assistance to the analyst.

The microscope also permits the recognition of organisms
different from, and of larger size than, those which are
known to be infective. Some of these are directly diag-
nostic of the sewage which is the ordinary vehicle of
infective material, and where the supply has been filtered,
the presence of any such larger organisms is evidence that
the filter would have been unable to arrest the more
minute organisms of infective disease, and that the pro-
tection intended to be obtained by the filtration has at
least, for the time being, been illusory.

There is no great difficulty in performing the operations
involved in water analysis, but the power of correctly inter-
preting the analytical results is only to be attained by very
considerable amount of training and practice.

A satisfactory drinking-water should be practically free
from organic matter, and should neither contain, nor have
the power of dissolving, poisonous metals, and should be
free from excessive hardness. Regarding the first of these
requirements, freedom from organic impurity, it was clearly
recognised as dangerous to drink water polluted with excre-
mentitions matter long before the precise nature of the
danger was known.
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II. CLASSIFICATION OF WATERS.

Tae term pure cannot be applied to natural waters in its
strict sense, but only relatively, since absolutely pure water
does not exist in nature. All potable waters are con-
taminated with impurities to a greater or less degree ; and
it is through the nature of these impurities that the analyst
is assisted to form an opinion as to the previous history of
the water and its probable suitability or unsuitability for
potable purposes. Owing to the remarkable solvent power
possessed by water, the number and variety of substances
which it can take into solution greatly exceed that of any
other liquid. In addition to its great solvent power for
many saline and gaseous bodies, it has considerable solvent
power for many of the constituents of the rocks and strata
composing the earth’s crust. We may classify the prineipal
constituents and impurities of natural waters as follows :

Gaseovs.—Carbonic acid, oxygen, nitrogen.

Sorins  (Mineral). — The carbonates of calecium and
magnesium, sulphates of calcium, magnesium and sodium,
chlorides of sodium and potassium, silicates.

Sorins (Organic).—The products of the decomposition of
animal and vegetable matters.

In addition to these, waters are liable to econtain more or
less insoluble and suspended matters, consisting of mineral
matters, such as sand, clay, oxide of iron, chalk, ete., or of
living and dead vegetable and animal matters consisting of
alge®, moulds, bacteria, hairs, cellular tissue, fibres, insects,
infusoria, epithelial scales, fecal débris, ete.
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Natural waters can be divided into five classes :

Rain-water.—This includes all water derived direct from
the atmosphere, such as rain, snow, hail, and dew.

Surface-water.— Waters derived from lakes, ponds, rivers,
and streams.

Subsoil-water—Waters percolating through the soil or
rocks, at no great distance from the surface, and lying
between it and the impermeable stratum.

Deep Well or Artesian Well Water.—Waters obtained by
means of borings at a considerable distance from the surface,
and coming from below the impermeable stratum.

Sea-Water.

Generally speaking, we may arrange the various sources
of supply of potable water in the following order with
regard to purity :

Rain-water (collected under proper conditions).

Deep spring and artesian well water.

Upland surface and moorland waters.

Subsoil - water (if collected distant from any source of
pollution).

River-water.

Land springs.

Surface-water from cultivated lands.

RAIN-WATER.

This is the purest form of natural water, if collected
under proper conditions in the open country. Rain-water
contains only a trace of solid matter, and is therefore per-
fectly soft; but it contains frequently large quantities of
ammonia, together with traces of nitrates and nitrites.
The traces of solid matter are, of course, derived from the
dust and other matters contained in the atmosphere. The
rain-water from the neighbourhood of large towns is very
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impure, containing as it does large quantities of soot, sul-
phurous acid, and other products of combustion.

Rain-water, owing to its soft character, has a great
tendency to act upon leaden pipes and cisterns, becoming
charged with this poisonous metal. In distriets near the
sea rain-water will be found to contain very appreciable
amounts of ehlorides. The River Pollution Commissioners,
in their Report, give a lengthy table of analyses of seventy-
eight samples of rain-water, and of eight samples as ordi-
narily collected and stored in tanks. The following are the
averages of their results :

In grains per gallon.

Fresh rain-water, Tank-water.
Total solids ... en TR 168
Chlorine ... .. 0004 078
Hardness ... . 0042 79
Nitrogen as nitrates oo 0043 078
Free ammonia .. 0°035 0-08

Levy has found that in dew, fog, and snow-water there is
more ammonia and less nifric acid than in rain-water.

Muntz has shown that the rain-water of the tropies is
richer in ammonia than that of temperate climates, and
that town air contains more ammonia than does country air.

Where rain-water has to be collected from the roof for
drinking, it may be necessary to calculate how much can
be expected from this source. To take an example, if the
rainfall were 24 inches per annum, and the roof (which
should be slate or tiles) were 60 feet by 20 feet, we should
in a year get 60 feet by 20 feet by 2 feet, or 4,800 cubic feet,
or 28,240 gallons, theoretically. In practice, however, the
loss due to evaporation is considerable; and to obtain the
water fit to drink it would be essential to employ a rain-
water separator, an ingenious arrangement which discards
the first few gallons of roof washings, and, after the roof
has been well cleansed, the rest of the shower is diverted
into the store tank for use.

PRSI =
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In the above case, if we imagine the cottage to contain
six persons, and that one-third of the water is lost, we
shall have 18,826 gallons per year, or about 86 g:-ﬂldns
per head per day—not a very liberal allowance.

Where rain-water is to be collected for use, the keeping
of pigeons is, for obvious reasons, a very undesirable
practice.

SURFACE-WATER.

As already mentioned, the whole of our potable water 1s
derived originally from the atmosphere in the form of rain.
Part of this sinks into the earth, and the remainder runs
over the surface of the land in the form of streamlets,
which unite to form rivers, ponds, lakes, ete. The water
as 1t flows over the surface takes up more or less suspended
and dissolved matters, the former being found in larger
amounts when the rainfall is plentiful. The wearing action
of water is largely dependent on the nature of the sus-
pended matter that it conveys down from the upper levels
of the watershed. When the tributaries conveying the
waters from districts of varying characters become mixed,
the nature of the suspended and dissolved matters may
become largely modified. When the streams from the
higher levels of a watershed, more or less in the form of
rapid mountain torrents, gather together to form rivers,
the rapidity of the current naturally becomes slower as
they reach the lower levels, and as a result much of the
suspended matter is deposited. The water of streams and
lakes is in part derived from springs, which in many cases
come from great depths, and thus may introduce into solu-
tion substances which are not present in surface-water
proper.

By the joint action of air and water the hardest rocks
undergo a weathering or disintegrating process. By the
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exposure of the surface of the rocks to the alternate freezing
and thawing of the water contained in the minute inter-
stices, the superficial layers become broken down, thus
enabling the water to exercise a solvent action upon the
soluble constituents, the insoluble portion being conveyed
down to the lower levels in the form of gravel and mud.

The Igneous, Metamorphie, Silurian, Cambrian, and
Devonian rocks, which are so largely exposed in the
western parts of England and Wales, yield a very con-
siderable amount of surface-water. The water so yielded
is generally exceedingly soft and of high organic purity.

Rivers are very liable to pollution, as they form the
natural destination for the drainage from the land situated
on each bank. From the earliest times inland towns have
always, when possible, been established upon the banks of
a river or stream, in order to be within easy reach of an
abundant supply of drinking-water, and for the convenience
of commerce. As the populations inereased, the amount of
water used and fouled became greater and greater, owing
to the soil becoming saturated with excremental matter due
to the earth method of disposal which was in vogue for so
many years.

SUBSOIL-WATER, OR GROUND-WATER.

Subsoil - water 1s that which has percolated the strata
immediately below the soil, and is generally easily obtained
by means of shallow wells. Subsoil-water i1s one of the
most frequent sources of supply, particularly in villages,
but it is exceedingly liable to pollution, especially in the
vieinity of houses, farms, ete. The amount of water which
enters the soil depends upon the permeability, and varies
with the nature of the strata, gravel soils being the most
and clayey soils the least permeable. The quality of sub-
soil-water also wvaries with the nature of the subsoil and
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the proximity to houses. Subsoil-water from the chalk,
lias, oolite, and limestone districts will be hard, but that
supplied from the older formations, such as the Yoredale
and millstone grits, as also that from sands and gravels
generally, will be soft if uncontaminated. Water collected
by means of shallow wells in the proximity to human
habitations is often most dangerous to health, owing to its
receiving the leakage and soakage from privies, drains, and
cesspools, although, notwithstanding the presence of these
dangerous polluting matters, it is normally bright and
palatable.

DEEP OR ARTESIAN WELL WATER.

Deep borings, or artesian wells, particularly those which
pass through impervious into pervious water-bearing strata,
are very important sources of water from the hygienic point
of view, since many of these wells provide practically un-
limited amounts of water of almost absolute organic purity.
The geological conditions do not always, however, favour
this type of well. The older rocks, such as the Devonian,
millstone grit, magnesian limestone, and coal measures
provide but little water by this means. The new red sand-
stone, oolites, chalk, lias, and greensands are the great
water - bearing strata. These formations contain vast
volumes of water stored up in their pores and fissures, and
are capable of providing practically unlimited supplies of
drinking-water of the highest purity, and it is a matter of
surprise that greater use is not made of this source of
supply. Fissures may, however, establish connection be-
tween the supply and the surface water, and in that case
dangerous pollution may arise. The best precaution, and
often the only one which is possible, against this hidden
danger is the systematic examination of the water, for its
composition will be normally stable, and substantial varia-
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tions will indicate the intrusion of a foreign source. The
Rivers Pollution Commissioners found the deep-well waters
from the chalk ‘ almost invariably colourless, palatable, and
brilliantly clear. The chalk formation constitutes magnifi-
cent underground reservoirs, in which vast volumes of
water are not only rendered and kept pure, but stored and
preserved at a uniform temperature of about 10° C., so as to
be cool and refreshing in summer, and far removed from
the freezing-point in winter.’

SEA-WATER.

Sea-water is but of little importance from the hygienie
point, but is of great interest chemically. Sea-water taken
from the surface of the ocean ranges m specific gravity
from 10220 to 10290, pure water being 10000, and
contains from 33 to 3'9 per cent. of dissolved solids. The
water of narrow seas may contain less than this: thus the
Baltic only contains 1'8 per cent. of solids. The water of
inland seas or lakes may, however, be heavily loaded with
dissolved solids ; for instance, the Dead Sea confains 24°0
per cent. of solids.

The solids of sea-water consist in the main of common
salt (sodium chloride). According to Dittmar, the solids of
sea-water on the average have the following composition :

Chloride of sodium ... ... T7'7 per cent.

Chloride of magnesium e 308 i

Sulphate of magnesium %

Sulphate of ealeium ... e

Sulphate of potassium

DBromide of magnesium
Carbonate of caleiom ...

®
®

e

"
M
"

QoL
oo b2 S O =1
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III. COLLECTION OF SAMPLES.

Tue greatest care should be taken in collecting samples
of water for the purpose of analysis, in order to secure
average and representative samples of the supply under
examination. The amount of water required for an
ordinary sanitary analysis of water is half a gallon, and the
most eonvenient receptacle for containing the samples are
the stoppered 80 oz. ‘ Winchester Quart’ bottles, which
are readily to be obtained at any chemist’s shop. Corked
bottles should never under any circumstances be used.
If a full analysis is required, as, for instance, in the case of
judging the suitability of water for brewing or boiler
purposes, a larger quantity of water is required, say, from
one to two gallons. The bottles used for collecting the
samples must first be thoroughly cleansed by washing with
hot soda to remove traces of grease, and then with a little
dilute hydrochloric or sulphurie acid, and must then be well
rinsed with water until the last traces of acid are completely
removed. It is preferable, whenever possible, to use new
bottles, but whether the bottle is new or not, it must be
well rinsed with water several times, and lastly with dis-
tilled water and well drained. It is safest never to use
bottles which have contained organic fluids.

If the sample of water to be examined is to be taken from
a pump or hydrant, it should be allowed to run to waste for
a short time before collecting. 1In the case of tap-water, it
should also be allowed to run for a time before taking a
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sample, unless it is desired to examine the water for the
presence of lead, in which case it may be advisable to take
the first runnings, so as to see whether it is able to dissolve
the metal through standing in the pipes. In taking
samples from a river, streams, or lakes, care should be
taken to avoid any floating scum, or the stirring up of mud
from the bottom, and the sample should be always taken
away from the banks. In taking samples from public
supplies, they should be collected from a hydrant in direct
connection with the main, and not from eisterns or other
storage receptacles.

No sealing-wax, linseed paste, or other form of sealing
material should be put on the stoppers of water samples,
owing to the danger of contaminating the samples, but the
stopper should always be covered with a clean piece of
parchment paper; the string used in fastening this can be
sealed with sealing - wax if desired. The Dbottles after
labelling can then be packed in straw or other suitable
packing material, and enclosed in hampers or boxes for
carriage. Water samples should be sent off to the analyst
with the least possible delay, so that the analysis can be
put in hand as soon as possible. This is very important,
as waters, particularly polluted ones, are liable to undergo
chemical changes on keeping. Where it can be done,
there is advantage in packing the sample in ice, and so
keeping it until examination. This may not absolutely
prevent change, but in so far as change is due to bacterial
action, it at the least very materially retards it. It is also
of the greatest importance that a proper record should be
sent of the date of collection, preferably upon a label upon
the bottle itself, of the source of the water, whether derived
from pump, river, ete., particulars in reference to sources
of possible pollution, such as proximity to cesspools, stables,
sewers, or manufacturing establishments. In the case of
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wells the depth should be given, and also the character of
the local geological conditions should be given whenever
possible. Since the object of a water analysis is most fre-
quently to determine as to whether it is fit for domestic
purposes, too much importance cannot be insisted upon as
to the necessity of supplying the analyst with these par-
ticulars as to its history. It is often difficult to give a
correct opinion as to the purity or safety of a water without
the knowledge of these facts.

It 1s sometimes thought prudent by persons or authori-
ties seeking the advice of an analyst to suppress these
particulars, on the ground that they will bias his judg-
ment. It is for this reason, among others, that we attach
the utmost importance to using all methods whereby
those concerned may realize how very indirect is the
bearing of the information which analysis yields upon
the sanitary quality of a water. No analytical figure
(poisonous metals apart) expresses any circumstance
which in itself has the faintest bearing on health. The
figures of a water put together provide, nevertheless,
the most cogent means of forming a judgment on its
character, provided the source of the water be known ;
but they may be misleading in the absence of such know-
ledge, because the inference which a given set of figures
may justify in regard to a water of one origin may be
entirely inapplicable to a water of another origin.

When a bacteriological examination is needed upon a
sample of water, special conditions and precautions have to
be adopted for its collection ; these will, however, be dealt
with under the section dealing with the biological examina-
tion of water. Ior the ordinary chemical examination of a
sample of water for sanitary purposes, it is necessary to
have the following data, for expressing an opinion as to its
freedom or otherwise from pollution with sewage, or other
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dangerous putrescible matter, and general suitability for
domestic purposes :

Physical characters and nature of sediment, if any.

Total solid matter. Loss of same on ignition.

Chlorine.

Hardness.

Phosphates and poisonous metals.

Saline ammonia.

Albuminoid ammonia.

Amount of oxygen consumed for oxidation of contained
organic matter.

Nitrogen present as nitrates and nitrites.

Statement of the Results of Analysis.

The results of analysis are still commonly expressed in
grains per gallon, i.e., in parts per 70,000, since there are
this number of grains in the gallon. Some analysts prefer
to report the solid constituents as grains per gallon, and
those representing the organic impurity in terms of parts
per million (=milligrammes per litre).

The method of reporting in parts per 100,000 (= milli-
grammes per 100 c.c.) has the advantage that the results
are at once comparable with analyses made abroad. This
method of stating analytical data in connection with water
analysis 1s in common use on the Continent, and is rapidly
coming into use in this counfry. Results expressed as
orains per gallon can be converted into parts per 100,000
by dividing by 7 and multiplying by 10, whilst multiplying
by 7 and dividing by 10 converts parts per 100,000 into
grains per gallon (= parts per 70,000).

When the results are desired in terms of grains per
gallon, it is convenient to measure 70 c.c. for each estima-
tion or a multiple of this quantity by means of a special
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pipette. This quantity (70 c.c.) represents a ‘ miniature
gallon,” and the results obtained can at once be expressed
in terms of grains per imperial gallon. Since 1 c.c. weighs
1 gramme approximately, therefore 70 c¢.c., the miniature
gallon, weigh 70 grammes or 70,000 milligrammes.
Therefore milligrammes per 70 c.c. 18 equivalent to
parts per 70,000 or gramns per gallon. In the same way
if 100 c.c. is taken for each estimation, each milligramme
of constituent found represents directly parts per 100,000,
since 100 c.c. =100,000 milligrammes.

IV. PHYSICAL EXAMINATION.

Tue sample i1s shaken up and poured out into a colour-
less glass tube 2 feet long and 2 inches in diameter, which
has been ground flat at the closed end, and the clearness,
presence of suspended matter, colour, ete., observed.
C'learness.—The degrees of turbidity may be expressed as
‘ faintly opalescent,” ¢ very slightly turbid,’ ¢ slightly turbid,’
‘ turbid,” ete. The turbidity or haziness in water is caused
by the minute particles of suspended matter, the nature of
which is subsequently determined by a microscopical
examination. The best quality waters are, of course,
brilliant and clear, but these qualities cannot be considered
as any evidence of purity, for the most grossly con-
taminated waters may be both bright and clear.
Colour.—This is best observed by looking down the tube
upon a white porcelain slab. Good waters possess but

little, if any, colour when thus examined, at the most only
2
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a faint grayish-blue or greenish tint. If any yellow or
brownish tinge is seen, it will probably be due to the
presence of a large amount of sewage pollution, or
vegetable contamination in the form of peat, which
frequently oceurs in upland surface waters. Finely-divided
oxide of iron and elay may also give rise to brown tints in
water.

A marked greenish tinge may be communicated to water
by chlorophyll-containing alge. Water from rivers that
receive the waste waters discharged from various manu-
factories may be variously coloured, particularly those from
dye-works.

A permanent record of the colour of a water ean be
made by means of the apparatus devised by Messrs.
Crookes, Odling, and Tidy. In this apparatus the water
1s compared against dilute standard solutions of copper
sulphate, cobalt chloride and ferric chloride. These are
contained in hollow prisms, which are made to shde
across one another in front of a circular hole in a metal
ghield. Thus any desired combination of blue and brown
tints can be obtained, and the colour of the water under
examination is stated in so many millimetres thick of blue,
and so many of brown.

The colour of a water, as well as the degree of turbidity
may be determined and recorded quantitatively by the
use of Lovibond’s tintometer. This ingenious instrument
deserves to be better known to analysts generally, and as
its price is not prohibitive, would prove of considerable
value in water analysis.

The colour of a water is determined by filling a cell
fitted with glass ends with the sample water, and having
directed the instrument at a white piece of paper a few feet
away, the colour is matched by interposing pieces of glass
of graduated tints.
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The glasses used are red, blue and yellow, varying from
a tint so light as to be hardly percepfible up to a bright
colour. By means of these standard glasses any tint can
be matched, and not only can a measure and analysis of a
colour be obtained in terms of so much yellow, blue, green,
ete., but the opacity due to suspended matter can be
precisely measured.

The instrument requires no special skill on the part of
the operator, provided he possesses normal vigion and
works in average daylight.

Smell.—The odour of a water can be best ascertained by
placing about 200 c.c. of the sample in a chemically clean
stoppered bottle of about 250 ec.c. capacity, and immersing
this in warm water, at about 65° C., for a few minutes.
The stopper is then removed and deep sniffs taken at its
contents. Any sewage or urinous odour, or any con-
tamination with coal-gas, sulphuretted hydrogen, ete., is
thus easily detected.

A more delicate method than this is that of M. Boudri-
ment, who shakes 100 c.c. of the suspected water with an
equal volume of ether, which is then separated off and
allowed to evaporate at the temperature of the room; the
residue left after the evaporation of the ether is then
carefully smelt. The test may be rendered yet more
delicate by distilling a litre and collecting the first 50 c.c.
that come over, and treating them with ether as above
deseribed.

Many natural waters, e.g., peaty waters, give off peculiar
and characteristic odours, which are very difficult to
describe. The test of smell is, however, very unreliable,
and is one into which a great deal of personal equation
enters. Absolutely pure water is quite free from odour,
but waters from some geological formations occasionally

2—2
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have a faint odour of sulphuretted hydrogen, particularly
those from some sandy and clay formations.

It must not be overlooked that certain ¢ mineral ’ waters
contain large amounts of sulphuretted hydrogen.

Certain infusoria and alge may be the cause of bad
odours in water supplies. %

The Uroglena Americana is frequently the source of a
‘fishy ’ odour, and is a serious source of trouble in certain
water supplies in the United States. Others give rise to an
odour recalling cucumbers. The Volvox globator also gives
rise to a fishy odour and taste. Bursaria gastris gives rise
to a seaweed-like odour, and the diatoms Asterionella and
Tabellaria sometimes give rise to an aromatic odour in
water-supplies. Recently the Cheltenham public water-
supply suddenly acquired a fishy odour and flavour, which
was found to be due to a copious growth of Chara fetida
upon the walls of the reservoirs.

Taste.—The pleasant taste of a good water is mainly
due to the gases, such as carbon dioxide and air, contained
therein. The flat taste of rain and distilled water is due to
the absence of these gases. The sense of taste is
practically useless as an indication of the purity or other-
wise of a sample of water. Common salt can be present in
amounts as large as 60 grains to the gallon, without
causing a brackish taste. Iron salts, however, in very
small amounts (as little as 02 grains per gallon) will give
rise to a very decided chalybeate taste.

As stated above, infusoria and alge may be the eause of
various peculiar and unpleasant flavours in waters.

A certain amount of discretion should always be
exercised by the analyst before tasting samples the history
and origin of which is unknown, as, for obvious reasons,
the safety of such a procedure may be very question-
able.
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Reaction.—The degree of alkalinity or acidity possessed
by a sample of water is not infrequently a factor of great
importance. Most natural waters will be found fo be
faintly alkaline, owing to the presence of calcium
bicarbonate, and, less frequently, to sodium ecarbonate.
Many waters are quite neutral in reaction. Badly
polluted waters may be alkaline, due to the presence
of ammonium carbonate, resulting from the decomposition
of the urea contained in urine. Many upland surface
waters are decidedly acid, due to humie, ulmie, geie, and
other organic acids, derived from peat. In considering
the action of water on lead pipes, this reaction is of im-
portance. The waste waters of factories may be excessively
acid or alkaline, and these may thus contaminate a large
body of water. When necessary, the reaction of a sample
of water is determined in terms of centi-normal acid or
alkali as the case may be, dilute solutions of methyl-
orange, phenol-phthalein, or lacmoid being used as indi-
cator. If the acidity disappears on boiling, it is due to
carbon dioxide. Lacmoid possesses the advantage over
phenol-phthalein that it is unaffected by carbon dioxide.

Aeration.—A good water, to be palatable, must be well
aerated. The highest-class waters are invariably well
aerated. Waters from deep wells, from the chalk and
limestone, are frequently highly charged with carbon
dioxide. Evidence of this is frequently afforded by minute
gas bubbles collecting upon the sides of the bottle con-
taining the sample. The estimation of fthe dissolved gases
in water, which is sometimes required, will be dealt
with later.
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Microscoric ExaMiNaTION oF SUSPENDED MATTERS.

To examine water for suspended maftters it was generally
the custom to set aside about 200 c.c. in a conical glass,
and after the suspended matters had settled out, to examine
some of the sediment under the microscope. This plan
would doubtless serve in the case of most of the suspended
matters likely to be found in water, but as some of them
are motile, and others of nearly the same specific gravity as
water itself, a more efficient plan is the use of the ‘ miero-
filter,” described by Dibdin (Analyst, xxi., 2), by which
means the whole of the suspended matter may be rapidly
removed from a considerable volume of water in a short
time, and a tolerably exact estimation of its quantity arrived
at. Dibdin first filters about 500 ec.c. of the water to be
examined through hardened filter-paper, and then washes
the suspended matter retained by the paper into his ‘ miero-
filter,” which 1s a narrow tube plugged at the smaller end
with a mixture of clay and kieselguhr.

Leffmann describes a method modified by Williston from
that of Sedgwick and Rafter. In this a small glass funnel
has its lower end plugged with absorbent ecotton-wool, and
a layer 3 or 4 mm. deep of precipitated silica (made by
decomposing silicon fluoride with water) 1s placed upon it.
The water under examination is filtered through this, the
cotton removed, and the silica with the organisms which it
has arrested is washed down with distilled water on to a
glass plate. This plate is ruled in fine squares, and forms
the bottom of a cell with brass sides holding 2 c.c. of
water. The organisms are allowed to settle and then
examined.

As ordinary filter-paper is made from linen fibre, one
must be prepared to find linen fibres in water that has been
examined in this way.
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The mineral matters that may be found in water are sand,
clay, oxide of iron (which sometimes occurs as rounded,
semi-transparent masses), ete., and which will settle out on
standing, and are of no hygienic importance.

The organie matters may be living organisms, animal or
vegetable, together with animal and vegetable débris.

For the sake of convenience we divide them as far as
possible into classes, giving their significance where it is
known. Some of these—for example, desmids and diatoms
—are found in the purest mountain water, and are rather
evidence of purity than the reverse; and, speaking gene-
rally, the same may be said of most of the chlorophyll-con-
taining organisms. The organisms likely to be found in a
water will naturally vary to a large extent with the food
available for their sustenance. If the water contains
organic matter in solution, it can support the schizomycetes
and other organisms which, having no mouths, must take
their food in solution. The higher water organisms, which
are provided with mouths, or their equivalent, can ingest
solid particles. Probably the population of a stream or
river 18 in a state of constant change, as one series of
organisms flourishes and becomes extinet, having prepared
the way for a fresh race. These remarks do not apply to sand-
Jiltered water, which ought to be entirely free from all kinds
of suspended matter, and the determination of suspended
matter, as suggested by Dibdin, is of itself a good means of
keeping a check on the proper working of filter-beds.

Algee.

The alge generally may be regarded as characteristic of
a water poor in organic matter and exposed to the light.
They, in company with other organisms containing chloro-
phyll, are able, with the aid of light, to assimilate carbon
from the carbonic acid dissolved in water.
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The presence of alge in water may become important
when they are present in large quantities, as they may die
and putrefy.

Amphiprora ornata (1) ; Amphora ovalis
t (2).—Both these organisms are diatoms.
= They contain chlorophyll, and are found in
E:, ponds and streams.
- =¥ Asterionella formosa. — This organism
belongs to the diatoms. It contains oils or
fats in its ectoplasm, and produces a disagreeable, fishy
taste and smell in water. It is a rod-shaped body, some-
what dumb-bell shaped.

Beggiatoa alba (3).—This organism is
characteristic of decaying vegetable or
animal matter. It is distinguished by
the bright grains (said to be sulphur)
visible in the cells. It is common in
sulphur springs, and so prevalent in pol-
luted water as to have earned the title of
the sewage fungus. It contains no chlorophyll.

@ Celeosplierium (4).—This organism is men-
N tioned by E. Waller (Board of Health Reports,
Brooklyn), as producing a disagreeable smell in

water.

Cladothriz dichotoma (5).—This alga is found more fre-
ruently in stagnant water than in running streams or good
well-water. The filaments are harsh to the touch. If
15 common in the refuse-waters from sugar-factories. In
Russia it often occurs in town-water supplies. It grows
readily on the surface of putrefying animal or vegetable
matter immersed in water. It has an avidity for iron, and
sometimes forms obstructions in iron pipes. :

The cladothrices are distinguished from the erenothrices
by their ‘ false branching.’
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Cladothriz dichotoma (6) under a low power.

Conferve (7).— These are filiform algze, {|
which are widely distributed in all ponds, [r,'
rivers, and reservoirs, being especially abun- 'T
dant near the margins. They are character- 45). :E
istic of water comparatively poor in organiec n

matter. 7,

Crenothriz (or Leptothrix) Kiilini-
ana (8).—This organism 1s eommon
in running or stagnant water that is
rich in organic matter. The threads
are motile, and in their younger stages
are grouped into little patches. They
have a greenish or brownish colour,
and impart the same tint to the water.
If a reservoir is infected with them,
large quantities of water may be
deteriorated in a short time. The
luxuriant growth of this organism at
the Berlin water-works proved so
troublesome that fresh filter - beds
were constructed. It developed to a thickness of some feet
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in the streams supplying the water-works, although the
organic matter dissolved in the water was small.

Crenothriz (9, 10) under a low power.

Closterium ensis (11); Closterium diane (12) ; Closterium
rostratum (13).—These organisms are among the com-
monest of the desmids, and are often found in water-

11. 12, 18,

supplies. Their presence is not objectionable, as they ean

only live in pure water which has plenty of air and sun-
light. They all contain chlorophyll.
Cosmariwm (14) contains chloro-
phyll, lives in open standing water,
% % and 1s, therefore, not often found
in the examination of drinking-
15. 16. water.

Gomphonema acwminatum (15) ;
Gomphonema capitatum (16).—Occur chiefly in pond-water.

They contain chlorophyll, and belong to the diatomacez.
Melosira granulata (17).—This diatom forms
L long filaments in water, and, on account of
oils or fats in its ectoplasm, produces a dis-
agreeable grassy taste and smell in water-supplies.

