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PREFACE

TO THE

FOURTH EDITION.

b
Durineg the seven years which have elapsed since

the publication of the tlur&edxtmn of this work, con-
siderable advances have been made in the practical
. part of Medical Chemistry.

The Editor has endeavoured to represent these as
fully as 1s consistent with the concise and simple
character which constitutes one of the great merits of
Bowman’s ¢ Handbook,’ always remembering that the
processes described should be such as can be carried
out by the medical student, with the resources of the
medical school and the hospital.

In the chapters on the Analysis of Urine, where
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the greatest services are rendered by chemistry to
clinical medicine, processes have been introduced for
the quantitative determination of kreatinine and of
ammonia, and the methods of determining them have
been carefully revised at the laboratory table. The
application of the volumetric principle to the analysis
of urine has been extended as far as it appears to be
safe, since the rapidity with which volumetric deter-
minations may be executed, with great relative accu-
racy, and without demanding great skill on the part
of the analyst, recommends this method strongly to
the attention of the medical practitioner.

Short practical directions for the examination of
the solid excrements, of bile, and of the liquids of
muscular flesh, have been added; but chyle, lymph,
&e., have been omitted, as not generally obtainable
for analysis.

Much improvement remains to be made in the
difficult examination of mixed fluids for the proximate
constituents of animal bodies, though the recent re-
searches of English and Continental chemists have
enabled the editor to make some additions, which, it

is hoped, will prove useful.
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Since the examination for poisons in organic mix-
tures is comparatively seldom undertaken, except by
the professional chemist, the additions which have
been made to that part of the work presuppose con-
giderable familiarity with chemical manipulations;
though it has not been forgotten that, for the purposes
of a judicial inquiry, the medical man often requires

' a knowledge of the best processes for the detection
. of poisons, though not desiring to carry them out
- himself.

Believing that the revival of the electrolytic method

: for the detection of metallic poisons will give greater
« confidence in chemico-legal investigations, the editor
| has fully described its application.

Short chapters have been added upon the detection
« of strychmia, nicotia, phosphorus, and aleohol, in
¢ organic mixtures.

The general systematic course for the detection of
k poisons in organic mixtures has been tested by mixing

} minute quantities of the poisonous substances to

which it refers with articles of food, and proving that
the directions given would certainly lead to their

- detection.
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The concluding chapter contains some concise di-
rections for the application of the elegant process of
dialysis, introduced by Professor Graham, to the

separation of poisons from organic mixtures.

Kine’'s CorLLEGce, LoNbpox ;
October, 1862,



PREFACE TO THE THIRD EDITION.

Tue rapid sale of two large editions of this little
- work encourages me to hope that I was not altogether
- unsuccessful in supplying a deficiency in medical
literature, which has been long felt by a large body
. of the Profession, as well as in furnishing a plain and
- trustworthy text-book for the Medical Student.

In the present edition I have endeavoured without
- materially adding to it, to embody all the recent
\ discoveries in Medical Chemistry which have been

: announced up to the present time; and thus to keep

pace with the rapid advance which is every year
being made in this most important branch of medical

k gelence.

JOHN E. BOWMAN.

Kixe's CorrecE, LoNDox;
a January, 1855,




Xl CONTENTS.

CHAPTER IV.

Moxeip URINE - : - .

Detection of Abnormal proportions of Urea, Urie Acid,
Urate of Ammonia, Urate of Soda, Hippurie Acid,
Mucus, Colouring Matters, and Salts.

Urine containing Sugar. Tests for Sugar proposed by
Trommer, Maumené, Moore, Bottger, and Briicke.
Fermentation Test.

Detection of Sugar in Healthy Urine.

New substance, Alkapton, simulating Sugar in Urine.

Albuminous Urine. Detection of Blood in Urine.

Urine containing Biliary Matter. Pettenkofer’s, Hel-
ler’s, and Gmelin's Tests for Bile.

Presence of Pus, Fatty and Chylous Matter, Kiestein,
and Semen in Urine.

Detection of Oxalate of Lime, Cystine, &e., in Urine.

FAGE

CHAPTER V.

ExaMINaATION OF URINE SUSPECTED TO CONTAIN EITHER
AN UNNATURAL PROPORTION OF 20ME ONE OR MORE
OF THE USUAL INGREDIENTS, OR ELSE SOME ABNORMAL
MATTER . p : . : . 63
Quantitative Estimation of Urea by Liebig’s process.
Methods of determining Urea proposed by Leconte and
E. Davy.
CHAPTER VI,
ExXAMINATION OF MORBID URINE, THE NATURE OF WHICH
I3 ALTOGETHER UNKENOWN - . - . O
Identification of Urinary Deposits.
Systematic Examination of the Clear Urine.
Microscopic Examination of Urinary Deposits.

CHAPTER VII.

QUANTITATIVE ANALYSIS OoF DiaABETIC URINE : . 105
Volumetric Determination of Sugar by an Alkaline
Solution of Tartrate of Copper.



CONTENTS. xiil

FAGE

Analyses of Diabetic Urine by Simon, Percy, and
Bouchardat.

CHAPTER VIIL

QUANTITATIVE ANALYSIS OF ALBUMINOUS URINE . . 114
Analyses of Albuminous Urine by Simon and Percy.

PART II.—CALCULI AND CONCRETIONS.

CHAPTER 1.
URINARY CALCULI . . : . 118
Identification of {Ialcuh compozed of Urlc Acid, Xan-
thine, Urate of Ammonia, Phosphate of Lime, Triple
Phosphate, Oxalate of Lime, Urate of Lime, or Cys-
tine.

CHAPTER II.

. SYSTEMATIC COURSE FOR THE EXAMINATION OF CALCULI,
THE COMPOSITION OF WHICH IS UNENOWN p . 126

CHAPTER IIL

- BILrary CALCULI OR (GALL-STONES o . 129
Composition and properties of Cholesterin.
Thudichum’s process for the Analysis of Biliary Caleuli.

CHAPTER 1IV.

¥ Govry CoNCRETIONS ’ : . 131
Qualitative Analysis of Gouty Gcmcretmns

CHAPTER V.

* SoLID EXCREMENTS : : . 133

Marcet’s process for Separating the Proumate Prin-
ciples contained in the Faces,

Excretine and Excretolic Acid.



xvi CONTENTS.

CHAPTER VI.
PAGE

Juice or FLESH . ; . . : . 202
Preparation and Properties of Kreatine.
Kreatinine. Sarcine. Inosite.
Extraction of Sarco-lactic and Butyrie Acids from
Juice of Flesh.

CHAPTER VII.

Mucus : i ! ! - . . 205
Quantitative Estimation of its Proximate Constituents.
Morbid Conditions of Mucus.

CHAPTER VIII.

Pus . : . ‘ . . . . 209
General Characters and Quantitative Analysis of Pus.
Blue Pus. Pyocyanine.

CHAPTER IX,

BoNE - : 3 . . - . 218
Quantitative Analysis of Bone.
Chancel’s process for the Determination of Phosphorie
Acid,
Analyses of Bone, by Von Bibra and Berzelius.
Diseased Bone. Analyses by Lehmann, Prosch, Va-
lentin, and Von Bibra.

CHAPTER X.

EXAMINATION OF MIXED ANIMAL FLUIDS . - . 222

Greneral Processes for the detection of Fibrin, Albumen,
Casein, Pyin, Pus, Mucus, Gelatine, Chondrin, Blood,
Biliary Matter, Urea, Kreatine, Inosite, Kreatinine,
Fat, Cholesterin and Serolin, Milk, Sugar, Ammonia,
Urie Acid, Taurine, Lenecine, and Tyrosine,

Systematic Examination of Mixed Fluids for the proxi-
mate Constituents of Animal Bodies.




CONTENTS. xvil

PART V..THE DETECTION OF POISONS
IN ORGANIC MIXTURES, &c.

CHAPTER L
PAGE

ARSENIC . - . . : : . 232

Identification of Arsenions Acid when in the pure state.
Marsh’s and Reinsch’s tests. Examination of the
Copper and Hydrochloriec Acid for Arsenie,

Detection of Arsenic in Organic Liquids, which are
pretty clear and homogeneous.

Electrolytic test for Arsenic.

Detection of Arsenic in the Contents of a Stomach,
Vomited Matters, &e., and in the Tissues and other
solid Organic Matters.

Detection of Arsenite of Copper in Paper Hangings, &e.

Quantitative Determination of Arsenic in Organic

Mixtures.
CHAPTER I1.
ANTIMONY . . ' , . 248
Identification of Tartar Emetic.
Electrolytic tests for Antimony.
Detection of Antimony in the presence of Organic
Matters.
(uantitative Determination of Antimony.
CHAPTER III.
MErcUryY . ; . 250

Detection of Mercury in Organic Mixtures.

Lassaigne’s process for identifying minute Sublimates
of Mercury.

Electrolytic tests for Mercury.

Detection of Mercury in the Tissues.



XViil CONTENTS.

CHAPTER 1V.
PAGE’

LEAD . . . 253
Examination of 'Wﬂmr suspecteﬂ to contam Lead.
Detection of Lead in Organic Mixtures and in the

Tissues.
CHAPTER V.
CorPER - - . " : . 258
Detection of Copper in Organic Mixtures and in the
Tissues,

Electrolytic test for Copper.

Quantitative Determination of Copper in any Organie
Mixture.

CHAPTER VI
LINC . ; . . i 5 . 261
Examination of Organie Matters for Zinc.

CHAPTER VIL

ToDINE ; i . . 26358
Detection of free anfl combined Iﬂﬂlnﬂ in Orrramc
Mixtures.

CHAPTER VIII.
SULPHURIC ACID . - . 264

Detection of Sulphuric Amd in {}rgamc Mmtures and
in Stains on Clothing.

Detection of ““Sulphate of Indigo™ in Organic Mixtures.

CHAPTER IX.
HYDROCHLORIC ACID : . . 266
Detection of Hydrochloric Amd in Organic Mnt.ures
Quantitative Determination of Hydrochloric Acid.

CHAPTER X.

NITREIC ACID ¥ 2 : . i . 268

Examination for Nitrie Acid in Organic Mixtures ; and
in Stains on Clothing,



CONTENTS. XIX

CHAPTER XI.
PAGE

i e sen o A - R S S . 270
Separation of Oxalic Acid from Organic Mixtures.
Identification and Quantitative Determination.

CHAPTER XII

Hyprocyaxic or Prussic Acip . . . 272
Detection of Hydrocyanic Acid in Organic Mm‘tures.
Tests applicable to the Vapour. Liebig’s test. Henry
and Humbert’s test. Prussian Blue test.
Quantitative Determination of Hydrocyanic Acid.

CHAPTER XIII.

Or1UM ; : - : . 297
Examination of Organm Mixtures and Tissues fr_rr Mor-
phia and Meconic Acid. Identification of Morphia.

CHAPTER XIV.

STRYCHNIA . : 2 . 279
Processes for the detectmn of Str}rﬂhma in {)rgamc
Mixtures, Tissues, &e. Extraction of Strychnia by
Ether, Chloroform, and Benzole.

CHAPTER XYV.
Nicoria . . . 281
Extraction of Iumﬂtla fmm Drgamc Mixtures. IdEnti-
fication.
CHAPTER XVI,
PHOSPHORTS , . 282

Detection of Lnﬂmdmad Phusphnms in Orgam{: Mix-
tures. Examination for Phosphorous Acid resulting
from the Oxidation of the Phosphorus.



Ix CONTENTS.

CHAPTER XVII.

PAGE

ALCOHOL . . . . . . . 284
Extraction of Aleohol from Organic Mixtures ; its Iden-
tification.

CHAPTER XVIII.

GENERAL SYSTEMATIC COURSE FOR THE DETECTION OF
Poiso¥s v OrgaNic MIXTURES : ; . 284

1. The Poison is believed to be Metallic. Systematic
Examination for Arsenic, Antimony, Mercury, Cop-
per, Lead, Zine, Barium, Silver, Bismuth.

2. The Poison is believed to be Organic. Systematic
Examination for Oxalic Acid, Morphia, Strychnia,
Nicotia, and Conia.

3. Nothing is known of the Nature of the Poison.

CHAPTER XIX.

SEPARATION OF Poisons FROM ORGANI¢ MIXTURER BY
Disvyais . . v i . ._ . 289

WEIGHTS AND MEASURES . . : : . 201

INDEX . ! 1 . . ‘ : . 293




LIST OF ILLUSTRATIONS.

FIGURE FAGE
1. Oxalate of Urea . - : . 8 S

2, Nitrate of Urea . . - . . 6

3. Uric Acid . : : : . : 7
4. Hippuric Acid . : : : : R
5. Mucus and Epithelium : ; 21 g
6. Evaporated Residue of Healthy Urme : L

7. Mixed Phosphates . - i 18
8. Prismatic Crystals of Triple Phﬂﬂphate . . B
9. Penniform Crystals of Triple Phosphate : 20

- 10. Stellate Crystals of Triple Phosphate . 20
- 11. Urate of Ammonia 39
12, s . with Spmulae 40
L 18. ;- of Soda . 40
- 14, Crystallized Phosphate of lee 44
. 15. Fermentation Test for Sugar . 49
. 16. Torula Vesicles : . ; SR
| 37. ,, Stem ; < ; ; : RO |
18. Fibrinous Cast . : : - { . B4
19. Blood in Urine : : - : . 65

. 20. Pus in Urine . : : : " o oRE
. 2]1. Large Organic Globules . : : . b8
22, Small Organic Globules ; : . iy s b8
23. Spermatozoa and Spermatic Granules . ; . B0
24, Octohedra of Oxalate of Lime . ! . Lis & B
25. = g ,» seen when dry . 2t B3




X1l ILLUSTRATIONS.
FIGURE
26. Dumb-bells of Oxalate of Lime

27.
28.

Rosettes of Cystine
Hexagonal Crystals of Cyatme

29. Chloride of Sodium simulating Cystine

30. Nitrate of Urea

31. Pipette .

32. Burette . : .

33. Leconte’s Apparatus for determining Llet

34. Crystalline Forms of Uric Acid

35. i 2 s

36. Chloride of Sodinm

37. Hippuric Acid . : :
38. Mixed Phosphates : - . .
39. Pus Corpuscles

40. Urinometer

41. Triple Phosphate (Stella,}

42, ., T (Prismatic) .

43. Crystalline Forms of Uric Acid

. Octohedra of Oxalate of Lime .
. Dumb-bells of Oxalate of Lime
. Rosettes of Cystine

. Hexagonal Plates of Cystine

Urate of Soda .

. Fat in Urine

. Mucus and Epithelium

. Pus in Urine

. Blood in Urine : -

. Spermatozoa, &e. : ; .
. Apparatus for the Estimation of Sugar in Urine
. Alternating Caleculus

. Urie-Acid Calenlus

. Urate-of-Ammonia Caleulus

. Phosphate-of-Lime Calculus

. Fusible Calculus

. Oxalate-of-Lime Calculus

. Biliary Calculi .

PAGE
62

63

64
66
69
69
72
74
75
77
78
81

92
101
101
101
102 |
102
102
102
103
103
104
104
104
104
106
119
119
121
121
123
124
130




ILLUSTRATIONS.

FIGURE

62. Cholesterin

' 63. Blood Corpuscles in strmgs

64. % X detached .

ot 65, 5 0 collapsed

&F 66. White Corpuscles of the Blood

67. Fat in Blood

68. Cholesterin .

69. Milk Globules .

70. Colostrnm Corpuscles .

71. Pus in Milk

72. Blood in Milk

73. Starch Granules

74. Pus Corpuscles

75. Apparatus for the Estimation Gf' Lftrbﬂuw Amf]
76. Arsenious Acid

77. Crust of Reduced Arsenic

78. Apparatus for Marsh’s Test

79 - » » :
80. Small Marsh’s Apparatus for Mmute Te'ﬂ;mn‘
81. Electrolytic Apparatus

82. Apparatus for Dialysis.

xxill

FAGE

130
138
138
139
143
178
179
189
189
196
196
197
210
218
233
234
235
236
236
241

289






MEDICAL CHEMISTRY.

PALRT 1.

CHAPTER L
HEALTHY URINE.

SECTION I.

. L. Heavray human urine is an amber-coloured, water
ifluid, holding in solution a great variety of substances, bot
porganic and inorganic, and containing also in suspension a
ismall quantity of mucus, derived from the bladder and urinary
*passa%es. The specific gravity (278) of the healthy secretion
imay be said to vary from 1003 to 1030, depending on the
amount of solid and liquid food taken, the period of the day
‘at which the urine is passed, and other circumstances which
end to increase or diminish the proportion of solid matter
contained in it. Thus the urine which is passed shortly after
drinking much water or other fluid, commonly called wrina
pofus, 1s usually pale in colour, and of low specific gravity,
varying from 1003 to 1009 ; while, on the other hand, that
which is secreted soon after the digestion of a full meal, com-
timonly called wrina chyli, bas most commonly a high specific
ngravity, frequently 1030 ; the urine which is passed 1mme-
idiately after a night’s rest, called wrina sanguinis, may gene-
brally be considered to furnish a fair specimen of the average
density of the whole urine, and will in most cases be found to
thave a specific gravity varying from 1015 to 1025. 'The
haverage density of the whole urine passed by an individual in
ithe twenty-four hours is usually from 1015 to 1020; and the
' quantity passed during the same period varies from twenty to
' forty-eight or fifty ounces, holding in solution usually from
600 to 700 grains of solid matter (279).



2 HEALTHY URINE.

2. While warm, urine has a slightly aromatic smell, whiechh}
is not perceptible after cooling. It is usually slightly acid too]
test-paper, from the presence of acid phosphate of soda (NaQ,.}
2HO,PO;), but the experiments of Dr. Bence Jones shows|
that when passed shortly after eating, the urine is often neu-i|
tral, or even alkaline, becoming again gradually more and moree
acid, up to the time when the next meal is taken. When keptt|if
for some little time, it first becomes a little more acid (appa--#
rently from the formation of a little lactic and acetic acids),\§
and deposits a few erystals of uric acid entangled in the cloudyy i |
deposit of mucus; but after a longer period it putrefies, be--f"
coming alkaline and ammoniacal, and deposits a sediment ofifl§"
earthy phosphates, previously held in solution by the free aciddf§
(43). If the urine be kept for a still longer time, it becomessi§
more and more concentrated by spontaneous evaporation, de--i"
posits minute crystals of chloride of sodium, phosphates, anddj
other salts, and eventually becomes covered with a grayish--#"
coloured mould, confaining minute fungi and animaleules. 8

3. Although chemists have not yet succeeded in insulatingzif -
for examination all the ingredients of urine, nor even in ascer--#§"
taining the general nature and character of several of the com--i§~

ounds which probably enter into its composition, still theyyl~
ave, by their researches, determined what appear to be theeff”
most important of its constituents; and it is to these onlysif:
that the student need turn his attention, leaving the moreelfi”
roblematical and obscure parts of the subject to be decidedd§§*
y the future labours of the physiological chemist. M

4. The solid matters of the urine may be said to consist offli"
the following—viz., Urea ; uric acid; hippuric acid; krea=--§"
finine ; grape-sugar; vesical mucus, and epithelial débris s 7
antmal extractive; ammoniacal salls ; fived alkaline salts ; andiiff®
earthy salls® :

5. The student will do well to test a little of the healthys
secretion, which should, for this purpose, be that passed im--
mediately after a night’s rest (1), for these several substances, .|
in the manner described under each, in the following sections; |
and if he has leisure and opportunity, he may prepare speci--|
mens of urea, uric and hippuric acids, and some of the other |
constituents.

* According to Campbell, urine also contains a minute quantity of formic acid l
(CallaOy).
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SECTION II.

Urea (CoHN:O5).

6. This important ingredient of the urine, which appears to
)e the vehiele by which nearly the whole of the nitrogen of the
xhausted tissues of the body is removed from the system, is
. solid erystalline substance, colourless when in a state of
urity, anc%( easily separated from the other matters with which
b is associated.