-

17.
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Navicula radiosa (18); Navicula viridis (19).—These
diatoms are motile, and contain chlorophyll of a dark
yellow colour.

Oscillaria (20) ; Nostoe (21).—These organisms, which
are anabeena, form bluish-green or brownish patches.
They are chiefly found in stagnant water; and as they
produce a disagreeable smell in water, their presence is
very objectionable on this account, and because they in-
dicate the presence of a large amount of organic matter.

Pediastrum (22).—It contains chlorophyll, and is found
in pond-water.

Protococcus viridis (23).—This is a very
common Inhabitant of streams and rivers, ®
and probably assists in their self-purifica-
tion. It propagates by fission, and is ¢ %
generally seen in groups of four. 23.

Scenedesmus (24).—This organism is common in o~
ponds, but does not appear to possess any hygienie /g
importance ; it contains chlorophyll, 24,
Spirogyra (25). — This organism -
contains chlorophyll, in spiral bands,
and starch granules. It is a com-
mon inhabitant of ponds and streams.
Stawrastrum gracile (26).—This organism is one of the
commonest desmids, and its presence in water is not
objectionable—in fact, it is stated that it can only live in
pure water which is well aerated and exposed to the light.
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Stauroneus phanicenteron (27).—This organism is one of
the diatoms, and contains chlorophyll.

L |

28. 29

Synedra pulchella (28); Synedra uwlna (29).—Both these
diatoms are said to cause a disagreeable grassy taste and
smell in water.

Fungi.
The moulds, Mucor mucedo (30), Aspergillus (31), and
Penicillium glaweum, are not to be regarded as natural
inhabitants of water, since they do not multiply therein.

Their natural habitat is moist decaying organic matter, and
therefore their presence in water is objeetionable.

Ceelenterata.

Hydra vulgaris (32),—This organism is characteristic of
stagnant water.
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Polyps, Sertularia (33) and Campanularia (34) ; Polyzoa,
Lophopus (35), Cristatella (36).—These are low animals
allied to the hydra, corals, and anemones.

‘88,

Crustaces.

Bosmina longirostris (37) ; Cyclops (38) ; Daphnia, water
flea (39).—All these organisms are characteristic of pond-
water, and should not be present in a _—~
water-supply. The erustaceans feed on JPT;;_.:;x___
the alge, on decomposing vegetable ”’?@
matter, and on the smaller ciliata. One
or two specimens may be found in a good
water, but if many are present they indicate the presence of
large quantities of decomposing organic matter.



30 CHEMICAL AND BIOLOGICAL ANALYSIS OF WATER

Infusoria.

It may be said generally of the infusoria that they are
characteristic of pond-water containing suspended dead
organic matter. Most of the flagellated infusorians are to
be found in putrid vegetable infusions in immense numbers,
and they ought not to be present in pure water, except
perhaps very sparingly.

Anthophysa (40).

Ceratium (41).—A fairly large infusorian. It is goblet-
shaped, and has long projections or spines round the mouth
part. The opposite end is drawn out into a spine.

Coleps (42) 1s a globular infusorian, looking like a basket,
water having access through the meshes or pores of the
body. It is covered with cilia, and has an anterior and a
posterior opening, both surrounded by short spines.

Colpidium (43). Characteristic of dirty water.

Chilodon (44).

Cyclidium (45).

Euplotes Charon (46). In a different position (47).
Characteristic of dirty water.
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Euglena viridis (48).—It is a green animal containing
chlorophyll, and lives wholly on vegetable foods. It has a

long flagellum, at the base of which is a gullet. It has a
contractile vacuole, and is actively motile. There are two
other organisms similar to the Fuglena viridis, namely,
the FEuglena oxyuris, which is large, and Fuglena spiro-
gyra, which is intermediate in size between the other
two.

Glaucoma (49).

Halteria (50).

Ozxytricha (51).

Phacus longicaudis (52) is a heart-shaped in- f
fusorian. At the anterior end is a single long
flagellum. The posterior end is drawn out
into a long spine.

Paramaecium bursaria (53). — Com-
monly called the ‘slipper animalcule.’
It is covered with cilia, and has a
flattened form. The mouth is on the
ventral side, a little to one side, and
leads into a gullet. It has a layer of
trichocysts below the ectoplasm (skin). These are pointed
rods, which it ejects when irritated. It has two nuclei.

There appear to be many different varieties of para-
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mcecium, one of which at least has pathogenic properties ;
and the Paramccium coli (or Balantidium coli) is spoken of
by Besson as the cause of dysentery in man, though the
evidence is inconclusive. Klein regards it, however, as
diagnostic of sewage pollution.

Parameecium putrinum (54). This organism is
nearly always present in putrid vegetable in-
fusions.

541

Paramecium coli (Balantidium coli) (55).
Polytoma (56).—1t is the simplest of the infusoria. It is

saphrophytic, and takes its food in solution, living in putre-
fying animal or vegetable matter. It has no mouth, and
absorbs its food by the osmotic power of the body substance.
It has two flagella, and there is a delicate invisible euticle
bounding the body.

Paramonas globosa (57).—Very small, heart-shaped, with
one flagellum.

Plewromonas jaculans (58).—Small pear-shaped organisms
with one flagellum. Certain organisms very similar in size
and appearance are described by Besson as oceurring in the
feeces in diarrhcea. IHe names them Cercomonas intestinalis
and Cercomonas termo; the latter is found in putrid
vegetable infusions. It i1s classed among the protozoa,
and is possessed of active motility.
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Stentor (59) 1s trumpet-shaped, and fixed by the narrow
end. The body is uniformly covered with cilia, and at the
front end of the body is a spiral layer of longer cilia. This
organism 1s characteristic of stagnant water.

Stylonichia (60). — It is shaped something like para-
meecium. It has a strong layer of cilia round the mouth.
The dorsal surface has no cilia, but has stiff hairs, which
are really immovable cilia.

Synura uwvella (61).—This forms round, nlegula,l -;lumpﬁ

61. 62, 64,

Each individual is round and eciliated, and has one long
bifid flagellum.

Trachelomonas cylindrica (62), piscatoris (63).—These
organisms are bottle-shaped. At the anterior end is a
single large flagellum set in a collar.

Vorticella (64). — This organism is cup-shaped, and 1s
attached to the substratum by a long contractile stalk.
The body has a lid, and both the lid and the opening into
the gullet are strongly ciliated. The nucleus is horseshoe-
shaped. It is characteristic of stagnant water.

Volvox globator (65).—A green, globu-
lar colony of individuals. The colony
is spherical, and the individual ereatures
live in the wall of the sphere. KEach
has two flagella and a nucleus, and is
of a green colour. The ball, or hollow
colony, continually rotates by means of
the flagella of each individual. This
organism gives rise to a fishy taste and smell in water.

]
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Insecta.

Macrobiotus ursellus (66). — Commonly known as the
‘water - bear.” It has four legs,
ending in stiff cilia, which help
it to hold on to water - plants.
The head has no antennz, and has
eyes ; the mouth is suctional. It is microscopic in size, and
is found in pond-water.

Porifera.

Spongilla fluviatilis—The only fresh-water sponge. It
grows in greenish masses in canals and fresh-water lakes.
The sponge itself is an inch or more in diameter; the
spicules are most likely to be noticed.

Protozoa.

Actinophrys sol (67).—This is a small round animaleule,
with one nucleus. It is surrounded by stiff, radiating
pseudopodia. Found in pond-water.

An organism called Actinospherium Eichornii is very
similar In appearance to the Actinophrys sol, but much
larger.

Amaba (68).—DBesson describes three varieties, namely,
Amaba princeps, Amaba coli, and Ameaba jelaginia. The
Amaeba eoli may be pathogenie, and appears to be distin-
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guished by only extruding one pseudopodium. It is one of
the simplest animals, and consists of a shapeless mass of
protoplasm, which is constantly flowing out into blunt,
uneven, lobose prolongations—the pseudopodia. It has no
mouth, and the food is taken right into the protoplasm and
digested, and the undigested part thrown out again.
Difflugia (69).—This organism has a coating formed by
sand which it has taken into its body, and with which it
makes a globular shell, inside of which is the soft proto-
plasm of the body-substance. This flows out at the mouth
of the shell, and forms anastomosing threads, which catch
the food of the animal, acting as a net.
Avreella (70).—This organism has a shell,
which partly covers it. On the flat ventral
side is an aperture, through which the naked
protoplasm exudes as lobose pseudopodia.
In the body-substance are seen vacuoles
containing gas. These are hydrostatic in function,

Rotiferze.

The rotiferse generally are characteristic of stagnant
water full of organic matter, and when found in large
numbers should cause the water to be regarded with grave
suspicion.

71. T2 78,

Anurea cochlearis (71).

Polyarthra platyptera (72).

Rotifer vulgaris (73).—The first to be discovered. Gives
3—2
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a red or green colour to gutter-water. It is often called the
‘wheel * animalcule, on account of a ecircular oral dise,
which is fringed with cilia, which is motile, and by its
movements conveys an appearance of rotation, and serves
to propel the animal and to set up food-currents.

Vermes.

Anguillula fluviatilis (or aquatica) (74).—These organisms
are very probably the young forms of intestinal parasites,
and their presence in water is highly objectionable.

Ova of Parasites affecting Man.

Tenia solium (tape-worm) (75).
Bothriocephalus latus (76).

(77) The same in a more advanced stage.
Ascaris lumbricoides (round worm) (78).

Oxyuris vermicularis (thread-worm) (79).
Anchylostomum duodenale (80).
Trichocephalus dispar (81).

79. 80.

Newt (Salamander).—The common newt may become
parasitic to man through ingestion of the eggs, and as the
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consequences are very grave, any water containing these
amphibia should be absolutely prohibited as drinking-water.

Animal and Vegetable Débris,

Fibres of elothing, such as linen (82), wool (83), silk (84),
and cotton (85), may be found in polluted waters.

Epithelial scales (86).

Undigested muscular fibres (87).
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V. CHEMICAL EXAMINATION.

Total Solids.—The amount of solid matter left on the
evaporation of a given quantity of water will naturally vary
largely according to the geological character of the locality
from which it has come. The ‘total solids’ of a potable
water consist mainly of caleium carbonate, sodium chloride,
small quantities of nitrate and sulphate of calcium, and a
little silica, together with any non-volatile organic matters
that may be present.

If it is not desired to ascertain what the total solids
consist of, but merely to learn their amount, it will be
sufficient to work on 50 or 100 c.c., which should be
evaporated in a platinum dish. The dish must be cleaned
with very fine pumice powder till quite bright outside and
in ; and the evaporation may be begun over a low gas-flame,
but must be finished over a water-bath.

As a temperature of 100° C. is not sufficient to expel all
moisture, the dish should then be placed in an air-bath
and heated up to about 105° C. for at least twenty minutes.
It is then placed in a desiccator till just cold, and weighed
without delay. Not only do the total solids absorb
moisture with great readiness, but the dish itself becomes
heavier, owing to the property possessed by platinum of
oceluding gases on its surface, so that a dish weighing 25
to 80 grammes may gain 2 milligrammes on standing for
half an hour after heating. It is therefore essential that
the dish should be weighed within a definite time, say four
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minutes, after placing in the desiccator, whether it contain
total solids or be weighed empty.

After the weight of the total solids has been obtained, it
18 well to note carefully their behaviour when they are
exposed to a very low red heat. If an appreciable quantity
of organic matter is present when heat is applied, the solids
will darken, and, on smelling, an odour of weeds or of
burning animal matter may be perceived, according to
whether vegetable or animal pollution is present, and in
most polluted waters the smell produced is very distinetive.
The temperature at which the ignition should be done is
the lowest possible red heat, which must be continued just
long enough to cause any darkening to give place to a
white or gray, thus showing the complete combustion of
the organic matter. By heating in this way we shall
obviously expel carbonie acid from any carbonate of calecium
that may be in the residue ; and if the weight of the solids
after ignition is subtracted from that of the total solids
before ignition, the loss will be due to organic matter and
to expelled carbonic acid. As it is our object to obtain as
closely as possible the true weight of combustible matter,
we replace the expelled carbonic acid by moistening every
part of the residue with a strong solution of ammonium
carbonate. After drying, the dish is very cautiously
heated so as to expel all excess of ammonium carbonate,
but not to causticize the calcium carbonate afresh.
Although it is more than probable that the figures we
obtain in this way are liable fo considerable errors, the
estimation is well worth making, for it will rarely happen
that a good water, except possibly a peaty one, will yield a
residue that will either darken or smell much on ignition,
while there are very few bad waters that will not betray
their character by the one or other indication. The ‘loss
on ignition’ in a water of good quality will seldom amount
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to more than 20 per cent. of the total solids. Generally
speaking, the total solids should not exceed 40 or 50 parts
per 100,000 ; but, of course, much depends upon the con-
stitution of the solids and upon the geological source of the
water. KExcept in the case of waters from peaty sources,
the slightest evidence of fumes, or darkening of the solids
on ignition, will point to organic eontamination.

According to Drown and Hazen, it is possible to com-
pletely incinerate all the organic matter without expelling
CO, from CaCO;. These analysts, following Young and
others, add a known quantity of sodium carbonate to the
solution before evaporation, in this way precipitating lime
and magnesia as carbonates, and providing acid radicles
with an alkaline base. The solid residue does not contain
water of crystallization. It is incinerated in a ‘ radiator’
made of a platinum dish, which surrounds the dish in
which the evaporation has been conducted, and a platinum
dish is placed over the latter, round which an air-space of
about half an inch is left. The radiator is brought to a
bright red heat, which is stated to burn off all organic
matter without decomposing caleium carbonate or sodium
or potassium nitrate, and without volatilizing alkaline
chlorides. In practice a loss does occur, especially with
magnesium salts; but the process is doubfless more
accurate than the ordinary determination.

Analysis of the Mineral Residue.—The defermination of
the constituents of the mineral residue in a water is of little
practical importance in the sanitary examination of water
where the mineral residue is small in amount; but where
this is large, and in cases where the water is employed for
the raising of steam in boilers, the determination of the
nature of the inorganic constituents is a matter of great
importance. Much information is gained in this con-
nection by taking into consideration the ratio of permanent
to temporary hardness (g.v.) to the mineral solids.
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The full analysis of the mineral constifuents is a very
lengthy and tedious operation, and is seldom required in
practice, except in the case of natural mineral waters, A
full account of the best methods for this operation will be
found in Fresenius's ¢ Quantitative Analysis.’

The following scheme for the partial mineral analysis
will be found sufficient for most purposes.

One thousand c.c. of the sample is acidified with HCI
and evaporated in a platinum dish by first gently boiling
down to a small bulk over a naked flame, finishing on a
water-bath, and drying to constant weight in a hot-air oven.
After weighing the total solid residue, 1t is ignited, and the
residue recarbonated with a few drops of ammonium car-
bonate solution, dried, and gently ignited until ammoniacal
fumes cease to be evolved. The residue will be the fixed
mineral matter, and the loss on ignifion will equal the
organic and volatile matter.

Silica—The mineral residue is treated with a little HCI
and evaporated to dryness, which operation is once re-
peated. The residue is again acidified with hydrochlorie
acid, warmed with water and filtered. The residue is silica,
Si0,, which is washed and weighed. In some cases the
presence of silica in a water is of great importance, as its
presence diminishes the plumbo-solveney of waters liable
to be contaminated with lead.

Irvon and Aluminium.—The filtrate from the silica deter-
mination is acidified with a few drops of strong nitrie acid
free from iron, and boiled, so as to convert any iron salts
into ferric. A little ammonium chloride solution and a
slight excess of ammonium hydrate are then added, and the
precipitated hydroxides filtered off, washed, dried, and
ignited. The iron and aluminium are weighed, and cal-
culated as Al,O,+ Fe,0,.

An alternative estimation of iron alone may be made by
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acidifying with a few drops of iron-free nitric acid, evaporating
to dryness, dissolving the residue in 50 c.c. of water, adding
1 cc. of very dilute potassium ferrocyanide solution, and
comparing in a Nessler glass with 50 c.c. of a ferrie solution
of known strength to which the same quantity of the
potassinm ferrocyanide solution has been added. If iron
be present in the water, a blue colour will develop on stand-
ing ; and by pouring off from the Nessler glass, which shows
the darker tint, until the columns of liquid in the two
glasses, placed on a white tile, are of the same depth of tint,
the quantity of iron present in the water can be approxi-
mately caleulated. A suitable standard iron solution is
prepared by dissolving ammonium ferrous sulphate in
recently - distilled water, boiling with nitrie acid, and
diluting to the strength of ‘7 gr. of salt (='1 gr. Fe) per
litre.

Calcium.—NH,HO and (NH,).C,0, are added to the
filtrate from the iron determination, the beaker being
allowed to stand upon a hot-plate for some time, after
which the ecaleium oxalate is filtered off, washed, and
ignited, and the caleium is weighed as CaQ.

Magnesium.—The filtrate from the above is treated with
Na,HPO,, well stirred, and allowed to stand for a few
hours. The precipitate 1s filtered off, washed with 8 per
cent. solution of NH,HO, and ignited ; the magnesium is
then weighed as Mg,P,0;. Factor to convert Mg,P,0, into
MgO =-36216.

Alkalies.—When these are present, they are determined
as follows: 1,000 c.c. of the sample is evaporated to a small
bulk, cooled, and filtered ; the filter is well washed with
boiled and cooled distilled water. The filtrate is then
titrated with % H,SO,, using methyl-orange as indicator.
The result is calculated as Na,CO;. One c.c. {5 H,80,=
‘0053 Na,CO,.
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Sulphates.—These are determined upon 100 e.c. of the
sample by acidifying with HCl, and precipitating with
BaCl,. The precipitated BaSO;, is filtered off, ignited, and
weighed, and the result calculated to (S0,). Factor
=41216.

Chlorides—These are determined by the titration of
100 c.c. of the sample with a standard solution of silver
nitrate by the method described on p. 48.

Statement of Results.—The above approximate scheme of
the analysis of a water residue will be found to yield all the
information that is generally required. If it is desired to
express the results in combination, it is necessary to bear
in mind their respective chemical affinities ; that 1s to say,
the strongest acid will combine with the strongest base, due
regard being paid to the relative solubility of the salfs
formed. It may be assumed that the whole of the chlorine
18 In combination with sodium, but if there i1s excess of
sodium, it is combined with sulphurie acid. Any excess of
sulphurie acid i1s combined with caleinm and magnesium.
Calelum and magnesium present not in combination, as
sulphates or chlorides, may be assumed to be in the form
of bicarbonates, which may be precipitated on boiling.

Hardness of Water.

The hardness of water is generally due to the presence
of salts of calcium and magnesium. That which is due to
either carbonate is known as temporary hardness, owing to
the fact that it can be destroyed by boiling. When such a
water is boiled, these carbonates are precipitated, owing to
the excess of carbonic acid gas which holds the carbonate
in solution being driven off. This is the cause of the
deposit or ‘fur’ in kettles and ‘scale’ in steam-boilers.
The hardness which cannot be destroyed by boiling is
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known as permanent hardness, and is due to sulphates
of the alkaline earths.

The hardness of water is most important both from the
economic and hygienic standpoint. Hard waters, particu-
larly those having excessive permanent hardness, may give
rise to gastric and intestinal trouble in some individuals.
Moreover, the use of hard waters entails a great waste of
soap in laundry work and other trade processes, and great
loss of heat results in boilers used for steam-raising. It is
estimated that ] inch of incrustation in a boiler involves
a loss of over 40 per cent. of the energy of the coal used.

Estimation of Total Hardness.—The hardness of a water
is readily estimated by ascertaining how much of a standard
soap solution is required to produce a lather lasting for two
minutes with a certain volume of the water.

In making the determination, a standard soap solution
is run into a solution of a ecaleium salt till a lather is
formed; each equivalent of lime destroys an equivalent
of soap. Put in an equational form in the case of calecium
sulphate and sodium oleate,

CaS0;4+2NaC,;H.;0,= Ca(C,sH;;0,),+ Na,S0,.

A convenient quantity of water to take for the purpose
is 100 c.c., and then, if our soap solution contains just
sufficient soap per cubic centimetre to be exactly precipi-
tated by a milligramme of chalk, it is clear that the number
of cubic centimetres of soap precipitated by 100 c.c. of the
sample of water will indicate the number of parts per
100,000 of chalk in the water, after allowance has been
made for the amount of soap needed to produce a lather
in pure water. It is clear that a certain amount of soap
solution will be required to make a lather even in a water
containing no hardness at all; and if the experiment be
tried, using 100 c.c. of distilled water, it will approximately
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be found that 1 c.c. of soap solution makes a lather lasting
about two minutes. It is therefore customary to subtract
1 c.e. from the number of cubic centimetres of soap
solution required to make a lather with the sample
water.

Preparation of Standard Soap Solution.—Soap solution is
most easily prepared by dissolving 10 grammes of white
Castile soap in fine shavings in methylated spirit. After
warming, the soap will dissolve, but the solution will
probably be cloudy, and must be filtered through filter-
paper. This solution has now to be tested against a
water of known hardness, and if too strong, some more
spirit must be added, or if too weak, some more soap.
The soap solution will not keep at the same strength,
but gradually becomes weaker, and it is therefore best
to test it every time before it is used. For this purpose
we require a solution of standard hardness, which is
generally made by dissolving a gramme of Iceland spar—a
pure form of caleium carbonate—in hydrochloric acid,
evaporating to expel excess of hydrochloric aeid, and
making up to a litre with distilled water. Such a solution
will then contain the equivalent of 1 milligramme of
caleinm carbonate in every cubic centimetre. We are
obliged to dissolve the Iceland spar in an acid because
neither Iceland spar nor any other form of caleium
carbonate is soluble to the extent of more than three
parts per 100,000. We have therefore to assume that
the soap-destroying power of the calcium is the same
when dissolved as calcium chloride as 1t 1s in an
ordinary drinking-water, where it exists mainly in the
form of calcium carbonate kept in solution by excess of
carbonic acid gas. Supposing, then, that we are testing
a fresh batch of soap solution, we should place the soap
golution in a burette, and take 10 c.c. of the solution of
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standard hardness, make it up to 100 c.c., and run in the
soap, as in testing an ordinary water.

If the soap solution is just of the right strength, a lather,
lasting two minutes, should be produced by 11 c.c.

In making tests, a stoppered bottle holding about 150 c.c.
should be used, and the soap solution is added at about
the rate of 2 c.c. at each successive addition; when the
liquid shows signs of lathering, the bottle should be laid on
its side, and the lather should last, as nearly as possible,
two minutes. Great care should be taken not to mistake
the peculiar scum yielded by magnesium salts for the
typical soap lather.

In the case of hard waters, in which the two-minute
lather is not yielded by 15 ec.c. of soap solution, the water
must be suitably diluted. In presence of substantial
amounts of magnesia various factors have been stated by
various analysts as representing the correction to be applied
to the results. Probably the best correction is to disregard
them altogether, and determine the calcium and magnesium
separately.

Estimation of Permanent Hardness,—This is estimated by
boiling 100 c.c. of the sample down to about 40 e.c., when
the chalk will be precipitated ; the liquid is then filtered
off and made up to 100 c.c. with cooled boiled distilled
water, and tested with the soap solution, as mentioned
above. Each c.c. of soap solution represents a hardness
equivalent to 1 milligramme per 100 c.c. of CaCO; or
1 part per 100,000 of ‘permanent hardness.” This figure,
deducted from that representing  total hardness,” will give
the ‘ temporary hardness.’

Hehner's Method for the Estimation of Hardness.— In
this process the calcium and magnesium carbonates, which
cause the temporary hardness, are first determined by
titration with standard acid. Both the carbonates and
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sulphates of calecium and magnesium are then precipitated
by adding a known volume of standard sodium carbonate
solution in excess, and boiling for half an hour. The
unchanged sodium carbonate is then estimated by means
of standard aeid. An equal quantity of untreated water
should be similarly boiled, and the amount of sodium
carbonate which it contains estimated for deduction from
the figure given by the process. The amount of sodium
carbonate which is decomposed by the above sulphates is
thus found, and from this the permanent hardness can be
calculated.

Temporary Hardness.—T70 c.c. of the sample are made
hot in a dish, and then titrated with 3 H,SO,, using pheno-
acetoline (0°2 per cent.) solution as indicator. Each cubic
centimetre of acid used is equivalent to 1 grain per
gallon of CaCO.. :

Permanent Hardness.—Take TO c.c. of sample, and add
about as many cubic centimetres of 5y Na,CO, solution as
there are grains per gallon of non-volatile solids. Transfer
to a platinum dish, and evaporate to dryness on a water-
bath. Take up with recently boiled distilled water, which
must be quite cold, then filter, wash the residue well, and
make filtrate up to about 70 e.c. This is now raised to
boiling-point, and titrated with ; H,S0,, using pheno-
acetoline as indicator. The number of cubic centimetres
of acid used deducted from number of cubic centimetres
of 5% Na,CO; used equals grains per gallon of permanent
hardness.

The total hardness is obtained by adding the sum of the
permanent and temporary hardness.

The results of the determination of hardness are fre-
quently returned in terms of ‘degrees.” Each degree of
hardness (Clark) corresponds to an equivalent of 1 grain
of CaCO; per gallon. On the Continent, however, 1° of
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hardness is equivalent to 1 milligramme per 100 c.c., or
1 part per 100,000.

It is of interest to note that each degree of hardness
represents a soap-destroying power equivalent to 2% oz.
of soap per 100 gallons of water.

A greater hardness than 30 parts per 100,000 is un-
desirable from the hygienie standpoint. The higher the
ratio of ‘temporary’ to ¢ permanent’ hardness, the better.
The hardness of waters may be classed as follows :

Very soft .« B to 5 parts per 100,000
Moderate ... Btold 5 &
Haxd ... 10to 80 B 5
Very hard ... ... above 80 A i

For successful brewing purposes waters containing large
amounts of ‘permanent’ hardness are valued. In the
brewing of light ales the sulphate of caleium tends to
keep out the colouring matters of the malt. The water
of Burton-on-Trent contains from 28° to 80° of permanent
hardness.

Chlorides. — Sodium chloride 1s a very constant con-
stituent of urine, in which 1t 1s present to the extent of
about 0'75 per cent., and hence is always to be found in
waters that have suffered contamination from sewage or
cesspool leakages.

The absence of chlorides in a water may be taken as
good evidence of absence of sewage pollution; but the
converse is of course not the case, as chlorides in water
are also derived from the geological strata through which
the water passes.

As chlorides are not readily removable from drinking-
water or sewage by any natural or artificial process, except
perhaps by being drawn up by the roots of plants, it follows
that when a water has suffered contamination with sewage
matters the chlorides will remain as evidence, even after
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the organic matter that accompanied them has undergone
natural purification and has disappeared.

Chlorine is usually estimated by titrating 100 c.c. of
the sample, filtered if necessary with a standard solution
of nitrate of silver. Decinormal solution of silver nitrate
being rather too strong for convenience, it is customary to
use a solution, such that every cubic centimetre of silver
solution used will indicate 001 of a gramme of chlorine.
Consequently working on 100 c.c. of water, each c.c. of
silver solution used indicates one part of chlorine per
100,000.

According to the equation,

AgNO, + NaCl= AgCl+ NaNO,

(the molecular weight of silver nitrate being 170 and of
chlorine 35'5), one part of chlorine will be exactly pre-
170 :

355

cipitated by or 479 parts of silver nitrate, so that a

solution, 1 c.c. of which exactly precipitates a milligramme
of chlorine, must contain 4'79 milligrammes of silver nitrate
per c.c. or 4'79 grammes per litre.

In preparing the solution, some nitrate of silver should
be heated in the air-bath nearly up to the fusing-point, and
then 479 grammes, cooled in the desiccator, weighed out
quickly and dissolved in a litre of distilled water. The
solution should be kept in a brown-coloured bottle or in
the dark. The titration is performed in a white porcelain
dish, and a drop of solution of potassium chromate is used
as indieator. As soon as all the chlorides in the water
have been converted into the silver salt, any further addi-
tion of silver will cause the formation of silver chromate,
which is brick-red in colour, so that as soon as a perceptible
colour is observable the titration is stopped, and the amount
of silver solution used up is noted. As chlorides are usually

4
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present in potassium chromate, the salt should be purified
before use.

It is usual to deduct ‘2 c.c. for the amount of silver
solution required to change the colour of the indicator.

W. G. Young has shown (Analyst, xviii., 125) that titra-
tions to estimate chlorine should be performed always on
cool solutions, as an increase of temperature even to 38" C.
(blood heat) gives results too high in consequence of the
increased solubility of silver chromate with rise of tempera-
ture. He also shows that it is preferable to concentrate
the solution to be titrated, and not to work with too dilute
a solution of silver nitrate.