7. The presence of urea in the urine may be readily shown
y concentrating a little of the secretion to about one half or
Jpne third its bulk, and mixing it with an equal quantity of
ure nitric acid; when delicate crystalline rhomboidal plates
f impure nitrate of urea (C,H,N;O,,HO,NO;) will be found
cradually to separate from the liquid (16).
8. Pure urea may be obtained from the nitrate thus sepa-
Brated. For this purpose, about a pint of urine, filtered from
Bhe mucus as soon as possible (11), is evaporated, at a heat
‘M elow its boiling point, fo two or three ounces ; when cool, the
‘Moncentrated urine is decanted from the deposited salts, and
" @hixed with an equal bulk of colourless nitrie acid (sp. gr. 1-25).
‘@.ter standing for some time, the pasty mass of nitrate of
Mrea is pressed, to free it from the adhering liquid, dissolved
T a little boiling water, and allowed to crystallize. The pure
ystals are again dissolved in hot water, and finely powdered

bonate of baryta is added in small portions, as long as any

Wffervescence is perceptible. The nitric acid has now com-
" $ined with the baryta, whilst the carbonic acid, being incapable
f combining with the urea, makes its escape.

Nitrate of urea. Carb. baryta. Urea.
f e 75} r i i ] 5T A, A}
C,H,N,0,, HO, NO; + BaO, CO, = C,H,N.0,
Nitrate baryta.
P il

+ Ba0, NO, 4+ HO + CO,.

The excess of carbonate of baryta is separated by filtration,
_#ind the clear liquid evaporated to dryness on the water-bath.
_ Bhe dry residue of urea and nitrate of baryta is boiled with a
~ 14 title alcohol, which dissolves only the urea, and, when decanted
f and evaporated, deposits it in prismatic crystals resembling
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nitre, which may be purified, if necessary, by dissolving inu;
water, decolorising with animal charcoal, and evaporating thee]
filtered solution. |

9. The crystals of urea, which, when obtained by slow eva--|§
poration, are four-sided prisms, and deliguesce slightly in airy|
are soluble in about their own weight of cold water, and in aale
much smaller quantity of hot; from which latter the ureaal
separates on cooling, in the form of beautiful silky needles. Itt§
15 soluble in about 4°5 parts of cold alcohol, and in less thannj
half that quantity of hot; in cold ether it is nearly insoluble..
Its taste is saline and cooling, somewhat resembling that of nitrez i

10. The proportion of urea present in healthy urine appearssii -
to vary from twelve to upwards of thirty parts in 1000, abouttifs
fourteen or fifteen being the average.

11. An aqueous solution of urea may be kept, provided itit]
is pure and tolerably concentrated, for a considerable lengthh]
of time, without undergoing chemical change; but if any albu+f§i
men oOr muecus, or mier fermentescible matter, is presentf/§ -
decomposition rapidly sets in, and in a short time the wholeelt ™
of the urea becomes transformed into earbonate of ammoniaali '
(NH,0,C0,), the elements of water being at the same timeeli
assimilated.

T

CH,N,0,44HO = 2(NH,0,00,).

In urine, this change speedily takes place, owing to theeff'
presence of mucus; the secretion thus aequiring, especiallyyill*
in warm weather, an alkaline reaction in the course of a fewwie:
hours after being passed. Under the influence of the causticdli
alkalies, also, urea becomes gradually converted into carbonicdli
acid and ammonia. 1

12. When heated on platinum foil to about 250°, urea fusessf "
without undergoing decomposition; but if the heat be in-i
creased much beyond that point, it is decomposed into am-i
monia (NH,) and carbonate of ammonia (NH,0,CO,), whichh'
volatilize, leaving a residue consisting chiefly of melanurice
acid (GEH4 N-xo-i)-

13. Urea, though its solution is neufral to test-paper, hass
decidedly basic characters, combining with acids to form salts,
some of which are crystalline. Of these, the two which are of
the most practical importance arve the oxalate (C,H,N.O,,HO,)
C,0,) and the nitrate (C,H,N:O,,HO,NO,), which, on accounttfs.
of their sparing solubility in water, supply a ready means ofit
separating urea from the other matters co-existing in the urine.:
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| 14. Owdlate of wrea (C;HN:0,,HO,C,05)% may be prepared
4 by concentrating urine on a water-bath to about one eighth
| its bulk, and filtering through muslin, in order to separate the
vinsoluble sediment of phosphates and urates, which are gra-
Ldually deposited during the evaporation. The liquid thus
Bclarified is mixed with about an equal bulk of a strong solu-
tion of oxalic acid in hot water, or the solid acid in powder
ymay be added as long as the liquid, heated to about 190° or
. 200°, continues to dissolve it. The mixture, on cooling, de-
iposits an abundant crop of crystals of oxalate of urea, mixed
with a little of the excess of oxalic acid, and coloured brown
oy the adhering impurities. The crystals are then gently
- #ioressed between folds of filtering paper, washed with a small
" Myuantity of ice-cold water, and purified by re-erystallization;
. Jhe last traces of colouring matter being removed, if neces-
“Jsary, by boiling the solution with purified animal charcoal.f

15. The oxalate thus obtained
¥ s colourless, and in the form of
;abular or prismatic crystals (fig.
1), which are readily soluble in
thot water, but only sparingly so
““8in cold, twenty-five parts of which
lissolve not more than one part
f the salt.

The oxalate of urea obtained
m urine may be employed to
“Wurnish pure urea, by dissolving
bt in hot water, and adding powdered chalk as long as it
“Bauses effervescence. The insoluble oxalate of lime is then fil-
‘Wered off, and the solution of urea evaporated on a water-bath
o erystallization.

Fig. 1. Oxalate of Urea.

Oxalate of Urea. Carb. lime. Oxal. lime.
r s B | i 5 b f 1
C,;H,N;0s, HO, C;0; + Ca0, CO,= Ca0, C;0,
Urea.
{_"\_'—1
+ C.H,N,O, 4+ HO + CO..

* The hibasic character of oxalic acid being now generally recognised, the
armula of oxalate of urea should be written 2(CoI NaOs), 2H0, C404.

+ Animal charcoal is purified from the phosphate and carbonate of lime by re-

peatedly boiling it with hydrochloric &cidl, till the acid liguid is not precipitated

~ My ammonia; 5“;- charcoal must then be washed with water till the latter is no

S onger acid.
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16. Nitrate of wrea (C,H,N,O,,HO,NO.) may be obtained
by adding strong, colourless mitrie acid, free from nitrous
acid, to urine previously concentrated by evaporation to about
one third its bulk ; the nitrate gradually separates in irregular
thomboidal plates (fig. 2), more
or less coloured and modified in
form by the impurities present.
The erystals are washed with a
little ice-cold water, then pressed
between folds of filtering paper,
and redissolved in lukewarm
water; lastly, they are purified
by re-erystallization, and if neces-
sary, the last traces of colouring
matter may be removed by builinﬁ
the solution with purified anim
charcoal.

The absence of nitrous acid in
the nitric acid employed for pre-
eipitating the urea is insisted on
because this substance is imme-

Fig. 2. Nitrate of Urea.  diately decomposed by nitrous
' acid, with violent effervescence,
from eseape of carbonic acid and nitrogen.

Even with colourless nitric acid, a shght effervescence always
takes place, since a little nitrous acid is formed by the action
of the urinary colouring matter upon the nitrie acid.

17. Nitrate of urea is soluble in about eight times its weight
of cold water, and in a much smaller quantity of hot. It is
tolerably soluble also in alcohol, especially when warm; but
almost 1nsoluble in ether.

18. The formation of this erystalline compound on the addi-
tion of nitrie acid, is one of the most distinctive tests for the
presence of urea which we possess. The experiment is made
easily, and with great delicacy, under the microscope, by con-
centrating a drop or two of urine on a glass slide, and addin
to it about an equal cluantitjr of pure mitric acid; the nitrate
will gradually erystallize in delicate rhomboidal plates (fig. 2),
the number and abundance of which will furnish some indica-
tion of the quantity of urea present in the secretion (181).
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SECTION III.
Urie (or Lithie) Aeid (C\H N,0,=2HO0,C,H:N,0,).

19. Uric acid, though usually present only in small quantity
. in human urine, appears to be one of the most important of its
ingredients ; and as the proportion varies considerably in many
forms of disease, its determination, when in abnormal quantity,
{requently affords much valuable assistance to the physician in
diagnosis. The proportion present in the healthy secretion
appears to vary from 0:3 to nearly 1'0 in 1000 parts, about
04 being the usual average. It probably exists, ﬁur the most
part, m combination with alkalies, since, when uncombined,
-1t requires nearly 15,000 times its weight of cold water to
dissolve if, while the alkaline urates are conmsiderably more
: soluble (22).

20. Uric acid may be obtained by adding to urine, pre-
viously concentrated to about half its bulk, a few drops of
hydrochloric acid (#/C7), and allow-
ing the mixture to stand for a few
hours in a cool place.* Minute
reddish erystals of the acid gradu-
ally appear, bhaving the forms
shown in fig. 3, stained with the
colouring matters co-existing in the
urine. These ecrystals may then
be dissolved in moderately dilute
potash, and from the solution thus
obtained the pure acid may be
again precipitated in a crystalline :
and colourless state, by supersaturating it with hydrochloric
acid.

21. The erystalline forms in which urie acid is Eresent&& to
us are very various (186), but they all appear to be modifica-
tions of the rhombic prism. Most of these erystals, when
examined with the polarising microscope, develope very beau-
tiful colours; and their forms are frequently characteristie,
and indicative of the peculiar circumstances under which they
may have been deposited.

22. Uric acid requires, according to Liebig, about 15,000
times its weight of cold, and nearly 2000 times its weight

* Even without previous concentration, urine will snncrnllf deposit crystals
of uric acid, if mixed with a little hydrochloric acid and set aside.
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of hot water to dissolve it, forming, in the latter, a solu-
tion which is feebly acid to test-paper. It is insoluble in
aleohol, and nearly so in dilute hydrochloric and sulphurie
acids; it dissolves in the latter acid when concentrated, and
is reprecipitated on the addition of water. It combines with
bases, especially the alkalies and alkaline earths, forming salts
(urates), which are for the most part insoluble, or very
sparingly soluble in water, Of these the most soluble is the urate
of potash (2KO,C;,H,N,0y), which dissolves in about 35 times
its weight of hot water. On this account, uric acid dissolves
with comparafive facility in a dilute solution of potash. Urafe
of soda (2Na0,C,;H:N,0,) requires for its solution 124 times
its weight of hot water; and wrafe of ammonia (NH,O,HO,
CoHoN,Oy) 243 times its weight of hot, and about 1720 of eold,
water, to effect its solution. The presence of a small quantity of
chloride of sodium, such as is contained in the urine, renders
water capable of dissolving nearly twice as much urate of
ammonia as is taken up by pure water.®

23. The action of nitric acid (H0O,NO;) upon uric acid is
highly characteristic, and furnishes, perhaps, the most deli-
cate test of its presence which we possess. If a little of the
acid, in the state of powder, is placed in a drop or two of
tolerably strong mitric acid, in a watch-glass or on a strip
of glass, it will gradually dissolve; carbonie acid (CO,) and
nitrogen being given off with effervescence, and leaving behind
a mixture of alloxanf (G H,N,0,,), alloxantine (C,H,N,0,),
urea, and some other compounds. This may then be eva-
porated nearly to dryness at a gentle heat, when a red residue
will be left, which, wken cold, should be moistened with a drop or
two of ammonia, or exposed to ammoniacal fumes, which will
develope a beantiful purplish-red colour, owing to the forma-
tion of murexide (Ci,H;N.0;). If the mass be now moistened
with solution of potash, a very beautiful purple colour will
be produced. The potash may be applied at once to the
residue left after®vaporating the nitric acid, and is a far more
delicate and characteristic test than the ammonia. The same
effect is produced when urate of ammonia, or any other urate,
is similarly treated.

e — R R -

* [ithia forms one of the most soluble urates. Schilling has shown that the
acid urate of lithia (Li0, HO, C,HsN,04) dissolves in 39 parts of boiling water,
and 368 parts of cold water., The neutral urate wounld be still more soluble.

! ’1 _Alloxan has been found by Liebig, on one occasion, in mucus from the in-
estines.
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94, When heated before the blow-pipe, uric acid is decom-
osed, emitting a disagreeable smell, resembling that of burnt
eathers, mixed with that of hydrocyanic acid, which, together
with carbonate of ammonia and some other compounds, is
ormed during the decomposition.

SECTION IV,
Hippurie deid (HO,C,HNO;).

25. A small quantity of hippuric acid appears to be gene-
ally present in bealthy urine, and in certain forms of disease,
especially in cases where a vegetable diet has been adopted,
e quantity is found to increase considerably.* In jaundice,
cording to Kiihne, hippuric acid is entirely absent from the
urine, even after the administration of benzoie acid, which is

m:iverted, in the normal state of the system, into hippuric
acid.

26. Hippuric acid may be prepared from fresh human
urine, or still more readily from the urine of the herbivora,
which usually contains it in much larger quantity than the
human secretion. The urine is first evaporated at a gentle
heat until it has the consistence of a syrup; it is then, after
cooling, supersaturafed with hydrochloric acid, which will dis-
solve the earthy salts, and cause after a time a crystalline
precipitate of impure hippuric acid mixed with uric acid,
colouring matters, and other substances, which give it a more
or less dark brown or reddish colour. The precipitate is
then dissolved in a small quantity of hot water, from which it

aln crystallizes on cooling. To obtain the pure acid, these
crystals may be boiled with hydrate of lime and water, the
solution of hippurate of lime (CaO,CisHgNO;), filtered and
mixed with excess of hydroehloric acid, which precipitates
the hippurie acid, in the form of minute tufts of needle-
shaped crystals (fig. 4, « & &) ; these may be again dissolved
in hot water, and allowed to cool gradually, when beantiful

* According to Lucke, hippuric acid is often entirely absent from the urine of
persons living upon a mixed diet, and ean only be detected when the food is
composed chiefly of vegetables. It is said to increase in fever, in chorea, and in
‘diabetes. Dr. Bence Jones has recently determined the hippuric acid in the
urine of two healthy men living upon a mixed diet. A large number of experi-
ments led to the mean result that, in one case, the urine of 24 hours (1-25
pint) contained 496 grs. of hippuric acid, and in the other (2:37 pints) 65 grs.,
i illleﬁquantities of uric acid passed in the same time being, respectively, 474 and
116 grs. .
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crystals (four-sided prisms), will be obtained, of considerable:
length, but so friable, as to fall into powder under the slightest :

pressure. A more minute examination for hippuric acid!
m human urine may be made by evaporating eight or ten!
ounces of urine to a syrup, acidulating with hydrochloric acid, ,
and agitating with about an equal volume of ether, the sepa-.
ration of which is afterwards promoted by adding a little
alcohol. Tf the solution in ether be evaporated, and the resi--
due boiled with a little water, the hippuric acid will be dis=:
solved, and deposited in erystals, when the solution is allowed |
to stand.

27. Hippuric acid is very sparingly soluble in cold water,,
requiring about 400 times its weight to dissolve it; in hot:
water, however, it is readily soluble, and, on cooling, erystal- -
lizes in beautiful silky tufts. It is very soluble in alcohol,,
but very slightly in ether.®

28. When mixed with uric acid, it may be separated from .
that substance by treating the mixture either with hot water
or alcohol, in both of which urie acid is insoluble or nearly so
(22). It may be distinguished from uric acid also, by its:
giving no purple colour when tested with nitric acid and .
ammonia (23), and by its different erystalline form (26, 29, .
186).

29. When an aleoholic solution of hippurie acid is allowed
to evaporate slowly, the erystalline residue which is left has
usually some such appearance as that shown in figure 4, e.
When deposited from a hot aqueous solution, the erystals
have more the appearance shown at 4 in the figure.

30. When heated in a tube, it is converted chiefly into |

* Thus distinguished from benzoic acid, which dissolves readily in ether.
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benzoic acid (HO,C},H.0;), and benzoate of ammonia (NH,0,
C,,H;0,), which sublime, together with a red oily matter
(benzonitrile, C,,H;N), which has a peculiar and characteristic
smell, resembling that of the Tonka bean. When boiled with
aeids or alkalies, hippuric acid is converted into henzoic acid
and glycocine (gelatine sugar) :

Hippuric acid. Benzoie acid. Glyeocine.

o 'S e ' o y
HO, C,H,NO, + $HO =HO, C,;H,0, + C,H.NO,,

SECTION V.
Kreatinine (CsH;N,0,).

30a. This substance is contained in healthy human urine,
‘in the proportion of about 0-4 in 1000 parts, and in larger
\quantity in cow’s urine, and, although its physiological and
ipathological relations have not yet been fully investigated, it
ymust be regarded as a very important constituent of the ex-
‘cretion.

In order to extract the kreatinine, a pint of urine is neutra-
lisedewith milk of lime, and chloride of calcium is added as
long as it causes a fresh precipitate. The earthy phosphates
are then separated by filtration, and the clear liquid evapo-
rated on a water-bath to a small bulk, so that the salts begin
to crystallize out on cooling. After it has been allowed to
stand for some time, the liquid is poured off into another
vessel (leaving the deposit), mixed with about +%5th of a
saturated solution of chloride of zine, well stirred with a
glass rod, and set aside for three or four days. A erystalline
precipitate will then be deposited, consisting of a compound
of kreatinine with chloride of zine (CgH,N,0.,ZnCl). This
is washed two or three times with small quantities of cold
waler, and dissolved in boiling water. The solution is
boiled in a dish, and freshly prepared hydrated oxide of lead*®
added in small portions, till a yellow precipitate (oxychloride
of lead), has separated, and the solution is decidedly alka-
iline. The kreatinine is thus set free and dissolved by the
water, whilst the chloride of zinc is decomposed by the
hydrated oxide of lead, with production of hydrated oxide

* Prepared by precipitating nitrate of lead with a slight excess of potash, and
rapidly washing, on a filter, so long as the washings are strongly alkaline.
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of zine and oxyehloride of lead, which are both insoluble in
water. The filtered liquid is boiled with a little animal
charcoal, which removes the colouring matter, as well as any
oxide of lead which may have dissolved, and after a second
filtration is evaporated to dryness on the water-bath. On
treating the residue with hot aleohol, the kreatinine is dis-
solved, and may be obtained in beautiful transparent prisms,
by allowing the aleohol to evaporate. The portion left undis-
solved by the aleohol generally contains kreatine (CsHgN;O,),
a feeble organic base, which is found in the juice of flesh. It
was formerly thought that kreatine was also a constituent of
urine, but recent experiments have shown it to be formed
from the kreatinine, during the evaporation of the urine, by the
assimilation of the elements of water :

Kreatinine. Kreatine.
-_""_'.

CoH,N,0, + 2HO = CH,N,0,

Since this change takes place, even in the cold, in alkaline so-
lutions, the urine should be filtered as rapidly as possible after
the addition of milk of lime, and a large excess of the latter
should be avoided.

Kreatinine forms brilliant prismatic crystals, which dis-
solve in twelve parts of cold, and in a smaller proportion of
hot water or of a{colml. The solution is alkaline to test-papers,
and, even though moderately dilute, yields a characteristic
erystalline precipitate with solution of chloride of zine, espe-
ﬂi:il]j" on stirring. It combines with acids to form erystalline
salts.