The amount of chlorine found in a water depends
largely upon the nature of the soil through which the
water has permeated. Surface-waters and rain-water col-
lected in the neighbourhood of the sea, even at consider-
able distances from it, frequently contain very large quanti-
ties of salt, and in these cases the amount of chlorine
found has but very little significance ; but in cases where
the geological strata contain but little chlorides, and where
there are no manufacturing effluents to cause pollution,
the amount of chlorides found is a very valuable guide to
the approximate amount of sewage contaminaftion present
in the water. In the case of waters containing chlorine
derived from sea-water, magnesium salts will also be found.
In several of the American States, particularly Massachu-
setts, the normal distribution of chlorine has been mapped
out. This has been done by estimating the amount of
chlorine in the unpolluted waters of the districts at a large
number of points. When these points are joined by
means of lines, the normal distribution of chlorine at a par-
ticular point is easily found. These lines are known as
‘isochlors.” From the chart so prepared of the isochlors
in Massachusetts, the normal chlorine is found to vary from
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0°45 grain per gallon near the coast to less than 006 in
the western part of the State (Board of Health Report,
1892). These plans of the isochlors are exceedingly valuable,
as when in a given spot an amount of chlorine is found in
excess of the normal it points to practically positive evidence
of sewage pollution. It has been estimated by Thresh that
every 100 persons per square mile add on the average 003
orain of chlorine per gallon to the water flowing from the
area in -consideration. From this data it is easy to calcu-
late the approximate extent of the pollution. Unfortunately
the plan of determination of the isochlors of distriets,
which is being so systematized in the United States, has
but little application in small insular eountries like England,
where the geological structure is not continuous over large
areas, although much valuable information might be gained
by the systematic determination of the normal chlorine in
the unpolluted waters of given areas. It should be noted
that the value of the chlorine determination is largely de-
tracted from by the fact that the organic matter which
originally accompanied the pollution may have hecome
completely oxidized. Therefore it should be noted that the
chlorine figure does not necessarily denote present pollu-
tion, although it may to a great extent be a measure of the
past pollution, if it exceeds the normal chlorine figure of the
distriet, which is due to geological conditions.

Generally speaking, unless it is accounted for by the
geological conditions of the district, a greater amount than
2 parts per 100,000 should be regarded with suspicion.

The peculiar value of the chlorine determination lies in .
the stability of chlorides in solution, and the readiness,
therefore, with which in a series of examinations, such as
are indispensable for a sound opinion as to the safety of a
supply, any sewage pollution can be detected by its increase.

Phosphates.—Phosphates in water ean in most cases be

4—2
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only of sewage origin, or derived from organic matters
such as occur in the mneighbourhood of graveyards.
Absence of phosphates, however, is no proof that the water
is free from sewage pollution, since substances like iron
and alumina, which are present in all soils, precipitate
phosphoric acid ; and plants derive their phosphorus from
it, and thus remove it from the soil. 1

As small a quantity as "0005 gramme of caleium phos-
phate will yield a yellowish turbidity with ammonium
nitrate and ammonium molybdate, so that any appreeciable
quantity would be detected by treating the ignited total solids
from 250 c.c. of water with a little nitrie acid, neutralizing
with ammonia, evaporating the filtered liquid in a por-
celain dish to a bulk of *5 centimetre, adding a drop of
strong nitric acid and a few drops of 10 per cent. solution
of ammonium molybdate, and warming the whole to 70° C.
If it is desired fo estimate the amount present, 2000 c.c.
of the water should be evaporated and the same procedure
carried out, the precipitate collected on a small filter,
washed with aleohol and ether and dried, when the weight
obtained, multiplied by 0373, will give the result as P,0..

O. Hehner (Analyst, v. 185) published determinations of
the phosphorie acid in a number of different waters. He
concludes that when the phosphoric acid is above *5 parts
per million the water should be regarded with suspicion,
but that the absence of phosphoric acid is not a positive
proof of freedom from pollution, as some waters known to
be polluted when examined by him contained very little or
none. -

J. West-Knights (Analyst, v. 180) has described a colori-
metric process for the estimation of P,O, in waters, which
he verified by comparison with the gravimetric process.

Sidney Harvey, in the same number of the Analyst, gives
results obtained on an old well, which had been closed for
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gsome time, situated near an ancient churchyard. He found
as much as 5 grains of nitrates and 1 grain of phosphorie
acid per gallon.

Poisonous Metals.—The metals which we have occasionally
to seek for in water are lead and copper.

These are usually tested for by placing 100 c.c. of the
water to be tested in a Nessler glass, and passing a slow
current of sulphuretted hydrogen through it, having
previously added a single drop of strong hydrochlorie
acid. If a dark cloud forms it must be due to lead or
copper, and we may either proceed by concentrating the
water, or we may at once test for lead by adding potassium
bichromate or pofassium iodide. In both cases a yellow
cloud will form after an interval. If lead is present, about
s grain per gallon (‘28 parts per 100,000) can be
detected in this manner. An approximate estimation of
lead in water can be made by comparing the tint produced
on passing sulphuretted hydrogen gas into 100 c.c. of the
sample, and then making up a tint to correspond with it by
adding so many centimetres of a standard solution of lead
acetate to 100 c.c. of distilled water in another Nessler glass
and passing the gas through it. This method is satis-
factory for all potable waters; but in the case of aerated
waters containing vegetable acids, sugar, or organic matter,
it is advisable to adopt the method described by Dr. F. L.
Teed (Analyst, xvii. 142). Those substances which would
cause the reduction of potassium bichromate do not inter-
fere with the production of lead sulphide, and Dr. Teed’s
process also provides against the precipitation of copper and
iron, both of which may be present in small quantities in
aerated beverages. He proceeds as follows:

The liquid to be tested is placed in a Nessler glass, and a
few c.c. of ammonia and a little potassium cyanide are added,
and then a small quantity of ammonium sulphide. Any
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coloration then produced is due to lead alone, copper and
iron not interfering. The lead sometimes found in aerated
waters may be due to the metal-work in the case of siphons,
but is apparently sometimes due to the action of the liquid
on the glass. When such beverages (soda-water, ginger-
beer, lemonade) are examined under the Food and Drugs
Act, 1t 18 essential that three bottles should be purchased
and opened, their contents mixed in a jug in the presence
of the vendor, and then poured back into the bettles and
sealed up.

In testing aerated, and, indeed, ordinary potable water,
for lead, it is well to confirm its presence by the bichromate
test, which must in the case of beverages be performed
after the destruction of the organic matter present, by
evaporating in a porcelain dish and igniting very gently
with a drop or two of strong nitric acid to destroy carbon.
The residue is then taken up with water, and a few drops
of nitrie acid and potassium bichromate added. A com-
parison can then be instituted, using a standard lead
acetate solution treated in the same way.

Copper is not found in natural waters in this country,
except possibly in the neighbourhood of copper lodes, but is
common in some countries—for example, Barbadoes.

It is a disputed point how far copper is a dangerous
poison in small quantities, and it is a more common con-
stifuent of many foods (such as wheat, eocoa, oysters, ete.)
than is generally supposed.

It is probable that copper is less dangerous than lead,
but no water should be passed as satisfactory which con-
tains as much as ;% grain of the metal per gallon.

The power of certain waters to attack lead is consider-
able ; and while very soft waters are most notable for their
plumbo-solvency, there are several causes which conduce to
the action of water on lead.
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Pure water, c.g. distilled water, has a decided action on
lead, particularly if the lead is sometimes exposed to air,
as might be the case in an intermittent service. This
action is prevented if even small guantities of caleium
salts and silica are present. Again, the presence of large
quantities of nitrates or of chlorides is said to give water
the power of acting on lead.

Probably the presence of a large quantity of carbonie
acid and of vegetable acids, such as occur in a surface-
water collected in moorland districts where peat abounds, 1s
the most important cause of plumbo-solvency. In such
waters it is likely to be found that the action is greatest in
the autumn, when the decaying vegetation imparts a
oreater quantity of carbonic acid and vegetable acids to
the water than at other fimes of the year.

Many widespread outbreaks of lead-poisoning have
occurred in the past in districts supplied with moorland
surface-waters; but the reported cases have very greatly
diminished of late years, as the lead pipes were gradually
replaced by tin, tin-lined lead pipes, or iron pipes.

A valuable and detailed examination into the causes of
plumbo-solvency was carried out by Dr. Power, Dr. Houston,
and others, at Settle, and will be found in the Report of
the Medical Officer of the Local Government Board, 1893-4.
In their investigations a very important point was clearly
shown—namely, that the plumbo-solvency of a water
collected from a peaty ground is influenced largely by the
length of time the water stands in peat; if the water sinks
into the ground and reappears again in the form of springs
it loses its power of action on lead, whereas that water
which comes directly from water-logged peat acts on lead
in a marked manner.

An outbreak of lead-poisoning in Sheffield, which is
supplied with a water from a moorland collecting ground,
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was successfully dealt with by artificially hardening the
water by passing it over limestone; this plan is still in
operation, and has since been adopted elsewhere.

In the investigation above referred to, Dr. Houston sue-
ceeded in isolating from peat infusion two bacteria, which he
has denominated ‘O’ and ‘(@Q,” which, when grown in peaty
water, produce a considerable degree of acidity, and cause
the water to act on lead. As regards the quantity of lead
that should be permitted in drinking-water, the facts that
lead 1s a cumulative poison, and that the plumbo-solvency
of a water will probably vary with the season, point very
strongly against the advisability of passing a water con-
taining even the smallest traces. Phosphate of lead is
very insoluble, so that if water containing lead is passed
through an animal charcoal filter (which, of course,
contains caleium phosphate) all lead will be removed from
the water, nntil all the caleium phosphate is decomposed,
when the filtering material must be renewed.

Determination of Organic Matter.—The determination of
the organic matter—that is to say, the extent of the animal
or vegetable pollution—is the most important factor in the
sanitary analysis of water.

The three most important processes in use for the
determination of the organic impurity in water are the
following :

(a) The free and albuminoid ammonia process.

(b) The moist combustion or ‘ oxygen consumed ’ process.

(¢) The combustion process of Frankland and Armstrong.

The Free and Albuminoid Ammonia Process.

This process was devised by Wanklyn and Chapman in
the year 1867, and is now in use by water analysts all over
the world. The object of this process is to obtain an indica-
tion of the amount of organic matter in a given water, by
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first estimating the amount of free or saline ammonia,
and then determining the ‘albuminoid’ ammonia by boiling
with a strongly alkaline solution of potassium perman-
ganate. This decomposes the organic matter present in
the water with the evolution of a further quantity of free
ammonia.

Estimation of Free or Saline Ammonia.—The process is
usually worked as follows: 500 c.c. of the water to be

APPARATUS USED IN WANKLYN'S ProCESS,

examined are placed in a retort or flask capable of holding
at least 1200 c.c., and connected to a Liebig’s condenser.
A side tube flask is preferable to a retort, as it is far more
difficult for splashings to pass into the distillate than in
the case of a retort. A small quantity of sodium carbonate
(about § grain) is added to the water to ensure the libera-
tion of any ammonia that may be present as chloride,
sulphate, nitrate, or any other non-volatile salt, As
ammonia salts are the commonest impurity in carbonate
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of sodium, care must be taken to use only sodium
carbonate that has been previously ignited. Sometimes
this addition is not necessary, owing to the water being
slightly alkaline naturally, but it is preferable not to omit
it in any case. It is customary to distil over one-tenth,
that 1s, 50 e.c., into a Nessler glass which has previously
been rinsed with ammonia-free water. As a matter of
experience, it is found that in the case of most waters three-
quarters of the total saline ammonia will be present in the
first tenth, and it is therefore customary to add on one-
third of the ammonia found in the first cylinder, and to
take this as representing the whole saline ammonia rather
than to nesslerize the succeeding distillates.

We prefer, instead of this, to collect the first 100 c.c. in
a 100 c.c. flask, and, after careful mixing, to nesslerize one-
half of this, keeping the other portion in reserve. The
quantity of ammonia so found is, of course, one-half of the
total saline ammonia. The reason for preferring this
course 1s that, in the case of some waters, so much ammonia
is yielded by the first 50 c.c. of distillate that it is im-
possible to estimate it by nesslerizing, so that by collecting
100 ¢.c., and nesslerizing half of this, we have less ammonia
to deal with; and if this still proves too much, as is some-
times the case, we can take a measured portion of the
remaining 50 e.c., dilute it up to 50 e.c. with ammonia-free
water, and make an estimation on this.

In the case where 50 c.c. are distilled off first, it is
customary to distil off and throw away three other lots of
50 c.c., thus leaving 300 c.c. in the retort; so that if we
distil off 100 c.c. at first, as above suggested, then a further
100 e.c. should be distilled off and discarded, leaving 300 c.c.
in the retort, as in the ordinary manner of carrying ouf
the process.

The operation of determining the amount of ammonia in
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the distillates, or ‘nesslerizing,’” as it is technically called,
is carried out as follows :

To 50 c.c. of the liquid to be tested, which is placed in
a Nessler glass, add 2 c.c. of sensitive Nessler reagent,
and mix the liquid thoroughly by a rotary motion (the
pipette is not to be used as a stirring rod, as this will
serve to dilute the Nessler reagent next time the pipette is
used for its legitimate purpose). If the liquid contains the
least trace of ammonia, a yellowish-brown colour will be
produced, which within certain limits corresponds precisely
to the amount of ammonia present. The reaction that
takes place is: NH;+2Hgl, 4+ 8KHO =NHg,I +3KI+4 3H.O0.
If more than 0005 of a gramme of ammonia is present
in the 50 c.c. of water that has been nesslerized, instead of
a clear, coloured solution being produced, an actual pre-
cipitate will be formed, and it is then impossible to compare
the colour against the standard solution as is desired. The
eolours are best compared by looking down through the
tubes held an inch above a white tile or piece of paper. If
is therefore essential that the Nessler glasses used for com-
paring two liquids shall be of precisely the same bore.

The liquids fo be nesslerized must all be the same tem-
perature, preferably about 15-5° C.

Standard Ammonia Solution.—The standard solution of
ammonia generally employed is made up so that 1 ce.
shall contain -00001 gramme of ammonia; the salt
generally used is ammonium chloride (NH,Cl). If we
weigh out 3-15 grammes of the pure salt, and dissolve this
in a litre of water, this will form a eonvenient stock solution
from which to prepare an ammonia standard eontaining
‘00001 gramme of ammonia per c.c., which we do by taking
10 e.c. of the strong solution and diluting it to 1000 c.e.
with distilled water. It is hardly needful to say that the
water used to make up these solutions must be ammonia-
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free. The following calculation shows why 315 grammes
of ammonia salt are employed: —NH,Cl=535, NH;=17,
. 1 gramme NH; is confained in 3:15 grammes NH,Cl
Preparation of Nessler's Reagent.—Nessler’'s solution con-
sists of a solution of mercuric iodide and potassium iodide,
and is prepared by dissolving 85 grammes of potassium

APPARATUS FOR WATER DISTILLATION.

iodide in about 100 c.c. of distilled water, and then adding
to it a cold solution of 16 grammes of mercuric chloride dis-
solved In about 300 c.c. of distilled water, when it will be
found that a slight permanent precipitate is produced. The
mixture is then made up to 1000 c.c. by the addition of 20 per
cent. caustic potash solution. KEven after the solution has
been allowed to stand at rest for some weeks, and the clear
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liguid drawn off, it will still continue to deposit a yellowish
sediment ; but this need cause no trouble if it is not stirred
up by inserting the pipette right to the bottom of the
bottle. The danger of sucking up the liquid, which is
exceedingly unpleasant to taste, may be avoided by fitting
into a rubber cork a pipette with its bulb at the end. As
the bulb is constantly immersed in the solution, the required
amount can be retained by simply placing the finger on the
free end. If a long narrow bottle is used, the sediment
will remain undisturbed at the bottom, especially if some
fragments of glass are kept in the bottom of the bottle.

Nessler's solution is more sensitive after it has been kept
for some time than when freshly made, and therefore if is
customary to keep enough solution in stock to ensure its
having been made at least a month before it is used. Even
when the solution has been kept for a month or more before
use some five minutes must be allowed to elapse before
the full eolour is obtained, and if fresh Nessler is employed
the colour may take even longer to develop.

The above apparatus consists of a flask a, heated by a ring-
burner g, a condenser h, 1, and a Nessler glass d, with a
50 c.c. mark, to act as a receiver. The flask is one of the
ordinary Wiirtz pattern, fitted with an indiarubber stopper,
and connected by the cross-tube b to a condenser of the form
recently described by Cecil H. Cribh in the © Analyst’ (May,
1898), which, while only occupying about one-third of the space,
lhas a much greater efficiency than that of a Licbig’s condenser.
The steam enters at ¢, and passes into the very narrow annu-
lar space between the two tubes h and i, where it is condensed
and runs down into the Nessler glass below. The condensing
space s cooled on both sides by cold water flowing in the direc-
tion of the arrows, down the tube f, up through i, which it fills,
and then passes out through slits in the cork j, to flow down
the outside of h into the cup e, whence it runs away to waste.
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Determination of the Albuminoid Ammonia.— The residue in
the flask, after distilling off the free or saline ammonia, is
allowed to cool somewhat, and 40 c.c. of alkaline perman-
ganate are added and the distillation continued. In cases
where a water contains a large amount of organic matter,
as m peaty or highly-polluted waters, it may be necessary
to add more alkaline permanganate, while in the case of
sewage or sewage effluents a special procedure must be
adopted. Under the action of alkaline permanganate the
nitrogenous matter in the water, with the exception of that
present in an oxidized form (nitrites or nitrates), is decom-
posed, the nitrogen being yielded in the form of ammonia.
This decomposition does not occur instantaneously, and
hence it is necessary to distil and colleet four quantities
of 50 c.c., which are each nesslerized separately, and the
amounts of ammonia indicated added together and reported
as ‘albuminoid ammonia.’

Excessive ‘ bumping " in the distilling-flask may be best
moderated by placing some pieces of pipe-stem in the flask.

Alkaline permanganate is prepared as follows : Dissolve
200 grammes of good caustic potash in a litre of ammonia-
free distilled water previously heated to boiling; when it
is dissolved add 8 grammes of potassium permanganate,
and evaporate the liquid down to about one-quarter of its
bulk. Now make up to about a litre again with ammonia-
free water and evaporate as before. These two evaporations
will expel any ammonia that may exist in the liquid, or
that may be formed from traces of cyanide in the caustic
potash. After the second evaporation, make up to a litre
with ammonia-free water and keep in a stoppered bottle.

Ammonia-free water is best prepared as follows: A little
sulphurie acid is added to ordinary distilled water in a
retort, and the distillate is collected after rejecting the
first 100 c.c. The next 600 or 700 c.c. will be free from
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ammonia, and the distillation should then be stopped, or
traces of ammonia will again begin to come over. It is
not, however, worth while to go to the trouble of preparing
it one's self, as distilled water ecan now be purchased
free from ammonia at 3d. a gallon, which is cheaper than
it could be made in the laboratory.

Before applying Wanklyn’s process to a water, it is
advisable to nesslerize 50 c.c. of the sample, and if any
perceptible colour beyond a very faint yellow 1is pro-
duced, a less quantity than 500 c.c. should be taken and
made up to 500 c.e. with ammonia-free water. In the
case of a river-water, for example, 100 ¢.c. would be a con-
venient quantity, while in the case of a sewage or sewage
efluent 10 or 20 c.c. will be found to contain as much
ammonia as can conveniently be nesslerized. When work-
ing on such small quantities any error that may oceur in
manipulation is obviously magnified by caleulation, and
hence it is preferable not to employ the process of nessleriza-
tion at all in the case of sewage and sewage effluents, but
to work on the full quantity of 500 c.c., and to titrate the
ammonia in the distillate with decinormal acid, using cochi-
neal as the indicator.

If the ‘free’ ammonia does not exceed 0003, and the
‘albuminoid * 0°007, part per 100,000 respectively, the
water may be generally regarded as within the limit of
safety. A high ratio of ‘albuminoid’ compared with the
“free ' denotes vegetable pollution, in which case the amount
of chlorides and nitrates present will be low. Much * free’
ammonia accompanied with excess of chlorides will indicate
the presence of animal contamination.

Wanklyn’s standard for albuminoid ammonia is as
follows :

High organie punt:.r ... 0 to 05 part per 1,000,000
Hahsfm;t-ﬂry punt;,r ... 05 to -10 part per 1,000,000
Polluted .. . ... Over 10 part per 1 000,000
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Wanklyn states that when the albuminoid ammonia
amounts to 0°05 part per million, then the proportion of
free ammonia becomes an element in the caleulation, but
if it is absent, then the water may be passed as organically
pure despite much free ammonia and chlorides. If free
ammonia is present in but very small amount, a water
gshould not be condemned unless the albuminoid ammonia
1s about 0°10 part per million.

A certain amount of information may be gained by noting
the rate at which the ammonia is evolved during the dis-
tillation. Rapid evolution denotes that the organic matter
is in a decomposing or putrescent condition, whereas if the
ammonia is given off gradually it indicates that the con-
tained organic matter is derived from comparatively recent
pollution.

It is worthy of note that if the original sample on being
tested with Nessler's reagent gives the faintest eolour, it
shows the presence of an objectionable amount of free
ammonia, and the sample is open to grave suspicion.

It is important to note that deep well waters, particularly
those in the chalk and greensand, frequently contain a
large proportion of free ammonia, but such waters will be
practically free from any trace of albuminoid ammonia. A
high amount of free ammonia is of course also found in
rain-water, and frequently also in water that has percolated
through soil containing reducing salts of iron, which decom-
pose the nitrates originally present in the water. This
change also takes place in water that has stood in iron pipes.

The Moist Combustion or ‘ Oxygen Consumed’ Process.

This process, which was originally due to Forchammer,

has been modified by Tidy, Dupré, and others.
The object of the process is to ascertain the amount of

SRR -
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organic matter in solution in a given water by finding how
much oxygen is absorbed in a given time at a given tem-
perature from an acid solufion of potassium permanganate.
It does not distinguish between organic matter due to sewage
and that due to vegetable débris; nor is the reaction so
immediate or complete as to make it possible to titrate a
given quantity of sample water direct with permanganate,
as was attempted when the process was first introduced.

The amount of permanganate used up by a water will
vary with the temperature at which the mixture is kept, the
length of time it is allowed to act, and, above all, with the
precise substances which the water contains.

It will therefore be manifest that the process is an
arbitrary and not a precisely quantitative one, and in order
to obtain concordant results we must observe the same
procedure as to time, temperature, and reagents in every
case.

The process depends upon the fact that potassium per-
manganate, in the presence of H,S0,, gives up five-eighths
of its oxygen to any oxidizable matter which may be present.

The reaction which takes place is :

K,Mn,0,4+3H,80,=K,SO,+
(Mol. wt. 316.)

2MnS0,+ 3H,0+450.
(Mol. wt. 80.)

It will be seen that 316 parts by weight of potassium
permanganate yield 80 parts of oxygen, or one part of
oxygen will be yielded by i;l; (=3'95) parts of potassium
permanganate. The reagents required will be:

(1) Potassium permanganate of such a strength that
1 ec.e. will contain *1 milligramme of available oxygen.
This is made by dissolving *395 gramme of potassium per-
manganate in a litre of organically pure water. (As we

5



66 CHEMICAL AND BIOLOGICAL ANALYSIS OF WATER

want *1 milligramme of O in a cubic centimetre, we shall
require *1 gramme in a litre ; then, if 316 grammes of
potassium permanganate contain 80 grammes of available
oxygen, ‘395 gramme of potassium permanganate must be
dissolved in a litre of water.)

(2) Sodium hyposulphite solution, 1 gramme of Na,S,0,
to 1 litre.

(3) Starch solution, about 2 per cent.

(4) Potassium iodide solution, about 10 per cent.

(5) Dilute sulphuric acid 1 : 3, in water free from organic
maftter.

The method most commonly preferred by analysts in
this country, and the process recommended by the Society
of Public Analysts, is to determine the amount of oxygen
consumed at a temperature of 80° F. in two separate
experiments, viz., in fifteen minutes and in four hours.

The amount of oxygen consumed in fifteen minutes will
represent very easily reducible organic matter, and will
include any nitrites, sulphides, and ferrous salts present in
the water under examination. The four-hours figure will
represent the whole of the organic matter contained in
most waters, but with very bad waters even more time is
required for the complete oxidation of the organic matter.
When this process is applied to water containing much
suspended matter, it is certain that a considerable propor-
tion of organic matter, such as fibres of paper, remain
unacted on.

Determination of the ‘Oxygen Consumed' in Fifteen
Minutes.—Into a flask of 500 c.c. capacity place 250 c.c. of
the water to be examined. Into another flask place 250 c.c. of
distilled water, and heat on the water-bath to 80° F.; when
this temperature is recorded, pour into each flask 10 e.e. of
the potassium permanganate solution and 10 c.c. of dilute
sulphuric acid. Maintain the solutions at 80° F. for fifteen
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minutes. If the pink colour becomes faint, a further quantity
of permanganate solution must be added to each flask. At
the end of the fifteen minutes the amount of potassium per-
manganate, in both the standard (or ‘blank’) and the sample,
has to be estimated. The sample will not be so bright a
colour as the standard, because some of the permanganate
is used up by the organic matter. The next step is to
estimate the residual permanganate. This is conveniently
effected by adding to each flask some solution of potassium
iodide, when the remaining permanganate sets free from
the potassium iodide an amount of iodine exactly cor-
responding to the amount of permanganate unused ; thus:

K.Mn,05+8H,S0, + 10KI = 6K,80, + 2Mn S0, + SH,0 + 51.

On the addition of the potassium iodide the pink colour
of the solution will change to a yellow, due to free iodine,
which dissolves in the excess of potassium iodide, and this
can be conveniently estimated by titration with sodium
hyposulphite. A solution of iodine in water at a tempera-
ture of 80° F. is very sensibly volatile, so that the liquid
should be well cooled before adding the potassium iodide ;
if this is not done, purple vapours and the characteristic
smell of iodine will be noticed, and an inaccurate result will
be obtained. This solution reacts with the liberated iodine
according to the equation :

9N8,8,0; +I,=2Nal + Na,8,0,.

The hyposulphite solution is run into the iodine-tintea
liquids from a burette until the tint has entirely dis-
appeared. The end of the reaction is best perceived by
adding a few drops of starch solution to the liquids; this
forms a blue compound with the iodine. As soon as the
iodine has been used up by further titration, the blue colour
will disappear ; and we have now all the data necessary for
estimating the amount of oxygen absorbed.

5—2
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Example of Calculation—(a) Sample.— Maintained at
80° F. for fifteen minutes, 10 c.c. of potassium per-
manganate added, and then KI, and titrated with hypo-
sulphite, of which 12 c.c. were required. .

(b) Distilled Water.—Treated as sample, and found to
require 20 c.c. of hyposulphite solution.

Therefore, 20 c.c. of the hyposulphite solution are
equivalent to 10 c.c. of the permanganate solution, or to
1 milligramme of available oxygen. Therefore, 1 c.c. of
Na,S,0, =05 milligramme of oxygen.

The sample required only 12 c.c. of the Na,S,0, solution,
while the distilled water required 20 c.c., so the difference
is 8 e.c.

Therefore, an amount of oxygen has been absorbed
equivalent to 8 c.c. of the Na,S,0, solution; but it has
been seen that 1 c.c. of the Na,S,0, solufion is equal to
*05 milligramme of oxygen. Therefore, 8 c.c. 1s equivalent
to *40 milligramme of oxygen.

Therefore, *40 milligramme of oxygen is absorbed by
250 c.c. of the sample water, or 1'6 milligramme is absorbed
by 1000 e.c of oxygen.

Therefore, the oxygen-consuming power of our water is
1'6 milligramme per litre, or 1'6 part per million, or 0°16
part per 100,000,

Determination of Oxygen Consumed in Four Hours. —
This is carried out as above, the flasks being allowed to
remain at a constant temperature of 80° F. for four hours
in a specially constructed water-bath or incubator. If the
pink colour of the solution should become faint, a further
10 c.c. of the permanganate solution should be added.
When the proper time has elapsed, the solutions are
titrated with the hyposulphite solution, as directed above.

McKay's Modification of the Oxygen Consumed Process.
—L. W. McKay (Chemical News, xlvii, 195) titrates the
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permanganate with ammonio-ferrous sulphate. In using
Tidy’s permanganate method for estimating the organic
purity of waters, that author has always experienced a
diffieulty in ascertaining the precise moment of the dis-
appearance of the blue colour of the iodized starch; to
avoid this he has adopted the use of ammonium ferrous
sulphate. The solutions he employs are: (1) 0°395 gramme
permanganate in 1000 ec.c. pure water; (2) 4-90 grammes
ammonium ferrous sulphate in 975 c.c. water and 25 c.c.
concentrated sulphurie acid. From several experiments,
he feels sure that the method is very good; the results
are not only constant, but also agree well with dupli-
cate analyses done by Tidy’s method. The advantages
claimed for the method are: (1) The abolition of the blue
colour difficulty ; (2) saving of time ; (3) two solutions only
are required; (4) the amount of chemically pure water
necessary is reduced to a minimum. The ammonium
ferrous sulphate solution keeps very well in the dark. We
have used this method, and find it gives a sharper end-
reaction than the ordinary method.

The estimation of the oxidizable organic matter by means
of acid permanganate gives exceedingly valuable data when
taken in conjunction with the foregoing process of Wanklyn.
Taken by itself, the determination of the oxygen required
to oxidize the organic matter is liable to furnish misleading
results, owing to the fact that some forms of organic
matter reduce less permanganate than others. Thus, a
water derived from a peaty upland is liable to absorb
a larger amount of oxygen than one containing a very
serious amount of dangerous pollution. This, which at
first sight appears to detract greatly from the value of the
process, is a matter of but little consequence if the source
of the water is known. It should not be overlooked that
the presence of lower oxides of iron, nitrites, and sulphur
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compounds other than sulphates also absorb oxygen; and
this should be allowed for if these bodies are present. The
following table of approximate standards -for this process
has been drawn up by Frankland and Tidy :

Axounts oF OXyGEN ABsoRBED BY 100,000 PaArts or WATER.

Derived from upland Derived from sources
surfaces. other than upland surfaces.
Water of great organic
purity ... Not more than 0'1 Not more than 005
Water of medium purity “ ay B i s 0015
Water of doubtful
purity i 5 Ord = g 02
Polluted water ... More than 04 More than 02

Hot Moist Combustions.—Abroad it is the practice to per-
form the permanganate determination hot; and some
authors find advantage in doing it in alkaline instead of
. acid solution. So far as the temperature is coneerned, there
1s no doubt that a larger proportion of organic substances
are attacked, and this in a considerably shorter time, by
permanganate at boiling-point than at 80° F. The principal
objection to its use, and one which hitherto has almost pre-
vented its adoption in this country, is the liability of chlorides
to interfere with its results. Experiments of Preusse and
Tiemann have shown that up to 04 per cent. of sodium
chloride—that is to say, for all ordinary amounts of chlorides
—+this objection does not necessarily arise. At the same
time these authors admit that in the acid process it is liable
to occur presumably through the decomposition by chlorine
of the organic constituents which are present in some waters.
They state, however, that it does not oceur with the alkaline
process, and accordingly recommend the latter for those
cases where the chlorides appear to produce a disturbing
effect. There is this advantage in performing both estima-
tions, that most organic substances are affected to a
different extent by the alkaline and by the acid per-
manganate process; and the twofold determination may
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oive, therefore, two factors which may in some measure be
independent of each other, and of which the separate
estimation might possibly be valuable in systematic
periodical examinations, which it must in season and ouf
of season be remembered constitute the really valuable
contribution of chemistry to sanitary science. Thus
Pouchet and Bonjean found in 1,127 waters examined
chemically and bacteriologically in the laboratory of the
Consultative Committee of Public Health of France, that
in those samples (297 in number) which absorbed more than
1 milligramme of oxygen, a larger amount of oxygen was
absorbed in alkaline than in acid solution ; and that of those
297 waters, 251 were found both by direet inquiry and
bacteriological observation to be grossly contaminated by
feecal matters. A large number of special experiments on
solutions artificially prepared, ete., show that no invariable
rule can be laid down to the effect that animal matters are
more attacked in alkaline than in acid solution. In some
cases, but not in all, the difference may have been
attributable to the presence of chlorides, which, as stated
by Tiemann, are not liable to interfere with the reaction
in alkaline solution. Whatever the cause, it appears clear
that the relation in question occurred in the majority of
instances, and probable that the double determination will
frequently be instructive. It is the less to be avoided
because, on whatever process it is conducted, the apparatus
is simple, and the personal time involved is not large.

The hot process most used abroad is that of Kubel, who
boils for five or ten minutes in acid solution. Others, as
Drown and Hazen, bring the solution to the boil before
adding the water. Schulze performs the reaction in per-
manganate with caustic soda. On the whole, the process
most to be recommended is that adopted in the laboratory
of the Consultative Committee, as deseribed in the paper

Pouchet and Bonjean to which we have referred.
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Of four conical flasks, two receive 100 ec.c. each of the
water under examination and two receive 50 c.c. each.
One 100 c.c. is acidified with 10 c.c. of sulphuric acid 1 : 4,
and one 50 c.c. with 5 c.c. of the same solution. The other
100 c.c. receive 10 c.c. of a saturated solution of sodium
bicarbonate (the action of caustic soda or potash on the
permanganate being considered too strong), and the other
50 c.c. receive 5 c.c. of the same solution. Ten c.c. of a 05
per 1000 solution of permanganate is then added to each
flask, and the whole are brought to the boil and kept so
for ten minutes. The flasks are then allowed to cool, and
the alkaline solutions acidified with 20 c.c. and 10 c.c.
respectively of sulphuric acid (1 : 2) solution. Ten c.c. of
ammonium ferrous sulphate solution, containing 10
grammes of the salt and 10 grammes of sulphuric acid
per litre, are then introduced, and the solution is titrated
with the permanganate solution until a faint pink tinf
is produced. The difference between the results of the
100 c.c. and the 50 c.c. in each case gives the figure for
the permanganate required for the oxidation of the organiec
matter in acid and in alkaline solution respectively.

The permanganate solution is titrated with a solution of
pure crystallized oxalic acid, the purity of which is grawvi-
metrically verified by transformation into calcium oxalate
and then carbonate. Special care is taken to avoid dust;
use scrupulously clean flasks, and rinse with pure and
freshly-prepared distilled water. The results are expressed
either in terms of oxygen absorbed by 1 ec.c. of perman-
ganate, corresponding to 0°1266 milligramme of oxygen,
or of organic matter as oxalic acid, 1 c.c. of permanganate
corresponding to 0997 milligramme of crystallized oxalic
acid : |

K,Mn,0,+ 3H,80,+ 5C,H.,0,.2H,0
=10C0,+ 18H,0+2MnS0, 4+ K;50,.
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It must be borne in mind that equal weights of different
organic materials absorb entirely different quantities of
oxygen from permanganate solution under any treatment ;
the results of this and any similar method, even for water
from the same source, determine quite arbitrary and unde-
fined constituents. That these determinations nevertheless
are of value has been shown repeatedly by the comparison
of results which they have yielded with those of direct
examination of the source. It is clear, however, that, more
even than the choice of process, the rigorous and minute -
uniformity of procedure in all cases is necessary for
getting the best use out of the determinations.

A still higher proportion of organic matter can be
oxidized by the potassium bichromate process of Wolff-
Degener-Herzfeld, but at the cost of more complicated
apparatus and a much longer process.

It 1s to be remarked in regard to all these processes, as
well as to the actual application of ultimate analysis in
the ingenious method of E. Frankland, that the nearer
approximation to completeness in the amount of organic
carbon and nitrogen has a value which i1s more apparent
than real. The significance of these elements depends on
the manner in which they were combined in the substances
which were dissolved in the water ; and 1n the absence of this
information it is more than doubtful whether the search for
exact organic carbon and nitrogen figures is worth great pains:
For our own part, when account is taken of these circum-
stances, we feel persuaded that more useful information is to
be obtained in regard to a water by moist combustions and
albuminoid ammonia determinations than by a single
ultimate organic carbon and organic nitrogen determina-
tion, which would occupy about the same time and be
subject to corrections of such extent as to make the
accuracy of the final figures very liable to be erroneous.
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On this ground we do not give a detailed desecription of
the Frankland process, which ecan be found either in that
author’s ‘Water Analysis’ or in Sutton’s ¢ Volumetrie
Analysis.” As, however, it is the official process for some
purposes, we subjoin a deseription which will enable the
results obtained by it to be critically followed.

The Frankland Combustion Process.

As soon as possible after the receipt of the water, and
directly after the estimation of the ammonia, a quantity of
water, varying from 1 litre (where the ammonia is less than
0°05 part per 100,000) to 100 e.c. (where it is more than 1°0
part), is boiled briskly with saturated sulphurous acid solu-
tion, so decomposing ecarbonates, nitrates and nitrites,
expelling CO,, and fixing the larger part of the ammonia,
except for a small loss, to correct for which empirical tables
are provided. In the final calculation the nitrogen of the
total ammonia found in the previous determination, less the
empirically estimated loss, is deducted from the total nitro-
gen yielded by combustion. The acidulated water is evapo-
rated over a water-bath, a drop of ferrous chloride solution
being added to destroy nitrates, and a little sodium sulphite,
if necessary, to fix free sulphuric acid. The evaporation,
which is conducted under a glass shade to rigidly exclude
dust, takes about eighteen to twenty-four hours for a litre ;
and if nitrates and nitrites are high, the solid residue has
then to be treated with more sulphurous acid solution, and
again evaporated to dryness. With liquids containing
much ammonia and no nitrates or nitrites, ammonic phos-
phate (which is inapplicable in the presence of the latter salts,
because it does not reduce them) is recommended, instead of
sulphurous acid, as the loss of ammonia is stated to be less.
The dry residue is mixed with copper oxide, for the greater
part finely divided, placed in a narrow combustion-tube
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between coarse copper oxide, followed on the further side by
copper gauge-cylinders or turnings, and then by more copper
oxide, exhausted with a mercury-pump, and combusted in
the ordinary way. The resulting CO, N,0,, N, and occa-
sionally CO, are drawn into a special eudiometer, and deter-
mined in the usual way. In addition to the correction for
loss of ammonia, which varies within wide limits with the
total quantity in the water, it is found that corrections must
be made for carbon and nitrogen introduced accidentally
during the analysis; and for this purpose several blanks,
each on the evaporation of 1 litre of water, free not only
from ammonia, but also from organic matter (a substance
extremely difficult to obtain, and still more so to keep), are
recommended as desirable. It is to be observed also that
this process takes no account of the organiec substances
occurring in natural waters which are volatile in acid
solution.

The authors of this process believe that, with certain
reservations, the proportion of organic carbon to nitrogen
indicates whether the polluting organic matter was derived
from animal or vegetable sources. Much carbon and little
nitrogen indicates vegetable contamination, whereas, if the
ratio of carbon to nitrogen is low, it is evidence of animal
pollution, i

The Rivers Pollution Commissioners found that in peaty
waters the ratio of nitrogen to carbon was 1 : 119, while in
similar waters that had been stored in lakes the nitrogen to
carbon =1 : 5'9. Insewage, the average of a large number
of samples gave nitrogen to carbon =1 : 2-1. Highly
polluted well-waters gave nitrogen to ecarbon =1 : 1-3.

The Rivers Pollution Commissioners state that *a good
water should not yield more than 02 parts of * organic
carbon,” or more than 002 of “ organic nitrogen” in
100,000 parts.’
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Oxidized Nitrogen.

Nitrites and Nitrates.—When nitrogenous organic matter
undergoes decomposition ammonia is invariably produced,
and by oxidation this ammonia is converted by the agency
of micro-organisms, which exist in most natural waters and
soil, into water and nitric acid, giving rise to nitrates of
sodium, potassium, and caleium.

When a water suffers pollution with animal or vegetable
matter, the tendency under natural conditions is towards
purification by oxidation. This oxidation of the organic
matter may take place in several ways, the most important
of which are the following : (a) Eremacausis, (b)) fermenta-
tion, and (¢) putrefaction.

The process of eremacausis is a slow breaking or burning
up of the organic matter by means of slow combustion,
which may be likened to the process of phosphorescence.
The process of putrefaction is due to the vital activity of
certain bacteria, whereby the organic matter is first resolved
into simpler compounds, and eventually into their simplest
elements. Probably the most important process concerned
in the breaking up of organic matter is the process of
fermentation known as nitrification, due to certain organisms
which oxidize ammonia into nitrites, and to others which
eonvert the nitrites into nitrates.

It was first pointed out by Frankland that nitrates when
present in quantities sensibly above what have been found
to be ‘normal’ for the particular source in question, must
be regarded as due fo ‘ past pollution.” The presence of
small quantities does not necessarily denote the presence of
organic pollution, since nitrates always exist in waters of
the highest organic purity derived from the chalk and lias.

The estimation of nitrates and nitrites in a sample of
water, therefore, gives us the measure of the oxidized
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organic matter which previously existed in the water, or, in
other words, the past pollution.

When organie nitrogen is fully oxidized to nitrie acid it
may be held to be quite innocent. Still, it indicates past
pollution, and if its quantity exceeds a certain amount, it
calls for a very close investigation of the antecedents of
supply in question.

Thus it will be seen that small quantities of nitrates
derived from deep wells in these formations possess no par-
ticular significance, as they are probably derived from
organic matter that has long since become oxidized, and
which was originally derived from the surface, or possibly
from the fossil remains.

Waters containing more than 02 part per 100,000 are
open to suspicion unless they can be accounted for as being
derived from the strata. Where this source of nitrates
cannot be excluded, a greater quantity than 0°5 part per
100,000 should be regarded with very grave suspicion, as
the quantity of nitrates derived from unpolluted sources
very rarely exceeds 03 part per 100,000; any larger
quantity than this is almost certain evidence of pollution.

Nitrites.—The presence of nitrites is generally to be
regarded as a bad sign. When organic matter is oxidized-
into nitrates, nitrites are first formed, and these are after-
wards oxidized into nitrates. Thus it will be seen that the
presence of nitrites indicates the probability that the organic
pollution is very recent, owing to the fact of the oxidation
being incomplete.

It may be as well to point out that the particular com-
bination in which both the unoxidized and oxidized nitrogen
exist in samples of water are very liable to undergo change
from the moment of collection. Hence it is not to be
wondered at that different analyses of the same sample may
show very considerable differences in the figures obtained,
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unless the samples have been examined almost immediately
after collection.

It is very possible that the formation of nitrites is inter-
mediate between the oxidation of ammonia and the forma-
tion of nitric acid, while nitrites are so rarely found on
account of their great instability and the ease with which
they are further oxidized to nitrates.

Various observers appear to have met with nitrites in
waters intended for domestic purposes, but their occurrence
is far more uncommon than is usually believed, and in
many recorded cases may have been due to impure re-
agents, or to water having been kept some time before
analysing. They would probably only be found in waters
in which nitrates were in company with large quantities of
organic matter which was abstracting oxygen from them.
Nitrites may be shown to exist in large quantities by the
reduction of nitrates in the copper-couple process if the
liquid is tested before the reduction into ammonia is
complete.

Nitrites are formed in well-water rich in nitrates, and in
sewage-effluents containing nitrates, if the water or efluent
is kept in closed bottles. Whether this is due to the action
of bacteria or merely to a purely chemical reduction might
possibly be decided experimentally.

Determination of Nitrates.

Many different methods have been proposed for the estima-
tion of nitrates, but only three are at all generally employed.

The various methods that have been used or suggested
may be divided into three classes :

(1) Methods in which the nitrates are reduced to ammonia
and estimated as such by nesslerizing, or, if present in
great quantity, by titration.
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(2) Colorimetric methods.

(3) A method in which the nitrogen of the nitrate is
evolved as nitrie oxide gas, which is measured.

Of the first group the copper couple method is worthy of
note as being very easily performed and giving acecurate
results.

There are several colorimefric methods, such as the
indigo test, the brucine test, and the phenyl-sulphate
method. The latter is commonly employed on account of
its yielding fairly accurate results in a short space of time.

Qualitative tests for the presence of nitrates in water are
obviously of no use, seeing that nitrates are found in vary-
ing quantities in almost every water except rain-water.

The only method representative of the third group, in
which the nitrates are converted into nitrogen gas, is that
of Crum, which is now becoming superseded by the phenyl-
sulphate method.

Estimation of Nitrogen as Nitrates and Nitrites by Reduection
to Ammonia,

Copper-Couple Method.—When a piece of zine coated with
copper is placed in water it slowly decomposes it, hydrogen
being set free and the oxygen uniting with the zine to form
zine oxide. If nitrogen be present as nitrates (or nitrites),
the hydrogen at the moment of its liberation first reduces
the nitrates to nifrites, and then unites with the nitrogen
to form ammonia, and the ammonia so formed can be
estimated by means of Nessler's test. On this is based a,
method for the estimation of nitrates in water. For the
estimation we require a bottle holding about 200 ec.c.,
a piece of zine-foil, and a 3 per cent. solution of copper
sulphate. Take a piece of zine-foil about 4 in. long and
2 in. broad, clean it with HCl, then immerse it in a 8 per
cent. solution of copper sulphate. The copper will be
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deposited as a black coating on the zine. It must not be
kept in the solution too long; about ten minutes is enough.
The use of granulated zinc is advocated by W. F, K. Stock
(page 107, J.S.C.I., 1897), as offering a greater surface;
and after the estimation the zine is kept in the bottle for
the next oceasion, and is again available after re-coppering.

Transfer the copper couple to a bottle of about 200 e.c.
capacity and wash it well with distilled water, then rinse
out with the water to be examined, and when washed fill up
the bottle with the water to be examined, and leave in the
dark for twenty-four hours. The nitrates in the water will
be converted into ammonia and remain in solution as such.
The next morning the amount of ammonia formed may
be determined. Williams (Analyst, p. 1881, 86), to whom
this ingenious and exact process is due, states that the
reaction may be hastened by slightly warming the solution.
He also states that the rapidity of the reaction may be
further increased by the addition of about 01 per cent. of
salt. Williams has shown that nitrous acid always remains
in the solution until the reaction is finished. By testing for
nifrous acid the completeness of the reaction can be obtained
with certainty. The most delicate test which ean be applied
for this purpose is Greiss's metaphenylenediamine test (.
infra). After shaking, take out from 5 to 10 c¢.c., according
to the purity of the water, dilute with about 100 e.c. of
ammonia-free water, distil off 50 c.c. into a Nessler glass
and nesslerize in the usual manner. The results are cal-
culated as ‘nitrogen,” after previously subtracting the
amount of ammonia which was found to be present as free
ammonia. This correction need only be applied to waters
containing much saline ammonia.

Almost as good results can be obtained after a little
experience without distillation by nesslerizing the water
direct after treatment by the zine-couple method. Five to
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ten c.c. of the water is diluted to 50 c.c. with ammonia-free
water and nesslerized as usual. A little experience is
necessary to make proper allowance for the turbidity pro-
duced by the calcium salts acting on the Nessler reagent.

Blunt (Analyst, vi. 202) points out that the above process
may be used without distillation and with accuracy in the
case of any water by adding a small quantity of oxalic acid
to a double quantity of the water, dividing, and using one
portion, clarified by subsidence, as a comparison liquid for
testing against the other, which has been acted upon by the
zine-couple couple.

Where dilution is neeessary, both portions must be
diluted equally. This plan possesses the advantage that
an equal turbidity is produced by Nessler reagent in both
portions.

Phenyl-sulphate Method for the Estimation of Nitrates in
Potable Water.

The constitution of phenol-sulphonic aecid is shown by
the equation :
C.H;0H+H,S0,=C;H,(OH)S0,H + H.0.
The reaction that occurs when this reagent (which, when
made up as described below, contains phenol-sulphonic
acid and an excess of sulphuric acid) is added to a nitrate
18 as follows :

CeH,(OH)SO,H+3NHO,; = C;H,(OH)(NO,), + H,80, 4+ 2H,0,

Trinitrophenol
(pieric acid).

and on addition of ammonium hydrate :
CoHo(OH)(NOy); 4+ NH,HO = C;H,ONH,(NO,), + H.0

Ammonium picrate.

This very quick and convenient process is carried out as

follows ;
§
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Evaporate 50 c.c. of the sample to dryness in a platinum
dish on the water-bath, then add 1 c.c. of phenylsulphate
(made by mixing together 18'5 c.c. of strong sulphurie
acid, 1'5 e.c. of water, and 3 grammes of phenol), mix with
a rod, and allow to remain on the water-bath for three
minutes. Add about 1 e¢.c. of water, about 2 c.c. of H,50,,
and warm again over water-bath fill faintly yellow; now
add about 25 c.c. of water and excess of ammonium
hydrate, and make up to 100 c.c. in a Nessler glass, The
yellow tint produced is due to the formation of ammonium
picrate. We next make a standard by taking 5 e.c. of a
golution of KNO, (*722 gramme to the litre), 1 c.c. of which
eontains 0001 gramme of N, and treat with phenylsulphate
water, and ammonia as before. We must now compare the
tints of the two solutions by looking down through the
liquid in the Nessler glasses, holding them about an inch
above a sheet of white paper. If the tints are equal, the
50 c.c. of sample taken contains the same amount of
nitrogen as the 5 c.c. of KNO, solution—i.c., *5 milli-
gramme, and, therefore, ‘5 x2=1'0 part per 100,000. If
the sample is not equal to the standard, but is either
darker or lighter, pour out from the cylinder which has
the darkest tint into a graduated measure until the colours
are equal; then calculate as below :

(1) The standard is darker than the sample. Pour ouf
from the standard into a measuring cylinder until the fints
are equal. Suppose 25 c.e. have been poured out; then,
since the standard contains *5 milligramme of N, the

75
100
and as 50 c.c. of water were taken, this is ‘375 milli-
gramme X 2=0"75 part of N per 100,000.

(2) The sample is darker than the standard. Pour away
from the sample until the tints are equal. Say we pour

sample will contain of '5="375 milligramme of N,
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away 25 c.c. as in last example; we have 75 c.c. left,
therefore 75 c.c. of sample are equal to the whole of the
standard, i.e., *5.

Therefore, the whole of the sample will be equal to
100
75
amount in 50 c.c. of the water, there will be ‘66 x2
milligramme in 100 e.c =1.e., 1'32 part per 100,000.

In practice the accuracy of this process will be increased
by taking such a quantity of water as is likely to yield
approximately 5 of a milligramme of oxidised nitrogen ;
thus in the case of a sewage effluent or polluted well-water
a quantity of 20 e.c. might be evaporated, while in an
upland water or an unpolluted river or town-supply a
quantity of 200 c.c. would be better.

The standard nitrate solution is made up so that every
cubic centimetre shall contain 1 of a milligramme or
0001 gramme of nitrogen ; therefore if we intend to prepare
a litre of solution, we shall require ‘1 gramme of nitrogen
in 1000 ec.c.

To ascertain how much potassium nitrate (which is the
galt generally employed) we must take, it is necessary to
see how much nitrogen potassium nitrate contains, the
formula being KNO,, and the molecular weight :

(K=89"1, N=14, 0,=48) 101-1,

X *5="66 milligramme of N. And this being the

so that 101°1 parts of KNO, contain 14 parts of N. If
14 parts of N are contained in 101°1 parts of KNO,, then

1 part N will be contained in 1[;141 parts of KNO,=T7-22

parts; so that to obtain sufficient KNO, to yield -1 gramme
of nitrogen, as in the solution above mentioned, we shall
require ‘722 gramme of potassium nitrate.
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Detection of Nitrites.

The two chief tests for the recognition of nitrites are
the iodine test and Griess’s metaphenylene-diamine test,
while very many others have been deseribed, in some
of which quantitative results are aimed at. The iodine
test may be performed thus: To 20 or 30 c.c. of the
water add a few drops of sulphuric acid, a erystal of
potassium iodide free from iodine, and a few drops of
chloroform. On shaking up and then allowing to stand, so
that the scattered globules of chloroform coalesce, it will be
found that a very minute trace of nitrites will have coloured
the chloroform pink by the liberation of iodine. Instead of
the chloroform, starch may be used as an indicator, but in
any case especial care must be taken to do a blank ex-
periment on distilled water with the same reagents for
comparison, otherwise no safe conclusion can be drawn, as
it 1s diffieult to keep potassium iodide without its decom-
posing, even in the solid state in the dark. The solution,
if exposed to light, very soon contains free iodine, and
therefore a erystal should be employed. If Nessler glasses
containing water to which potassium iodide solution is
added are exposed to sunlight, a few minutes arve sufficient
to cause a constant production of free iodine, while even
diffused daylight will have the same effect after some
hours. Even in the solid state potassium iodide will
decompose in the light, and should be kept in a dark
cupboard.

Griess’s metaphenylene test consists in the addition of a
few drops of sulphuric acid to the water to be tested in a
Nessler glass, and then a little solution of metaphenylene-
diamine hydrochloride.

A minute trace of nitrites results in the production of an
orange-yellow colour. The solution should be freshly
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prepared each time, and a blank should be done on distilled
water.

If it is desired to attempt a quantitative estimation of
nitrites by comparing the colour produced in a sample
with the colour produced in a standard solution of a
nitrite, care must be taken to employ a freshly-prepared
standard solution of nitrite of potash or soda, which would
be best made from silver nitrite, which is a stable salt,
whereas the nitrites of potash and soda are very unstable
even in the solid form.

It is probable that almost all the compounds of nitrogen
that enter a water from any source are eventually oxidized
into nitrates, and either remain in that condition or are
reduced by oxidizable matter to ammonia, and again re-
oxidized to nitrates and taken up by the roots of growing
plants.

GASES DISSOLVED IN WATER.

Water readily dissolves or absorbs any gases or vapours
coming in contact with it. It is to the presence of dissolved
alr and carbon dioxide that the pleasant, sharp taste of
fresh water is chiefly due. When these gases are absent,
or nearly so, water has a flat, almost nauseous taste, as
1s readily seen in the case of freshly boiled distilled
water.

As has been remarked elsewhere, the degree of aeration
of water is no criterion of its purity; the most highly
polluted water may be fully aerated, and this is particularly
the case when the pollution is recent, and therefore
probably presents its maximum danger. Water that is
fully aerated by prolonged contact with air, such as rain-
water or waters that have passed over weirs or waterfalls,
contains at the average temperature and pressure about
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20°77 c.c. of dissolved gases to a litre, the average per-
centage composition of which is:

Nitrogen ... aré e 0871
Oxygen e 807
Carbon dioxide S |

The amount of gases that a water will dissolve varies
with the temperature and pressure. Gases that are
moderately soluble in water follow the law of Dalton and
Henry—that is to say, the amount of gas dissolved is
proportional to the pressure. According to Fownes, one
volume of water at a pressure of 30 inches dissolvés the
following volumes of gases, measured at 0° C. and 30 inches

pressure :
Bulphuretted

Temp. Oxygen. Nitrogen. Carbon Dioxide. Chlorine. Hydrogen.

0°C. ... 0041 0020 1-80 — 4-37
10°C. ... 0033 0016 1-18 259 359
20°C. ... 0028 0014 0-90 216 291

These factors have further to be corrected in accordance
with the law that the pressure which determines the
solubility of a mixture of gases in water is not the general
pressure to which the water is exposed, but that pressure
which each gas under consideration would exert if it alone
were present in the space with which the water is in
contact. Thus in an atmosphere of 21 per cent. O and
79 per cent. N the theoretical percentage composition of
dissolved air at 0° C. and 80 inches pressure would be
021 x0°041 O and 0°79x0°020 N, assuming the atmo-
sphere to be indefinitely large. If, however, the absorption
occurred in a partly full bottle, in which the percentage
composition of the residual air altered during the process,
these proportions would be altered. On this ground the
sample bottle must be filled quite full; and on account of
the reaction between oxygen and some constituents, living
or otherwise, of water, it is of the first importance to accu-
rate results that the determination of oxygen should be
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made with the least possible delay after the sample has
been taken.

The Estimation of Dissolved Gases.

The most simple and satisfactory method of estimation
of the dissolved gases in water is by means of an apparatus
devised by Mr. S. Harvey (Analyst, xix,, 121). It consists
of a spindle-shaped glass vessel, with two opposite taper-

HARVEY'S APPARATUS,
(Obteinable from Messrs, Townson and Mercer,)

ing necks, 18 to 14 inches long between extremities, the
globular part being 84 or 3} inches in diameter. The
upper neck is somewhat enlarged, tapering gradually ; the
lower is narrow and cylindrical; both end in a capillary
bore with a swollen tip, in order that the rubber tubing
may be securely affixed. The upper one has a short length

of small-bore pressure tubing, securely fied and furnished
with a serew-clamp.
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The apparatus is used as follows: In the first place, the
exact capacity of the vessel from end to end is ascertained,
once for all. It is then filled with the sample to be
analyzed, the screw-clamp is closed, and the vessel care-
fully fixed upright in a tin water-bath 6 inches in diameter,
and 7 inches high, standing on legs 12 inches high, and
having an opening in the bottom closed by a perforated
cork, and so arranged that while the lower stem of the
spindle projects 2 inches below the bottom, the globular
part is immersed in the bath itself.

The clamp is now opened, and about a third of the water
allowed to run out into a graduated vessel. Of course the
amount deducted from the capacity of the globe when full
gives the amount experimented upon. The lower end of the
spindle has now 2 feet of small-bore pressure tubing slipped
over it, and secured. This tubing has a mercury reservoir
at the other end, and the latter suitably supported.

Clean, pure mercury is now poured into the reservoir,
the clamp is opened, and the air, together with any
bubbles, driven out, the water being allowed to follow to
the upper end of the rubber tube. The clamp is now closed
again. An ordinary nitrometer, having a bent ecapillary
glass tube affixed to the beak, is now filled with mercury,
and the mercury foreed to the end of the capillary tube,
which is thrust into the top of the rubber tubing and
secured. The reservoir is now lowered, and the clamp
cautiously opened in order to draw a little mercury suffi-
ciently far to reach the lower end of the capillary tube.
The clamp is again closed, the water-bath filled with cold
water, and heat applied. To prevent the latter injuring
the lower end of the spindle, a metal curtain is riveted on
to the bottom of the bath, so as to sereen the glass from
the flame, and for the same reason the hole in the bath is
excentrie, to allow sufficient space for heating.
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Under the diminished pressure caused by lowering the
cistern, the water in the spindle soon boils, and, so far as
the author’s experience goes, without ‘ bumping,” and the
expelled gases collect in the upper stem. After two hours’
boiling, during which the process requires but little atten-
tion, the reservoir may be raised, the clamp opened, and
the gases passed into the nitrometer, care being taken not
to let the ‘following water’ rise as far as the capillary
part of the spindle. The clamp is once more closed, the
reservoir lowered, and the operation continued, in order
to see if any more gas appears. Finally, the reservoir
i1s raised, and the residual gas driven completely into the
nitrometer, the ‘following water’ being allowed this time
to go as far as the nitrometer tap.