Quantitative delermination of krealinine in wrine.~In order
to determine the quantity of kreatinine in urine, the process
given above reguires some modification. The following is the
method adopted by Neubauer for the estimation of kreatinine
in the form of the double compound with chloride of zine,

About 5000 grs. of urine are rendered slightly alkaline with
milk of lime, and chloride of calcium is added as long as an
fresh precipitate is formed. The filtered liquid is {:vapﬁrateg
nearly to dryness on the water-bath, and mixed, while still
warm, with about an ounce of strong alecohol (95 per cent.) ;
the mixture is rinsed into a beaker, set aside for four or five
hours and filtered, the residue upon the filter being washed
with aleohol. The filtrate and washings are evaporated to
about one and a half ounce, and mixed with a small quantity of
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a very strong alcoholic solution of chloride of zine. After
being briskly stirred, the mixture is set aside for three or
four days, when the erystalline compound of kreatinine with
chloride of zine may be collected on a weighed filter, washed
with alcohol, and dried at 212°. From the weight of the pre-
cipitate, that of the kreatinine may be found by the propor-
tion:

Ate. wt. of kreati-  Ate. wt. of

nine and chloride  kreatinine.

of zine.
At o sl

A ‘F—f * L] "
181 : 113 :: Weight of precipitate : =

SECTION VI.
Vesical Mucus and Epithelial Scales.

31. The small traces of mucus and epithelial débris, which
are always present in wurine, and which do not generall
amount to more than from 01 to 0-3, in 1000 parts of the
healthy secretion, are derived from the internal surface of the
bladder and urinary passages. The quanltil:ir 1s so small as
to be scarcely visible in healthy urine, until, after standing
a short time, 1t has subsided, in the form of a thin eloud, to
the bottom of the liquid. It
may be separated by passing
the urine through a filter,
on the sides of which it will
be deposited in the form of
a shining pellicle.

32. When examined under
the microscope, mucus is
found to consist of minute
granular corpuscles (fig. 5, «)
floating in the fluid, which
are colourless, or nearly so,

' more or less round, and fre-

| quently oval in shape, and  Pig. 5. Mucus Corpuscles and

; usua"j- Eﬂﬂﬂmpﬂ.]liﬂd hj’ Epi' i?’}lﬂﬁﬂ of lz!.".-.l'.zf{-"..htlllltr;_ Magmfied
thelial scales. The mucus =~ oo

y m}‘é)usqles dissolve when treated with strong nitric and acetic

¢ acids, forming a solution from which, after boiling, ferro-

- eyanide of potassium throws down a white precipitate.
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33. When treated with dilute acetic acid (HO,C,H;0;),
these corpuscles become more transparent, lose their granular
appearance, and show in the interior one or more distinet nuclei
(662). The corpuscles are unaffected, or nearly so, by the
dilute mineral acids, but readily dissolve in a solution of
potash. For the further characters of mucus, see paragraphs
99, 153, 210, 247, 660, &ec.

34. The epithelial scales found in the urine, associated
with mueus, and derived from the epithelial covering of the
organs through which the secretion has passed, are usually
more or less torn and broken (fig. 5), but are occasionally met

with uninjured, when they have the appearance shown at 4 In
the figure.

SECTION VII.
Extractive Matter.

35. The term extractive matter is usually applied to those
organic constituents of animal fluids, the nature of which
cannot be exactly defined, and its use therefore becomes more
restricted in proportion as analysis advances. Thus, within
the last few years, the analyses of urine have disclosed, among
the extractive matters, minute proportions of two substances,
which are also found in the juice of muscular flesh, viz,
kreatine (CsHoN3O,), and kreatinine (C,H.N30.), as well as
a little grape-sugar.® The peculiar yellow colouring matter
of the urine is also included under the head of extractive
matters, together with minute quantities of fatty acids.

36. In stating the results of an analysis of urine, it is usual
to distinguish between the alcololic exiractive matters, which
are soluble in aleohol, and the wafery extractive, which will
dissolve only in water. The former averages about twelve
parts in 1000 of normal urine, whilst the watery extract
amounts to only two or three parts. The real nature of
these matters is still very imperfectly understood ; and until
we shall have obtained further insight into them and their
connexion with the animal functions, the student may con-
sider them as so much undefined matter excreted from the
body; without waiting to inquire whether lactic acid and
other compounds, the presence of which may at present be
considered as uncertain, are or are not contained in it.

—————

* Dr. Bence Jones (*Quar. Jour. Chem. Soe.,” April, 1861) has obtained as
much as two grains of grape-sugar from forty ounces of healthy urine.
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Colouring matters obtained from urine~The yellow colour-
ing matter of urine is characterised by the purple colour which
1t gives when heated with concentrated hydrochloric acid. A
peculiar red colouring matter containing iron, and very similar
i its character to the colouring matter of the blood, has been
extracted from urine®* by the following process :—The urine
was evaporated to a syrup, and treated with alcohol; the
aleoholic solution boiled, and graduaily mixed with milk of
lime, until it was decolorised. The precipitate containing the
colouring matter in combination with lime was filtered oft and
washed successively with water and ether; it was then dried
‘and treated with a mixture of hydrochloric acid and alcohol,
by which the colouring matter was dissolved. By shaking
the alcoholic solution with an equal volume of ether during
several days, the colouring matter was obtained in etherial
solution, and after washing the latter with water, and evapo-
rating, was left as a dark red mass, consisting of the wrofie-
matin accompanied bﬂ' a resinous substance.

Several observers have recorded the occasional presence of
a blue colouring matter in urine, as well as the existence, in
other cases, of some substance which gave rise to the separa-
tion of an insoluble blue matter, when the urine was mixed
with sulphuric or hydrochloric acid and allowed to stand.
Dr. Hassall showed that this substance corresponded, in its
properties, to ordinary indigo-blue, and the more recent ex-
periments of Schunck have demonstrated the existence in
most specimens of healthy urine of a substance possibl
identical with the indican existing in woad, which is resnlveﬂ“:
by the action of strong acids, into sugar and indigo-blue
(émH.:,E\TDE}.T Indigo was obtained from most of the samples
of healthy urine by the following process :—sixteen ounces of
rine are mixed with tribasic acetate of lead in execess, and
tered. The filtered liquid is mixed with an excess of
ammonia, the precipitate collected and decomposed with cold
dilute sulphuric acid. The solution is again filtered and set
aside, when it deposits a blue precipitate. If this be filtered
off, washed with a little caustic soda, and then with boiling

e ——— el e

* Harley, ‘Journ. Pr. Chem.,” xliv, 264.

¥ Samples of urine in which no sugar could be detected by the copper-test,
when heated with sulphuric or hydrochlorie acid, deposited brown flakes, and
the filtered liquid gave deeided indieations of sugar. The brown precipitate had
the same composition as anthranilic acid (C14HzNOy), which is a product of the
.tlcf:l:tmpusitiuu of indigo-blue; it dissolves in boiling alcohol, with a fine purple
colonr,



16 ' HEALTHY URINE,

alcohol, the latter dissolves a purple-red colouring matter,,
which resembles the so-called purpurine, and leaves indigo--
blue undissolved, which may be recognised by its evolvin
violet vapours, condensable to coppery scales, on heating, auﬁ
by [1';:5 dissolving, with a blue colour, in concentrated sulphurie:
acid.”

The odour of urine is caused by minute quantities of cer=-
tain volatile acids, among which phenylic or carbolic acidi

(CeHgOs) only is well known.

SECTION VIII.
Ammontacal Salls.

37. In perfectly fresh urine these are present in very small!
quantity. The urate of ammonia which has been alreadyy
noticed (19), appears to be one form in which the urie acidi
present in the urine is held in solution, since the free acidd
requires for its solution a larger proportion of water than thes
secretion usually contains.

38. The presence of ammonia in urine is best shown b
adding a little caustic baryta (BaO,HO)7 to the residue leftt
after evaporating the liquid nearly to dryness at a gentle heat,,
when the odour of ammonia will be perceptible, and a rodd
moistened with dilute hydrochloric acid, held over it, will givee
rise to the characteristic white fumes of hydrochlorate of
ammonia. The proportion of ammonia contained in healthyy
urine appears to be very small; in some forms of disease,,
however, especially in certain kinds of fever, the quantity iss
found to increase considerably. Neubauer found, in the casee
of one person in health, about thirteen grains of ammoniaa
in the excretion of twenty-four hours. In another case, about

eight grains.

BECTION IX.
Fizved Alkaline Salls.

39. Tn order to obtain the fixed salts present in the urine,:.
about eight ounces should be evaporated to dryness in

- —mas — Se. —

# Heller calls the vellow colouring matter of the urine wroranthin, terming,
the red substance derived from it wrrhodine, and the blue uroglancine,

+ Baryta is here to be used in preference to potash, since the latter wouldd
cause the evolution of ammonia by 1ts action upon the urea, which, in presence
of the alkalies, is converted into carbonate of ammonia (11).
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W poreelain dish, in which the residue is afterwards heated as
Wlong as any fumes escape ; the resulting carbonaceous mass is
powdered and introduced in small portions into a porcelain
Wt erucible heated to very low redness.* 1In this way the carbon
will be gradually burnt off, and a grey or white ash left,
consisting of a mixture of the alkaline and earthy salts; the
1 former may then be separated from the latter by dissolving
#in water, in which the earthy salts are insoluble (43). The
composition of this ash, however, will not exactly represent
Ithat of the inorganic portions of the urine, on account of
the chemical changes induced among its constituents during
incineration,

40. The alkaline salts, which in the healthy seecretion
Musually amount to from ten to twelve parts in 1000, consist
Mof the sulphates of pot-
Hlash and soda (K0,80;)
and (N«0,50,), chloride
Mof sodium (NeCl), ehlo-
Miride of potassium (K CY),
and phosphate of soda
M(2Na0, HO, PO, + 24
W A4qg). The crystalline re-
Msidue left after slowly
evaporating a few drops
‘Hon a piece of glass, usu-
ally has the appearance
@represented in Fig. 6.
M8 The crosslets («) consist

. g Fig. 6. Evaporated Residue of
of chloride of sodium, " Healthy Urine.

Mand the more plumose
Merystals (4) are probably phosphate of soda.
#  41. The presence of these several salts may be shown by
adding to the agueous solution of the ash the following
tests

(@) Nitrale of silver (AgO,NO;) throws down a whitish
precipitate, consisting of a mixture of chloride (AgCl) and
?hﬂsphate (3Ag0,P0;) of silver. These may be separated
rom each other by warming the precipitate with a little nitric
‘acid, when the phosphate will dissolve, leaving the insoluble
CHLORIDE, whicl]: may then be tested with ammonia, in which
it 1s readily soluble.

e ——————

* At a higher temperature, partial fusion might take place, rendering eom-
plete incineration impossible ; some of the alkaline chlorides might also be lost.
2
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() The acid solution separated from the chloride («) must .
now be cautiously neutralised with ammonia, which will throw -
down a pale yellow precipitate of pnosemaTE (3Ag0,PO;), .
which may be again dissolved by adding a slight excess of"
nitric acid.

(e) Chloride of bavium (BaCl), or nitrate of baryta (BaO,
NO,), throws down a white precipitate of sulphate of baryta .
(Ba0,80,), mixed with phosphate of baryta (2Ba0,HO,PO;); .
which latter may be separated by dilute hydrochloric acid,
which leaves the sulphate undissolved, proving the presence:
of suLpHURIC AciD. If the acid solution of the phosphate be:
neutralised with ammonia, the phosphate of baryta 1s again
precipitated.

In order conclusively to prove the presence of phosphoric:
acid, another portion of the aqueous solution of the ash should !
be acidified slightly with acetic acid, and a drop of perchloride :
of iron (Fe,Cl;) added, which will cause a yellowish-white:
precipitate of perphosphate of iron (Fe,04,P0;).

() The absence of all bases except the alkalies, may be:
proved by testing the solution with hydrosulphate of ammonia, ,
(NI,S,IS) and carbonate of soda (Na0,C0,), neither of which |
will be found to cause any precipitate.

(¢) Porasm may be shown to be present by adding to a:
little of the strong solution about an equal quantity of bi-.
chloride of platinum (P¢Cl), which will cause a yellow pre-.
cipitate of the double chloride of platinum and potassium
(KCI,PtCly) ; and another portion may be stirred on a slip of!
glass with solution of tartaric acid, which will throw down a.
white erystalline precipitate of the bitartrate(KO,HO,C,HO,). .

(/) Soba may be identified by dipping a clean platinum |
wire infto the solution, and heating it in the blow-pipe flame, .
which will be tinged golden yellow.

42. 1t is difficult to say in what exact state of ecombination .
these several bases and acids exist in the urine ; but it is most .
probable that each base is divided among the several acids,
and that a portion of each of the acids is combined with:
some of EEIEE of the fixed bases, and also of the ammonia.

(37, 40).
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SECTION X.
Barthy Salts.

. 43. The earthy salts, which form the insoluble portion of
_gthe ash, and which usually amount in healthy urine to about
| fone part in 1000, consist of the phosphates of lime and mag-
. #mesia, together with a small trace of alumina and silica. These
arthy phosphates, which are insoluble in water, appear to be
etaineg in solution in the urine by the small excess of acid
(probably }[J:lmsphnric] usually present in the healthy secretion,
nd may be immediately pre-

ipitated from it by super-
lisaturating with ammonia. The
fprecipitate thus formed con-
dsists of a mixture of PHOSPHATE
Jor LiMe (3Ca0,PO0;), and the
 ADOUBLE PHOSPHATE OF AMMO-
Unv1a and MmaeNesia (2MgO,
BNH,0,PO, + 12Aq), which is
“dalso called TRIPLE PHOSPHATE.
f this precipitate be examined
nder the microscope, it will
enerally be found to consist  Fig 7. Mixed Phosphates.

f minute crystals of the triple

ohosphate, mixed with amorphous particles of phosphate of
ime (Fig. 7). Collect the precipitate upon a filter, wash it
everal times with water, and drop a little nitrate of silver
apon it. The formation of the bright yellow phosphate of
3 "i["lEr (3A20,P0O;), will indicate the presence of phosphoric
“fhela.

44. The crystalline form of the triple phosphate, as well
its chemical composition, depends upon the quantity of
mmonia present in the liquid during its formation. When
he urine is cautiously neutralised with the alkali, the crystals
e prismatic (Fig. 8), and in a few rare cases, penniform™
{ iri'. 9), and appear to consist of (MgO,NH,,0,HO,PO,);
hile, if a decided excess of ammonia be added, the crystals
are star-like and foliaceous, as shown in Fig. 10, and then
sonsist of (2MgO,NH,0,PO;+12Aq). When the urine gra-
lually becomes alkaline, owing to the spontaneous formation

e Y SR T RTE Lt
- = 1 1 H .
e (M e e e L Y 5 g

* Aceording to Dr. Hassall, these consist of phosphate of lime.
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of ammonia from the urea (11), the triple phosphate is pre--
cipitated in the prismatic form, erystals of which are always to)
be detected in stale urine.

R L

Fig. 8. Prismatic Crystals of Fig. 9. Penniform Crystals)
Triple Phosphate. of Triple Phosphate.

45. Both varieties of triple phosphate will be found ton
develope beautiful colours when examined with polarised light..

Fig. 10. Stellate Crystals of Triple Phosphate.

46. The presence of phosphoric acid, in combination with
lime and magnesia, together with a trace of silica, in the in-
soluble portion of the ash, may be shown by digesting a con-
siderable quantity of the latter in dilute hydrochloric acid,!,
and filtering the solution from the insoluble residue. This
insoluble portion,* the amount of which is usually very small,

* This residue generally contains carbon, which should be burnt off upon pla-
tinum foil.

——— o
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imay then be washed, and tested for siLica, by fusion before
dithe blow-pipe with carbonate of soda, with which it will form,
swhen pure, a clear colourless bead (Prac. Chem. 138).
| 47. The acid solution of the phosphates, filtered from the
ifsilica, may then be divided into two portions, and tested as
I follows :
| (e) Add ammonia in slicht excess, redissolve the precipi-
itate by adding acetic acid, and add a few drops of perchloride
of iron; the yellowish-white precipitate (Fe,03,P0;), indicates
jthe PHOSPHORIC ACID.
| (&) To the same portion add about twice its volume of
: hwater, and boil for a few seconds to precipitate the whole of
ithe phosphate of iron; filter, and ad% oxalate of ammonia,
@which will precipitate the LiME as oxalate (Ca0,C.0;).
(¢) The mixture (&) is boiled, and filtered from the oxalate
of lime; after which the elear solution is well stirred with a
jdecided excess of ammonia, which will in a short time cause
dla deposition of the crystalline double phosphate of ammonia
d MAGNESIA, thus proving the presence of the latter
Jtbase.
48. The same experiments (#, b, & ¢,) may also be made
:' chm the phosphates which are thrown down by the addition
of ammonia to fresh urine. :
49. The earthy phosphates may also be distinguished by
ithe following peculiarities, which may be readily seen either
with or without the assistance of the microscope :

«) When present in excess, they may frequently be pre-
cipitated from the urine in an amorphous form by boiling,
thus behaving like albumen (139). The phosphatic deposit
may be readily distinguished {rom the latter, by being soluble
in a few drops of nitric acid, and in not being reprecipitated
by any excess of that reagent (140).

(6) The earthy phnzphates are readily soluble, without effer-
vescence, in dilute acids, such as the hydrochlorie, nitrie, and
acetic; and are reprecipitated by neutralising the acid solu- .
tion with ammonia; that of lime being amorphous, and the
ripl?: %liaspha.te, in a erystalline form, either prismatic or stel-
ate (43).

(¢) They are insoluble in a solution of potash. The triple
#phosphate, when warmed with an excess of the alkali, gives
4 off ammoniacal fumes, which may be detected by the smell,
“Mand by the white cloud formed when a rod moistened with
idilute hydrochloric acid is held at the mouth of the tube.
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2MgO,NH,0O,PO; + 2 (KO,HO) = 2(MgO,HO) + NH; +-
RKO0,HO,PO;.

(4) When heated before the blow-pipe, phosphate of lime: |
experiences little or no change, unless the heat be very in- |
tense, and continued for a long time, when it sometimes par- - |
tially fuses. The triple phosphate, when heated, gives off am- - |
-monia and water; and the residual phosphate of magnesia. |
(2MgO,PO.) fuses considerably more readily than the phos- |
phate of lime. 'When the two phosphates are mixed in about : |
eqlual proportion, they resemble in composition the fusible:}

caleulus, and fuse with extreme facility before the blow-pipe:
(392).

L

CHAPTER II.
QUANTITATIVE ANALYSIS OF HEALTHY URINE.