The apparatus is now disconnected from the nitrometer,
the contents of which latter, after cooling, are subjected
to measurement and absorption as usual.

The advantages claimed for the above apparatus are as
follows : The water treated, together with the evolved
gases, do not quit the vessel until the end of the operation,
when the latter are delivered free from splashings into the
measuring tube.

There are no corks, perforated or otherwise, and but few
connections, while the latter are of a character admitting
of being secured against leakage. The apparatus while
working requires but little attention ; so long as the water
in the bath is kept boiling, that in the vessel may be regu-
lated efficiently by due adjustment of the mercury cistern.

The nature of the gases after they have been collected
and measured in the above apparatus can be determined
by the usual method of absorption.

The carbon dioxide (and sulphuretted hydrogen when
present) may be absorbed by caustic potash ; the residual
gases, after drying, will consist of oxygen and nitrogen.
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The oxygen is absorbed by means of alkaline pyrogallate ;
the residue, after drying, will be nitrogen. All the gaseous
volumes are reduced fo standard temperature and pres-
sure.

The Estimation of Carbon Dioxide.

For determining the amount of carbon dioxide which
exists both free and as bicarbonates, the method devised
by Pettenkofer will be found the most convenient. It is
carried out as follows :

To 200 c.c. of the sample are added 10 c.c. of a neutral
saturated solution of calcium chloride, 5 c.c. of a saturated
solution of ammonium chloride, and 85 c.c. of standardized
baryta-water, making in all a volume of 250 c.c. The
caleium chloride will decompose any alkaline carbonate,
and the ammonium chloride will prevent the precipitation
of any magnesia present. The flask is closed with a tightly-
fitting rubber stopper, well agitated for some time, and
allowed to stand for about twelve hours. Two portions of
50 c.c. are then carefully decanted off, taking care not to
disturb the precipitate, and the free, uncombined baryta
titrated by means of a standard solution of oxalic acid,
using phenol-phthalein as indicator. The standard solution
of oxalic acid is so arranged that 1 c.c.=1 milligramme of
CO,. This is made by dissolving 2:8636 grammes of pure
crystallized oxalic acid in a litre. The number of c.c.’s
required of standard oxalic acid solution is multiplied by 5,
and this number deducted from the number of c.c.’s of
standard acid required to neutralize 35 c.c. of the original
baryta-water. The difference gives the amount of baryta
precipitated by the CO, in the water, both free and as
bicarbonate.



CHEMICAL EXAMINATION 91

Example of calculation :

50 c.c. of the clear decanted liquid required 3-0 c.c. of
the standard solution of oxalic acid.

3 x 5=15 c.c. standard oxalic acid for 200 c.c. sample.

85 c.c. original Dbaryta - water required on titration
31°0 c.c. standard oxalic acid.

81 —15=16 c.c. standard oxalic solution.

Since 1 c.c. oxalic acid solution="001 mgm. CO,,

. 16x°001 =016 milligramme CO, in 200 e.c. sample
taken = *008 milligrammes per 100 c.c. (equivalent to parts
per 100,000).

Free Carbon Dioxide.

Free CO, can be approximately estimated, as proposed by
Reichardt, by titrating with standard baryta-water, using
rosolic acid as indicator. This indicator is prepared of 0°2
per cent. strength in 80 per cent. alecohol, and just neutralized
with baryta-water until a permanent red tint is formed.
0:05 c.c. of this reagent is added to 50 c.c. of the sample,
and on titration with baryta-water the red tint will ulti-
mately change to yellow. A slight excess is required to
produce the change, and the ficure returned should be the
mean of several determinations.

Estimation of Sulphuretted Hydrogen.

Sulphuretted hydrogen frequently exists in waters from
voleanic regions and those derived from certain geological
formations, of which the mineral water of Harrogate is a
good example in this country. Waters may also be con-
taminated with sulphuretted hydrogen as the result of the
putrefaction of organiec refuse, and from contamination
with alkali and other factory waste. When sulphuretted
hydrogen is present in water to an appreciable extent it
may be estimated by the following process :
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To 500 c.c. of sample are added 10 c.c. of 7y lodine
golution. This is then titrated back with % solution of
sodium thiosulphate, using freshly-made starch paste as
indicator towards the end of the reaction. Each c.c. of the
26 iodine solution used =0'0085 of H,S. The sulphuretted
hydrogen decolorizes the iodine according to the following
equation :

IE + HES = 2HI+ S-

Care must be taken to have an excess of iodine; if there is

sufficient sulphuretted hydrogen to decolorize the iodine,
more must be added.

Estimation of Dissolved Oxygen.

The estimation of free oxygen in water has a very im-
portant bearing, particularly in the case of river waters,
when the amount of free oxygen present bears a very
distinet relation to the amount of pollution. The results
of a valuable investigation made by W. J. Dibdin upon the
River Thames show this very clearly. The following table
shows the average quantity of dissolved oxygen found by
him at various points on the river from July, 1893, to
March, 1894 :

AVERAGE PERCENTAGE QUANTITY OF OXYGEN (SATURATION=100)
Di1sSsOoLVED IN THE THAMES AT
High Water.  Low Water.

Teddington (above weir) 850

Kew T0°3 855
Battersea e s s 426 676
London Bridge... 34'5 518
Blackwall o s 11 22'5 34'3
Woolwich e e i 22-2 308
Crossness e o 4530 416
Gravesend b A s 507 895
The Nore 901 891

A very ingenious, exact, and easily worked process for
the determination of free oxygen in water has been devised
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by Dr. Thresh, and depends upon the following facts.
When sulphurie acid and potassinm iodide are added to a
water containing a nitrite, the amount of iodine liberated
varies with the length of time during which it is exposed
to the air. If air be exeluded there is no increase in the
amount of iodine liberated after the first few minutes. If
the water is absolutely free from dissolved oxygen, and is
kept in an atmosphere of coal-gas or hydrogen, a still
smaller amount of iodine is liberated :

9HI +2HNO, =1, 4 2H,0 + 2NO.

When oxygen has access to the solution, the nitrie oxide
acts as a carrier, and more hydrogen iodide is decomposed,
the nitric oxide apparently remaining unaffected, and
capable of causing the decomposition of an unlimited
quantity of the iodide :

2HI+0=H,0+L,.
This reaction is the one utilized by Dr. Thresh in the

process he has devised for estimating the oxygen dissolved

in water. The process is deseribed by him (Jouwrn. Chem.
Soc., vol. lvii., p. 185) as follows :

The following are the reagents required :
(1) Solution of sodium nitrite and potassium iodide.

Sodium nitrite ..o 05 gramme.
Potassium iodide ... .o 2000 gramimes.
Distilled water .. 100 g.c.

(2) Dilute sulphuric acid.

Pure sulphuric acid .. 1 part.
Distilled water ... B parts.
(3) A clear, fresh solution of starch.
(4) A standard solution of sodium thiosulphate.
Pure thiosulphate ... ... T°75 grammes.

Distilled water ... ... 1 litre.
(1 e.c. corresponds to 0-25 milligramme of oxygen.)
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The apparatus required is very simple, and consists of a
wide-mouthed white glass bottle of about 500 c.c. capacity,
closed with a caoutchoue stopper having four perforations.
Through one passes a tube, drawn out at its lower extremity

O B

THRESH'S APPARATUS.

to a rather fine point, and connected at the upper end, by
means of a few inches of rubber tubing, with the burette
containing the thiosulphate. Through another opening
passes the nozzle of a separatory tube, having a stopper
and stopecock. The capacity of this tube, when full to the
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stopper, must be accurately determined. Through the
third opening passes a tube, which can be attached to the
ordinary gas supply. Through the last aperture is passed
another tube for the gas exit, and to this is attached a
sufficient length of rubber tubing to enable the cork at its
end to be placed in the neck of the separator when the
stopper is removed. A small piece of glass tube projects
through the cork, to allow of the escaping gas being
ignited.

The apparatus is used in the following manner: The
bottle A being eleaned and dry, the perforated bung is in-
serted, the burette charged, and the tube fixed in its place.
Another tube E is connected with the gas-supply. The
separatory tube 1s filled to the level of the stopper with
the water to be examined, 1 ec.c. of the solution of sodium
nitrite and potassium iodide is added from a 1 c.c. pipette,
then 1 c.c. of the dilute acid, and the stopper is instantly
fixed in its place, displacing a little of the water, and in-
cluding no air. If the pipette be held in a vertical position,
with its tip just under the surface of the water, both the
saline solution and the acid, being much denser than the
water, flow in a sharply-defined column to the lower part
of the tube, so that an infinitesimally small quantity (if
any) 1s lost in the water, which overflows when the stopper
is inserted. The tube is next turned upside down for a few
seconds for uniform admixture to take place, and then the
nozzle i1s pushed through the bung of the bottle, and the
whole allowed to remain at rest for fifteen minutes, to
enable the reaction to become complete. A rapid current
of coal-gas 1s now passed through the bottle, until all
the air i1s displaced and the gas burns at G with a full
lominous flame; the flame is now extinguished, the
stopper removed from the separator, and the cork rapidly
inserted in its place. On turning the stopcock, the
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water flows into the bottle. The stopcock is turned off,
the cork removed, and the supply of gas regulated so that
a small flame only is produced when this gas is ignited.
Thiosulphate is now run in slowly until the colour of the
iodine is nearly discharged. A little solution of starch is
then poured into the separatory tube, and about 1 c.c.
allowed to flow into the bottle by turning the stopeock.
The titration with thiosulphate is then completed. After
the discharge of the blue colour, the latter returns faintly
in the course of a few seconds, due to the oxygen dissolved
in the volumetric solution ; after standing about two
minutes, from 0°05 to 0°1 c.c. of thiosulphate must be
added to effect the final discharge. The amount of volu-
metric solution used must now be noted. This will repre-
sent @, the oxygen dissolved in the water examined; +10,
the nitrite in the 1 e.c. of solution used, and the oxygen in
the acid and starch solution; +e¢, the oxygen dissolved in
the volumetric solution used. To find the value of a, it
18 obvious that b and ¢ must be ascertained. This can be
effected in many ways, and once known, does not require
redetermination unless the conditions are changed.

To Find the Value of b.—Probably the best plan is to
complete a determination as above deseribed, and then, by
means of the stoppered tube, introduce into the bottle in
succession 5 c.c. of nitrite solution, dilute acid, and starch
solution. After standing a few minutes, fitrate. One-fifth
of the thiosulphate used will be the value required.

To Find the Value of e.—This correction is a compara-
tively small one, and admits of determination with suffi-
cient aceuracy, if we assume that the thiosulphate solution
normally contains as much dissolved oxygen as disfilled
water, saturated at the same temperature. Complete a
determination as above described, then remove the
stoppered tube, and insert a tube similar to that attached
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to the burette, and drop in from it 10 or 20 c.c. of saturated
distilled water exactly as the thiosulphate is dropped in.
Allow to stand a few minutes and titrate. One-tenth or
one-twentieth of the volumetriec solution used, according
to the number of c.c. of water added, will represent the
correction for each c.c. of volumetric solution used. Call
this value d.

Let ¢ be the number of c.c. of thiosulphate used in an
actual determination of the amount of oxygen in a sample
of water,

J=the capacity in c.c. of the tube employed—2 c.c.,
the volume of reagents added, and

g=the amount of oxygen in milligrammes dissolved
in 1 litre of the water ;

r 1000
Then g="- if (e=b—ed).
With a tube made to hold exactly 250 c.c. (the most

convenient quantity_to use) 1000 becomes unity, and

4f
g=e—b—ed.
The following are some results given by Dr. Thresh in
his paper :

s —_— —— e — = oE e ———— -

Source of Water. ""T{fﬂg of Thi::uauiplmtc e—b—cd. M g‘l‘fl;nm&ﬁ 0,
required. | required. | per litre,
1. Spring-water ... | 23205 | 95 i b R 764
2. . 8220 | 1235 987 | 7°66
3. Rain-water e | 2825 10-15 774 | 852
4, s e 8220 1805 1055 | 819
5. Shallow well-water 2325 895 657 | 707
6. s . 3220 11-85 890 | 691
7. Rain-water s | 2825 99 7°49 505
8. e vast|l | D22 12-95 1045 811
9. Distilled-water ... 2825 12-05 9-58 1030
10. " | 8220 16-00 1340 1040
shaken with air !
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Consideration of the Results obtained by the Foregoing
Processes.

In judging the data obtained as the result of the
analysis of a sample of water, all the factors have to be
very carefully considered before any opinion can be formed
as to whether it has suffered from organic pollution. In
giving an opinion upon a water analysis, it cannot be too
strongly emphasized that, although the analyst may prove
the presence of polluting organic matter, it is impossible in
the present state of our knowledge to state positively that
such impurity is injurious or innocuous. In doubtful cases
a water should never be judged upon one analysis alone,
and although the chemical data obtained are to a great
extent an index of the amount of pollution, their value can
only be properly assessed by a knowledge of the source of
the water-supply in question.

It cannot be too clearly recognised that the ‘analysis’ of
water, which aims at discovering that which is not the
adulterant or substance to be avoided, but is a probable
accompaniment of it, is broadly distinguished by this fact
from other chemical analysis, which determines the sub-
stance itself. When this fact is mastered, as by the lay
public it rarely is, it becomes evident that such process of
examination, which can at best weave round the offending
substance a chain of circumstantial evidence, requires a
vastly larger number of observations for the formation of a
sound opinion than does ordinary analysis, which is capable
of directly catching the offender red-handed. It may be
deplorable that no more direct assistance in the examina-
tion of water is to be obtained from chemistry. This does
not, however, alter the fact that such assistance, if rightly
used, i1s the best safeguard at present known fo science.
Every analyst to whom the opportunity oceurs is bound to
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bring these facts to the knowledge of his clients, and to
dissuade them from the babyish pretence that chemical
analysis can attack water in the same way as it attacks
other substances. The duty of a sanitary authority re-
sponsible for a water-supply is to keep it under continuous
chemical observation; and an analyst should make his client
understand the risks which are incurred by being content
with the examination of sporadic samples.

Water Standards.

A large number of attempts have been made from time
to time by various authorities to lay down a standard to
which water for domestic purposes should conform.

The impossibility of the formulation of such a general
standard for waters intended for domestic purposes cannot
be too greatly insisted upon. They cannot be framed in
such a way as to be applicable to distriets situated widely
apart, unless, indeed, such limits are made so wide as to
be partially useless.

Absolute agreement regarding standards is not to be
found among the authorities, except, perhaps, as regards
the statement that water of the highest purity should be
clear, colourless, odourless and tasteless. Very many of
the limits given for one constituent are conditional upon
the presence or quantity of others, and many investigators
maintain that, in judging of the quality of a water, the
average of the constituents in water of the same district
should be considered. After all, the important matter
seems to be to make sure that the water has not undergone
contamination from animal sources.

Recent writers on water analysis and hygiene adopt the
view that, while general standards are unnecessary and
possibly misleading, local standards might be very useful.
Professor Nichols (Water Supply, 1886) says: ¢ Moreover,

T—2



100 CHEMICAL AND BIOLOGICAL ANALYSIS OF WATER

it eannot be insisted upon too strongly that different classes
of water cannot be judged by the same standard, and the
results of the analysis of waters belonging to different
classes ought not to be put into the same table, or otherwise
arranged so as to invite comparison. If within the same
geological area it is possible to analyze the water from a
considerable number of unpolluted wells, a standard may
be fixed for the well-water of that region, and a surface-
water may be compared with other surface-waters of the
same, or of a similarly situated region ; or a stream in one
part of its course may be compared with its own unpolluted
headwaters.” Professor Mallet (National Board of Health
Bulletin, 1882) says: ‘ There seems to be no objection to
the establishment of local ““ standards of purity” for drinking-
water, based on sufficiently thorough examination of the
water-supply in its usual condition.” Dr. Dupré (Analyst,
vol. v., p. 215) says: ‘In the first place, I would
caution analysts most strongly against the adoption of any
general standards of purity, such as are laid down by some
chemists. We may, of course, find waters of such absolute
purity that we can at once safely pronounce them fit for all
domestic uses; but, short of this highest purity, it is
dangerous to rely on any general standards. The only safe
standard to go by in any individual case is the standard of
purity furnished by unpolluted waters of the district from
which the sample under examination has come.” Similar
opinions are also held by such high authorities as Adams,
Hehner, Thresh, and others.*

The following table of the averages given of the composi-
tion of unpolluted waters (mean of 589 analyses) in the

* In an inquiry recently made by one of us on some samples of
mineral waters submitted by manufacturers to the Medical Press the
variations which will occur in waters which are otherwise shown to be
pure are well exemplified, and we reprint the figures in an Appendix.
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sixth report of the Rivers Pollution Commission of 1868
is inserted because of the manner in which the various
samples are classified. The following statement shows the
contents in parts per million of certain constituents in such
unpolluted well-waters divided into four classes :

- e o ———

| Class 1. | Class VI.

Class I, | ClassV,

Rain- Upland- | Deep Bpring-
‘ water. water. Well-water. wator
Dissolved solids ... 29'5 967 | 4378 | 2820

Nitrogen, as albuminoid -“
ammeonia " s 015 032 018 | U1
Nitrogen, as free ammonia | 029 002 012 | 001

Nitrogen, as nitrates and | {

nitrites ... .| 008 009 495 | 383
Chlorine ... | 220 11-30 51'10 24-90
Organic carbon 050 | 322 061 | 056

The usual analytical results from uncontaminated waters,
per million in parts, as given by Leffmann and Beam, are
gshown in the following table :

LEFFMANN AND BEaM's ANALYTICAL RESULTS (PARTS PER MILLION).

e ———

Rain. i

Surface. Subaoil. Deep.
Total solids ... 5 to 20 15 and 30 and 45 and
| upwards | upwards | upwards
Chlorine ... | Tracestol| 1 to 10 2to 12 | Traces to
| | large
| ! quantity
Albuminoid ammonia [0-08 to 0°20 0-05 to 015|005 to 0°10/0°08 to 0°10
Free ammonia .- 1020 to 0°50 000 to 003 0'00 to 0°03| Generally
| high
Nitrogen, as nitrites None or I None None N-:;:nge or
traces traces

Nitrogen, as Nitrates

—_— e

Traces 075 to lﬂﬁil*ﬁﬂ to 5'[}{I|ﬂm to 300

——



102 CHEMICAL AND BIOLOGICAL ANALYSIS OF WATER

VI. THE BACTERIOLOGY OF WATER.
General Considerations.

Tue space at our disposal does not permit of our giving
any general account of bacteria, nor of the methods of
staining or cultivating which are employed for their recog-
nition, except in the briefest manner. We have given else-
where* the principal information, together with descriptions
of some of the better known bacteria.

It has already been explained that the chemical
substances, the estimation of which has formed the subject
of preceding articles, are not necessarily or usually in
themselves dangerous, or, so far as we know, even in-
jurious to health. Until recent years, the only reason
which existed for using them as indices of the quality of
a water were the facts that in waters which had been
proved to cause disease they had usually been present in
quantities beyond those found in normal waters, and that
they were present in large quantities in sewage, which an
ancient instinet had condemned as unhealthy for drinking
purposes. The development of the science of bacteriology
has enabled us in some measure to assign the precise
substances which are injurious; and on present knowledge
it may be broadly stated that the necessary condition of

* ¢ Applied Baecteriology.” Second Edition. Bailliére, Tindall and
Cox.
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a water being capable of causing disease is the presence in
it of pathogenie bacteria.

At first sight this fact appears to suggest that the science
which revealed it has also furnished us with a direet and
certain eriterion of the potability of a water, and that a bac-
teriological examination would give us immediate and conclu-
sive evidence as to its wholesomeness. The first. point to be
noted in the bacteriological examination of water is that at
present any such inference would be misleading and un-
founded.

All natural waters necessarily contain micro-organisms,
as they are constantly being carried into it by air-currents
and by the drainage from land-surfaces. It is only in
water from deep artesian wells and deep-seated springs
that organisms are very few in number, but it is very rare
even in these to find them entirely absent. The number
and variety of the bacteria in water depends upon several
conditions, such as the amount of organic matter in the
water, temperature, depth, whether running or stagnant,
pollution, source, etc. In stagnant water, such as is found
in ditches and small ponds, the number of micro-organisms
present is always very great. The comparatively pure
water of large lakes and upland streams often contains
many bacteria, but these are usually harmless saprophytes,
which find their normal habitat in such waters. Water,
indeed, forms the most active vehicle for the distribution of
bacteria, but the number contained therein varies very much
with the source of the water. The bacteria naturally found
in unpolluted waters will vary greatly in kind as well as in
numbers ; but for the most part they will be chromogenie,
non-liquefying, and will develop best at about 22° C., not at
blood-heat. Thus, in the purest upland streams and lakes
we frequently find that the number of bacteria in 1 e.c. is
under 100, while in town sewage there are many millions
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in the same volume. In ordinary rivers the number is
generally between 1,000 and 100,000 per c.c. In the case
of waters from deep-seated springs, the presence of more
than 100 organisms per c.c. is fairly conclusive evidence
that the water has undergone some contamination with
surface-water. Miero-organisms are also found, although
not in great numbers, in rain-water, hail, snow, and even
in the ice of glaciers.

Now, it happens with bacteria, as with every other
living thing, that the circumstances in which any organism
normally oceurs are those which are most favourable to its
development ; and, contrariwise, an organism in abnormal
circumstances has usually a poor chance of survival. The
normal habitat of organisms of disease 1s not water. The
extraordinary development which they show in the bodies
of susceptible persons under conditions of nourishment and
temperature which never occur in water shows how unlikely
it is that the same organisms should thrive in the entirely
different conditions found in water. It is, accordingly, the
fact that the bacteria which occur among the normal flora
of water are not pathogenie, and the first difficulty which
arises in applying bacteriological examination to water is to
determine the account which is to be taken of the harmless
water bacteria.

In the early stages of the science it was proposed simply
to ecount all the bacteria in water, and on the ground that
many waters known to be pure contained not more than
100 bacteria per ec.c., to regard as wholesome any water
which did not contain more than that number. In con-
sidering such a ecriterion, a careful distinction must be
drawn between a standard for a water which has passed
through a purification process, such as filtration, and that
for a natural water. In each case bacteriology has shown
that by far the most important source of infection, and
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indeed the only one of which in ordinary circumstances
account is taken is sewage. With a natural water it 1s, as
we have seen, difficult to say with any certainty that the
possibility of sewage pollution is absolutely excluded. It
1s, however, possible to do so in some circumstances ; for
example, in water from inaccessible mountains before 1t has
reached the level of habitations. In such cases it is the
local circumstances which furnish the evidence of safety,
and the number of bacteria present is absolutely imma-
terial, except in so far as it indicates a nutrient value in
the water which might favour the development of any
infection by which the water was subsequently affected.
Accordingly for such waters it might be safe to say that if
they contain less than the assumed standard for pure
waters, the poorness in microbes confirms the inference of
purity derived from other sources of information ; if they
contain more, the fact would in such a water be immadterial.
On the other hand, when the water in question is one which
has undergone a process of purification, the case is entirely
different. It is no longer that of a water which by local con-
ditions 1s protected from pollution, and can therefore only
contain microbes of a harmless character. It is the case of
a water which required, or by its local circumstances was
liable to require, purification ; and it is to be observed that
this is the case of the large majority of water-supplies in this
country. The presence in such a water of a number of bac-
teria lower than the standard is no longer reduced to the
presence of harmless organisms by process of geological
and similar exhaustion which was applied in the former
case. It means merely the removal of a proportion of a
larger number of organisms, of which some were, or were
liable to have been, pathogenic; and with the ordinary
processes there is nothing to show that the organisms
which find their way into the filtrate are harmless. On
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the doctrine of probabilities they will be so more often
than not; but with equal certainty the same doctrine
teaches us that in the long-run they will at some time
prove to be harmful. For the rare cases where purification
is unnecessary, conformity with a standard number of
organisms may be a satisfactory test, but where purifica-
tion has been required, it 1s utterly impossible to fix any
standard at all; and the presence of bacteria in the filtered
water is a sign, and their number is to some extent a
measure, of the deficiency of the purifying process.

What, then, is the use of the numeration of bacteria ?
The answer is that in the present state of knowledge such
examination is a process of precisely the same significance
as the chemieal processes which we have already discussed.

The number of bacteria in a stream or river will evidently
vary very considerably according to the temperature—in
summer there will be more than in winter, according to the
rate of flow; if the flow is very slow, the bacteria will fall
to the bottom, partly because they are of greater specific
gravity than water, and partly because they are carried by
still denser particles. If water comes straight from springs,
or from uncultivated uplands on which vegetation is sparse,
the bacteria will be few; while if it flows through or from
cultivated and inhabited land the number will be greater.
After a fall of rain we sheuld expect, not a decrease, but a
considerable increase in the number and species of bacteria
present in a stream or river; owing to the fact that a great
number of bacteria will be washed off the banks into the
stream, and that a great number which were previously
present in the stream, but had settled to the bottom, had
again been stirred up owing to the increased velocity of the
current.

The variations due to temperature can to some extent
be allowed for ; those due to rainfall may be tolerated when
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the source is above habitation level. But other variations
denote the influx of some matter not normally in the
stream, and the main value of counting bacteria lies in the
fact that any such variation must be regarded as pollution,
and can often be more readily detected in this way than by
chemical analysis. This is a far less satisfactory result to
obtain from bacteriological examination than one would
have hoped, but it is still a result which may have a
considerable value. The variations may be those of a
stream or well examined daily or weekly, or they may be
those simultaneously existing in feeders of a single stream all
situated in the same geological district, as has recently been
suggested by Professor Delépine. Whether in time or place,
any large variation in the number of bacteria in a given
supply or its constituent sources is an indication which ean
be readily recognised, and may give grounds for suspicion
which might not otherwise or so readily be revealed.

Collection of Samples for Bacteriological Examination.

It has been already pointed out that bacteria are heavier
than water, and will therefore sink to the bottom to a large
extent if the water is at rest. Hence we are at the outset
confronted with a grave difficulty which is not sufficiently
realized or provided against.

It 1s too often taken for granted that bacteria are evenly
distributed throughout a mass of water as though they
were in solution, which is not the case.

In taking a sample of water from a tap or pump, the water
should, therefore, be allowed to run for some minutes, while
in the case of a river, lake, or reservoir, it can only be possible
to get a representative sample by taking several different
samples at different depths and different distances from the

-banks. In any case, the greatest care must be taken not
to stir up mud, which is very rich in bacteria, and, on the
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other hand, to avoid floating scum. Inroutine work, where,
as should always be the case, examination is made at short,
periodical intervals, the sample should be taken always at
a standard depth from the surface and at a given spot, and
the collection of average samples is unnecessary.

Among bacteriologists there is considerable difference of
opinion in the amount recommended to be taken as a
sample. Unless we are making search for a specific
bacillus, e.g., typhoid, the quantity actually wused in the
examination will probably not exceed a few cubic centi-
metres, and therefore many observers are content to collect
100 to 200 c.c. in glass bulbs. Within limits, however, the
larger the sample the better, and we prefer to adopt the
recommendation of Klein, which is to collect the sample in
an ordinary ‘ Winchester,” which has been previously
washed out with a few ec.c. of strong sulphuric acid and
then thoroughly rinsed out several times on the spot with
the actual water to be tested before taking the sample.

The bottle is filled by immersing completely in water, and
if care is taken to avoid unnecessary touching of the neck
or stopper with the hands, it is not likely that the sample
will be contaminated.

When the bottle is filled the stopper may be tied down
with a piece of oiled silk which has been well washed in the
same water, and the bottle should be packed in ice and sent
to the laboratory without delay.

If it is preferred to take samples in small glass bulbs,
they may be conveniently blown in a tube, and after steam
has been passed through a series of them to ensure com-
plete sterilization, the ends of the tubes are sealed off,
so that when the steam condenses a vacuum will be left
inside. The sealed end of the tube is drawn out to a fine
point. This fine point is broken with a pair of sterile
forceps under the surface of the water, and after the latter
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has rushed in and filled the vacuum the bulb is sealed up
again with the aid of a spirit-lamp. An objection to the
use of sueh bulbs is the difficulty of getting the water out
of them afterwards.

If it is desired to take samples from definite depths, there
are various forms of apparatus figured in the text-books for
earrying such bulbs and breaking the sealed end when the
apparatus has been lowered to the required depth; or a
Winchester might be weighted and sunk, and the stopper
withdrawn as desired.

If the sample can be examined on the spot, all fear of
multiplication of the bacteria on the way to the laboratory
is avoided, and the troublesome work of packing a large
bottle in ice, so that it will not be loose when the ice melts,
is avoided.

In cases when a sample of 200 to 300 c.c. is considered
sufficient a stoppered bottle of about this capacity may be
used, and this, with sufficient ice, will readily fit into a tin
biscuit-box, which, again, is placed in a wooden box holding
sawdust to absorb the water from the melting ice.

It is not so necessary to employ ice in winter weather,
when the temperature is low, though it would always be
safer to do so, bearing in mind the great increase in the
number of organisms which takes place on keeping the
samples for a short fime. Frankland states that a pure
water containing, say, 5 organisms per e.c. when freshly
drawn, may, even if kept in a sterile flask free from aerial
contamination, contain after a few days perhaps 500,000 in
the same volume—or, in other words, nearly as many as
are found in slightly-diluted sewage.

This inecrease is due mainly to the fact that when the
sample is taken it is sure to be kept in a warmer place
than the well, ete., from which it came. Even in samples
placed in ice some multiplication may occur. There is no
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fear of killing any bacteria by placing the samples in ice ;
none of those that we wish to look for are injured by ex-
posure to the freezing-point even for some days.

In the case of all samples taken for bacteriological ex-
amination, an account should be sent with the sample (as
in the case of samples for chemical examination), giving the
reason for sending the sample, the time of collection, and
some deseription of the source, as well as the name of the
person taking the sample. From the foregoing remarks it
will be recognised that greater care must be employed in
taking samples for a bacteriological examination than is
necessary in the case where chemical analysis only is
required, although in both cases it is easy by neglecting
precautions to introduce errors which would entirely vitiate
the results of any subsequent examination.

The Examination of Samples.

The procedure in the examination of samples must be
varied according to the character of the sample and the
nature of the information we desire to obtain.

At the present time 1t 1s impossible to attempt, at all
events as a routine procedure, the identification and
enumeration of all the baecteria occurring in an ordinary
sample of water, and hence we are compelled to adopt some
procedure which shall give us as much information as
possible, and shall not oceupy more time than can be
devoted to individual samples.

The difficulties attending on the attempt to identify
individual bacteria are very great.

In the first place, all the bacteria are extremely minute,
and, being colourless, they cannot be distinetly seen except
when examined in stained preparations with the aid of a
powerful microscope capable of giving a magnification of at
least 700 or 800 diameters.
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Then, again, though we may by these means at once
recognise varying forms such as bacilli, spirilla, or cocei,
and see that some are motile and others are not, and
that some are stained by particular staining reagents
and the like, these methods of distinetion will only serve
as means of grouping of a very general character, and
will not enable us to fix the identify of any particular
organism,

As a preliminary to the attempt to establish the identity
of a particular organism, we must examine it in a number
of different ways, of which the following are some:

(1) Characters of culture on gelatine, i.¢., colour of colony,
whether liquefying or not, raised or flat, etec.

(2) Shape of organism.

(8) Motility.

(4) Production of gas, acid, indol.

It is therefore clear that one of the first steps is to obtain
cultures—pure, if possible—of as many of the bacteria
present in our sample as we can.

By using Koch’s method of gelatine plates we can obtain
pure cultures of a considerable number of organisms at the
expense of very little time and trouble, but this method
only deals with one class of organisms out of four, all of
which will probably be present in varying numbers, namely

(1) Ordinary aerobes which grow on gelatine.

(2) Anaerobes which will not appear on the gelatine
plate.

(8) Organisms that need blood-heat for their develop-
ment.

(4) Nitrifying bacteria which require special media.

The first class (aerobes growing at 22° C.) are provided
for by the gelatine plates. The second, or anaerobes, may
be grown by any of the various methods by which oxygen
1s excluded. The third group, or those requiring blood-
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heat, can be studied by means of agar-agar plates, while the
fourth class, the nitrifying bacteria, can only be grown
on media nearly free from organic matter, such as silica
jelly.

In reading a report that a certain water contained ‘so
many bacteria per c.c.,” the figure usually means those that
grow on gelatine only—a distinction that must be borne in
mind. Even with this reservation, enormous wvariations
of result oceur, not only through slight differences in com-
position of media, but also through the varying time and
method of keeping the cultures and counting the colonies.
Some bacteriologists keep plates at ‘ ordinary room tempera-
ture,” and their results are naturally apt to vary from those
obtained when the cultures are kept—as, to have any
scientific or even practical value, they must be—in an in-
cubator at a definite temperature. Some count colonies
at the end of twenty-four hours, some later, and the
difference in the number developed in an extra day's
arowth may often be very large. The limit of time for
which plates can be kept is fixed by the liquefying bacteria,
but as a rule plates should be counted at least after twenty-
four, forty-eight, and seventy-two hours. The number of
colonies visible to the naked eye is less than those to be
seen under the lens, and the lens, again, does not show all
that can be seen under the microscope. The accuracy of
counting where large numbers are concerned is also to
some extent a matter of personal equation. The important
thing is, after all, the ratios oeccurring in successive samples
from the same source of the numbers of bacteria, rather
than the precise actual numbers ; and it is therefore impera-
tive that any routine examination should follow invariable
lines as to nature of medium, time and temperature of incu-
bation, and mode of counting.

It becomes necessary therefore to decide on some scheme
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for the routine examination of samples; and it is not
surprising to find wide divergence in the features which are
recommended by various authors for routine examination.
Most authorities coneur in including the numeration of
colonies on gelatine plates ; though some divergence occurs
as to the choice between a room temperature and a fixed
incubator temperature, and no definite agreement has,
unfortunately, been arrived at as to the precise composition
of the nutrient medium. Importance is attached by some
to the ratio between the number of liquefying to that of
non-liquefying organisms developed in such examination ;
others press the differentfiation still further, and insist on
the precise recognition of the dominant species. Others,
making a similar broad distinetion, recommend the nume-
ration of organisms developing at blood-heat. Miquel
has suggested the inoculation into animals. of a peptone
culture seeded with the water, with the object of determin-
ing its virulence under those conditions. Some authors
attach importance to a mieroscopical examination of a drop
of the water ; many authorities demand a special examina-
tion in all cases for specific pathogenic organisms; and
almost all concur in demanding an examination for the
presence, and in particular for the abundant presence, of
Bacillus coli, an organism which, though disseminated to
some extent by dirt, is imported into water in large
quantities only by sewage. Klein has produced a consider-
able body of evidence showing that his very characteristic
B. enteritidis sporogenes is diagnostic of sewage, though
doubtless the diagnosis would apply only when it was
present In substantial numbers, too large to have been
likely to arise from dust. It is, however, to be observed
that both these organisms have their normal habitation
in sewage; and even when they occur in water in small
numbers, and the inference is possible that it is through
8
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dust that they have reached it, there is merely one extra,
link in the chain connecting the water with alvine
excreta.

In selecting a scheme for routine examination it is
usually impossible for the analyst to include all the factors
which may be notable, and it should be recognised, once
for all, that, while some practice in bacteriological methods
and manipulations may enable an analyst to make the
simpler determinations with an accuracy which should be
at least as great as that of a baecteriologist proper, and
unfailingly to detect some of the most important danger
signals, those determinations which depend on the recogni-
tion of individual organisms cannot be properly performed
without a very long experience of the work and an intimate
acquaintance with the organisms themselves. This caution
is the more necessary because even to men constantly
engaged on such work these determinations are encumbered
with difficulties and ambiguities; and in all parts of the
world research is proceeding to throw more light on many
points, such as the intimate structure of bacteria, which
must furnish an increasing number of data for the service
of the bacteriologist in the identification of specifie
organisms. An analyst whose practice does not involve the
constant study of the organisms which are in question in
the various phases of their life history can do no worse
service to himself or his clients than to undertake work
which includes their identification. His proper function,
which is not the less valuable because it is more modest
than that which by an error of judgment he might attempt
to subserve, is to chart those variations in which lies the
main information afforded by present-day bacteriology as
to the purity of a water, and to detect those danger signals
which throw suspicion on the supply, and call, if further
bacteriological data are required, for the experience of a
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bacteriologist. At the present time we know in advance
that the information which further bacteriological examina-
tion can afford is much more likely to deal in probabilities
than to demonstrate any certainty in connection with the
supply. The analyst’s indication of danger should therefore
be the starting-point for immediate examination of possible
sources of pollution ; and in the present state of knowledge
there is no more valuable service which can be rendered to
the public health. It may be observed incidentally that the
training of the chemist is peculiarly suited to qualify him
to conduct those operations which in our judgment fall
within his proper domain with an accuracy which may
sometimes be wanting in those who approach bacteriology
from the purely pathological or biological standpoint.
There is reason to believe that mere looseness in the
routine operations of bacteriology—such, for instance, as
the exact preparation of media—has led to a deplorable
number of needlessly conflicting results. However little
the chemist may undertake in that science, what he does
should therefore be done with the minutest accuracy;
and we believe that the result would be sets of figures
far more comparable than many of those which are at
present available, and an employment of the elementary
utensils of the science to better purpose than has been
usual.

We should recommend the following routine procedure
as generally useful :

(1) Estimate the number of organisms on gelatine plates
at 22° C., both liquefying and otherwise.

(2) Incubate a small portion of the water for twenty-four
hours at 37" C., and make other gelatine plates.

,(3) Ascertain whether any growth oceurs on a phenol
and an Elsner plate.

(4) Make an anaerobie culture of the sample-water ; heat

8—=2
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another portion for ten to fifteen minutes to 80" C., and
incubate at 37° C. anaerobically in milk.

Particular attention is directed to the remarks, p. 137,
on the recognition of specific organisms.

We shall proceed to describe the execution of these esti-
mations in order.

Determination of the Number of Bacteria.

From 0°02 fo 0*5 e.c. of the sample, the number depen-
dent upon its purity, is withdrawn by means of a small
sterile graduated pipette, and added to a tube containing
melted sterile nutrient gelatine at a temperature of about
27° C. The cotton-wool plug of the tube is then replaced,
and the contents of the tube gently agitated so as to
thoroughly mix the contents without letting bubbles
form. Not less than half a dozen plates (Petri dishes)
should be made in this way. In the case of an un-
known water it is best to inoculate various quantities
within the limits named. The whole value of the ex-
amination-depends on the assumption that each organism,
when it is developed sufficiently to be wvisible, oceupies
a colony separate from that of its neighbour, and that
the number of the organisms in the small quantity under
examination fairly represents that of the bulk. It is
therefore essential to the ufility of the process that the
plate shall contain neither too many organisms nor too few,
and the process here recommended is the most convenient
way to obtain this result. A good plan is to aim at having
about 100 colonies on a plate; and a rough preliminary
idea may, after a little practice, be had by drying a drop on
a slide, staining with gentian violet, and counting the
number of organisms. After the tube has been shaken,
the plug is again withdrawn, and the contents of the tube
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poured on to a sterile glass plate or into a Pefri dish.
Agar melts at a higher point than the death-point of many
bacteria, but fortunately does not set till a much lower
temperature. In making agar plates the tube, after its
contents are melted, is allowed to cool to just above 40° C. ;
the sample of water is then added, and the contents of the
tube rapidly poured on to the plate, which should have
been warmed, say, in the incubator, to prevent the agar
from setting in lumps.

As attempting to measure a volume of less than 0°1 c.c.
is not a satisfactory operation, it is best, in the case of a
water suspected to contain a large number of bacteria, to
dilute the water 50 or 100 or more times, as follows, before
proceeding to the examination. In the case of sewage or
sewage effluents, it is necessary to dilute from 1,000—
10,000 times. Small sterile flasks containing exactly
49 c.c. of sterile distilled or, better, sterile natural, water,
receive 1 c.c. of the water under examination. This is well
mixed, and then 1 c.c. of this first atlenuation is taken,
and introduced into another flask until the degree of dilu-
tion is considered sufficient. Plates are then made from
1 c.c. of each of the various atfenuations. The plates are
now allowed to stand at a temperature of about 22° C.,
and examined daily. A considerable number of colonies
will be visible under a low power of a microscope in less
than two days, though in this time not all the colonies will
be visible that may subsequently make their appearance.
If we do not use a microscope, but depend on the naked
eye, or & lens only, it is best to count the colonies on the
third or fourth day from starting the plate, but no hard
and fast rule can be laid down as to this. The presence
of liquefying colonies often causes the liquefaction of the
plate before one is sure that all of the slower-growing
colonies have developed, so that the counting should be
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repeated daily as long as it is practicable. In the case
of agar plates, which are not liquefied, counting should
be continued until fresh colonies cease to be developed,
though as a rule this would have occurred by the fourth
day.

The accuracy of the results obtained depends to a very
large extent upon the care with which the organisms are
distributed through the nutrient medium. Care should
also be taken that the original sample of water is well
and thoroughly shaken, to distribute evenly the organisms
contained therein, before withdrawing the quantity for the
examination. The gelatine medium must be prepared
strietly in accordance with one established receipt, though
even with the greatest care it is occasionally impossible to
avoid slight differences in composition in the finished
product. On this account a sufficient quantity of nutrient
gelatine should be prepared before commencing a piece of
work, so that the same batch of media may be used
throughout. It is desirable to have in particular a striet
standard of alkalinity. At the experiment station, Law-
rence, Mass., the practice is to use medinm which requires
18 c.c. normal alkali to make it alkaline to phenolphthalein
after it has been freshly boiled.

The organisms may be counted by means of Wolfthugel’s
apparatus. This consists essentially of a glass plate divided
into squares, each a centimetre square. Some of these
squares are subdivided. The plate or dish is laid under
this scale, and the number of organisms present is found
by eounting the number of colonies in a few of the squares;
an average is then taken, and the number of organisms
present thus caleulated. With a little practice, very close
approximations are to be obtained with this apparatus.

The following procedure is recommended in the notifica-
tion issued by the Imperial German Health Department in
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regard to the filtration of surface waters used for public
supplies :

“In order to secure uniformity of method, the following
is recommended as the standard method for bacterial
examination :

‘The nutrient medium consists of 10 per cent. meat
extract gelatine with peptone, 10 c.c. of which is used for
each experiment.

‘Two samples of the water under examination are to be
taken, one of 1 c.c. and one of } c.c. The gelatine is
melted at a temperature of 30° to 85° C., and mixed with
the water as thoroughly as possible in the test-tube by
tipping backwards and forwards, and is then poured upon
a sterile glass plate. The plates are put under a bell-jar,
which stands upon a piece of blotting-paper saturated with
water, and in a room in which the temperature is about
20° C.

‘The resulting colonies are counted after forty-eight
hours, and with the aid of a lens.

‘If the temperature of the room in which the plates are
kept is lower than the above, the development of the
colonies is slower, and the counting must be correspond-
ingly postponed.

‘If the number of colonies in 1 e.c. of the water is
greater than about 100, the counting must be done with
the help of the Wolfthiigel apparatus.

‘In those cases where there are no previous records
showing the possibilities of the works and the influence
of the local conditions, especially the character of the
raw water, and until such information is obtained it is
to be taken as the rule that a satisfactory filtration shall
never yield an effluent with more than about 100 bacteria
per cubic centimetre.

‘ The filtrate must be as clear as possible, and in regard to
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colour, taste, temperature, and chemical composition must
be no worse than the raw water.

‘To allow of a complete and constant control of the
bacterial efficiency of filtration, the filtrate from each
single filter must be examined daily. Any sudden increase
in the number of bacteria should cause a suspicion of some
unusual disturbance in the filter, and should make the
superintendent more attentive to the possible causes of it.’

Every city in the German empire using sand-filtered
water is required to make a quarterly report of its working
results, especially of the bacterial character of the water
before and after filtration, to the Imperial Board of Health.

Incubation of Original Sample.

It has been stated above that the bacteria found in most
natural, unpolluted waters multiply rapidly if the sample
is kept at room temperature for a day or two before
examining.

If the sample is kept at a temperature of 37° C., different
results are obtained—namely, that, speaking generally, in
the case of pure waters, no increase will be found to have
taken place, and in many cases there is a decided decrease,
while in sewage-polluted waters a very great increase will
be observed.

All the organisms normally present in feces grow and
multiply vigorously at blood-heat, whereas the common
water bacteria, which grow readily at 22° C., do not grow
well at 37° C. Hence in an unpolluted water (which may
possibly contain many bacteria that develop on gelatine), if
we examine it by means of an agar plate, we should find
only comparatively few organisms.

The following resnlts of experiments made by one of us
show the value of these two methods :
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Pathogenic Bacteria in Water,

The greater number of the pathogenic bacteria do not
flourish in water, as they require blood-heat and special
conditions for their development.

Practically the only pathogenic bacteria which are at all
largely conveyed by water are those of typhoid and cholera,
and probably certain others which are the cause of epidemic
diarrhcea.

The Isolation of the Cholera Bacillus from Water.—The
detection of Koch’s comma bacillus (Spirillum cholere Asia-



129 CHEMICAL AND BIOLOGICAL ANALYSIS OF WATER

tice) in water, as in the case of the typhoid bacillus, is a
matter of some difficulty, as this organism is rapidly over-
grown by the ordinary water bacteria. In the examination
of suspected water-supplies, the best method to employ for
the detection of this organism is to take advantage of the
fact first noted by Dunham, that the cholera spirillum mul-
tiplies with great rapidity in alkaline saline peptone solu-
tion. The suspected water is examined as follows : To 100
c.c. of the water are added 1 gramme each of pure peptone
and common salt; the mixture is made faintly alkaline
with sodium ecarbonate, and then incubated at 37" C. At
intervals of fen, fifteen, and twenty hours respectively,
cover-glass preparations are prepared from the top of the
liquid ; these are then examined microscopically; if the
organisms all have the appearance of the cholera organism,
they are at once subeultured into broth and other media.
If other organisms (e.g., B. coli, which equally gives indol
reacfion) are present, plates and pure sub-cultures are
made from them. The cultures after incubation are tested
for the indol reaction ; i.e., the production of a pink colour
on the addition of a few drops of pure sulphurie acid.*

It is well known that many impure, especially sewage-
contaminated waters, contain spirilla and comma-shaped
bacteria, many of which strongly resemble the cholera
organism in many ways ; care must therefore be taken that
none of these are mistaken for the true cholera organism.
None of these spirillum forms, however, give the indol
reaction, and Koch is of opinion that the presence of the
cholera bacillus in the water is proved if comma-shaped
organisms are found which exhibit the indol reaction, and
which give rise to the characteristic symptons on inocula-
tion into the peritoneum of guinea-pigs.

* ¢ Applied Bacteriology,” Second Edition, pp. 79 and 80, and pp.
405 and 404,
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The Isolation of the Typhoid Bacillus from Water.—The
general procedures adopted for the isolation of the typhoid
bacillus have depended chiefly on attempts to devise media
on which the typhoid bacillus alone would grow, or that
would at least prove unfavourable to the majority of the
common organisms, particularly those that liquefy gela-
tine, so that the typhoid bacillus might grow without
being choked out by other organisms present in greater
numbers.

As only a few typhoid bacilli might be present, Klein
has adopted the plan of filtering a large volume of water,
so as to concenfrate its bacterial contents. He passes
1,000 to 3,000 c.c. or more of the sample through a small
sterile Pasteur-Chamberland filter. By this treatment all
the bacteria in the water are retained on the outer surface
of the filter. The particulate matter thus retained is then
brushed off the outer coating of the filter with a sterile
brush into about 10 c.c. of sterile distilled water. One c.c.
of this concentration, which contains the particulate matter
representing from 50 to 150 c.c. of the original water, is
then immediately submitted to plate culture by one of the
undermentioned methods, to isolate the colon bacillus and
also the B. typhosus, if present.

The difficulties attendant on the isolation of this organism
are very considerable, and whereas an immense number of
waters known to have conveyed typhoid have been examined
by competent observers, the cases in which the discovery of
the bacillus of typhoid has been reported are very few, and
of these a considerable proportion must be accepted with
caution as having been reporfed before we were in posses-
sion of sufficiently stringent tests to properly identify the
organism and differentiate it from the large group of similar
organisms. The distinetions which we now possess form a
formidable list, and whether, even now, they really form a
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certain means of identification, cannot be settled without
further experience.

Another mechanical method intended to assist in
separating the typhoid bacillus from other bacteria, which
has been devised by Delépine, depends on the active motility
of the organism. He employs two test-tubes, and places
one inside the other. The smaller internal one has a
hole at the bottom, and the material to be tested is placed
in the larger tube, the intention being to get the typhoid
bacteria, through their considerable motility, to pass
through the hole and so to reach the nuftrient broth in
the inner tube, while many of the common bacteria will
remain outside.

Of the various methods in which reagents are added to
media to restrain the growth of the common organism,
many modifications have been suggested, and the following
are the chief :

(1) Inhibition by Means of Phenol.—The B. typhosus and
the B. coli communis are among the limited number of
micro-organisms which will grow in the presence of small
quantities of phenol, which addition retards or inhibits the
common water bacteria, such as the B. fluorescens ligue-
Jaciens, B, mesentericus, ete., the presence of which would
liquefy the gelatine, and by their rapid growth would anni-
hilate the B. typhosus, if present. The presence of a small
quantity of phenol does not in any way interfere with the
agrowth of the B. typhosus or the B. coli communis, but
exhibits a marked inhibitory effect upon the common water
bacteria, and by the retardation and suppression of these,
the colonies of the B. typhosus and the B. coli communis
have a chance and leisure to appear.

The use of phenol for this purpose appears to be due, in
the first instance, to Chantemesse and Widal (Gazette des
Hopitauz, 1887, p. 202), who used nutrient gelatine con-
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taining 0-25 per cent. of phenol. Thoinot (ibid., p. 384), a
little later, inhibited the growth of organisms other than
the typhoid and colon bacilli, by adding 0°25 per cent. of
phenol to the water under examination, which was then
incubated at blood-heat and afterwards plate-cultured.

As pointed out by Holz, and confirmed by Dunbar, the
above authors use a percentage of phenol which altogether
prevents the growth of the B. typlhosus. Dunbar states
that 0°12 per cent. of phenol greatly inferferes with the
growth of the typhoid bacillus, while in the presence of
0°14 per cent. it will not develop at all. He further states
that in the presence of small quantities of phenol the colon
bacillus presents stronger resemblances to the typhoid
bacillus than usual.

To ascertain if the resisting power of cultures of the
B. typhosus to phenol differed, we tried the following series
of experiments on different cultures of the organism, using
varying percentages of phenol, with the following results :

Percentage of Phenol.

005 0-10 020 050

B. typhosus (a) ... <+ : - - -
L1 {b} saw + + T T

= i) e + + =

i [ ) R -+ = =

B. coli communig ... + + + 4

Thus, it is seen that the resisting power of the B. typhosus
to phenol varies with different cultures. The sample
marked (a), which was freshly isolated from the dejecta
from a typhoid case, had less resisting power than other
samples which had been subcultured through many
generations. ,

(2) Parietti’s Method.—Parietti proposed the use of broth
containing both phenol and hydrochlorie acid to eliminate
the common water organisms. He takes advantage of the
fact that the typhoid and colon bacillus will grow in a
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slightly acid medium, whereas the majority of other
organisms will not.

Parietti’s method is as follows: The following solution
is prepared : Five grammes of phenol and four grammes of
pure hydrochloric acid are added to 100 c.c. of distilled
water. From 01 to 0'3 c.c. of this solution is added to a
series of test-tubes containing 10 c.c. of sterile nutrient
broth (= 0°05 to 0°15 per cent. of phenol). From 0°1 to
05 of a c.e. of the water under examination (or preferably
of the concentrate obtained by Klein’s method) is then
added to the tubes, the contents are well mixed, and the
tubes again returned to the incubator. If, after twenty-four
hours’ incubation at blood-heat, any of the tubes appear
to be turbid, they are submitted to ordinary plate cultiva-
tion, and the resulting colonies carefully examined in sub-
cultures. Frankland states that when only a few typhoid
bacilli are present, the incubation must be prolonged for
forty-eight or even seventy-two hours.

The great objection to the use of phenolated broth is
that when cultivated at blood-heat the colon bacillus and
its allies multiply at from two to five times as quickly as
the typhoid bacillus, even if the latter is not suppressed
altogether. This objection also applies, but in a less
degree, to phenolated plates, the surface of which may be
covered by the expanded colonies of the colon bacillus.

It must be remembered that the preliminary concentration
does not improve matters numerically, and, as has been
pointed out by Stoddart, it is not unreasonable to suppose
that the somewhat violent treatment may have a more
injurious action upon the typhoid bacilli than upon the
hardier forms. Since by no method at present known can
the ratio of the typhoid organism to the colon bacillus and
the common water saprophytes be increased, the general
tendency being for them to decrease, the difficulty is best
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met by increasing the area of the plates rather than by
any method of concentration. This numerical difficulty
has perhaps not been fully appreciated by many workers
on this subject, but it has been foreibly presented by Laws
and Andrewes in their recent report (Ileport wpon the
Micro - organisms o Sewage, presented to the London
County Council, 1894). In the case, for instance, of a
moderately polluted effluent containing 50,000 microbes
per cubic centimetre, possibly 90 per cent. of these may be
suppressed by the addifion of phenol, leaving 5,000 to be
dealt with by plating out. There would obviously be no
advantage in concentrating such a water, since it is impos-
sible to deal satisfactorily with a plate of ordinary size
containing 1,000 colonies. It would then be necessary to
subculture every one of these colonies, for the naked-eye
appearances are not to be relied upon.

In practice, however, we prefer to use simple carbol-
gelatine containing 005 per cent. of phenol. This quantity
is quite sufficient to restrain the growth of liquefying
organisms, and, moreover, with this quantity there is less
danger of losing the typhoid baecillus if it is present.

(8) Elsner’s Method.—Dr. Elsner, of Berlin, has recently
published (Zeitsehr. f. Hyg., xxi. 1) the results of an
investigation made to ascertain the possibility of an early
recognition of enteric fever by the bacteriological examina-
tion of the stools. He has been able to recognise the
Eberth-Gaffky bacillus in some cases in as short a time as
forty-eight hours. Dr. Elsner went over the existing
methods for the separation of the B. typhosus and coli, with
no better results than have previously been obtained. In
all cases but one he found that either persistent organisms
other than those sought to be isolated would grow to a
sufficient extent to spoil the plate, or else the B. coli would
develop to an extent capable of preventing the recognition
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of the typhoid baecillus. The exception was slightly acid
potato-gelatine, containing 1 per cent. of iodide of potassium.
The process recommended is to boil potato decoction (500
grammes fo 1 litre of water) with 10 per cent. of gelatine.
Sufficient of a 2 per cent. solution of sodium hydrate is
added till only a faint acidity remains, litmus being used
as indicator.

Elsner found that the B. proteus and ramosus, which
always grow on carbolized gelatine, either never occurred
on this medium, or were rapidly overgrown by the colon
bacillus. The B. coli grew in twenty-four hours, presenting
the usual appearance of that organism on acid media ; the
B. typhosus was scarcely visible in twenty-four hours, but
in forty-eight hours appeared in small, shining, very finely-
granulated colonies like little drops of water, which con-
trasted strongly with the larger coarsely-granulated brownish
colonies of the colon bacillus. The B. coli only acquired
the appearance of the typhoid colonies when a great number
of the organisms were present, and many, therefore, grew
without finding room for their proper development. In
plates made with weaker inoculations it is impossible to
mistake one bacillus for the other.

We have used this method with satisfactory results on
waters artificially contaminated with the typhoid bacillus.
The colonies of the B. typhosus appear more quickly on
this medium than on carbol-gelatine, but otherwise this
appears to be the only advantage it possesses.

Stoddart’'s Method.—A novel method for the separation of
the typhoid from the colon bacillus has recently been
suggested by F. W. Stoddart (Analyst, May, 1897).
This process is based upon the difference in the behaviour
of the typhoid and coli bacilli when grown upon solid
media incubated near their melting-points. The most
satisfactory procedure is as follows: An agar-gelatine
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medium containing 0°5 per cent. of agar and 5 per cent. of
gelatine, with the usual proportions of peptone and salt, is
made, with all precauntions to avoid loss of moisture during
preparation. The reaction of the medium must be dis-
tinctly alkaline. The agar-gelatine is poured info flat-
bottomed flasks or dishes to a depth of about 5 mm.,
sterilized, and allowed to cool slowly in the sterilizer, so as
to avoid the exudation of moisture on the surface. The
plates or flasks, which should not be more than a few days
old, are then inoculated with a charged needle, and are
incubated for twenty-four hours. In use, the cenfre of the
medium is touched with a platinum loop charged with the
material to be examined, the flask or dish i1s enclosed in a
much larger one in order to prevent condensation, and the
whole 1s placed in an incubator kept at 35° C. for twenty-
four hours.

Pure cultures of typhoid so treated produce an opal-
escence occupying about two-thirds of the medium ; B. coli
gives a flat plate somewhat thicker and moister than the
usual form. If the inoculation is made with both
organisms, either from separate cultures or from a mixed
culture, we get a flat plate of B. coli in the centre, with
an opalescent halo of pure typhoid. Plates of this
medium, inoculated direct from typhoid stools, gave with-
out difficulty the same pure culture of typhoid baeilli;
and it is anticipated that this will become a valuable
diagnostic test, as easy of application, though not quite so
rapid, as the serum test. It is best applied by putting two
or three loops of stool into a little sterile broth, shaking
and inoculating as described. Tap-water, also, inoculated
with a trace of a broth culture of typhoid, or typhoid and
coli mixed, readily yielded pure cultures of typhoid.

It was found, however, that, on applying it to polluted
waters, In many cases there were present organisms, of

9
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which more than a dozen were isolated, which responded
to all the accepted tests for the B. coli, but differed from it
in growing like typhoid on the agar-gelatine medium.
Moreover, when mixed cultures of typhoid and one or more
of these coli-like forms were 1noculated on to this medium,
the typhoid was suppressed, and a pure culture of the non-
pathogenic organism obtained.

The same inhibition of typhoid also resulted when a
mixed culture in broth was attempted, though the true
B. coli and typhoid grow normally together. As these
organisms retain their vitality in media so highly earbolized
as to totally inhibit typhoid, there appears at present no
means of separating typhoid from them, unless the former
is present in such abundance as to be detectable by plate
culture, either in the usual form or as modified by
Elsner.