50. Counterpoise or weigh two Berlin porcelain evaporat- -
ing basins, which, for the sake of distinction, may be marked|
A and B, each capable of holding about four ounces of water:
and retain the counterpoises, marking them, in order to avoid|
confusion. Then weigﬂ into each of the basins, 1000 grains:
of urine, and allow them to evaporate first on the water--
bath, and afterwards in a hot-water oven, or echloride of ecal--
cium bath,® until they cease to lose weight when weighed at in--
tervals of an houror two. (While the evaporation is going on,,
the experiments described in paragraphs 59, 66, &c., may be
proceeded with. The specific gravity also may be determined |
(278), and the action of the urine on test-paper ascertained |
(277). Then accurately weigh them, and if the weights of f
both residues agree with each other, the loss experienced |
. during evaporation will represent the quantity of WATER con- -
tained in the urine. If the weights do not agree, it is pro=-:
bable that the desiceation of at least one of the portions has s
been incomplete; in which case it is better to continue the:|
heat a short time longer, until the results agree more closely,

51. The residue A may be first examined, retaining B for r/
subsequent examination (62). .

* ¢ Pract. Chem.,” pp. 201, 212,
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{ 52. Warm the residue A with half an ounce or an ounce
f aleohol of specific gravity about -833, stirring the mixture
l“#beccasionally with a glass rod. Pour off the solution into
dfanother basin, and again warm the residue with a little more
«Malcohol, fresh portions of which must be added until it ceases
M0 dissolve anything more. Whether this is the case, may be
“fznown by evaporating a drop of the clear liquid on platinum
ol or a slip of glass, when, if anything has been dissolved, it
«Awill be left behind as a residue. The aleoholic solution, which
Awill contain the whole of the urea, contaminated with extrac-
Mive matter and other impurities, is now to be evaporated to
Hryness on a water-bath, retaining the residue which proved in-
tsoluble in the alcohol for subsequent examination (57).
i 53. The residue, containing the urea, left after evaporating
ithe aleoholic solution (52), is now to be dissolved in as small
{2 quantity as possible of lukewarm water, and mixed with
dpounded oxalic acid (HO,C.0, + 2Aq), which may be added
s long as the liquid, heated to about 190° or 2007, continues
‘Wto dissolve it (14). The ureais thus converted into the oxalate
V(G H N0, HO,C,05), which, as the solution cools, erystallizes
out, mixed with some of the excess of oxalie acid employed,
‘Aftogether with extractive matters and other impurities, which
Mlgive the crystals a more or less intense brown colour. The
‘#crystals are to be washed in the basin with a very small quan-
tity of cold distilled water, which may be poured off, and fresh
Ahwater added to the crystals as long as it continues to become
“@decidedly coloured ; by which means most of the soluble salts
and other foreign matters are removed.
54. The washings are now to be concentrated to a small
bulk by evaporation on a water-bath, and left to eool, when a
#fresh crop of crystals will gradually separate. Care must be
taken that an excess of oxalic acid is present in the liquid
separated from the crystals, which may be known by its
reddening litmus paper ; if this is found on trial vet to be the
Atcase, a little more of the pounded oxalic acid must be added fo
the solution, as otherwise, some of the urea, which, when
Muneombined, is very soluble in water, might escape separation.
55. When the whole of the oxalate of urea has been sepa-
@irated by successive crystallizations from the liquid, it must
i be gently pressed between folds of filtering paper, and dis-
solved in warm water; after which the solution is to be
o) digested for a few hours, at the temperature of about 1007,
i with pounded carbonate of lime, stirring the mixture from
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time to time with a glass rod, as long as any effervescence iss

produced. The oxalate is thus decomposed in the following:
manner :

Oxalate of urea. Oxalate of lime.
f 3§ i -’__A__".
C,H, N, 05, HO, 005 4+ Ca0,C0, = Ca0,0,0, + CO. + HO
Urea.
e

-} {?2[:-{4 f‘!-'pﬂ 02*

56. The urea, which being soluble remains in solution, is
to be separated by filtration from the insoluble oxalate and.
carbonate of lime, and carefully evaporated to dryness either:
on a water-bath or in vacuo over surphuric acid. Its weight:
will then represent the proportion of vrea in 1000 grains of |
the specimen of urine under examination.®

57. The portion of the residue which proved insoluble in|
the alcobol (52), containing the uric acid, vesical mucus, the:
extractive matter soluble mn water, but insoluble in aleohol,,
the earthy salts, and most of the other saline matter, is now"
to be well stirred with successive small portions of warm
water, which leaves undissolved the uric acid, mucus, and |
earthy salts. The insoluble matter is to be collected upon a |
filier, which has previously been dried and weighed, and then
carefully dried on a water-bath, or in a hot-water oven, and
weighed. The weight having been noted, the dry residue is .
to be ignited together with the filter in a crucible, until the
incombustible ash becomes white, or very nearly so; when
the crucible with its contents is to be again weighed. The:
difference between this weight and that of the dry residue
previous to ignition, gives the amount of combustible matter, |
consisting of URIC ACID and VEsIcAL MucUs ; while that of the :
ash represents the EARTHY PHOSPHATES AND SILICA.

58. The portion of urine A will now have given us the.
weight of—1. The water; 2. Urea; 3. Uric acig and vesical .
mucus ; and 4. Earthy phosphates and silica.

59. For the purpose of ascerfaining the respective weights .
of the uric acid and vesical mucus, 2000 grains of the fresh
urine may be concentrated by evaporation to about half its
bulk, and mixed with twenty or thirty drops of hydrochlorie |

* The exact iln:iermimtiml. of the amount of nrea i‘.l urine must be effected hy
an indirect method, which will be subsequently deseribed.

-
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cid.* In the course of twenty-four hours, the whole of the
‘aric acid will have been set free by the hydrochlorie acid,
nd being insoluble (22), will be deposited in the form of
inute erystals on the sides and bottom of the glass. These
re to be collected on a weighed filter, and, after being washed
dwith a little alcohol, dried i a hot-water oven or on a water-

bath. The weight of this acid, divided by two (since it is de-
ived from 2000 grains of urine), will represent the URIC AcID
ontained in 1000 grains of the secretion ; and having already
determined the quantity of uric.acid and vEsicarL mucus to-
ether (57), the weight of the latter is known by deducting
rom the combined weights that of the uric acid.

60. The proportion of uric acid and mucns may also be
Mldetermined by evaporating to dryness 1000 grains of the
urine, previously filtered from ihe mucus, and washing the
residue first with dilute hydrochloric acid (containing one
part of acid to eight or ten of water), and afterwards with
a little alcohol. We thus dissolve out everything but the uric
acid, which, after being washed with cold water, may be dried
#and weighed.

61. If it is required to determine the respective propor-
tions of earthy phosphates and silica in the residue of earthy
salts (57)—which, however, is seldom necessary, since the
quantity of silica is always very small—it may be done in the
following manner :—Moisten the residue with hydrochlorie
lacid, and evaporate to dryness; then digest it with the aid
ihof a gentle heat, in dilute hydrochlorie acid, which will dissolve
Ahout the phosphates, leaving the stuica perfectly insoluble.
#lThe weight of the latter is then ascertained, and deducted
4@ from the gross weight of the earthy salts (57), when the dif-
«Mference will represent that of the EARTHY PHOSPHATES; or
‘@l the phosphates may be precipitated from the hydrochlorie acid
solution by supersaturating it with ammonia, filtered, ignited,
land weighed.

M 62. We have now to operate upon the residue left after

the evaporation of the second portion of wurine marked B
(50), for the purpose of determining the weight of—1. The
animal extractive and ammoniacal salts; and 2. The fixed
alkaline salts. .

'63. The dry residue, after being accurately weighed, is to be

— e —

* In general, the urie acid may be determined in the urine without previous
coneentration, if it be acidulated and set aside for twenty-four hours.
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incinerated (39) in a platinum or porcelain crucible, until the
whole of the blackness (carbon) has disappeared, after which
the weight of the ash is to be noted.® The loss experienced
during ignition being due to the combustion of the organie
matters and the volatilization of the ammoniaecal salts; and
as we have already ascertained the weight of the urea, urie
acid, and vesical mucus, we have only to deduct {rom the
whole amount of loss the combined weights of those three
substances, in order to determine the quantity of the ANIMAL
EXTRACTIVE AND AMMONIACAL SALTS.

64. The ash obtained by ignition contains the whole of the
inorganic matter, or, in other words, the fixed alkaline and
earthy salts contained in the urine. By deducting from this
the weight of the earthy salts already determined (57), we
obtain the proportion of FIXED ALKALINE SALTS.

65. We shall thus have determined the proportion of the

Water,

Urea,

Urie aeid,

Vesical muecus,

Animal extractive and ammoniacal salts,

Fixed alkaline salts,

Earthy phosphates,

Siliea,
which, when added together, ought to make up a fraction less
than 1000 grains, some slight loss being unavoidable during
the course of the analysis.

Quantitative determination of Ammonia.

65¢. Place about an ounce of filtered urine in a shallow,
flat evaporating dish, upon which is supported, by means of a
triangle made of bent glass rod, a smaller flat dish containing
half an ounce of dilute sulphurie acid, which is known to be
exactly neutralised by a certain amount of a standard solution
of soda. Add to the urine about half its volume of milk of
lime, cover the whole with a bell glass, and allow it to stand
for forty-eight hours. The ammonia which is set free by the
lime will be absorbed by the sulphuric acid, and it only re-

* If an exact determination of the amount of ash be required, the dry residue
must be carbonized by a low heat, until no more fumes are evolved, the soluble
salts thoroughly extracted from it by boiling water, and their weight determined
by evaporating the filtered liquid. The coal containing the insoluble salts is
then dried and burnt, at a higher temperature, to a white ash.
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“Bmains to ascertain how much of the latter has been neutralised
~8by the ammonia, which is easily done by means of the solution
“fof soda above referred to. KEvery forty grains of sulphuric
“Blacid (SO;) neutralised, will represent seventeen grans of
“flammonia (NH3).* Dark-coloured urine, which easily putrefies,
“@must be precipitated with a mixture of acetate ang uwribasie
“Hacetate of lead, and filtered, before determining the ammonia.

Quantitative determination of the Inorganic Sails.

‘W 66. For the sake of practice in analysis, it will be well for
“8the student to determine the proportions of the several bases
and acids contained in the ash obtained in (39) and (63), but
#for purposes of diagnosis, it is more convenient to estimate
the alkaline and earthy phosphates, the sulphuric acid, and
‘A the chlorine in the original urine, and this is the more neces-
sary because the composition of the ash of any given sample
of urine is liable to variation, according to the temperature at
which the incineration was conducted.

67. For the quantitative analysis of the ash, about sixty
grains will be required, which would be furnished by about
5000 grains (ten fluid ounces) of urine treated according to
the directions given in (39); the ash should be thoroughly
mixed together in a dry mortar whilst still warm, and trans-
4 ferred to a stoppered bottle.

B 68. Determination of lime, magnesia, and phosphoric acid.—

Heat twenty grains of the ash with dilute hydrochloric acid
for a few minutes, and filter the solution from the undissolved
residue (carbon and silica), taking care to wash the latter as
il long as the washings are acid. Mix the filiered solution with
ammonia in excess, stir it well, and allow it to stand for some
M@ time (if possible for twelve hours). Collect the precipitate of
4t phosphate of lime (3Ca0,P0,), and phosphate of magnesia and
d@ammonia (2MgO,NH,0,PO;) upon a filter, wash it with am-
®'moniacal water as long as the washings leave any considerable
residue, when evaporated upon a slip of glass, and save the
filtrate and washings for further examination (72).

69. Determination of lime.—Dissolve the precipitate off the
filter with a little warm acetic acid, taking care to wash the
filter, and mix the solution with oxalate of ammonia. Allow
it to stand for some time, that the oxalate of lime (Ca0,Cy05)

* This process was devised by Neubauer.
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may separate, collect it upon a filter, wash it till the washingss
leave no residue on evaporation, dry, and ignite, together witha
the filter, in a weighed crucible, when the oxalate will be con- -
verted into carbonate of lime (Ca0,CO,). Moisten the ignited i
precipitate with a little carbonate of ammonia, to convert anyy
caustic lime into carbonate, dry at a moderate heat, and weigh. .
The amount of lime may then be calculated by the propor--|
tion— '

Ate. wt. of carb.  Ate. wt.of Wt of carb. of lime Wt. of lime in

lime. lime. obtained. 20 grs. of ash.
e L ] \ i ) L = J
50 : 28 o a - i

70. Determination of magnesia.—The filtrate and washingss
from the precipitate of oxalate of lime (69), are concentrated 1
by evaporation, mixed with excess of ammonia, well stirred,,
and set aside for twelve hours; the precipitate of phosphate:
of magnesia and ammonia is collected upon a filter, washedi
with ammoniacal water, dried, ignited, and weighed. Since:
it 1s converted by ignition into pyrophosphate of magnesiai
(2MgO,P0O;), the amount of magnesia wiIl be calculated by
the proportion—

Ate. wt. of  Ate. wt. of Wit. 2Mg(0Q,PO; Wt. of magnesia in

2Mg0, PO;. 2Mg0. obtained. 20 grs. of ash.

i Ty J = g i )
3 L N L
1114 : 404 s @ : x

By deducting the weight of the magnesia from the totall
weight of the precipitate, we obtain the amount of phosphorie
acid which was in combination with magunesia in the twenty ¢
grains of ash employed.

71, Determination of phosphorie acid.—In order to deter- -
mine the phosphoric acid which was in combination with the :
lime, the filtrate and washings from the phosphate of mag- .
nesia and ammonia (70) may be concentrated by evaporation, ,
and the phosphoric acid precipitated by adding a mixture of |
sulphate of magnesia, chloride of ammonium, anf ammonia, and |
proceeding with the precipitate as in the last experiment, the
amount of phosphoric acid being calculated by the propor- -
tion—

Ate. wt. of  Ate. wt, of Wt. of 2Mg0,PO; Wt. of phosphoric acid

aMg0,PO;. PO;. ohtained. in 20 grs. of ash.
| J e AR R LI SV e e U
i I B R | e a : T

72. To ascertain the amount of the phosphoric acid which
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“dwas in combination with the alkalies, the filirate and washings
rom the first recilait.at.e. produced by ammonia (68) are evapo-
‘drcated to a small bulk, and the phosphoric acid determined pre-
cisely as in the last case.
78. Determination of the chlorine~Dissolve twenty grains
“¥of the ash in a little dilute mnitric acid with the aid of heat,
lter, wash the filter till the washings ire no longer acid, and
#mix the filtered solution with nitrate of silver as long as it
“fcauses a fresh precipitate ; stir the solution briskly to favour
_tthe separation of the chloride of silver, collect the precipitate
dupon a small filter, wash it till the washings are no longer
rendered turbid by hvdrochlorie acid, dry it, detach every
particle from the filter, and fuse it carefully in a weighed
M#poreelain erucible; burn the filter, allowing the ash to dro
@mto the crucible, again ignite till all the carbon has burnt off,
and weigh.* From the weight of the chloride of silver that
@ of the chlorine is calculated jby the proportion—

Atc. wt. of chloride  Atc. wt.of Wi of AgCl Wt of chlorine in

of silver. chlorine. obtamed. 20 grs. of ash.
\ TR VAL TERI J
W 2 | 5 3 L
1435 g Canlvoe : &

74. Delermination of sulphuric acid and the alkalies.—Dis-
solve twenty grains of the ash in hydrochloric acid, filter the
solution (68) and precipitate with excess of chloride of barium ;
Micollect the sulphate of baryta (BaO,50;) upon a (Swedish)
A filter, wash it with hot water till the washings leave no con-
siderable residue when evaporated, and save the filtrate and
rashings for further examination (75). Dry the sulphate of
fibaryta, empty as much of it as possible into a weighed crucible,
@burn the filter so that the ash may fall into the crucible, ignite
pitill all the earbon has burnt off, and weigh. The amount of
sulphuric acid is calculated by the proportion—

Ate. wt.of  Atc. wt.of  Wt. of Ba0,80; Wt. of sulphuric acid

Ba0, 803. S0 obtained. in 20 grs. of ash.
L | il J
L L W
165 - 40 s @ - @

75. In the liquid filtered from the sulphate of baryta, the
& potash and soda have now to be determined. For this purpose,

e —

* If the precipitate be too small to be detached from the filter, the latter must
'be burnt with it, and the ash afterwards moistened with a few drops of nitrie
raIlli_ llj*{]_'['pchlﬂric acid, to convert the reduced silver into chloride ; it is then
Cagain lgnited and weighed.
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ammonia in excess, and carbonate of ammonia must be added,l;
and the solution gently heated. The excess of baryta, tos
gether with the lime, maguesia, and phosphoric acid, are thuss|
precipitated, and must be filtered off, and washed till theel
washings leave no considerable residue on evaporation. Theel
filtrate and washings are then evaporated to a small bulk, ina-
troduced into a weighed porcelain or platinum dish, carefullyy
evaporated to dryness, and heated to Hull redness, as long ass|
any fumes (of chloride of ammonium) escape.

76. The residue after ignition, consisting merely of the chlo--}
rides of potassium and of sodium, is now to be weighed. It
is then dissolved in a small quantity of water, mixed with aaj
solution of bichloride of platinum, and the mixture is evapo==}
rated to dryness on a water-bath. The residue is treatedd)
with successive small portions of aleohol, which will dissolveef
out the excess of the bichloride of platinum, together withhf
the chloride of sodium ; leaving undissolved the double chlo--|
ride of platinum and potassium (KCI,PtCly). The latter iss]
to be dried in a weighed filter, at a temperature of 212°4
and weighed. From the weight of the double chloride thuss)
obtained, we may then calculate that of the rorasn equivalentt)
to it, as follows :—

Ate. wt. of the double

- Wt. of potash
chloride of platinum Ate. wt. of Wt. of the double

in 20 ers, of

and potassium. potash. chloride obtained. the ash.
L= s R S e WP R RN R
2441 : Al e @ : &

77. From the weight of potash thus obtained, we are:!
enabled to ascertain how much of the mixed chlorides (76))!
was chloride of potassium ; and the difference between the:!
latter and the gross weight will of course represent the:!
quantity of chloride of sodium. The weight of chloride off)
potassium equivalent to the potash is for this purpose cal--
culated as follows :

Ate. wt.of  Ate. wi. of chlo- Wt of pot-  'Wt. of chloride of potassium con- - |

potash.  ride of potassium. ash obtained.  tained in the mixed chlorides.
i S e T 2
W W i L i
S 5 5 N : T

78. The weight of chloride of potassium thus caleulated is:
then deducted from the weight of the mixed chlorides (76),,
and the difference will represent the weight of chloride of!]
sodium ; thus:
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Weight of mixed chlorides .
Deduct weight of chloride of potassium

—_————

Weight of chloride of sodium ;

4 79. The whole of the soda, however, does not exist in the
.4 urine as chloride of sodium, a portion of it being in combina-

ition with phosphorie, and, perhaps, also with some of the
Awother acids present. We have, therefore, o calculate from
‘Bthe gquantity of chlorine obtained in a former experiment (73)
@how much of the chloride of sodium obtained in paragraph
o 78 existed as such in the urine. This is done as follows :

| Ate. wt. of Ate. wt. of chlo- Wt of chlovine in~ Wt. of chloride of sodium

7 chlorine. ride of sodium. 20 grs. of ash. in 20 grs. of ash,
i S R SR | i Lgy ik T )
ERiG5 585 i @ : x

80. The quantity of cuLoRIDE oF sopIiuM thus calculated
“Jis deducted from the whole weight of chloride of sodium
Epreviously obtained (78), and the difference will represent the
“Jamount of chloride of sodium equivalent to the sopa, which
lin the urine was combined with phosphoric or other acids;
< gthus:

Difference between

@ Ate. wt. of chlo-  Ate. wt. : Soda existing as such
ol . - the two amounts of e ;
» ride of sodium. of soda. Sliibrne GE sadiog. in 20 grs. of the ash.

R B i T = s Ly
58'5 : Silen 2 @ : z

81. All the quantities obtained in the foregoing experi-
ents (68 to 80), represent the amounts of the several saline
ingredients contained in twenty grains of the ash; as, how-
‘ever, the organic ingredients were estimated as contained in
11000 grains of urine (65), the proportion of the inorganic
tconstituents should also be reduced to the same scale. This
‘may be done in the case of each constituent by the following
rcalculation :

: Quantity of in- Wt. of each consti- Wit. of that consti-

90 - organic mat- | . tuent obtained y tuent contained

" ter in 1000 [ ° from 20 grs. of [ ° in 1000 grs. of
grs. of urine. the ash. urine.

82. Determination of the allaline and earthy phosphates, the
“Wsulpluric acid, and the chlorine in the original uriee.—Although

. e
L =
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it would be very difficult to determine these constituents im
the original urine with perfect exactness, it may be effectedd
with sufficient accuracy II:Jr the purpose of diagnosis, since thee
results of the analysis of each specimen of urine are affectedd
by the same sources of error, and may be compared with safety..

To ascertain the amount of earthy phosphates, 1000 grainss
of the urine may be mixed with excess of ammonia, and seti|
aside for some hours. The precipitate is then filtered off andd}
washed, as in (68), dried, ignited, and weighed.

The phosphoric acid contained in the solution filtered fromm
this precipitate will, of course, be the measure of the alkalinee}
phosphates present. In order to determine its amount, theel
filtrate and washings are precipitated with a mixture of suld
phate of magnesia, chloride of ammonium, and ammonia, set
aside for twelve hours, and further treated, as in (71).

Volumetrie determination of phosphoric acid in wrine.—Thee
phosphorie acid in urine may be determined very easily, and|
after a little practice, with considerable exactness, by ascer--
taining the amount of iron required to precipitate it as phoss
phate of sesquioxide of iron (Fe,0,PO,) from the urines
acidified by acetic acid.