As soon as the colonies which develop on the carbolized
or potato-gelatine become sufficiently advanced, they are
examined with a lens, and any suspicious colonies are
carefully subcultured into faintly alkaline sterile milk-
tubes, which are then incubated at 37" C. for thirfy-six
hours. The milk-tubes are then examined, and any that
have become coagulated are rejected as certainly not
typhoid.

Identification of the Typhoid Bacillus.

To establish the identity of an organism with the frue
Eberth-Gaffky bacillus, a variety of tests must be applied ;
and 1t 1s by no means certain, even at the present day, that
we are in possession of certain means of discrimination.

The tests that were regarded as satisfactory two or three
years ago are now largely discarded, and though many
fresh ones have been brought into use, the matter is very
far from being on a satisfactory basis.
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No conclusions whatever can be drawn from the size of
the organism when stained, as bacteria from cultures of
different ages vary very considerably in size, and even in
form, so that we have to rely entirely on appearances in
cultures, on the chemical products of growth, ete. In shape
the typical fyphoid bacillus from a twenty-four hours’ cul-
ture is longer and more motile than the typical B. coli, and
has long flagella in large numbers all along its body. The
following table gives the principal cultural means of dis-
tinetion, which are generally considered of value:

Media. Typhoid bacillus, Baeillus coli group.

(ielatine plates.  Noliguefaction. Colonies | No liquefaction. The
form large grayish- colonies are round and

with  smooth-

white expansions. Slow |
growth.

oval,
rimmed margins. Rapid
growth.

Gelatine shake | No gas. Copious gas formation.
cultures. |
Potatoes. Slight, almost invisible | Abundant slimy, yellow-
growth. ish growth.
Milk. Turns faintly aecid, but | Curdled in one to three
does not curdle. days.
Broth. No indol reaction. Indol well marked in

twenty - four to forty-
eight hours.

25 per cent. nutri- Turbid. Limpid, with strong
ent gelatine at pellicle after forty-eight
37° C. (Klein). hours.

Widal’s serum Agglutination of bacilli. | No change.

reaction.®

Many other means of distinction have been proposed,
such as growth on media containing an indicator; or,
again, some observers recommend the test on animals.
This latter test cannot be regarded as of much wvalue,
since some cultures of true typhoid are non-virulent
to guinea-pigs, while some cultures of Bacillus coli are
virulent.

¥ ¢ Applied Bacteriology,” Second Edition, pp. 178 et seq.
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Isolation of B. Enteritidis Sporogenes (Klein).

Klein has shown reason to regard the B. enteritidis sporo-
genes discovered by him as diagnostic of sewage. It oceurs
in it in much smaller numbers than does B. coli, but it
forms spores which are extremely persistent. It is patho-
genic, producing very characteristic post-mortem appear-
ances in animals, and causing acute diarrheea in man. It
is isolated by seeding a tube of 15 to 20 c.c. of sterile milk
with the deposit produced by filtration of a large quantity of
the water through a Pasteur filter-tube, heating for ten to
fifteen minutes at 80° C., and incubating anaerobically (see
p- 134) at 37" C. Within thirty-six hours characteristic
changes oceur in the milk, which are thus deseribed by Klein
(L. G. B. Report, 1897-98 : Medical Supplement, p. 212):

‘The characters of this change, which I have described
in my former report (1895-96), are these: A large number
of gas-bubbles in the upper layer of the milk (Fig. 6); bub-
bles, in addition, liberated in great abundance on shaking
the tube, on exposing it to the light, or on sucking the fluid
up into a pipette. The cream is torn or altogether disasso-
ciated by these gas-bubbles, so that the surface of the
medium is covered with stringy pinkish-white masses of
coagulated casein, enclosing a number of gas-bubbles;
meanwhile, the main portion of the tube, formerly ocenpied
by the milk, contains a colourless, thin, watery, clear or
slightly turbid whey, with a few casein lumps adhering here
and there to the sides of the tube; and at the bottom of the
tube are small casein coagula. On opening the tube, the
fluid within it has a distinet aromatic smell of butyric acid ;
and on testing the whey with blue litmus-paper, it is found
that its reaction is distinetly acid. Under the miecroscope
this fluid is found to contain numerous rods and cylinders,
some connected in chains. Some rods are motile; others




THE BACTERIOLOGY OF WATER 133

do not show motility. In aspect and in size the rods cor-
respond to the Bacillus enteritidis described and figured in
my former report (1895-96).

‘The rapid production by Bacillus enteritidis of acid in
milk culture is also shown by using, instead of ordinary
milk, milk to which litmus has been added, such milk being,
of course, blue, owing to its normal alkalinity. Incubating
anaerobically an infected litmus milk culture, it is seen after
a day or two that the milk has become completely deprived
of its blue coloration. This is, of course, due to deoxidation
or reduction of the litmus by the growth of the microbe. If
the culture-tube is now taken out of the Buchner cylinder
and exposed to the air, the culture reddens (by oxidation),
the reddening beginning at the top of the culture fluid, and
gradually extending into the depth, till all the fluid has
become bright pink.’

These marked reactions are yielded also by the I. buty-
ricus (Botkin), which, however, is not likely to oceur in water,
and is distinguished from the B. enteritidis by absence of
pathogenic action. The bacillus of malignant cedema is
distinguished from the B. enteritidis by, amongst other
points, being much slower and less energetic in its action
on milk, yielding a whey without acid reactions and butyrie
smell, and not staining on Gram’s method. The bacillus of
Rauschbrand is most readily distinguished by not staining
by Gram’s method, and not liquefying solidified blood-
serum. The cultural differences appear equally after in-
oculation into animals, and are accompanied by marked
difference of pathological effect.

The certainty with which this organism can be detected
was shown by seeking it in sterile water to which very small
quantities of sewage had been added; the organism was
detected on inoculation into milk of one-half of the deposit
on a Pasteur filter from 1,000 c.c. of sterile distilled water
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to which 0°002 c.c. of crude sewage had been added ; that is
to say, a pollution of 1 part of sewage in 500,000 of water
was at once detected. When the composition of sewage is
remembered, it will at once be evident that this result is far
more delicate than could be obtained by chemical means ;

and, indeed, in a dilution of 1 part sewage in 20,000 of
water the organism was found in less than one-third of the
deposit from 1,000 c.c., while the saline and albuminoid
ammonia and the oxygen absorbed were each nil. In other
words, the pollution left the water, judged by any chemieal
standard, absolutely pure beyond what is known in nature,
and at the same time the presence of this chemically-unde-
tectable trace of sewage had introduced infective organisms.
It is, therefore, to be hoped that in this organism, which is
far more convenient for recognition than the B. coli, and
which, through its strictly anaerobic character, is unlikely
to oceur outside sewage to anything like the extent of the
b. coli, we may now have a far more direct symptom of
sewage pollution than has yet been available.

In view of the especial importance which is to be attached
to the pathological effects of this organism, it is practically
indispensable that any cultures suspected of containing it
should be sent to a medical bacteriologist for animal experi-
ment.

Anaerobic Cultures.

It is necessary to point out, when investigating the
characters of organisms in connection with sewage pollu-
tion, that there exist in sewage and in water (particularly
when the latter is polluted with manure or with sewage),
in addition to the aerobic organisms, certain others which
in the ordinary bacteriological analysis of water, sewage,
and other materials are generally overlooked; these are
organisms which grow only anaerobically, and which,
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therefore, do not make their appearance in the ordinary
plate cultures. Although as a rule they are neglected in
water and sewage analysis, they are, nevertheless, by their
numbers and by their functions not without importance.

Many of the anaerobic bacilli dre endowed with the
power of more or less rapidly peptonizing and decomposing
celatine, of rapid multiplication in grape-sugar gelatine or
orape-sugar agar in the depth, and of forming gas. Their
spores can be heated to 80° C., for half an hour or an hour,
without interfering with their subsequent power of germina-
tion into the baeilli.

In this connection, as has already been mentioned else-
where, Klein traced an outhreak of severe diarrhea to a
sporogenous anaerobic bacillus, B. enteritidis sporogenes,
which in morphological and cultural respects has some
points in common with the Bacillus butyricus.

Furthermore, showing the importance of these organisms,
it was recently stated by Klein (Harben Lectures, 1896)
that he recently had occasion to examine a sample of
sewage effluent which had been subjected to a certain treat-
ment. This treatment affected the aerobic bacilli to such a
degree that it reduced them from over 3,000,000 per cubie
centimetre in the untreated efluent to 160 per cubic centi-
metre in the treated effluent; but when examining the
effluent on the above lines for the presence of anaerobic
spores, it was found that these latter, as also other spores,
had remained unaffected by the treatment. This Klein
considers i sufficient proof to show the importance of the
analysis embracing also anaerobic cultures; the same
applies to the bacteriological analysis of water, in which
the detection of anaerobie sewage organisms may be difficult
owing to their small number, but which may nevertheless
contain the spores of some definite anaerobic sewage
organisms.
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A variety of different methods have been suggested from
time to time for cultivating those bacteria which require
anaerobic conditions. Perhaps the simplest plan is to use
Esmarch ‘roll cultures,” and either to place the tubes
under a bell-jar and exhaust the air with a pump, or to
connect the tubes with. an apparatus for the production of
hydrogen, and expel the air by a current of this gas.
Buchner’s method, which is also convenient, consists in
placing the culture-tube within a larger test-tube, at the
bottom of which is placed some pyrogallic acid ; potassium
hydrate solution is then added, and the large tube closed
thoroughly with an indiarubber cork.

CONCLUSIONS.

The bacteriological results which are to be obtained in
the manner above described must usually be taken, like
all other factors of water examination, merely as so many
hints. It must not be thought that these hints may be safely
disregarded. On the contrary, they may furnish information
which would on chemical examination be entirely wanting.
We have added a drop of typhoid culture to sterile water,
and diluted 1 c.c. of this diluted culture with 200 c.c.
of ordinary tap-water which previously contained 200
organisms per c.c. The sample so obtained, estimated by
gelatine plate, contained 900,000 organisms per c.c.; but
the amount of pollution, measured chemically, was 1nsuf-
ficient appreciably to raise the amount of albuminoid am-
monia.* On the other hand,the absence of specific organisms
furnishes no ground for passing as safe a water on which
other means of examination, such as chemical analysis, have
thrown suspicion. Take, for example, the case of a water
suspected of having caused a typhoid outbreak. It is quite

* ¢ Applied Bacteriology,” Second Edition, p. 170. A still more
direct illustration has been given above, p. 184.
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possible that among the number of other organisms con-
tained in the water a typhoid bacillus, even if present, might
escape notice through the purely cultural difficulties which
have been explained. DBut it is also possible that, while the
water-supply in question did in fact cause the outbrealk, the
sample submitted for examination might be free from the
organism. As has already been pointed ouf, water is not
the natural habitat of pathogenic organisms; and while it
is less inimieal to their existence than air, and therefore for
organisms which attack the digestive organisms a far more
dangerous vehicle, the life of any pathogenic organism
which falls into it is strietly limited if 1t does not happen
to be attached to some substance peculiarly favourable to
its existence. The incubation period of typhoid fever is
about a fortnight; and in many cases therefore no doubt
is cast upon the water, and no sample sent until three weeks
after the specific infection. In this period the organism
could well have disappeared. 'The cases where specific
organisms are positively identified will be extremely rare ;
and, as has been pointed out, such cases should, where prac-
ticable, be remitted to the examination of a man who is
experienced in their study. The feature above all others
which is important, where it can be observed, is the
variation from day to day. Certain variations are bound
to oceur, not only from climatic conditions, but also in many
cases from local habits. The speed, for instance, at which
water is withdrawn may mechanically alter the number of
organisms which it carries with it. Systematic observation
performed at regular short intervals under the same condi-
tions will, however, rarely fail to reveal any variations in the
number of bacteria, and in the same way will show in which
of the three broad headings under which we look for them
the increase or decrease occurs. Any substantial variations
are to be taken as primd facie ground for suspicion.
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The investigations of Klein on the B. enteritidis sporogenes
afford an excellent example of the absence of relation be-
tween the number of pathogenic organisms found in natural
pollution and that of the ordinary aerobic organisms.

The bare numeration of bacteria in a single sample must
plainly be stated to be of little value. Koch’s 100 germs
per c.c. is the conventional standard used prineipally for
the purpose of being repudiated. Perhaps in unfiltered
waters it may to this extent be read safely, that, when it is
exceeded, extra vigilance for other signs of pollution may
be desirable. In filtered waters this is still more the case;
but strict conformity with it has been shown by Klein to be
quite consistent with the presence of large animalcules
which had passed through the filter-beds, and the conse-
quent demonstration that at the time of sampling the
filters had broken down, and the filtrate was polluted.

If organisms which, tested in the way deseribed, appear
to be B. coli or B. enteritidis sporogenes occur in large
numbers, we have no hesitation in saying that on present
knowledge they afford the strongest evidence of probable
sewage pollution ; but to an analyst whose experience renders
him at all doubtful of his eapacity rightly to identify either
organism, we should recommend strongly the practice of
first satisfying himself as to the identity of the suspected
organisms with each other, and then seeking on a pure cul-
ture the confirmatory diagnosis of a bacteriologist; and in
the case of the B. enteritidis, we should say that animal
inoculation is absolutely indispensable. The same observa-
tions apply in general to organisms of specific disease, should
he be so rarely fortunate as to discover one in water.

Bacteriological Examination of Filters.

When chemical analysis was the only means at command
for examining water, it was found that in a majority of
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cases those waters which had been statistically convicted of
spreading disease contained an excess of organic maftter.
Hence it was inferred that the organic matter was the
cause of the disease; and filters were constructed of carbon,
asbestos, natural stone, spongy iron, and similar materials
for the purpose of removing this excess of organic matter.
It was found that they all did so in a greater or less degree,
but that their efficiency in this respect decreased on use,
and ultimately disappeared until the filtering medium had
been renewed or cleansed. With precisely similar results,
preparations of these materials, such as silicated carbon,
manganous carbon, magnetic iron, and the like, were tried
for the same purpose, and many filters composed of suec-
cessive strata of several of these were constructed. It
ultimately became known that the diseases caused by water
were due to micro-organisms, and that the presence of
excess of organic matter in most waters which were
dangerous was due fo the fact that the microbe was
generally either conveyed through exereta containing
soluble organiec substances, or best nourished in waters of
such composition. The filters already in use were there-
upon assumed to act by arresting the microbes contained
in the water. This assumption was after a time supported
by experiment, in which a small quantity of infected water
was passed through the filter, and the filtrate was found to
be sterile. Further investigation showed that this ceased
to be the case when the filtration was continued for a few
hours or less instead of a few minutes. It was found that
in such case the filtrate contained the same organisms as
the unfiltered water; and the sterility of the earlier
filtrates was accordingly due to the circumstance that they
had been examined before sufficient time had been allowed
for the organisms to be washed through the filter. It was
found that the chemical matter arrested by the filter only
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temporarily arrested a portion of the organisms, and often
served as a suitable culture-ground for such organisms,
which survived and multiplied for considerable periods in
the filter before being ultimately washed through. In con-
sequence, the number of organisms often became after a
short time much larger in the filtrate than in the unfiltered
water. Filters once polluted with the cholera or typhoid
bacillus were also found to convey the bacillus to sterile
water passed through them at considerable periods—up to
six weeks or more—after pollution. This fact has been
responsible for several epidemics, such as that of Lucknow
in 1894, in which, out of 646 officers and men in the East
Lancashire regiment, 143 were attacked by cholera, and
92 died. This epidemic was conclusively traced to the
infection of the barrack-room filter by the cholera mjerobe.

Sand-filters.—A sand filter-bed consists of a layer of sand
from 2 to 4 feet deep, supported on gravel. The fineness
of the grains of sand, the depth of the filter, and the rate
of filtration, all affect the working of the filter in the
removal of organisms. The coefficients given for safe
working are filtration through a sand-layer not less than
30 centimetres thick, at a rate not exceeding 100 milli-
metres per hour, and giving a filtrate containing not
more than 100 bacteria per c.c. These -coefficients,
however, take no account of the class of sand used or
character of water filtered, and they are no longer
regarded as trustworthy. When a filter-bed is freshly
constructed, organisms are washed through it with great
rapidity, but after a certain quantity of water has passed
through, or the water has been allowed to stand upon 1t for
a certain time, a slimy coating of detritus and bacteria is
formed on the surface. If water is slowly passed through
the filter when this coating has been formed to a sufficient
extent, which will occur after a period varying mainly with
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the composition of the water, the majority of the bacteria
will be retained by this surface, either by sticking to it or
by being strained off. The increasing thickness of this
coating will reduce the velocity with which the water passes,
and at the same time some of the bacteria will tend to grow
downwards into the lower strata of the filter, and, if the
process were continued long enough, would be washed
through into the filtrate, and ultimately become more
numerous there than in the unfiltered water. The increas-
ing resistance to the passage of water would also make it
necessary for the pressure to be increased, which would in
this class of filter assist the passage of organisms. It is
therefore necessary in the working of sand-filters to run the
filtrate of each bed to waste, or to permit a body of water
to stand on the filter without filtration, until a sufficient
coating has been formed fo arrest organisms; to stop
filtration when the deposit has inereased to such extent as
to threaten the renewed passage of organisms; and to
remove the upper or filtering layer, and permit a fresh
deposit to be formed. The indication for seraping usually
adopted 1s that the filter-bed no longer passes the required
quantity of water under the maximum permissible head.
The sufficiency of this practice has not been clearly shown.
No general rule can be given for the depth to which the
top layer must be removed, as it varies with the nature of
the water and sand, temperature, ete.

The ordinary rules for the selection of the epochs for
starting and arresting the filters; and the operation of
removing the upper surface, require considerable experience
and judgment, and it frequently happens that through
carelessness or unavoidable mistake the filtration is
imperfeet. Thus, in 1894 the filters at Nietleben, Altona,
Hamburg, and Stettin, being over 10 per cent. of the total
sand-filters in use in Germany, where great attention has
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been given to the subject, passed the cholera organism,
and permitted epidemies in their towns. In the same year
the typhoid organism, of which the detection was difficult
and uncertain with the means then at disposal, was, never-
theless, found beyond doubt in the Berlin water-mains.

Bacterial Filters.—It is obvious that, for the purpose of
bacteriological investigation, such appliances as have been
described are practically useless. Pasteur and Chamber-
land investigated a large number of earthen materials,
beginning with ordinary biseuit porcelain. They found
them to present very different degrees of resistance to the
passage of bacteria. The difference did not appear to
correspond to either the density of the material or the rate
of filtration, in many cases a material of closer grain and
less rapid output giving worse results than other materials
more open in structure and more rapid in filtration. They
ultimately found that the best results were obtained with
a particular mixture of earths prepared with a special
manipulation, and it is these substances which, when made
in the well-known eylindrical form, constitute the Pasteur-
Chamberland filter. This filter is found to be perfectly
trustworthy in the removal of all organisms from liquids;
it also retains any particulate matter, such as the fatty
vlobules from milk.

The method of its action has not been determined, but it
probably depends on some form of surface attraction, as
many of the organisms which are arrested are considerably
smaller than the pores of the material. It has been shown
by repeated experiments that none of the many forms yet
tried of biscuit earthenware, having practically the same
appearance and analogous composition, possess the same
efficlency as the Pasteur-Chamberland material; but no
adequate reason has been discovered for the circumstance.
A diagnostic test for the bacterial soundness of the Pasteur-
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Chamberland tubes is to compress the air within them to an
additional pressure of one-half to one atmosphere when the
tube has been steeped in water, or is freshly taken from
service. If held beneath a body of water, no air will escape
from a sound tube, but a stream of bubbles will issue from
any spot capable of passing bacteria. This test apparently
does not apply to other forms of earthen filters, and for this
reason they should not be used for the filtration of serum
or during an epidemic, unless a portion of the filtrate is
cultivated, and the bulk retained until it has been proved
sterile. This applies particularly to filters made in the
Pasteur-Chamberland form, in which a softer material,
such as infusorial earth, is used, and a fresh filtering
surface 1s accordingly exposed after each cleaning. Thus,
the Berkefeld filter of infusorial earth, the tubes of which
may initially be capable of preventing the direct passage of
organisms, has a small portion of its outer surface removed
each time it is cleaned. The consequence is that, sooner
or later, a faully surface is exposed, and the tube is liable
to pass organisms even before the time when it is worn
away sufficiently to break. The Pasteur-Chamberland
tubes remain unaffected by cleaning or sterilization for an
indefinite period. They may be sterilized by boiling water,
or by saturated steam under pressure; or, alternatively, a
guitable liquid disinfectant may be passed through them,
with the advantage of dissolving at the same time the whole
of the colloid substances deposited in its pores.

The Examination of Water-Filters.—The large majority
of water-filters at present in use are incapable of pre-
venting organisms from being washed through into the
filbrate. In order to ascertain whether this is the case
with any particular filter, it should be stferilized in the
steam-sterilizer, and water containing known organisms
should be passed through it for twenty-four hours. This
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water and the filter should during the time of the examina-
tion be maintained at a temperature below 5° C. This will
almost invariably prevent any growth or multiplication of
the organisms. Samples should be taken immediately after
the filtration has begun, and at intervals during the day,
and again at the end of twenty-four hours. If they are all
sterile, the filter is capable of preventing organisms from
being directly washed through. In the case of filters of
very great density or depth of filtering medium it may be
necessary to prolong the period of examination beyond the
first day ; but most ordinary filters which permit organisms
to be washed through do so within the first few hours. It
must be remembered that it is no advantage for a filter
capable of permitting this passage of organisms to postpone
it for a day or more, as the organisms will ultimately find
their way into the filtrate, and in the meantime are likely in
practical use to have increased in numbers. In the case of
water-filters which withstand this test, and which may, there-
fore, be regarded as preventing organisms from being directly
washed through, the further examination is a matter of
some difficulty, and at the present time can only be con-
ducted inferentially, or by comparison with a standard.
The object of such examination is to discover whether
pathogenic organisms in water can grow through the walls
of the filter, and the difficulty in making the examination is
that our information as to the cireumstances which favour
the multiplication of organisms in water, and which deter-
mine the maximum extent to which such multiplication may
proceed in natural conditions, is quite incomplete. It is
not possible to state of any given water whether it offers the
maximum assistance to the growth of bacteria that may
be found in natural water, or to say whether an organism
under examination is capable of multiplying to the same
extent as other specimens of the same organism might
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multiply in a natural water. In many researches, indeed, in
which filters appeared to resist the penetration of organisms
by growth it was not even certain whether the organisms
under examination would grow in the water at all. The
method which must, therefore, be employed is to take water
containing known non-pathogenic organisms proved to
multiply in it at suitable temperatures with sufficient free-
dom ultimately to penetrate the Pasteur-Chamberland tube,
and to examine specimens of the filter, the efficiency of which
is to be determined, at the same time, and with the same
water-supply, as specimens of the Pasteur tubes themselves.
The water must be kept at the optimum temperature, and
the filtrates examined periodically. If the filter under
examination retains the organisms for as long a time as the
Pasteur, it must be considered as possessing the same
efficiency. If, on the other hand, it passes the test-
organisms before the Pasteur tube will do so, it is less
efficient, and must for the present be considered insufficient
for the prevention of infectious disease. There is an
extremely large body of evidence to justify the conclusion
that the resistance offered by the Pasteur-Chamberland
tube is sufficient to prevent the passage of disease organisms
from natural water. This evidence has been collected
mainly in all parts of the French possessions, and published
by the French Government ; and since the filters have been
introduced into this country and India, similar evidence has
arisen. There is, however, no evidence to show that the
resistance which it offers exceeds that which is necessary
for affording trustworthy protection against water-borne
disease. It is, therefore, not possible to accept any filter of
less efficiency as affording a trustworthy guarantee against
infection. In experiments of this kind care should be taken
to procure several specimens of the filter under examination,

and to ascertain that they fairly represent those intended
10
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for ordinary use. It is also desirable, when special test-
organisms are artificially introduced, to avoid the simul-
taneous introduction of small quantities of eulture material.
It has been found that water and other fluids sterilized by
heat may retain a toxic capacity, setting up, for instance,
suppuration on inoculation into suitable animals; while the
same liquid sterilized by filtration through a Pasteur-
Chamberland tube produced no effect. At the present time
these phenomena and the conditions which determine them
are not sufficiently worked out to make it possible for filters
to be adequately examined as to their capacity to produce
similar results. A very full and interesting report, by Drs.
Woodhead and Cartwright Wood, upon the efficiency of the
various types of filters in use will be found in the British
Medical Journal, vol. 1., 1894, pp. 1053, 1118, 1182, 1575,
and 1486.

The examination of domestic water-filters by chemical
analysis is not to be recommended. In the case of water-
works filters it has the great advantage, when pursued
regularly at short intervals, of furnishing a means quite
independent of the other methods of examination at disposal
by which variations in quality can be detected ; and so long
as filters have to be used which permit a certain number of
bacteria to pass into the filtrate, this class of examination is
the best practicable. Domestic filters are not examined
during use by their users, and for domesfic purposes the use
of filters possessing the efficiency of the Pasteur permits the
use of a direct, instead of an indirect, criterion. The chemi-
cal properties of a filter, besides being in no way a guarantee
of its protective capacity, are liable to change with use, and
certain to disappear after a certain amount of use. There
is, accordingly, a considerable risk of misleading a reader
by deseribing the chemical properties of a filter; and, in-
deed, mistakes of this kind have notoriously been frequent.
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Proper domestic filters are capable of giving the final and
direct protection of preventing infective disease by arresting
the organisms which cause it. While we may hope that
ultimately the same may be said of our public filters, 1t
must be faken as certain that for the domestic filter no less
and no other criterion is now permissible. It 1s to be
remarked that the chemical action of bacterial filters differs
from that of the ordinary type, and as a rule is much less
marked. Bearing in mind the fact that the chemical con-
tents of water are in themselves innocuous, the presence in
the filtrate, through a filter bacterially sound, of substances
which would cast suspicion on a water not known to have
been so purified, is absolutely without sanitary signifi-
cance.

Filters of animal charcoal are sometimes used, with the
object of removing lead. This action, so far as it occurs,
depends on the presence of phosphates in the charcoal and
the formation and arrest of insoluble lead phosphates. It
follows, therefore, that when the phosphates are exhausted,
the filter will be valueless for its purpose. In some cases
this may not happen rapidly; but the presence of large
quantities of caleium phosphate, which would be necessary
to prevent it, encourages the growth of worms and other
lower organisms, and filters containing this substance
have, therefore, to be very frequently cleaned, sterilized,
and recharged. For practical purposes no filter can,
except under constant chemical supervision, be recom-
mended for removing lead from water.

Sterilization of Water by Heat.

Various forms of apparatus have been devised to yield a
continuous supply of water sterilized by heat. There are
certain important points that must be kept in view in a
successful apparatus for this purpose:

10—2
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1. The temperature to which the water is raised, and
the time that it is kept at that temperature, must suffice
for absolute sterilization. This control should be auto-
matically effected.

2. The apparatus must be so constructed that any
deposit of lime-salts can be removed readily.

3. The apparatus should be so constructed that the gases
naturally dissolved in water are not eliminated, and that the
sterilized water is delivered within 2° or 3° of the original
water, or the water will be flat and unpalatable.

The above requirements appear to be satisfactorily ful-
filled by several appliances, such as the Equifex and the
Maiche sterilizers. One of us had occasion recently to
verify this in the case of the latter sterilizer; and there is
no doubt that where water sterilized by heat is required,
it can be obtained practically and without ineconvenience.
The methods of examination will be obvious from the
statement of the conditions required.

It is perhaps too much to hope that our public water-
supplies will, at any rate in the near future, be so treated
as to deliver sterile water to the consumer; but in cases
where water is employed in the preparation of aerated
drinks, etec., it is not too much to expect of manufacturers
that they should adopt special means to sterilize their
water. This is more particularly to be insisted on in the
case of products prepared from water (the ordinary town
supply in many cases) which is not derived from a deep
well, but from river or surface water.
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VII. LAW RELATING TO WATER-SUPPLY.