A solution of sesquichloride of iron of known strength iss
prepared by dissolving twenty-eight grains of clean thin iroms
wire in half an ounce of llygl‘ﬂ{:hlﬂriﬂ acid, with the aid obf
heat, and gradually adding one drachm of nitric acid; thed
solution is evaporated vm;iy nearly to dryness at a gentle heatt!
and the residue dissolved in water. If the solution is nobd
clear, it is rendered so by adding a very little hydrochloridd
acid, and it is then diluted to 2000 grains. 100 grains onf
this solution correspond to 1'775 grains of phosphorie acid.

In order to confirm this, 358 crains nfp pure crystallizecd
phosphate of soda (2NaO,HO,PO;+24Aq), are dissolved inf
an ounce of water in a small beaker, the solution mixed witkl
a little ammonia,* then with an excess of acetic acid, and thef
solution of iron added from a burette until a trace of ironil§
can be detected in the filtered liquid by ferrocyanide of potass|
sium,

The most convenient mode of filtering a little of the fluid
consists in employing a small tube about five inches long anad

* This ammonia serves to neutralise the hydrochloric acid which is set free i i
the reaction, and which would otherwise dissolve the phosphate of iron ; 2Na
HO,PO; + FeaCly = Feg03,P05 4+ 2NaCl 4 HCL
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half an inch wide, open at both ends, which should be turned
8 over like the rim nlpa test-tube. Over one of these ends a
W circular piece of filtering paper is tightly bound by a platinum
“Bwire, so that ifs edges may overiap about two inches of the
@tube. The filter-paper having been moistened, it is dipped
@ about an inch below the surface of the liquid containing the
@ precipitate, when a few drops of the clear liquid will enter
“Hithe tube, and may be poured into a test-tube containing a little
Wl dilute solution of ferrocyanide of potassium. As soon as it is
found that, on making this experiment, a slicht blue tinge is
‘Bproduced, it is known that a sufficient quantity of the iron
i solution has been added.
‘¥ The 358 grains of phosphate of soda should have required
forty grains of the iron-solution for complete precipitation.
In order to determine the phosphorie acid in urine, 500 or
1000 grains (according to the state of concentration) may be
#i mixed with ammonia in excess, then with acetic acid in excess,
and afterwards tested with the iron solution in the manner
" just described. From the number of grain measures of this
' solution required to complete the precipitation, the amount of
Al phosphoric acid is calculated by the proportion—

it Grs. of iron Phosphoric
solution. aeid.
. el 15 J

100 : 1775 :: Grs. of solutionused : &

If it be desired to determine the amount of phosphoric
% acid existing in combination with lime and magnesia, 1000
grains of urine may be mixed with ammonia in excess, allowed
Ml to stand for an hour or two, filtered from the precipitated
'ft phosphates, the filtered liquid acidified with acetic acid, and
4 tested, as before, with the iron solution. The difference be-
## tween the amount of phosphoric acid thus obtained and the
4 total quantity in 1000 grains, inferred from the former deter-
‘% wmination, will represent the phosphoric acid existing in the
‘A form of earthy pﬁﬂsphates.
. 83. For the determination of the sul?lluric acid, 500 grains
. of the urine are acidified with hydrochlorie acid, precipitated
‘% by chloride of barium and the precipitated sulphate of baryta
48 treated as in (74).

The chlorine may be determined by acidifying 500 grains of
& urine with nitric acid, precipitating with nitrate of silver, and
@ proceeding as in (73), avoiding as far as possible, the rgducing
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effect of licht upon the silver-salt in the presence of organie:
matter.

84. If it be required to compare the acidity of different
specimens of urine, it may be effected by adding to 1000)
grains of the urine, from a graduated burette, a weak solution .
of carbonate of soda, of known strength, until it ceases to:
redden litmus paper. Of course the dmreah of acidity willl
vary as the quantities of carbonate of soda em ployed.

CHAPTER 1II.

AVERAGE COMPOSITION OF HEALTHY URINE.

85. The following analyses of healthy human urine will |
serve to give some idea of its average composition. Although !
in the amount of the several constituents they will be seen.
to differ considerably from each other, it will be found that:
these differences are not really quite so great as they at first:
sight appear, being in a great measure owing to variations in |
the relative pmpurtmﬂs of water and solid mn-wdleuts (1).

Analysis 1. (Berzelius).

Water i : ; : : : . 933:00
Vren . : ; : . : : L LU
Uric acid . ; 2 =00 =
Lactic aeid, lactate of a.mmﬂnm, and extractive 2
matters : 4 : : : . 17°14 1
Mucus I L S (1 S
Sulphate of pntash : Bl A : . odailE g
Sulphate of soda |, ; ; ! ; . 316!= 38
Phosphate of soda : . 904 |5 | @
Biphosphate of ammonia . : o N b ke
Chloride of sodium : ; : : . 445 | &
Muriate of ammonia : AR L./
Phosphates of lime and marrneua ! s 0 L i
Silica . . ; : : : . BN VLR
1000-00
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Analysis IT. (Simon).

; ater : : : ; ; . . 956:000
“8Urea . } L : : : : o 14578
4 Urie acid . ; : + Ty
“§ Extractive matters aud am mumacal salts . 12940

Sulphate of potash . . . : 5 3:508
Phnsphate nf soda . S 20880

Silica < : : 2 . ; . atrace

998'{][}0

Analysis IIT. (Dr. Miller.)

cific gravity 1020,
ng éic z ‘jf . 9568000
Urea . . 142300~ o

Uric aeid . : 0-3700 29:812
leohol extractive,  12:5270 L Organiec
Water extractive . 2:5204 matiers.
Vesical mucus - 0°1650

¥ Sulphuric acid . 17020
Lime . . . 02101 - 13349
Magnesia . ) 0-1198 | Fixed salts.
Potash . ; - 1-9260

& Soda . : : 0-0536J

e,

999-9623

—— e
R e

Chloride of sodinm . 2 : : . ?'2801

Phosphates of lime and magnesla P SN E-ErlsJ

35

W
Solid matter 4400,

Fixed salts 13-77.
L

. liChloride of sodium ?919;] c 4316
W' Phosphoric acid . 2:1189 Solid matters.
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Analysis IV. (Marchand.)

Water : : ; . : . 933-199

Urea . > ] 4 : ; AR

Uric Acid . : - . : : 1065

Lactic acid . : b ¢ : : 1:521
Extractive matters . . ) . 11:151

Mucus : . . ; : 0-283

Sulphate of putash ; : ; : 3:587 668
Phosphate of soda . : : : 3056 L Solid
Sulphate of soda ; : : ; 3:213 | matters..
Biphosphate of ammonia . . . 1552

Chlﬂrnﬁa of sadlum . : : : 4-218

Muriate of ammonia . : ; 1:652
Phosphates of lime and ma.g;nesla : 1:210

Lactates . : . 3 ; . 161 8#

1000000

e

Analysis V. (Lekmann.)

Water : ; : ; : . 937682

Urea : ! ] : : . 314504

Uric acid . ; ; ; . : 1:021

Lactic acid ; i : 1496

Water and aleohol em actwes | . 10680

Lactates . : : : 1-897 | 62:3184
Chlorides of sodium and ammonium . 3:646 [ Solid
Alkaline sulphates . : . ; 7314 | matters.
Phosphate of soda . TR
Phosphates of lime and maguesxa + - g2

Mucus - . g : ] ; 0112

1000-195
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Analysis VI. (Becquerel.)

Showing the mmp&mﬁﬂa composition of Male and
Female Urine.

Mean composition
of the urine of four
healthy men.

Ditto of four General
healthy women.  mean.

Specific gravity . . 10189 1015°12 1017-01
Water ; : . 968815 975052 971-935
Solid constituents . ; 31-185 24-948 28-066
Urea : - ; 13-838 10°366 12-102
Uric acid . i v 0391 0406 0-398
Other organic matters 9-261 8033 8:647
Fixed salts , : 7695 6:143 6919

Consisting of—
Chlorine . : : . A : . 0-502
Sulphurie acid . ; : : 3 . 0-855
Phosphorie acid : : : . : 0317
Potash . . : : : : . 1-300
Soda, lime, and magnesia . : . : 3944
CHAPTER IV.

MORBID URINE.

86. The urine passed during a diseased state of the system,
1s almost invariably more or less altered in its composition,
and frequently presents physical peculiarifies, as of colour,
opacity, &c., which are at once apparent on the most cursory
examination. The variations which are found to occur in the
chemical composition of morbid urine may be divided into two
classes, viz. :

Ist. Those in which no abnormal ingredient is present ; but
in which one or more of the normal constituents is pre-
sent either in greater or less proportion than is found in
bealthy urine, or is altogether absent.

2nd. Those in which one or more ingredients are present,
which are not found in the healthy secretion.
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1. Urine containing no abnormal ingredient, but in which a:
excess or deficiency of one or more of its normal constituents ii
present,

SECTION I.
Urine containing Urea in abnormal quantity.

87. Urine containing an excess of urea, is chiefly charaae
terised by its high specific gravity, in which respect it ree
sembles that secreted by diabetic patients (116). If the uree
be present in large eacess it deposits irregular rhomboidas
erystals of the nitrate (Cq H,‘NnD yHO,NO,), “when the urinee
either in its natural state, or es pemalljr when slightly concem
trated, is mixed with an equal quantity of nitric acid (181))
The proportion of urea present in the healthy urine passeel
during the twenty-four hours is usually about fourteen ot
fifteen parts in 1000 (10); while in disease it often amounti$
to thirty parts, or even more.

SECTION II.
Urine containing Uric (or Lithic) deid in abnormal quantity..

§8. When urine contains an excess of uric acid, it hass
usually rather a higher colour than the healthy secretiomn
either deep amber or reddish brown. Its specific gravity i
seldom much higher than 1020 or 1025, unress an excess oo
urea is also present, which is not u11frequen113 the case. II
generally has a decided acid reaction to test-paper; and ii
the uric’ acid is present in any considerable excess, it i
artially deposited as the urine cools, in the form of a crystald
ine sediment, usually of a more or less decided red colour
and flequEutlj' mixed with urate of ammonia, mucus, anc
other matters.®* The crystalline forms in which uric acic
i1s found in the urine, are represented in paragraph 186. Thiss
deposition of uric acid is greatly accelerated by the addltlu
of a few drops of nitric or hydrochloric acid to the urinet
20). |
( §9. The urine of infants and young children not unfres!
quently deposits lozenge-shaped erystals of nearly pure uriad
acid, containing only a trace of yellow colouring matter. Iﬁ

—

* Hippuric acid has hecn known to deposit together with uric acid.
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- rarely happens that uric acid is deposited in the solid state
- Freviﬂus to emission, being held in solution in the warm
iquid, and gradually separating in the form of a sediment, as
the secretion cools (186),
90. The quantity of uric acid, which, in the healthy secre-
tion, is seldom more than from 0-3 to 1:0 in 1000 parts, varies
in morbid urine from a scarcely perceptible trace to upwards

of two parts in 1000.

SECTION III.
Urine containing an excess of Urale (or Lithate) of Ammonia.

91. Urine containing an excess of urate of ammonia varies
ve? much in colour and appearance, being sometimes pale
and of low specific gravity, but more frequently high coloured,
dense, and turbid. It is most
commonly slightly acid, but is
also met with nentral and even
alkaline. The urate of ammonia
is gradually deposited as the
urine cools, in the form of an
amorphous precipitate, which,
with a high magnifying power,
appears to consist of minute
rounded particles, occasionally
adhering together, and forming
irregularlinear masses (Fig. 11) ;
frequently mixed with micro-
scopic crystals of uric acid;
and, occasionally, when the se-
E:{Etinn 1s neutral or at all alkaline, with the earthy phosphates

06).

92. Urate of ammonia has been met with, in a few rare
cases, in the form of globular masses of a larger size, and
pierced with spicular crystfals, probably of uric acid (Fig. 12).
Like the other varieties of urate of ammonia deposit, it 1s
usually found mixed with erystals of urie acid.

93. Urate of ammonia® constitutes one of the most com-

* The amorphous deposit formerly described and fizured as urate of ammonia
'Ims_ been proved by Dr. Benee Jones to consist of different acid urates, among
which, acid urate of potash occasionally predominates. On washing it with cold
water, erystalline urie acid separates, although none could be perceived in the
unwashed deposit.
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mon of the urinary deposits. The colour of the sediment iss
found to vary considerably, being met with of all shades,,
from pale fawn colour to reddish purple ore
A pink, the latter colours being due to the:
E/ admixture of purpurine, which is very fre--
ﬁz\ L; uently i'r:-undp associated with the uratess
;%” , (104, 217). Urate of soda, and traces off
\;&\ the urates of lime and magnesia, are nott
! . unfrequently found associated with urate:
Fie 19, Drate o of ammonia deposits. _
e e 94. A deposit of urate of ammonia rea--
dily dissolves when the urine eontaining it -
is gently warmed ; and is again precipitated as the liquid cools. .
If, however, as is often the case, it contains also an admix- -
ture of free uric acid or earthy phosphates, the deposit will not
wholly dissolve on the application of heat, those substances:;
being nearly as insoluble 1n hot as in cold water. The ||;re-~
sence of purpurine (104, 217) usually renders the urate less
easily soluble when warmed.
95. When a deposit of urate of ammonia is freated with |
a little dilute hydrochloric or acetic acid, it is decomposed;
and minute crystals of urie acid shortly appear, which may be |
readily distinguished under the microscope (194).

SECTION IV.
Urine containing Urate (or Lithale) of Soda.

- 96. The acid urate of soda (NaO, HO, C,,H.N,0,) is also a
frequent sediment in the urine, partien-

o & é;, larly in the urine of patients taking medi-
- ¥ cinally the earbonate or other salts of soda.
oSF @ It may generally be recognised without
< 1& difficulty under the microscope, usually
e‘% g ° forming minute globular and sometimes

@ % granulated aggregations, with occasionally

Fie. 13, Trate of irregular and :‘Jurved protuberances, as
" Boda. shown in Fig. 13+

{
* See note to (93). -
t The acid urate of soda (NaO,HOQ,CyHaN4O4 4 2Aq) has been obtained |
artificially in transparent granules, which might be mistaken, under the miero-
scope, for fat-globules, but when washed with water they assume the ordinary
appearance of urate of soda.
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97. It resembles the urate of ammonia in being soluble in
ot water (22, 192), and also in most of its chemical charac-
ers ; giving the same purple-coloured residue when tested
vith nitric acid and ammonia (23). It also yields erystals of
wie acid, when treated with dilute hydrochloric acid (194).
#When warmed with potash, however, it does not of course

izive off ammoniacal fumes (377); and by this, and more espe-
ghially by its behaviour before the blow-pipe (202), and by its
M@microscopic appearance, it may be readily distinguished from

he ammoniacal salt. The two salts are frequently found oceur-
Ming together in the same deposit.

SECTION V.
Urine conlaining an eveess of Hippuric Aeid.

| 98. There is but little that can be said to be characteristic
#in the appearance of urine in which an excess of hippuric acid
Wls present. If is most commonly either neutral or slightly
mié’ to test paper, but occasionally alkaline; and is in most
gtases pale and whey-like, and of low specific gravity. The
node of its detection will be found described in paragraphs

1006, &e.
SECTION VI.
Urine containing an exeess of Mucus.

| 99. Mucous urine is most commonly very similar in colour
o the healthy secretion. It deposits a wiseid, tenacious sedi-
Bnent, usually of a dirty yellowish colour, consisting chiefly of
nucus mixed with epithelium (328); which, when agitated,
\Bloes not mix again uniformly with the fluid, but coheres to-
Mrether in tenacious, ropy masses, entangling and retaining
lhumerous bubbles of air.

100. Urine containing an excess of mucus is generally
eutral or slightly acid when passed, unless it has been re-
{B.ained some time m the bladder, when it is not unfrequently
dalkaline ; and when this is not the case, it very speedily be-
Jzomes so, owing Lo the rapid conversion of the urea into car-
wonate of ammonia under the influence of the muens (11).
+Ihis change takes place first in the portion of the fluid which
s 1n contact with the mucous sediment: this may frequently
#oe seen 1n specimens of slightly acid urine, the upper portions
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of which redden litmus paper; but if the lower part, mores
immediately in contact with the mucus, be tested, it will bee
found to restore the original blue colour.

101. Mucous urine differs from that containing pus, in thes
ropy and tenacious character of the deposit; and also in nob
giving any sensible indication of albumen when tested withh
heat and nitric acid (254), unless the albumen be derived fronmy
some other independent source, which is sometimes the casee
(2565). Minute traces of albumen, indeed, are present in theall:
undiluted muecous fluid, but the quantity is so small, that;
when mixed with urine, it is incapable of being detected (663))

102. The mucous deposit is frequently found mixed with &4
considerable quantity of earthy phosphates or urates ; in whickii§,
case its opacity renders it more liable to be mistaken for pussif.
The true nature of such a mixed deposit is, however, readilygl.
distinguished by mieroscopic examination, which should alwayss
be had recourse to in such cases (156, 211, 328).

SECTION VII.

Urine conlaining an excess of Extractive and Colouring
Matters.

103. Urine containing extractive mattersin excess is usually
more highly coloured than the natural secretion, a large pro-
portion of what is included under the title of extractive matterri§
consisting apparently, in most cases, of the peculiar colouringg
matters of the urine. When boiled, and subsequently mixect
with a little hydrochloric acid, such urine becomes of a moredl
or less decided red colour (215); and on cooling, usually de-
posits a quantity of brownish or bluish-black sediment, whiel
1s readily soluble in alcohol. |

104. It is not unfrequently the case, that the peculiar recd
colouring matter called purpurine is present in considerabléd
quantity in certain forms of morbid urine. This, when a de-
posit of urate of soda or ammonia is also present, is precipi-
tated with the urate, giving the sediment a pink or re-;f |
(217). When no deposit of urate exists, the purpurine ref
mains in solution, giving the urine a more or less bloodyy
appearance, which may sometimes lead to the suspicion thati
blood is present. For the methods of identifying purpurinee)
see paragraphs 216 to 221.
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SECTION VIII.

Urine containing an abnormal proportion of Fized
Alkaline Salfs.

105. When these salts are present in excess, they tend to
aise the specific gravity of the secretion. The quantity of
“Wsoluble saline matter may be readily estimated in the mass, by
“Mincinerating the dry residue left after evaporating a known
Wweight of the urine, and treating the ash with water, which
Hwill dissolve out the alkaline salts, leaving the earthy phos-
‘Hphates and silica undissolved.* The aqueous solution is then
flevaporated to dryness, ignited, and weighed. The individual
Wproportion of the several salts, which is sometimes a point of
onsiderable interest, may be determined in the manner de-
scribed in paragraphs 66 to 84.

SECTION IX.

Urine containing the Earthy Phosphates in abnormal
quantity.

106. The physical characters of urine containing an excess
Mof earthy phosphates vary considerably. The colour 1s most
ommonly pale, and the specific gravity rather low, but it is
Halso occasionally dark, and of high specific gravity, especially
“Yiwhen urea is present in large quantity (87, 301). It is gene-
“Brally slightly acid when passed, but shortly becomes neutral
Aor alkaline (43), when the phosphates are precipitated, often
in large quantity, in the form of a erystalline sediment, the
olour of which varies from white and grey to a yellow or red-
ish brown. When white or grey, the sediment will probably
be found to consist chiefly of phosphates mixed with mucus;
Siwhen yellowish or red, it will probably be found to contain, in
fladdition, a certain amount of uric acid, or urate of soda, or
Slammonia, most commonly one of the latter.
| 107. It must be borne in mind that the spontaneous occur-
Airence of a precipitate of earthy phosphates, is not of itself a
‘tproof that they are present in excess; nor, on the other hand,
#i1s the non-occurrence of a deposit a proof that a small quantity
only is present. When the urine is acid, as in health, they

<
1

* See note to (63).
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may be retained in solution in considerable quantity, withouu
forming any solid sediment; while if the secretion is neutras
or alkaline, a comparatively small amount of earthy phosphatee
may be ]zrecipitated in the form of a deposit.
108. When examined with the microscope, deposits of thi
earthy phosphates will frequently be found to contain both thhf§l
crystalline triple phosphate (MgO,NH,O,HO,PO,), and alssili
phosphate of lime, in the form of an amorphous powder, or inff
minute, irregular, rounded lparticle.‘s (43, 44). Minute dumbhiff
bells, like those of oxalate of lime (Fig. 25), have also been meefe
with. |
Crystallized phosphate of lime (Fig. 14.) (2Ca0,HO, PO,
. is by no means umi
common in urine
It may always bb
obtained by pand
tially neutralisinnd
the fresh urine wit
ammonia, and seti§!
ting it aside. 1
109. The quantititl§:
of earthy phosphated
o which in healthhi§l:
urine, is usually about one part in 1000, varies, in diseasedl!
from a scarcely perceptible trace to 55 in 1000 parts, and 1§
occasionally even higher. When present in excess, they mal
generall { be partially Erecipitated by warming the urine (49).)
110. It sometimes happens, in certain forms of disease, the
the earthy phosphates are secreted in much smaller quantiti
than is found in healthy urine, and in some rare cases thedl:
appear to be altogether absent. Whether this is the case il
any speeimen of the secretion, may be ascertained by adding t1
it a slight excess of ammonia, when, if present only in vers
small proportion, or not at all, no preeipitation will take placesl
or the ash of the urine may be digested in dilute hydrochlorir
or nitric acid, and the clear acid solution supersaturated witii
ammonia, when, if no precipitate is produced, it may be cons
cluded that no perceptible trace of earthy phosphate is presenuie

Fig. 14. Crystallized Phoaphate of Lime.
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1L Urine containing one or more abnormal ingredients.

111. The abnormal matters usually found in morbid urine
re:—1, sugar;* 2, albumen; 3, blood; 4, biliary matter
M, pus; 6, Fat and chylous matter; 7, semen; 8§, oxalate of
me ; 9, cystine and other foreign matters. Besides the sub-
ances just enumerated, various others may be occasionally
Mletected in urine, such as arsenic, antimony, and many other
Mlaline and organic matters, which having been taken into the
ystem medicinally or otherwise, and being incapable of assi-
nilation, have passed through either unchanged, or more or
ess modified in composition.

SECTION X.
Urine containing Sugar (CeH,0,).

‘8l 112, The variety of sugar always present in the urine of

diabetic patients, and hence called diabetic sugar, has the
same chemical composition as that contained in most kinds of
ruit, commonly known as grape sugar, or glucose. It ap-
bears to contain two equivalents of water of crystallization,
which may be expelled at a temperature of 212°; so that its

-
pomposition may be more correctly expressed by the formula

Cplfs0y3 + 24g).

113. Diabetic sugar may be obtained by concentrating the
Murine containing it, by evaporation on a water-bath, until it
‘Mbegins to deposit a crystalline sediment; the mass is then
‘Mallowed to cool, on which the greater part of the sugar erys-
Alitallizes out. It is then ﬁltEI‘ECF ; and when most of the liquid
Mthas passed through, the crystals are to be pressed between
olds of filtering paper, and washed with a small quantity of
cold strong alcohol, which serves to remove the greater part of
fthe impurities, without dissolving much of the sugar. The
rystals are then dissolved in hot water, and purified by suc-
Bcessive crystallizations, or, if necessary, by boiling with animal
“Shcharcoal.

114, Diabetic sugar differs from eane sugar (C,,H,,0y), in
1 being considerably less sweet to the taste, harder, and less
disoluble in water; one part requiring about one and a half of

_ * Recent researches (35) have removed sugar from the list of strictly abnormal
¢ ingredients of urine, but this does not affect the practical value of the classifica-
i} tion here given, or of tests described in the following section.
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cold water to dissolve it. In dilute alechol, on the other
hand, it is somewhat more soluble than the cane variety ; buf
is insoluble in absolute aleohol and ether. 1t is usually in the
form of granular crystals; but when ecrystallized out of a
considerable mass of syrup, it is often obtained in needle-like
tufts. When crystallized from its solution in dilute alcohol,
it usually separates in the form of hard transparent cubes,
and occasionally in square plates.®

115. Strong sulphuric acid dissolves grape sugar, furmmg
a pale yellowish solution; cane sugar, on the ct}ntlary, is
almﬂst instantly charred and blackened by the strong acid.

116. Urine containing sugar is usually characterised by its
high specific gravity, which is frequently from 1030 to 1045,
and ﬂﬂﬂﬂﬁlﬂﬂiﬁlj as high as 1050 and 1055 If, however, the
sugar is present only in small quantity, the spemﬁc ravity -
may not be higher than usual; so that a moderately low
specific gravity is of itself no pmnf of the absence of sugar.

117. Diabetic urine has usually, after standing a short time
in a warm atmosphere, a white scum, somewhat resembling
flour, on the surface, consisting of minute, oval-shaped con-
fervoid vesicles (132), which is highly characteristic of the
presence of sugar, and occasionally leads to its detection be-
fore it has been secreted in sufficient abundance to raise the
specific %l‘aﬂtj’ of the urine to a suspicious extent. L

118. This variety of urine is usually paler than the natural
secretion, and frequently possesses a faint greenish tint, It
is most cnmmnnlj slightly turbid. When f resh it has a fainf
and rather agreeable dell" somewhat 1esemblmg that of hay.

119. The prﬂpﬂrhﬂn of urea in diabetic urine is usualf
much smaller than that found in the healthy secretion; buf
whether the absolute amount secreted differs materially fmm
the normal average, or whether the apparent deficiency is
merely owing to the large quantity of water passed by diabetie -
patients thus largely diluting the urea, has not yet been satis-
factorily decided, owing to the difficulty of correctly estimating *
the quantity of urea when mixed with any considerable amount
of sugar (334).

120. The proportion of sugar in diabetic urine varies from .
a mere trace to from 50 to 80 parts in 1000; and has been .
known to amount to as much as 134 parts in 1000,

* Yohl has met mrh a case in which a part of the [.h ihetic sugar in the uring ¢
was replaced by inosite. It is also stated that acetone has been found in diabetie
urine.
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1121, Several tests have been proposed for the detection of
yogar in urine. Of these, the following only need here be
woticed, viz., Trommer’s test, Maumend's test, Moore’s fest,
Nce fermentation fest, and the test afforded by the growth of a
vderoscopic confervoid vegetation, called the forula.
N 122, Trommer’s Test¥—This excellent test is founded on
t:e circumstance, that when a solution containing diabetic or
e sugar (112), i1s boiled with a mixture of potash (K0),
@ ad sulphate of copper (Cz0, SO,), the oxide of copper (Cu0)
wontained in the latter becomes reduced to the state of sub-
‘zide (Cu,0), which is precipitated in the form of a reddish
8" ochre-coloured granular powder.,
& 123. A little of the urine suspected to contain sugar is
gaaced in a tolerably large test-tube, and mixed with a drop or
~wo of a solution of sulphate of copper, which should be
Jdded only in sufficient quantity to give the mixture a very
hle blue tint. This will probably cause a slight precipitation
@ pale blue phosphate of copper, owing to the presence of
Mbluble phosphates in the urine (40); this, however, need not
29’2 regarded, as it will not afterwards interfere with the indi-
ations of the test. A solution of potash is now added in
irrge excess,T or in quantity equal to about half the volume of
drine employed ; this will first throw down a pale blue preci-
iitate of hydrated oxide of copper (CuO,HO), which, if au%-ur
| present, will immediately redissolve, forming a purplish-blue
Ublution, something similar to that caused in a very dilute solu-
4uon of copper by ammonia.
& 124. The mixture is now to be carefully heated over a
@ump, and gently boiled ; when, if sugar is present, a reddish
_3 r{ellﬂwish brown precipitate of suboxide of eopper (Cuz0)
lill be deposited in the liquid, generally before the boiling
ABboint is reached. If no sugar is present, a black precipitate of
2ae common oxide of copper (CuO) will be thrown down,
Mibtally distinet in appearance from the suboxide. It is im-
Mortant, in this experiment, not to add too much of the sul-
hate of copper, because, in that case, the suboxide might be
@hixed with some of the black oxide (fhe sugar being capable

e —

*® If diabetic urine be not procurable, a few grains of grape sugar may be dis-

Wlved in normal urine for the demonstration of these tests. Grape sugar may
2 obtained by boiling white sugar with water and a few drops of sulphuric acid

@8 r a few minutes, neutralising with chalk, filtering, and evaporating. .

t Or the potash may be added, and the solntion filtered from any deposit of

Whrthy phosphates that may be thrown down, before the addition of the sulphate
" copper.
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of reducing only a certain definite quantity), which would | §
more or less mask the characteristic colour and appearance of
the suboxide. This test is extremely delicate, and is capable » ¥
of detecting very small traces of sugar in the urine. If vegﬁ’? :
much sugar be present, the action of the potash upon it will |
- produce a very dark brown colour, which may disguise the s §:
suboxide of copper. If this be the case, another portion of [§s
the urine may be diluted before being tested. Since other =}
substances are occasionally found in urine® which reduces§
the oxide of copper, this test cannot be considered as con--je
clusive, except as to the absence of sugar. Since the presence 2§
of ammonia In any considerable quantity interferes with thissk
test (as Dr. Beale originally pointed out), recourse must beafs
had to the yeast test, if much ammonia be smelt in this expe--§|
riment. -.
125. Maumené’s test—This test is founded on the eircum--§
stance, that when sugar is moderately heated in contact withal
the bichloride of tin (SnCl), it is decomposed, and a brownishags:
black compound, somewhat resembling caramel, is formed..§
The most convenient method of applying this test is tool:
saturate strips of merino, flannel, or some other woollewnih
tissue,T with a solution of bichloride of tin (prepared by dis-iff
solving the salt in about twice its weight of water and filter--}§
ing), after which they may be dried at a gentle heat on a water--§f
bath, and kept ready for use. On moistening one of these
strips with urine, or any other liquid containing sugar even innf
a highly diluted state, and holding it near a fire, or over aa
lamp, so as to heat it about 270° or 300° Fahr., it imme-
diately assumes a brownish-black colour. The delicacy obil§
this test is stated to be so great, that though ordinary healthys
urine causes no c:hanﬁa of colour, if ten drops of diabetic urinee
be diffused through half a pint of water, the mixture will im4
mediately give decided indications of sugar. |
126. Moore’s fest.—Mix a little of the suspected urine ing
a test-tube, with about half its volume of liquor potasse, @

o

* Even uric acid produces the same effect, but in general its quantity is toodlf"
small in normal urine to allow of its being mistaken for sugar. |

+ It is necessary in this test to n-.rplr.l the use of cotion or linen, since thosedll
substances, being analogous to sugar in composition, undergo also a similar deiefil®
composition when warmed with the bichloride of tin; and would s:nusequmil _
become blackened, even though no sugar were present. It will be seen that tha)
utility of this test depends upon the cirenmstance that the repared strips cami
be carried about so as to render the test available in a c]jniculz examination. Iilf
the laboratory the other tests are more convenient.
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il the mixture gently for a minute or two. If sugar is pre-
~oent, the liquid will assume a brownish or bistre tmt, while
18ittle or no heightening of colour takes place when the urine
99 free from saccharine matter.
W& 127. Bitlger's test.—Add to the urine suspected to contain
#agar a few drops of a somewhat dilute solution of nitrate of
dssmuth (BiO,,3N0;) in nitrie acid, then add carbonate of
Boda till the solution is alkaline, and boil for three or four
Wainutes, when, if sugar be present, the mixture assumes a
dark colour from the reduction of bismuth, and when set
Siside, deposits a grey or black precipitate. With healthy
gfrine a white precipitate of phosphate and carbonate of
iismuth is obtained.
& 128, Fermentation fest.—Fill a test-tube with the suspected
wrine, having previously mixed with it a few drops of fresh yeast,
dEr Stlll 't'.n::uf:l, a little of the dried German yeast ; close the open
“dnd with a small saucer or evapﬂmtlnw dlbh, and while gently
B ressing the latter upon the tube, invert
Hlaem, when they will be in the position
hown in the figure (Fig. 15). A little
wore of the urine is then pt::uled into the
aucer, in order to prevent the escape of
Sny of the liquid from the tube; and if
ny bubbles of air have accidentally been
llowed to enter, the exact height of the
@ pper surface of the ll(f.lid in the tube
@oust be marked with ink, or with a strip
f gummed paper. The tube, with its con- Fig. 15. Fermen-
ents, is then set aside in a warm place, babion test,
aving a temperature of about 70° or 807 for twenty-four
@hours. As bubbles of gas are sometimes given off by the yeast
self, it is a good precaution to put the same quantity of
reast info a second tube of equal size, and fill it up with
pure water. The amount of gas, if any, derived from the
@east, will thus be rendered apparent, and may afterwards be
educted from the volume of gas in the tube containing the
rine.
129. If sugar is present, it begins almost immediately to
indergo the vinous fermentation, by which it becomes con-
Wverted into alcohol (C,H,0,H0) and carbonic acid (C O,), each

squivalent of sugar giving rise to the formation of two equi-
valents of alﬁnhul four of carbonic acid, and two of water ;

i :
|
|
|
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C.H,,0,, = 2(C,H,0,HO)+4C Q,+2HO. 1

The carbonic acid thus formed rises in minute bubbles, causin?g;L :
gradual and gentle effervescence, and collects in the upper £},
part of the tube; at the same time displacing the liquid, ,§

which escapes through the open end of the tube into I;ha_; |
saucer.®

130. That the gas thus formed is really carbonic acid, may
be proved by decanting a little of i under water into a cleanﬂ .
‘ruhe and testing it with lime-water, which will instantly be- <}
come milky, nwmﬂ' to the formation of the insoluble carbenate? :
of lime (CaO, CO) When the quantity of sugar present issf
at all —:mnsmerahlb, the urine, after fermentatmn, will be fmmds
10 possess a faint vinous sm&ll due to the alcohol formedi
during the process.

131. If, on the contrary, the urine is free from sugar, of
course no fermentation will take place, and no gas will beg
formed in the tube.

132. Test afforded by the growth of the torula.—During thes
process of the vinous fermentation of a liquid containing sugar,
a delicate white scum gradually collects cn the sur face, which,

/
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Mig. 16. 'fa Vesicles, Fig. 17. Torula Stem.

"’[i-L.:I:"‘i -,_.I' CLLAIMELe
wlen seen merelj,r w1th the naked eye, is so highly charae-
teristic an indication of the presence of sugar, as frequentlyy
to lead to its detection, when present only in very small quan-
tity. If a little of this scum be examined under the micro-
scope, with a magnifying power of four or five hundred dia+
meters, it will be found to consist of minute oval vesicless
(Fig. 16), which in the course of a few hours rapidly changee

* This has heen lately proved to be only one of the changes which are in-j
volved in the fermentation of suear, otlier substances, such as succinic acid and
zlycerine, being formed at the same time,
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1iiheir form, becoming longer and more tubular, and giving rise
wo new vesicles, which shoot out from the parent body, form-
v ang an irregularly jointed confervoid stem (Fig. 17). These
megain gradually break up into a great number of oval vesicles,
Wivhich eventually separate, and fall to the bottom, where they
‘Em? be detected by microscopic examination.
W Precipitation by tribasic acetule of lead and ammonia.—When
 the proportion of sugar present in urine is very minute, the
%ﬂest process for extracting it consists in precipitating the
warine, first with acetate of lead, then with tribasic acetate of
iread added in excess, and lastly, after filtering, with ammonia.
2illhis last precipitate is collected upon a filter, washed, sus-
woended 1n water, and decomposed by sulphuretted hydrogen.
WA fter filtering from the sulphide of lead, and evaporating, the
sugar may be detected by any of the tests above described.*
X Precipitation by potash and aleokol—If urine ﬂnutaininﬁ
‘Wsugar be mixed with four volumes of absolute alcohol, allowe
180 stand for some time, filtered, mixed with a little aleoholic
Wsolution of potash, and set aside for a day or two, a combination
2 0f grape-sugar with potash separates as a deposit which ad-
Maeres to the side of the vessel. The aleoholic liquid having
doeen drained off, the deposit may be dissolved in water, and
#ested by any of the above tests.t
132a. A very remarkable substance has occasionally been ob-
served in urine, which answers to the test with the alkaline
copper solution in precisely the same manner as sugar, but
Sldoes not possess the property of reducing the oxide of bis-
muth, or of fermenfing in contact with yeast. Its most
striking feature is that of absorbing oxygen from the air, and
producing a brown colour, when an alkali is added to the solu-
ition containing it, so that urine in which this substance is
Shpresent becomes brown at once when shaken with potash,
whilst saccharine urine does not become brown until it 1s
boiled. Boedeker,i who first directed attention to this sub-
stance, which he named alkapton, has isolated it in the following
manner :—The urine was precipitated by acetate of lead an
fillered. The filtrate was mixed with tribasic acetate of lead,

* This process has been employved for the demonstration of the presence of
| r in normal urine, but the circumstance that the indigo-producing body de-
"Mk seribed by Schunck (36) is precipitated in the same way, and yields sugar as a
U8 product of its decomposition, much diminishes the value of the evidence which
1t affords. . ]
t According to Briicke, sugar may be detected in healthy urine by this
Cess.
¥ ‘Ann. Ch. Pharm.,’ Jan., 1861.
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avoiding an excess, the precipitate washed, suspended in water,
and decomposed by sulphuretted hydrogen. The solufion fil-
tered from the sulphide of lead was evaporated to dryness on
the water-bath, and the residue extracted with ether. On .
evaporating the ethereal solution, the alkapton was obtained
as a golden-yellow, resinous, deliquescent substance, very easily *
soluble in water and alcohol. Its solution reddens litmus i
slightly, and is unchanged by exposure to air, unless an alkali |
is added. The precipitate produced by tribasic acetate of
lead, also becomes brown when exposed to the air. Alkapton i
contains nitrogen, but its exact composition has not yet beem 1
ascertained.*®

SECTION XI.
Urine containing Albumen.t

133. This substance, which is contained, as is well known, ,
in large quantity in many of the tissues of the body, and |
especially in the serum of the blood (466), is not unfrequently 1
present in morbid urine. Albuminous urine varies very con- -
siderably in appearance and general characters, being found |
alkaline, acid, and neutral; high coloured, and pale ; of high
specific gravity and the contrary; so that no general rule can i
be laid down as to its usual physical peculiarities, likely to
lead to its detection ; though, when its presence is once sus--
pected, its detection is easy and simple (139). .

134. The quantity of albumen found in urine varies very !
much ; amere trace only being sometimes preseut, and at others s
as much as ten or twelve parts in 1000,

135. The most remarkable property of albumen is, that!
when a solution containing 1t is heated to a temperature of {
about 170°, or higher, it coagulates, and separates completely 1
from the Jiquid; and when this change has once taken place, ,
it becomes quite insoluble in water. The coagulated albumen
is readily soluble in potash and other alkaline solutions; and !
when an excess of allfmli is present, no coagulation takes place:
on boiling.

136. Albumen is precipitated from its solution by nitrie:

—————

* Dr. Johnson has observed the occurrence of alkapton in the urine of an s
infant, his attention beingz called to it by the brown stains produced on the &
linen.

t For the purpose of demonstrating the tests, a very little well-beaten white
of egg may be mixed with some normal urine.
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i.!:ﬂnd hydrochlorie acids, but not by phosphorie, acetie, or, tar-
ciy.aric acids, which, indeed, appear to exercise a decided solvent
otaction upon it, and, when present, prevent its coagulating on
i the application of heat.

af  137. It is also readily precipitated, even from an acetic acid
whkolution, by ferroeyanide (K, FeCyz+3.49) and ferrideyanide
o, e, Cys) of potassium; and the precipitates thus formed
ware easily soluble in alkaline solutions.