TuE supply of water in a district may be limited, and the
quantity abstracted by the Water Authority of one district
may affect the quantity available for the purposes of other
districts deriving their supplies from the same source. The
Public Health Act, 1875, therefore provides that no steps
shall be taken by a Sanitary Authority which will injuriously
affect the supply of water to which any person or body may
be entitled ; and in the frequent cases where a supply can-
not be obtained without infringing on such rights, and
where no existing water company provides the necessary
supply, a Sanitary Authority desiring to provide water has
to obtain a special Act. The provisions of such local Acts,
and of the special Acts from which private water companies
derive their powers, will not be discussed in this article.
The Public Health Aect, 1875, makes various provisions
for Authorities who desire to provide a supply from sources
which can be tapped without interference with existing
rights either of water companies or of water users. Such
Authority cannot make the provision in any case where a
company has Parliamentary powers for supplying the dis-
trict unless the company is unable or unwilling to give a
service proper and sufficient for the reasonable purpose
specified by the Authority. Disputes as to the quality and
sufficiency of the supply which the company can give, or as
to the reasonableness of the Authority’s demands, or as to
the terms of supply so far as they are not determined by the
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company's Act, are to be settled by arbitration. TUnder the
Waterworks Clauses Act, 1847, the company must bring
their mains to any part of their district (e.g., any street) on
receiving a guarantee that the aggregate general rates shall
be at least 10 per cent. of cost of providing and laying down
the mains. In the absence of a company able and willing
to give the reasonably required supply, the Sanitary
Authority may, in an urban district, provide the district, or,
say, part thereof, and in a rural district provide the distriet,
or, say, contributory place therein, or, say, part of such
contributory place with a supply proper and sufficient for
public or private purposes. To this end they may construct
and maintain waterworks, wells, etc., lease waterworks, or,
with the sanction of the Local Government Board, purchase
waterworks or water rights within or without the distriet,
or contract with any person or body for a supply. They
may aequire lands, leasements, and borrow money in the
same way as for sewage works; and in the acquisition of
the site of a well they acquire the right to draw all the
water which percolates or is sucked into the well, provided
it does not reach it through definite subterranean channels.
Reservoirs exceeding 100,000 gallons in capacity may only
be constructed by a Sanitary Authority if, after notice given,
no objection is raised by an interested party, or if on such
objection an inquiry is held by a Local Government Board
inspector, and the construction, with or without modifica-
tions, allowed by the Board. Any two justices may make
and enforce orders for securing the safety of any reservoir
by a Sanitary Authority which they may be satisfied is in
a dangerous condition. The powers of the Authority for
carrying mains are the same as with sewers. They must
give three months’ notice by local advertisement before
beginning the work, detailing the nature and course pro-
posed for the mains, and naming a place where a plan can
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be seen, and copies of such notice must be served on all
owners or reputed owners, lessees or reputed lessees, or
occupiers of lands through, across, under, or on which the
mains are to be carried, and on the overseers of the parishes
in which they lie, and on the trustees, highway surveyors,
and others having the care of the roads or streets affected.
If objection be taken by any of these parties, or by any
other interested owner, lessee, or occupier, and notice of
such objection is served upon the Sanitary Authority within
the three months, and is not withdrawn, the works require
the preliminary sanction of the Local Government Board,
after local inquiry and report by their inspector. Altera-
tions in existing mains may be made, provided the works
do not constitute a nuisance and no person is left without a
supply who is entitled to it. A map of the mains may be
made, and, if made, must be kept at the office, open to
inspection by ratepayers at all reasonable hours. Erection
of buildings over mains without consent of the Sanitary
Authority subjects the offender to a fine of £5, and 40s. a
day during continuance of the offence, power being also
reserved to the Authority to remove such buildings and
summarily recover the expense from the offender. An
Urban Sanitary Authority or a Rural Sanitary Authority
having the powers of a Highway Board, when the mains are
laid outside its district, may not break up streets until
nofice has been given to the persons controlling them, and,
if required by such persons, in accordance with a plan
agreed by them, or, in default of agreement, determined by
two justices, and under the superintendence of the persons,
or their officer, if he attend for the purpose, and subject to
reasonable expedition in reinstating the streets.

Existing public cisterns, pumps, wells, reservoirs, con-
duits, and other works, for gratuitous supply of water,
belong to, and are under the control of, the Sanitary
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Authority, who may maintain and keep them supplied with
pure and wholesome water, and may, with like powers, sub-
stitute for them other works equally convenient; and,
subject to the provisions of the Aet, may construet other
works for gratuitous supply of water to inhabitants who
choose to fetch it—mnot for sale, but for private use.

In any works made or bought by the Sanitary Authority
they are bound to keep a pure and wholesome supply of
water, and they are at liberty, but not bound, to provide con-
stant service, under pressure sufficient to carry the water to
the top of the highest house in the district. A Sanitary
Authority may, with sanction of the Local Government
Board, on terms fo be agreed or decided by arbitration, as
provided in the Public Health Aect, 1875, provide a supply
for a neighbouring Authority. They may charge for supply
by a rate assessed on the net annual value of the premises,
as in the case of a general district rate. This rate is pay-
able quarterly, in advance, and in the case of a house of
less annual value than £10 is payable to the Authority by
the owner. In the alternative, they may agree on a water
rent with individuals supplied, and, in particular, may agree
to supply by meter, the rents or charges being recoverable
in the same way as rates. Under the Public Health
(Water) Act, 1878, any Sanitary Authority may be com-
pelled to exercise these powers on the demand of ten rate-
payers in an urban district, or in the case of a rural district
by five ratepayers, in a contributory place; and such rates
or rents may be charged on all dwelling-houses within 200
feet of any standpipe provided by the Authority, unless such
house has another sufficient source of wholesome water
within reasonable distance, and does not use the water of
the Sanitary Authority.

A Sanitary Authority may provide water for publie baths
or wash-houses, or for trade purposes, on terms to be
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agreed between them and the consumers, and may construct
works for gratuitous supply of public baths or wash-houses,
whether worked for private profit or supported out of rates.

Powers for proceeding against persons polluting water-
courses within or without the distriet of the Authority, and
for recovering penalties, are provided by the Public Health
Act, 1875. Further powers are given in regard to streams
within or passing through or by the district by the Rivers
Pollution Prevention Aect, 1876. A summary penalty of
40s. may be recovered against persons throwing or allowing
to be thrown or placed in a watercourse within the distriet
of a Sanitary Authority which has adopted Part III. of the
Public Health Amendment Act, 1890, any filth, rubbish, or
other substance likely to cause annoyance.

The waste or misuse of water is prohibited under penalty
by the Public Health Act, 1875. Under the same Act the
inhabitants may, after fourteen days’ notice to the Sanitary
Authority, and with the consent of owners or occupiers of
any intervening lands, lay surface-pipes from their premises
to the mains, and, after two days’ notice, make the
necessary connection to the mains, under the super-
intendence and direction of the surveyor or other officer of
the Authority, if he see fit to attend. For this purpose the
pavement may be broken up, but must be made good.

If it 1s represented to the Sanitary Authority by any
person that in their distriet any public or private well,
tank, cistern, or pump used or likely to be used for human
drinking or domestic purposes, or for making human drink,
is 8o polluted as to be injurious to health, the Authority
may, under the Public Health Act, 1875, summarily
proceed against the owner, if private, or against any person
alleged to be interested in the supply; if public, for an
order for permanent or temporary closing, restriction of
use to certain purposes, or otherwise, as may be thought



154 CHEMICAL AND BIOLOGICAL ANALYSIS OF WATER

necessary to prevent injury to health. The court may
order an analysis at the cost of the Sanitary Authority, but
the analysis need not be made at Somerset House as
provided in the Food and Drugs Aects. On failure to
comply with such an order, the court may authorize the
Sanitary Authority to do the necessary work, and sum-
marily recover the cost from the person on whom the order
is made.

The Sanitary Authority must, on their Surveyor’s report
that a house within their district has no proper water-
supply, and that one could be provided within the limit of
cost provided by the Aect, serve notice on the owner to
provide stich supply within a specified time, and, in default,
may themselves, or by the water company, lay on such
supply and recover the ordinary rates, and may either
summarily recover from the owner the expense incurred in
such works, or may declare them to be private improve-
ment expenses—i.c., expenses of which the payment may
be spread over a short term of years with interest, and
recovered against the occupier as well as the owner. The
limit of cost is the rates provided under the local Act, if
there is one ; and if there is not, it is either twopence per
week, or such other sum as the Local Government Board
may in each case decide, or within such general tariff as,
under the Public Health (Water) Act, 1878, the Local
Government Board may, on any such application, order to
apply generally throughout the district, or any part of it.
Where capital outlay is required to an extent making it
impossible to come within the limits of cost, a Rural
Authority may enforce provisions of the Public Health
(Water) Act, 1878, which put the duty of providing a
supply on the owner. If the same case arises in an urban
district, the Local Government Board may invest the
Urban Sanitary Authority with like powers unconditionally,
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or to such extent and on such terms as they think fit. If
it is impossible for either owner or Authority to provide the
supply, and the absence makes the house a nuisance or
injurious to health, proceedings may be taken to obtain a
justice’s order to close it. When an Urban Sanitary
Authority fail to provide a proper water-supply, and it
could be provided at a reasonable cost, the Local Govern-
ment Board must, under the Public Health Aect, 1875, on
the complaint of any individual, inquire into the matter,
and, if satisfied that default has been made, order the
Authority to perform the work within a specified time. In
default, the order may be enforced by mandamus, or the
Local Government Board may appoint a person to perform
the service, and direct the expenses to be paid by the
Authority in default. In the case of a Rural District
Couneil, the County Council may, under the Local Govern-
ment Act, 1894, on the complaint of the Parish Couneil,
or, in its absence, of the parish meeting, inquire, and, if
satisfied of the default, may transfer the powers of the
Distriet Council to themselves and execute the works, or
may exercise the same powers as the Local Government
Board exercise in regard to Urban Sanitary Authorities.
These provisions are those provided under the respeetive
Acts for default in provisions of sewers. Without prejudice
to the obligations on the Rural Sanitary Authority fo
provide a proper supply, the Parish Council may, under
the Local Government Act, 1894, utilize any well, spring,
or stream within their parish, and, subject to the rights of
third parties, provide facilities for obtaining water there-
from.

Rural Sanitary Authorities may, under the Public Health
(Water) Act, 1878, cause periodical inspections to be made,
and incur reasonable expenses therefor. They, or their
officer, or other person appointed for the purpose, have the
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same right of entry into houses reasonably suspected to be
without proper water-supply as their officer has in the case
of a suspected nuisance, and the same penalties for refusing
admission apply. Where, on the report of their Inspector
of Nuisances or Medical Officer of Health, it appears to the
Authority that a house in their district is unprovided with
a proper water-supply, and they are of opinion that one
can be provided at a cost not exceeding a capital sum on
which interest at £5 per cent. per annum would amount
to twopence a week, or to threepence a week if fixed by
the Local Government Board on the application of the
Authority, and that the cost ought to be charged as private
improvement expenses, the Authority may, by notice served
on the owner, order a supply to be provided within a
specified time, not exceeding six months. In case of
default, and of their seeing no reason to withdraw or
modify the notice, they may serve a second notice, giving
the owner a further month, and warning him that if the
notice is not complied with the Authority will themselves
execute the work, the cost of which will be either payable
by the owner, or as a private improvement expense; and in
case of default, and of their seeing no reason to withdraw
or modify the notice, the Authority may themselves execute
the work under the same powers until the works are com-
pleted, as they would have in the case of a nuisance, and
may, after completion of the work, either recover the
expense summarily, or declare it to be a private improve-
ment expense. Where two or more houses are in default,
the Authority may, if entitled to do the works of the houses
separately, and no greater expense would be incurred,
provide a joint supply and apportion the expense. In the
case of such proceedings, the owner may, on any or all of
the grounds that either the supply is not required, or the
specified time for providing it is too short, or it cannot be



LAW RELATING TO WATER-SUPPLY 157

provided at reasonable cost, or the Authority ought them-
selves to provide or purify a supply for the district or con-
tributory place, or the cost, or part of it, ought to be a
charge on the distriet or confributory place, within twenty-
one days from service of the second notice address a
memorial to the Authority stating his objections. If the
objections do not allege liability of the Authority to provide
or purify the supply, or of the distriet or econtributory place
to defray all or part of the cost, the Authority must, before
proceeding with the work, apply to a court of summary
jurisdiction, which, after hearing the owner, may authorize
the Authority to proceed with the work. If either or both
of those grounds are alleged, the work is stayed for decision
of the Local Government Board on the memorial ; and the
Board may confirm the order, with or without modifica-
tions, or may apportion the expense between the owner and
the Authority of the contributory district, or between the
owner and any other person. The owner of a house
between whom and another owner, or other owners, the
Authority has apportioned the expense of a joint supply,
must receive notice from the Authority, and may within
twenty-one days from service apply to a justice for revision
of the apportionment.

Under the Public Health Act, 1875, no house erected or
completely rebuilt from the ground-floor since July 4, 1878,
can be occupied without a certificate from the Sanitary
Authority that there is a proper water-supply within a
reasonable distance. The owner may appeal to a court of
summary jurisdiction. The Authority may summarily
recover a penalty, not exceeding £10, against the owner
who occupies a house or allows it to be occupied despite of
their order, unless on appeal the court has authorized the
house to be inhabited.

The water-supply of London is the subject of the special
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Acts of 1857 and 1871, as well as of the local Acts of the
eight companies concerned, and further provisions are
made by the Public Health (London) Act of 1891. Some
of the special provisions of the Metropolis Water Acts are
so exceptional as to deserve mention. The Local Govern-
ment Board audits, and to some extent corrects, the accounts
of the companies, and periodically examines their water ;
their approval 1s necessary before any new source of supply
can be utilized; and if the use has been authorized by
Parliament, it is subject to the Local Government Board’s
cerfificate that the conditions of the Authorizing Act have
been complied with. They may inquire into complaints as
to quality and quantity of supply, and require their remedy
by the company ; and their approval is necessary to the
regulations of the companies as to abuse, waste, or con-
tamination of the supplies. On the failure of a company to
repeal or alter any such regulation after request, made in
writing by either the County Council or any ten consumers,
the Loeal Government Board may, after report of an expert,
repeal or modify such regulation. Notice of all regulations
must be given to the County Counecil within four days of its
being made, and the Board must, if desired, hear the
County Council before confirming them. The County
Council may demand a constant supply in any district, or
may object to a company’s proposal to give one, and on a
memorial by either party within one month setting forth
objections, the Local Government Board may make inquiry,
and, after hearing both parties, make such order on the
subject as they think right, subject only to its being
established that the regulations touching abuse and pollu-
tion of supply have been made and put into operation in
the district, and to the company not establishing that at
any time after two months from service of the demand for
constant supply more than one-fifth of the premises in the
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distriect were unfitted with the preseribed fittings. In the
latter case the County Council may require the owner or
occupier to provide the prescribed fittings within a specified
time, and in default may provide or repair them, and
recover the cost from the person liable to pay the water
rate, or on whose credit the water is supplied, or from the
owner. The Local Government Board may also of its own
motive require a constant supply to be provided in any
district if it is satisfied that the County Council ought, but
does not, or unreasonably delays to do so, or that, through
insufficiency of supply or imperfect storage, the health of
the distriet is, or is likely to be, injured.

The Public Health (London) Act, 1891, imposes duties on
the Sanitary Authorities, including Vestries and Distriet
Boards. An oceupied house without proper water-supply,
or without the fittings of which the absence is a nuisance
within the Metropolis Water Aet, 1871, is a nuisance liable
to be dealt with summarily, and, if a dwelling-house, is unfit
for human habitation. Houses builé or rebuilt after the
date of the Act come under similar provisions to those
applying to the rest of the county under the Public Health
Act, 1875, the appeal lying to Petty Sessions, and a fine of
20s. per day for continuing default being added to the £10
penalty. Notice must be given within twenty-four hours to
the Sanitary Authority of any case in which they have law-
fully cut off the supply from an inhabited dwelling-house.
The Sanitary Authority must make by-laws, which must be
submitted within six months for the sanction of the Local
Government Board, for safeguarding tanks and other
vessels for storing water used, or likely to be used, by men
for drinking or domestic purposes, or for the manufacture
of human drink. The Model By-laws of the Local Govern-
ment Board provide that such vessel must be emptied and
cleaned at least once in six months, and oftener if necessary



160 CHEMICAL AND BIOLOGICAL ANALYSIS OF WATER

for eleanliness and freedom from pollution ; if outside the
building, or otherwise exposed, is to be made and kept
covered ; and, in case of common use of any such vessel by
two or more tenants of the same premises, the obligation to
comply with these by-laws is on the owner. Public cisterns,
reservoirs, wells, pumps, fountains, and works for gratuitous
supply of water which are not vested in any other Authority,
are vested in the Sanitary Authority, and the provisions of
the Act are similar to those of the Public Health Act, 1875.
The Authority has also power to provide and maintain fresh
public wells, pumps, and fountains, and, in addition to any
penalties which may be applicable on demand, payment of
the cost of making good any damage wilfully done to such
works or any part of them. The provisions for dealing
with polluted wells, tanks, ete., include similar powers to
those of the Public Health Act, 1875, the judicial authority
being the Petty Sessions. In addition, both assign prob-
ability of pollution and danger to health as a ground for
closing them, where the former Act demanded that the
supply should be actually polluted and injurious to health,
and gives no power to the court to order restricted use.
The penalty for disobedience is a sum not exceeding £20.

For fouling or polluting any well, pump, ete., a penalty
of £5, with a further 20s. per day during continuance of
offence, is prescribed.



VIII. AERATED TABLE WATERS.”*

TrE improvements in the manufacture of plant for making
aerated waters has led to a great increase in the produc-
tion, both on a large scale and at local factories. If is
fairly certain that a considerable part of this increase is
due to the impression that such waters are safer than
ordinary water ; and, indeed, the reputation in this respect
of the aerated waters from some districts has led to a large
demand for them in even distant parts of the kingdom.
The general feeling that aerated waters are safer than non-
aerated 1s correct to this extent, that the much smaller
supply required by an aerated water factory can be pro-
vided under precautions which are never taken with the
much larger volume of a public supply intended for all
purposes. In recognising this advantage, however, it must
be clearly remembered that the manipulation involved in
bottling aerated waters introduces an element of risk which
does not occur in the publie supply. A case in point,
which oceurred recently, was that of a manufacturer who,
becoming unwilling to use a polluted well for manufac-
turing aerated waters, proposed to do so for washing out
the bottles, a course which would have been entirely in-
compatible with the purity of the water, and was, in fact,
abandoned on the advice of the analyst. Reputations for

* By the courtesy of the proprietors of the Medical Press, we are
permitted to reprint this article, which appeared in that journal in
the issue of January 11, 1899.
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purity, on the other hand, have over and over again been
shown to be entirely untrustworthy. As an illustration of
this it may be mentioned that in the town of Maidstone
there was a thriving industry of old standing in mineral
waters, based on a reputation for purity; and this firm
continued to export their products to all parts of the king-
dom until the actual outbreak of the great epidemiec.

The liability of aerated waters to convey infective
disease has been thoroughly recognised for many years.
The presence of carbonic acid in water, if it exercises any
disinfectant effect, does so only after the lapse of consider-
able periods of time, and cannot be taken into serious
account as a means of affording protection to the public.
The results which we are about to publish are intended to
indicate rather the natural character of the water which is
used in the brands under examination than the precise
merit of the finished produet. It cannot be too strongly
recognised that the first line of defence against infection
is the purity of the water-supply. The purity is in almost
all cases liable by accident to be impaired, and the demand
for the adoption of uniform and trustworthy artificial means
of bacterial purification, such as Pasteur filtration, has
been inecreasing, and, in our opinion, ought to increase
until such means are universally adopted. In this way the
public will obtain, and indeed has already begun to obtain,
a second line of defence, and when it is uniformly adopted
the impression that aerated waters are usually safer than
the waters of a town supply will, for the time being, be
justified.

‘Mineral waters’ are occasionally examined by public
analysts under the Sale of Food and Drugs Act.

We are only able to find records for one year—namely,
1893, in which 168 samples were examined, and 32, or
19 per cent., were adversely reported on.
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Unfortunately, there does not seem to be any published
record giving the reasons in all cases for their condemna-
tion, the report only stating that in some cases lead was
detected in small quantities.

‘CAMWAL’ SODA-WATER.

The Chemists Aerated Mineral Waters Association,
Limited, have factories in different parts of the country
(London, Manchester, Birmingham, Bristol, Harrogate,
and Mitcham), at which they prepare mineral waters.
The samples we have examined were prepared from the
‘New River’ water. Our analyses also included samples

of the latter.

Label— Camwal Soda- Water.

PuvysicAL CHARACTERS,

Colour Faint blue. | Taste . 2l ... Normal.
Smell (by “Boudri- Suspended matter ... None.
ment's method) ... Normal.

CHEMICAL CHARACTERS,

Grains Graing
per Gallon. per Gallon.
Total solids (dried at Saline ammonia «.. Traces,
120° C.) ) Albuminoid ammonia None,
Mineral solids (recar- Oxygen absorbed (in
bonated) 2 —- 15 minutes) ; —
Loss on ignition ... - Oxygen absorbed {1:1
Chlorides (as chlorine) 15 4 hours) ... ... Traces.
Hardness (total) ... 160 Poisonous metals ... None,
Nitrites o None, Phosphates ... ... None,

Nitrates (as mtmgan} 27

Label—New River Water (used by * Camwal ).
PHYSI1CAL CHARACTERS.

Colour Faint blue. | Taste .. ... Normal,
Smell (by "Boudri- Suspended matter ... None.
ment's method) ... Normal |

11—2
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CueEMICAL CHARACTERS.

Grains
per Gallon.
Total solids (dried at
1200°G) - G 246
Mineral solids (recar-
bonated) 18-2
Loss on ignition ... ~ 64
Chlorides (as chlorine) 1-5
Hardness (total) ]I
Nitrites Rad None.
Nitrates (as mtrugen} 275

Grains

per Gallon,

Saline ammonia 008
Albuminoid ammonia Traces.
Oxygen absorbed (in

15 minutes) —
Oxygen absorbed {111

4 hours) None.
Poisonous metals None.
Phosphates None,

THE IDRIS MINERAL WATER COMPANY,

Pratt Street, Camden Town.

The water used is derived from a deep well, and for the
sake of comparison we examined the soda-water and the
well water also, the figures obtained being given below :

Label—Idris Soda- Water.

PHYSICAL CHARACTERS.

Colour Faint blue. | Taste . ... Normal,
Smell (by " Boudri- Buspended matter ... None.
ment’s method) ... Normal.
CHEMICAL CHARACTERS.
Grains Graing
! per Gallon. : . per Gallon.
Total solids (dried at Saline ammonia .. 00028
120° C.) 735 Albuminoid ammonia Traces,
Mineral solids (recar- Oxygen absorbed (in
bonated) ... - 15 minutes) —
Loss on ignition ... — Oxygen absorbed {m
Chlorides (as chlorine) 9-8 4 hours) Traces.
Hardness (total) ... 80 Poisonous metals None.
Nitrites Absent. | Phosphates None,
Nitrates (as nitrogen) Traces.
Label—Water from fdris Well.
Pays1cAL CHARACTERS.
Colour . Faint blue. | Taste . Normal.
Smell (by “Boudri- Suspended matter None.
ment’s method) ... Normal.
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CHEMICAL CHARACTERS.

Grains , Grains
per Gallon., | per Gallon.
Total solids (dried at Saline ammonia ... None.
12020 o TLPENE: L) Albuminoid ammonia  None.
Mineral solids (recar- Oxygen absorbed (in
bonated) ... 250 15 minutes) —-
Loss on ignition ... 60 Oxygen absorbed {m
Chlorides (as chlorine) 80 4 hours) ... None.
Hardness (total) ... 40 Poisonous metals ... None.
Nitrites ... None, - Phosphates ... ... None,

Nitrates (as nitrogen) Traces.

MESSRS. ELLIS AND SON,
Mineral Water Manufacturers, Ruthin, Wales.
The water used is derived from a deep spring. The

figures we have obtained on the water are given below :

Label—Ellis’s Soda-Water.

PuysicaAL. CHARACTERS.

Colour . Faint blue. | Taste .. ... Normal.
Smell (by Boudri- &:uspended matter ... None.
ment’s method) ... Normal, |

CHEMICAL CHARACTERS.

Grains Grains
per Gallon. per Gallon.
Total solids (dried at Saline ammonia ... Traces.
12000 e 866 Albuminoid ammonia ‘0056
Mineral solids (recar- Oxygen absorbed (in
bonated) ... — 15 minntes) —
Loss on ignition ... — Oxygen absorbed [m
Chlorides (as chlorine) 1-0 4 hours) ... 012
Hardness (total) ... 100 ' Poisonous metals ... None.
Nitrites ... None, Phnsphates ... None.

Nitrates (as nitrogen) 0-14 |

Label—Messrs. Elligs Spring, Ruthin.
PuysicarL CHARACTERS.

Colour . Faint blue. | Taste .. ... Normal.

Smell (by Buudn- |E.u3pe:nded matter ... None.

ment’'s methnd] .. None. ;



166 CHEMICAL AND BIOLOGICAL ANALYSIS OF WATER

CHEMICAL CHARACTERS.

Grains ' Grains
per Gallon. | per Gallon.
Total solids (dr:ed at Saline ammonia ... Traces,
120°C) .. 140 | Albuminoid ammonia Traces.
Mineral solids [recar- Oxygen absorbed (in
bonated) ... sy kL . 15 minutes) .. Traces.
Loss on ignition ... 30 | Oxygen absorbed {m
Chlorides (as chlorine) 16 | 4 hours) ... o -01
Hardness (total) ... 9-0 | Poisonous metals ... None.
Nitrites . None. | Phosphates ... ... None.
Nitrates (as mtmgen} ‘15 |

MESSRS. ROSS AND SONS, LIMITED,

Mineral Water Manufacturers, Belfast and London,

The following figures were obtained on a sample of
Messrs. Ross and Sons’ ¢ double soda-water’

Label— Ross’'s Double Soda- Water,

PHYsicAL CHARACTERS.

Colour . Faint blue. | Taste .. 2 ... Normal.
Smell (by “Boudri- Suspended matter ... None,
ment’s method) ... Normal.

CHEMICAL CHARACTERS,

Grains Grains
per Gallon. - per Gallon.
Total solids (dried at Saline ammonia ... 0056
1208 By w1870 Albuminoid ammonia Traces.
Mineral solids (recar- Oxygen absorbed (in
benated) ... - 15 minutes) —
Lioss on ignition ... — Oxygen absorbed {m
Chlorides (as chlorine) 260 4 hours) ... 043
Hardness (total) ... 05 Poisonous metals ... None,
Nitrites 2 ... None. Phosphates ... ... None.

Nitrates (as u1tmgen} Traces.

Label— Well Water used by Ross and Sons.
Puysican CHARACTERS,

Colour . Faint blue. | Taste . ... Normal
Smell (by Boudri- Suspendeﬂ matter ... None.
ment’s method) ... None.
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Cuemicar. CHARACTERS,

Grains Grains
per Gallon., : . per Gallon.
Total solids (dried at Saline ammonia ... 002
1200 €. ... S Albuminoid ammonia Traces.
Mineral solids (recar- I Oxygen absorbed (in
bonated) ... s 1210 ' 15 minutes) ... None,
Loss on ignition ... 50 ! Oxygen absorbed (m
Chlorides (as chlorine) 6°1 | 4 hours) ... Traces.
Hardness (total) — ' Poisonous metals ... None.
Nitrites ... None. Phosphates ... .+« None.

Nitrates (as nitrogen) Traces.

MESSRS. HGHWEPPE.AND Co.,

Berners Street, London,

The following figures were obtained on a sample of soda-
water prepared by Messrs. Schweppe and Co. :

Label—Schweppe’s Soda- Water.

PuysicAlL CHARACTERS.

Colour . Faint blue, | Taste ... ... Normal.
Smell  (by “Boudri- Suspended matter ... None.
ment’s method) ... Normal.

CHEMICAL CHARACTERS,

Grains Grains
per Gallon. per Gallon.

Total solids (dried at Saline ammonia J§ ... (0028 -~

120° C.) : 662 ' Albuminoid ammonia  (0°007
Mineral solids {recar ' Oxygen absorbed (in

bonated) ... — ' 15 minutes) —
Loss on ignition ... —_ | Oxygen absorbed (:11
Chlorides (as chlorine) 43 | _ 4 hours) ... e 0043
Hardness (total) ... 190 . Poisonous metals ... None.
Nitrites .. None. | Phosphates ... ... None,

Nitrates (as mtmgenj 0-05

Label—Well Water used by Schweppe’s, Limited.
PuysicAL CHARACTERS,

Colour e . Faint blue. | Taste... ... Normal.

Smell (by Boudri- Suspended matter ... None.
me nt’s method) ... None, ‘
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CunemMiIcar, CHARACTERS.

Grains Grains
per Gallon. per Gallon.

Total solids (dried at - Saline ammonia 001

120¢° C.) n 2540 - Albuminoid ammonia  None.
Mineral solids (recar-  Oxygen absorbed (in

bonated) 200 15 minutes) —
Loss on ignition ... 50  Oxygen absorbed {111
Chlorides (as chlorine) 42 4 hours) ... . 05
Hardness (total) 125 Poisonous metals None.
Nitrites - ... None, | Phosphates None.
Nitrates (as mtrogen) Traces.

‘SALUTARIS.

Ag will be seen from the figures below, ¢ Salutaris’ is
prepared from a distilled water. Sample ‘A’ was fur-
nished us by the manufacturers, while sample ‘B’ was
purchased by us without their knowledge :

Physical Characters. Bl ‘B
Colour ... : Faint blue. Faint blue.
Taste ... Normal. Normal.
Suspended matter Ahbsent. Absent.

Chemical Characters. Grains per Gallon.

Total solids 26 2+)
Loss on ignition 1-2 0-6
Mineral =solids 14 14
Chlorine 02 02
Hardness 1-0 10
Nitrites o Traces. Traces.
Nitrates and pmsnnnﬂs ‘metals None. _ None.
Saline ammonia 0028 0056
Albuminoid ammonia : 0084 0084
Oxygen absorbed ... 055 056

From the results given above we conclude that in all
cases the water employed in manufacture and the finished
products are of satisfactory organic purity, and free from
any trace of metallic contamination.
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