138. Chloride of mercury (HgCl), alum (Al05,5S0;4+ KO,
AS0;+24 4g), and many other of the metallic salts, also cause
Aeprecipitates in albuminous solutions, which are compounds of
“sthe salt with albumen. It is precipitated, too, by aleohol, creo-
Jsofe, tannin, and many other substances.

I 139. The detection of albumen in urine containing itis very
téeasy. The suspected urine may be gently boiled in a test-iube,
wwhen, if albumen is present, it will coagulate, and form a more
or less copious white precipitate. If the albumen is present
thonly In minute quantity, it may cause merely a delicate opa-
Srlescence ; or, when in larger quantity, it may separate in curdy
wflakes; and if very abundant, may cause the E’iquid to gela-
Ul tinize, and become nearly solid (142).
I 140. The appearance of a white precipitate on boiling is
Wknot, however, of itself, a sure proof of the presence of albumen
in urine, since a white precipitate is also produced by boiling,
when the secretion, free from albumen, contains an excess of
earthy phosphates (49«). It is therefore necessary to add a
few drops of nitric acid, which, in case the precipitate consists
“of phosphates, immediately redissolves it, but if albuminous,
leaves it still insoluble.

141. To prevent the possibility of error, it is always ad-
visable to test a separate portion of the urine also with dilute
I nitric acid, by which the albumen, if present, will instantly be
thrown down. If the quantity of albumen is very small, it 1s
possible that the milkiness first caused by the acid may dis-
i appear, but if a few drops more of the acid be added, the pre-
cipitate will again separate, and remain insoluble. If both
| keat and nitric acid cause a white precipitate, there can be no
doubt of the presence of albumen.

141¢. The coagulum may be further tested by Millon’s test,
which consists in gently heating it with solution of nitrate of
i mercury (HgO,NO;), prepared by dissolving 200 grains of mer-
I cury in 5 drachms of ordinary concentrated nitric acid, with the
| aid of heat. Albumen acquires an intense red colour when
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heated with this solution, whilst normal urine is only rendered
faintly and transiently pink. Fibrin, casein, and other mem-
bers of the same group of bodies (protein compounds) exhibif
the same behaviour. !

142, In testing for albumen, it must be borne in mind that,
if the liquid is alkaline to test-paper, the albumen, though
Fresent, will probably not be coagulated on the application of
1eat, since coagulated albumen is readily soluble in alkaline
solutions (135). On ihis account the urine should first be -
examined with turmeric or reddened litmus paper (277), and,
]ijl' il'?und to be alkaline, neutralized with nitric acid before

oiling.

143, Tt should also be remembered that, when the albumen is
present only in small quantity, the addition of a very slight
excess of nitric acid may redissolve it, and thus lead to the
supposition that the precipitate is phosphatic. A few drops
more of the acid, however, will instantly cause it to reappear,
if albuminous ; while, if really phosphatic, no excess of the
acid would cause it to do so.*

e —

144. The peculiar casts
of urinary tubes, found in
the urine of patients suffer-
ing from Bright’s disease,
consisting of fibrinous or

L{kf G. lnj[fl;r[;ﬁt albuminous matter, and en-

tangling blood corpuscles,

epithelium, and fatty globules, have usually the appearance
shown in figure 18.f

SECTION XII.
Urine containing Blood.

145. Urine frequently contains, in addition to albumen, one
or more of the other constituents of the blood (450), and is
often more or less highly coloured red or brown, by the pre-

* The result of these tests for albumen may be confirmed by acidulating
another portion of urine with acetie acid, and adding ferrocyanide of potassinm
{187). Chloride of mercury may be added to another portion (138).

In a case of mollities ossium, an albuminoid substance has been observed in
the urine, which was precipitated by nitric acid like albumen, but the coagulum
dissolved on heating, and reappeared as the solution cooled. Ferrocyanide of
potassium also precipitated this substance. Tanmic acid gave a precipitate in
this urine.

t The presence of inosite in the urine has been noticed in a case of Bright’s
disease. :
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“aeence of the corpuscles and red colouring matter. When the
<librin, in its soluble form, is present, it usually coagulates
J@ipontaneously on cooling, and causes the urine to become
shnore or less gelatinous soon after it is passed. This spon-
“dnaneous coagulation on cooling may be considered of itself
Jliufficient proof of the presence of the fibrin of the blood.
| 146. The blood corpuscles may generally be detected both
‘im the coagulum and also in the superincumbent fluid, when
wizxamined under the microscope (451); occasionally, however,
iLhey are almost entirely disinte-
wrrated, so that little or no trace L @T:j
of their characteristic form re- & & @
tmains. They are sometimes found }7
wadhering together, forming little ®
dihread-like aggregations ; but more
afrequently floating detached from &)
®

2 ©
® ®

®
@

®

wzach other,looking like little trans- () © j
Sbparent rings (Fig. 19). '5."‘“!

. 147. In urine containing blood, ® ® N
sthe albumen may in all cases be 3 '%’__I
Mreadily detected by the tests al- :
wready mentioned (139)—viz., heat
Band nitric acid ; but when any of the colouring wmatter of
S the blood is also present, it will coagulate with the albumen,
'Ting the coagulum a more or less decided red or brown
colour.

G

L

Fig. 19. Blood in Urine.

SECTION XITI.
Urine containing Biliary matter®

148, When biliary matter is present in urine, it generally
:gives a more or less decided yellowish brown colour, both to
the liquid and also to any sediment that may be deposited from
‘it.  The taste also of such urine is remarkably bitter—a
peculiarity which furnishes a ready indication of its presence
' when other tests are not at hand; though it must not be
implicitly relied on, since small traces may exist in the secre-
tion, without communicating to it any very decided taste.

149, Pettenkofer’s test. %erhaps the best test for the pre-

t.u;tsﬁ little ox-gall may be added to the urine for the purpose of applying the
T icmrﬂing to Scherer, biliary colouring matter is occasionally present in
healthy urine.




50 MORBID URINE.

sence of bile, is that known as Pettenkofer’s. If the urine s
contains albumen, it should first be freed from that substanee 2
by coagulation and filbration (135, 151); because albumen,
when present in considerable quantity, would give, with sul--
F)huric acid and sugar, a colour resembling that caused by bile. .

issolve a grain or two of white sugar in the urine to be:
tested, and add, drop by drop, about two thirds of its volume 2
of strong sulpburic acid. If biliary matter be present, a verys
distinet and characteristie violet-red colour will be produced, ,
which becomes redder and more intense on the application of f
heat. A very small quantity of the biliary matter responds to
this test; but a still more delicate mode of applying it consists 2
in mixing the urine with a single drop of dilute sulphuric acid |
(1 part of acid to 4 of water), adding a trace of a solution of f
sugar, containing 10 per cent., and evaporating at a gentle:
heat, when the violent colour becomes evident,

150. When the quantity of bile is small, 1t is advisable,,
before applying the test, to concentrate the urine by evapora- -
tion. For this purpose it 1s first boiled, in order to coagulate :
any albumen that may be present (151), and afterwards eva--
porated nearly to dryness on a water-bath. The residue is
then treated with a small quantity of boiling water or alcohol3;
and the solution thus formed, containing any biliary matter
that may be present, is allowed to cool and tested as above,

151. The experiment known as Heller’'s fest is made ass
follows :—Mix with a little of the suspected urine a few drops:
of the serum of blood or white of ege, or of any liquid con--
taining albumen in solution; and having shaken them welll
together, add a slight excess of nitrie acid, which will canse:
the precipitation of the albumen (136). If bile is present, the:
coagulum thrown down by the acid will have a more or less:
distinet dull green or bluish colour, quite different from the:
white or pale fawn colour which it would otherwise have..
When only a small quantity of biliary matter is present, the:
urine may be concentrated, as in Pettenkofer’s test (150), the:
serum or white of egg being subsequently added to the cold !
concentrated aqueous solution of the evaporated residue.

152, Gmelin’s test.—Pour a few drops of the suspected urine :
upon a clean white plate or dish, so as to form a thin layer of |
the liquid, and then carefully drop into the centre, with a.
pipette, five or six drops of nitric acid. When bile is present .
In any considerable quantity, the liquid becomes successively
pale green, violet, pink, and yellow, the eolour rapidly changing :
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s the acid mixes with the urine. When the bile is present
oly in small quantity, these colours are not distinctly visible ;
fhut unless the proportion is very minute, a greenish fint is
adenerally perceptible. On concentrating the urine by evapo-
Wation, the appearance may be seen to greater advantage when
nly small traces of bile are present (150). The action of this
est appears to depend on the presence of the peculiar brown
st olouring matter of bile, called bilipheein, or cholepyrrhin,®

SECTION XIV.
Urine containing Pus.

153. Pus is a substance which in many respects closely
ssembles mucus, both in its behaviour with reagents, and still
ore in its appearance under the microscope ; so that it is not
Iways easy to distinguish between them ; and when mixed
#ogether in the urine, it is frequently quite impossible to say
vith certainty whether or not both are
wesent, Like mucus, it consists of =
ninute round or oval granular cor- @ =
puscles (Fig. 20), floating in the fluid, -. =
rom which they separate on standing,
ind gradually sink to the bottom.
hese form, in urine containing pus, a
“hale greenish yellow or eream-coloured
ayer at the bottom of the flud; and, ... o0 o0 e
[ shaken, the sediment readily breaks ~iacnified 400 diam.
p, and diffuses itself through the '
iquid, again gradually subsiding to the bottom when allowed
b0 stand. If the urine, however, be decidedly alkaline, the
haracter of the purulent deposit is changed, and it assumes
nearly the same appearance as mucus (251, 680).
154. Urine containing pus is met with sometimes neutral,
dhacid, and alkaline. It always contains albumen in solution,
iwhich may be recognised in the filtered urine by the usual
lests, heat and nitric acid (139). This albumen is derived
ifrom the liguor puris, in which it is always present (254, 677).
W The absence of albumen, therefore, in the urine, may be con-

—_—

" * Briicke recommends a useful modification of this test, which consists in
# mixing the urine in a tube with dilute nitric acid, and carefully pouring in sul-
Wiphuric acid, so as to form a layer at the bottom of the urine. The rings of
i colour commence from the junction of the two layers.
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sidered as a strong indication of the absence of pus; thougha
the presence of albumen is of itself no kind of proof of the &
existence of pus, since it may be derived from other indepen- -
dent sources. 'Traces of blood are by no means unfrequent &
in purulent urine, giving the sediment a brown or reddisha
colour (145).

155. The chemical and mieroscopic characters of pus, and 4
the modes of distinguishing it from mucus, will be more fully s
described further on (247 to 258, 674).

156. The peculiar granular cor- -
puscles, which have been calledd
large organic globules, and whicha
are not unfrequently met with ina
certain conditions of the urine, espe- -
cially in that of pregnant women,,
closely resemble the corpuscles of f
mucus and pus, being granular ona
RS 2 the exterior, and, on the addition of

g, 21, Large Organic  acetic acid, develope internal nuclei.
a0 diameters o o%  Theyare, however, larger, and are unss
i accompanied by the albuminous andd
viscid fluids, which are characteristic respectively of pus andd

?pclﬁl{ﬂ?ﬁ, 661). Their general appearance is shown ing
ig. 21.

157. The small circular bodies,
which have been occasionally, though
much wmore rarely, found in certain
o morbid conditions of the secretion,
O and called small organic globules,
o) are represented in Kig. 22. They
o o are spherical and smooth on the
surface, no appearance of granular:
structure being apparent, and con-
siderably smaller than the large or-:

S ganie globules (156). They are un-
Small Drg;ffﬁlzéﬁlnhules. affected h.'f acetic acid.

[
O

SECTION XYV.

Urine containing Fal and Chylous matler.

158. Urine containing fatty or chylous matter is usually
more or less turbid, and frequently has an almost wmilky ap-:
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wearance. Little is known as to the precise nature of the
yatty matter which is thus occasionally met with in urine,
‘winough it is probable that its composition varies with the
ﬂﬁrcumslanﬂes under which it is formed. It sometimes exists
‘aissociated with albumen and chylous matter, sometimes alone.
ifumerous minute oily globules may in many cases be seen
sinder the microscope (325), but it is often so intimately
Jgnixed with the albuminons matter also present, forming a
ind of emulsion, that no trace of oily globules can be detected
uven with a high magnifying power. In such cases, the urine
“may be agitated with a little ether, which will dissolve the
ot ; and the ethereal solution thus formed will separate from
4 ae watery liquid, forming a distinet stratum floating on the
aglarface. If the ethereal solution be evaporated at a gentle
eubeat, the fat will be left, and may be readi?y recognised by the
‘@hysical peculiarities of fatty substances; such as immisei-
(glihty with water; breaking up into minute globules when
W zitated with hot water, &e. Fibrin is said to be discoverable
41 urine of this description.
! Chylous urine frequently contains minute round corpuscles,
tesembling the white globules of the blood or lymph, which
it first sight have a good deal the appearance of oil globules,
#or which they have probably been in some cases mistaken.
'heir insolubility in ether, however, shows that they are not
lways composed of fatty matter.
159. The peculiar form of mucilaginous or caseous matter,
ghsually present in the urine of pregnancy, and which has re-
Seived the name of Kiestein, gives the urine containing it a
oudy appearance ; and after the lapse of a few days, gra-
ually forms on the surface a more or less shining pellicle,
hich in three or four days, as the urine becomes ammoniacal,
reaks up into minute particles, which subside to the bottom,
@IVhen examined under the microscope, the pellicle is found to
A onsist of minute granular particles, usually mixed with great
ihumbers of prismatic crystals of triple phosphate (44), to
vhich latter the peculiar shining appearance, somewhat re-
iembling spermaceti, seems to be due. A few globules of
ily matter, resembling butter, are also oceasionally present.®
Cholesterin has been found in urine in Bright’s disease by
LDr. Beale.

* Since Kiestein is not a definite substance, but merely a deposit of a fungoid
rowth together with triple phosphate, consequent upon the rapid alkalescence
the urine, it is not regarded as a conclusive evidence of pregnancy.
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SECTION XVI. i’

l

Urine containing Semen.

160. When semen is present in urine, it may easily be de-
tected under the microscope, by the appearance of minute ani-
maleules, always found
in the spermatic fluid,
and hence called sper-
matozoa. They are more
or less oval in form,
and are furnished with
long and delicate tails,
as shown in Fig. 23.
These  spermatozoa, ,
while in their nativat
fluid, enjoy an active
existence, and move !

e Ry o o about at will. In urine, ,

Fig. 23. SPEFNATOSOG, Al oPeTTnatlc |
Granules, magnified 400 diameters. however, unless a con- -
siderable quantity of §

pus is also present, they are never found alive, the secretion
proving apparently fatal to them. -'

161. In addition to the spermatozoa, there may generally‘f‘
be recognised in seminal urine a few minute granular corpus- -
cles, of a round or oval form («, Fig. 23), and rather larger =
than the bodies of the animaleules. Traces of albumen als0 )
may generally be detected in urine containing semen (264).

SECTION XVII.
Urine containing Oxalate of Lime (Ca0,C;0,+4+2Aq.)

162. Urine containing much oxalate of lime is usually,,
though by no means always, of a dark amber, and often of as
pale greenish, or citron colour. It is in most cases decidedly 7
acid to test-paper, and is frequently found to contain an unu- -
sually large quantity of epithelial débris. It often containss
an excess of uric acid and urates, and almost invariably also»
an abnormally large quantity of urea. Its specific gravity is s
not often materially different from that of the healthy secre= -
tion, viz., about 1020. 4

163. Oxalate of lime appears to exist very frequently in
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girrine, generally in the form of minute and well-defined octo-

#redral crystals (Fig. 24); but unless carefully looked for, it
taay readily escape detection, owing to the crystals, which
“re very transparent, having almost exactly the same refrac-
sive power as the urine itself, so that it is not always easy to
W istinguish them as they float in the liquid. The erystals
siave also nearly the same specific gravity as urine, in conse-
& uence of which they generally remain suspended in the fluid
jbome considerable time, before they form a sedimentary de-
Hiosit at the bottom of the containing vessel.
. 164. The best way of detecting them is to allow the urine
Wmspected to contain them to stand a few hours, that the oxa-
‘#ate may, in some measure, subside; though frequently it
diremains several days without doing so completely, in which
siase the urine may be passed through a filter, when most of
he crystals will be retained by the paper, and may be warmed
{vith a little distilled water, in the manner described below
8165). The greater part of the liquid is then carefully poured
#ff, and the lower stratum is placed in a watch-glass or small
dgvorcelain dish and gently heated over a lamp. In this way
Lihe liguid will become specifically lighter, and in consequence,
Whe crystals, if present, will gradually subside to the bottom,
especially if a sﬁght rofatory motion be given to the liquid.
@t is now allowed to stand a few minutes, and the clear liquid
#s carefully poured off, or removed by means of a pipette.
H 165. A little distilled water may now be added, when the
dediment will become much more distinetly visible, owing to
she refractive power of the water differing more decidedly from
hat of the crystals. The mixture is again heated, when any
rate of ammonia, which is often also present, will be dissolved ;
md by pouring off the liquid, after standing a few minutes, the
@-rystals will be left at the bottom, and may be removed for the
dourpose of micro-
scopic examination,
or for testing with
pagents.
166. Oxalate of
ime, as found in the
arine, is usually in
“khe form of beauti-
ully defined octo-
edral erystals (Fig.

Figr. 24. Octohedral Crystals of
4), of sizes vary- Oxalate of Lime.
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|
ing from .Lth to gi;th of an inch in diameter. When e
amined with polarised light, these octohedra will be found {
have little or no action upon it, and remain invisible, or near
so, when the field is dark.

167. When allowed to dry upon t

glass, each crystal appears under tH
0 ¢ a microscope, especially 1f the magnifyi
Q ower is not very high, like a black cubby

no aving in the centre a small white squas|

q opening, as shown in Fig. 25. Tm’

o curious appearance is owing to the rams

u g of light, from the greater part of thd

crystal being refracted beyond the fiee

Fig. 9. Octohedra of of vision. On again moistening thee

Oxalate of Lumes  ¢he erystals reappear as before in

seen when dry. v :

true octohedral form.

168. Oxalate of lime is not unfrequently met with in the urin
having the forms shown in Fig. 26, more or less resemblm
dumb-bells, with finely striated surfaces. This form of oxalatd
of-lime sediment, unlike the octohe
variety (166), appears beautifully ce
loured and striated when examined win

polarised light.* If these * dumh-hellg

be kept in any liquid medium for a leng
of time, they gradually pass into oct:
hedra, which is their more natural forms
so that when it is wished to presert|
the dumb-bells, they should be puf 1
in balsam in which they will confinue :
retain their peculiar form. There a
oceasionally to be seen also, mixed with the octohedra and dum
bells, a few minute, flat, disk-shaped particles, having a go
deal the appearance of blood-corpuscles (451), for which thi|
may readily be mistaken; they are, however, usually muel
smaller. ,

169. Oxalate of lime is readily soluble, without efferveseenod
in dilute nitric and hydrochloric acids, from which it is agag
thrown down in the form of a whife precipitate, when the aa.ti

Fig. 26. Dumb-bells
of Oxalate of Lime.

solution is neutralized with ammonia or potash.

* Dr. Golding Bird imagined that the dumb-bellz consisted, not of oralate, L1
of oralurate of lime (CaO,CqHgNoO-). (‘Urinary Deposits,” fourth edititi
p- 219), but the observation that oxalate-of-lime caleuli consist often of aggresn
tions of similar dumb-bells renders such an assumption unnecessary.
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[ : 170. It is insoluble in both cold and hot water: also in
Aicetic and oxalic acids ; and in solution of potash.
£ 171. When gently ignited before the b?mr-pipe, it under-
-?ues little or no blackening, and becomes converted into car-
Wionate of lime (Ca0,C0O,), which, when treated with dilute
01 ‘ydruc]uluric or nitric acid, dissolves with effervescence (399).
.he solution thus obtained by dissolving the carbonate in acid,
rives, when neutralized, a white precipitate with oxalate of
@immonia, but none with ammonia. If the oxalate be kept in-
Sensely heated for some little time before the blow-pipe, the
(rarbonate itself is decomposed, and caustic lime is formed

SECTION XVIII.
Urine containing Cystine (CgHgNO,S;).

5\ 172. Cystine has occasionally, though but rarely, been found
i hoth as a crystalline deposit in urine, and also in the form of
Amall ealeuli; in one of which latter it

Alvas first discovered by Dr. Wollaston. ® E:
@I\ deposit of cystine, when examined g = 2 L)
iinder the microscope, usually appears <=/ ( s
A s amass of minute irregularly formed

Wirystals, having the appearance shown O @. ®
4o Figure 27. To the naked eye, the - =
ddleposit has a good deal the appearance (g% &
A8 f pale fawn-coloured urate of ammonia ™~ 3

’ 'QT:E-], from which it may be readily dis- Fig. 97. Cystine.

.0 inguished by being insoluble, or nearly

0, in warm water, and consequently not disappearing when
Aihe urine containing it is gently warmed (94).

' 175. One of the most characteristic properties of cystine is
#uhe readiness with which it dissolves in ammonia. If a little
4bf the ammoniacal solution, thus formed, be allowed to evapo-
. ate spontaneously on a slip of glass, the cystine is deposited
i n minute hexagonal crystals, having the form and appearance
wshown in Figure 28. It must be remembered that oceasionally
“hloride of sodium crystallizes in octohedral masses (Fig. 29),
\which in some positions may have at fivst sight very much the
“appearance of cystine. The ready solubility of the chloride in
Wwater is, however, sufficient to prevent such a mistake. The
serystals of cystine, too, when examined with polarised light,
“appear beautifully coloured, unless very thick, which is not the

%
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.case with chloride of sodium. The triarigular crystals of tri p
phosphate (44), which in some positions somewhat resembb
¢ -

Fig. 28. Cystine Crys-
tallized from an Am-
moniacal solution.

e

i

> ™ :
oVl

4 & C

SERTRE

Fig. 99. Crystals of

Chloride of Sodium,
resermbling Cystine.

cystine, may be at once distinguished by their ready solubiliit
in dilute acids (49, 174). |

174. Cystine is insoluble in a solution of carbonate of anuw
monia, but soluble in the fixed alkaline carbonates. It is verd
sparingly soluble in water, even when warmed, and insolubld
or nearly so, in aleohol. In acetic acid if is insoluble, but mas
be dissolved in nitric and hydrochlorie acids. |

175. Urine containing cystine has usually a somewhat paldd
colour than the healthy secretion, with occasionally a greeniss
tint. Its specific gravity is most commonly rather low. 11
may generally be distinguished, when fresh, by a peculiar ans
slightly aromatic smell, a good deal resembling that of swees
briar: this gradually gives place to a fetid, disagreeable odoun’
owing to the occurrence of putrefactive decomposition. :_

176. Cystic urine is, in most cases, slightly turbid whee
passed, and becomes considerably more so as it cools, the ey
tine being less soluble in the cold liquid. A small quantity ¢¢
the cystine, however, is still held in solution, and may be prof
cipitated by adding a little acetic acid to the filtered urine.

SECTION XIX.
Urine containing Iodine and other foreign matters.

177. When the compounds of iodine, as the iodide of por
tassium, are taken mternally, it is generally found that nearl?
the whole of the iodine is carried off by the kidneys, and mas
be detected, in some form of combination, in the urine. |
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nay readily be identified by adding to the secretion a drop or.
o wo of yellow nitric acid or very weak chlorine water,” and
en testing with a solution ofs starch; when, if fodire is pre-
*ent, the liquid will assume a more or less intense purple colour
11807, 810). : |
41 178. Many other substances, taken.into the system either
uis food or medicinally, pass into the urine unchanged, and may
urrequently be distinguished by their peciiliar properties. This
i3 especially the case with many of the vegetable colouring
Shatters, as those of indigo,* madder, beetroot, gamboge, log-
Jirood, &e. Some of these may occasionally give rise to the
Jtuspicion of the presence of blood, but their real nature may
*E.F:narally be ascertained by examination under the microscope.
!l 179. Besides these colouring matters, various other sub-
Jitances, both organic and inorganic, are occasionally found in
Ejine. Thus, when any metallic preparation has been taken
taternally, traces of the metal, in some state of combination,
tMhay usually be found. The inorganie, and some of the organic
Licids also, are frequently to be detected ; though, when neutral
.};.'?.alts of the latter have been taken, carbonates of the bases are
“aore usually found. In addition to these, the odorous prin-
iples of many vegetables appear to pass off unchanged in the
irine, where they may often be recognised by their peculiar

CHAPTER V.

Iﬁﬂiﬁ.MIE’.&TIDI‘T OF TURINE SUSPECTED TO CONTAIN
¥l EITHER AN UNNATURAL PROPORTION OF SOME
'#l ONE OR MORE OF THE USUAL INGREDIENTS, OR
4l ELSE SOME ABNORMAL MATTER.

i© 180. It often happens that, owing to some peculiarity of
“wolour and appearance, either of the liquid or sedimentary por-
“iion of morbid urine, or from some other circumstance, such
s its high specific gravity, we are led to form some conjecture
" s to its real nature. When such is the case, one or two well-

B * A deposit of indigo has been found in the urine in cases in which that sub-
1 ance had not been iaken into the system. :
. :! o

T
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selected experiments, such as those about to be deseribed, will |
generally be found sufficient to decide whether or not the sus- «
pected peculiarity really exists. When, however, the observer ¢
1s unable to form a tolerably strong opinion as to the nature of
the urine he is about to examine, he had better proceed to test
it according to the directions given in Chapter VL.

SECTION T.

Eyamination of Urine suspected to contain Urea in abnormald
guantity.

181. When the presence of an excess of urea is suspected, .
either on account of the high specific gravity of the urinee
(301), or from any other cause, a drop or two of the liquid:
should be placed on a slip of glass, and mixed with about ang

equal quantity of pure colourlesss
nitric aeid. %f the urea is pre-2
sent in large excess, there willl
probably be a deposition of mi-i
nute rhomboidal erystals of thee
nitrate in the course of a few
minutes (fig. 30), and if no traces
of crystallization is visible to thes
naked eye, the mixture should bese
examined under the microscope.:
1f no erystals appear in the courses
of half an hour or an hour, a fews
drops of the urine may be slightly ¢
concentrated by evaporation ona#
slip of glass, at a gentle heat;§
and when cool, mixed as before,s
with an equal quantity of nitrie
acid. Crystals of the nitrate wi
now separate if any considerable quantity of urea is containedd
in the urine; and from the rapiﬂity with which the crystalsls
form, together with their abundance, the student will besx
able, after a little practice, to form a tolerably accurates
opinion as to the relative amount of urea present in the urine.s
If a microscope is not at hand, the experiment may be made,?
though less delicately, without it. It must be remembereds
that variations in the atmospheric temperature affect the cry_s-
tallization of this salt very materially ; in cold weather, a speei-i

Fig. 30. Nitrate of Urea.
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~nen of urine will consequently often be found to afford an
goundant crop of crystals, which, in warm weather, would
dmrnish little or none. For this reason it is often advisable
2 cool the mixture artificially, by immersing the glass con-
fuining it, either in cold water or a freezing mixture; which
i tter may be readily made by mixing a little pounded nitrate
i [ ammonia with an equal weight of water. The nitric acid
nay very conveniently be added to the urine in a thin watch-
adass in which it has been previously cooled by floating the
odass upon water. Very brilliant leaflets of the nitrate will
ke deposited if excess of urea be present.

Quantitative Estimation of the Urea,

182. Liebig’s method.—This is founded on the circumstance
“hat urea is capable of combining with nitric acid and per-
iixide of mercury, to form a mnearly insoluble compound
HOH N0, NO,,4HgO), which is immediately precipitated
tthen a solution of urea is mixed with a solution of nitrate of
shercury containing no free acid. But since this reaction
soes not take place with the bichloride of mercury which is
wrmed, by double decomposition, when the nitrate of mercury
4k added to urine containing chloride of sodium, it is necessary
'8 remove the chlorine previously to determining the urea; or
1 larger quantity of the mercury-solution would be employed
“inan was necessary to precipitate the urea. The removal of
ae chlorine is effected by means of nitrate of silver, its quan-
ity having been previously determined by an ingenious appli-
tion of the principle above-stated, that nitrate of mercury
till not precipitate urea, in the presence of common salt,
thutil a sufficient quantity of the mercury-salt has been added
48 convert all the chloride of sodium into nitrate of soda.

' The test solutions required for this purpose are :—

' The solution of nitrate of mercury, No. 1, for determining
‘8ae chlorine ;

Ml The solution of nitrate of silver, for removing the chlorine ;
' The solution of nitrate of mercury, No. 2, for determining
e urea,

W Preparation of the solution of Nitrate of Mercury, No. 1, en-
W oyed for determining the Chlorine.—Pure crystals of protoni-
‘W-ate of mercury are dissolved in moderately strong nitric
i yeid, and the solution heated until a sample is no longer
d8lendered turbid by chloride of sodium ; the solution is eva-
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porated, on a water-bath, to a syrupy consistence, and dilutedd
with about 10 times its bulk of water; it is then set aside fonr
twenty-four hours, and, if necessary, filtered.* In order too
graduate the solution, it is requisiie to rprepﬂre a saturatedd)
solution of common salt : pure chloride of sodium (colourlesss
rock-salt, is powdered, and digested with water (at the ordinaryyh
temperature) for twenty-four hours, with occasional shaking;
so much salt must be employed that a considerable quantityy
may remain undissolved. One hundred and fifty grain-mea--
sures of this solution (= 47-76 grs. of chloride of sodium))i
are poured into a small beaker, and mixed with 45 grs. of aa
solution of urea (containing about 4 per cent. of urea), andd
with 75 grs. of a cold saturated solution of pure sulphate obf
soda ; to this mixture the solution of nitrate of mercury issf
added, from a burette, with constant stirring, until a distinetts
precipitate is permanently formed.i The strength of theel
mercury-solution having been thus ascertained, such a propor=-§
tion of water must be added to it that 100 grain-measures mayyl
correspond to 1 gr. of chloride of sodium. _

Preparation of the solution of nitrate of silver employed form
removing the chlorine.~174-36 grs. of fused nitrate of silverrs
are dissolved in water, and diluted till the solution amountss
to 6000 grain-measures; 100 grain-measures of this solutionn!
are equal to one grain of the chloride.

Preparation of the solution of nitrafe of mereury, No. 2, em=-%
ployed for delermining the wrea.—A solution of nitrate off
mercury is prepared, according to the directions given above,
so as to contain about 25 grs. of nitrate of mercury in 1800
grain-measures. In order to graduate this solution, 20 grssi
of pure urea are dissolved in water, and diluted till thee
volume of the solution amounts to exactly 1000 grs.; 1501
grain-measures of this solution are poured into a beaker, andd
the mercury-solution is added from a burette till a few drops onn

Hnw{]crf:{l red oxide of mercury to moderately strong nitric acid, as long as it ’g
issolved. An ounce of ordinary nitric acid (sp. gr. 1-42) will dissolve 540 grssl
of oxide of mercury, and may then be diluted with 52 ounces of water, .
f+ ?nu hundred grain-measures of this solution contain 31°84 grs. of chlorideld
Ol SOOI, x|
+ If any crystalline precipitate should be formed, it may be redissolved byy
adding a little water. In this process the sulphate of soda is added for two reas
soms ; firstly, becanse the compound of nitrate of mercury and urea is less solu-1-4!
ble in saline solutions (as urine for example) than in pure water; and, secondly; /!
in order that the free nitric acid in the nitrate of mercury may be neutralisedd”
hi,r a portion of the soda from the sulphate, which is thus converted into bisul-i
phate.

* An easier process for the preparation of this solution consistsin adding finelyly 3



2 tilled water woula stand. This is
#¢ employed for measuring the urine
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4 a watch-glass produce a distinet yellow colour with carbonate of
. soda. This should be the case after the addition of 300 grain-
1 measures of the mercury solution, but if the latter be prepared
1 of the above strength, less than that quantity will be re-
“y quired, and so much water must be added to the solution as
@ will bring it to the proper standard; thus, suppose only
‘40 296 grain-measures had been used, then to every 296 grs. of
& the solution, 4 grs. of water must be added ; 100 grs. of this
4l solution correspond to 1 gr. of urea.

#  For the expeditious determination of urea in urine, the
& analyst should be provided with the following measures, accu-
o raﬁeﬂ' graduated, for the solutions employed :*—

1, A pipette (Fig. 31), with a
s mark upon the tube indicating the

b level at which 225 ors. of dis-

=

—

ik after precipitation with baryta. T
¢ 2. A burette (Fig.32), capable

i of containing 100 grs. of distilled

n water, for the mereurial solution,

8 No. 1. This should be graduated

i as accurately as possible.

. 3. A tall narrow glass measare,
i capable of containing 1000 grs. of
v e distilled water.

@ 4. A graduated burette, con-
(i taining 1000 grs., for the mercurial
iall solution, No. 2.

% Having the test solutions ready
i prepared, 1t is necessary, before de-
% termining the urea in urine, to re-

W CRL 0] D) LU LR

'-|'|'- TIb -.'|'|'|I'-'|"| o LU CLLURL L

Pig. 8L Fig, 32,

«4& move the phosphoric acid, whichis A pipette. A Burette.
4 effected by means of a mixture of

“0 2vols. of cold saturated baryta-water, and 1 vol. of a cold satu-
.4k rated solution of nitrate of barytat A glass eylinder, of about

£ 1oz capacity, is filled to overflowing with urine, the excess
1 being made to flow off by covering the cylinder with a glass

e —

* These may be obtained from Negretti & Zambra, 11, Hatton Garden.
¥ The former to neutralise the free acid of the urine, the latter to decompose
the alkaline phosphates. If mueh ammonia be present in the urine, it must be

8 expelled by evaporation, with an excess of baryta, on the water-bath, as it would

interfere with the determination of the urea,
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plate; two such cylinderfuls are poured into a beaker, and
mixed with one eylinderful of the baryta-solution; the pre-
cipitate is filtered off, and the amount of chloride of sodium
contained in 225 grain-measures of the filtrate (= 150 grs. of
urine) is then defermined by slightly acidulating with nitre
acid, and adding the standard solution of mercury, No. 1, till
the appearance of a cloudiness; 450 grs. more of the filtrate
(= 300 grs. of urine), are then measured off, acidulated with
nitric acid, and mixed with a quantity of the standard solu-
tion of silver equal to twice that of the mercury solution em=
ployed in the preceding experiment; the liquid is filtered,
and half the sum of the mixed liquors is taken for the deter=
mination of the urea. This quantity (= 150 grs. of urine),
is poured into a beaker, and the gﬁ'&duated mercurial solution,
No. 2, added from a burette, with frequent stirring, until no
further increase of the precipitate is perceptible; to ascertain
if sufficient of the mercury solution has been added, a few
drops of the turbid liquid are removed with a pipette into a .
watch-glass, and a few drops of carbonate of soda carefully -
added down the edge of the glass ;* if, after some minutes, .
the mixture retain its white colour, a further quantity of the :
mercury solution is to be added, until a fresh sample exhibits |
plainly the yellow colour after the addition of earbonate of |
soda. The number of grains employed is then read off, and !
the amount of urea calculated, 100 grs. of the mercurial solu- «
tion corresponding to one grain of urea.t

183. The absolute quantity of urea present in urine, may
also be roughly ascertained by evaporating 1000 grains of the ¢
urine to dryness on a water-bath, in a counterpoised porcelain
dish, and treating the residue in the manner described in ¢
paragraphs 52 to 56, or by precipitating the concentrated |
urine (500 grs.) with nitric acid (16), and weighing the
nitrate after washing with very cold water, and drying at :
212°

——————

* 1t is a good plan to ylnce a row of drops of carbonate of soda upon a glass &
plate, and to add, from time to time, a drop of the liqguid under examination, ,
until it begins to give a yellow tinge.

+ It has been found that, in analyses of urine, when the amount of urea is in- -
creasing, an error is committed, tending to diminish the apparent amount of £
urea; in order to remove this error, an addition has to be made—for 225 grain- -
measures of urine, and before the test is applied—of 75 grs. of water for every |
15 grs. of solution of mercury which have been nsed over and above 450 grain- -
measures, in a preliminary determination. To obviate an ervor in the o posite ¢
direction, in the more dilute urines, a deduction has to be made of 1- grain- -
measures for every 75 grs. of mercury solution used less than 450 grs.
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L 183a. A very simple method of determining the proportion
tof urea in urine consists in decomposing it by oxidation with
lssolution of chloride of soda (hypochlorite of soda), and
srmeasuring the nitrogen evolved.

Hypochlorite of
soda.

i r 7S i e
] GH,N,0, + 3(NaO,Cl0) = 2C0, + 4HO + 3NaCl + N,.

Urea.

To prepare the solution of hypochlorite of soda, 500 grs.
of good chloride of lime (bleaching powder) are stirred with

boiling water, filtered, and the residue washed onece or twice

with the boiling water. 1000 grs. of crystallized carbonate of
isoda are dissolved in a little water and added to the solution,

which is then filtered, and made up to 20 oz. with water.

Before determininﬁ the urea in urine, the uric acid and some

of the nitrogenised extractive matters must be precipitated
W by tribasic acetate of lead. 300 grain-measures of urine are
i mixed with tribasic acetate of lead till no fresh precipitate is
i obtained ; the solution is boiled and filtered, the precipitate
# being washed once or twice with water;* the filtrate and
i washings are mixed with a solution of 50 grs. of carbonate
tof sodain a little water, boiled, and again filtered, the pre-
¢ cipitate being washed as before. One half of the cold filtrate
« and washings is introduced into a flask (capable of holding
i from five to six ounces) which is then rapidly filled up to the
| brim with the solution of chloride of soda, so that when a
¢ cork is inserted, with a narrow bent tube for collecting the
: gas, the tube may be filled with the liquid, to the exclusion of
¢ air. The flask is then placed in a water-bath, with the tube
¢ dipping beneath the water in a pneumatic trough, so that the
t gas may be collected in a tube graduated to fractions of a
¥ cubic inch (Fig 33). Heat is then applied to the water-bath,
: and when the evolution of gas begins to slacken, the flask
) itself may be heated with a spirit lamp until the volume of
! the gas i the graduated tube exhibits no increase after a
1 minute or two. The flask is then removed, the graduated
! tube sunk, as far as possible, in the trough, and when the
i temperature has fallen to 60° Fahr., the volume of the nitro-

— S

— e ——

* If a very rapid determination be required, the mixture containing the pre-
i cipitate may be measured before filtration, and half that measure taken for de-
¢ termining the urea, so that the washing may be dispensed with.
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gen* is carefully read off, being corrected, by calculation, foos

Fig. 33.

any deviation of the barometric pressure from thirty inchess!
1:549 cubic inches of nitrogen represent 1 gr. of urea.*

If ammonia be present in the urine, ifs nitrogen beingg
evolved, will increase the apparent amount of the urea. Aften
the experiment, the liquid in the flask should be tested withis
a little sulphuric acid, to ascertain (from the evolution obf
chlorine) that an excess of chloride of soda was present.t |

The same principle may be more easily, though less accu-{
rately, applied in the following manner (1. Davy). A measur<
ing tube twelve or fourteen inches long is provided, easily
closed by the thumb, and graduated to tenths and hundredthss
of a cubic inch. This tube is filled rather more than onee
third full of mercury, and a measured quantity (50 or 60 grs.) )
of urine poured into it. The tube is then guickly filled to thee
brim with solution of chloride of soda, closed by the thumb,}
and inverted under a saturated solution of common salt
(which, being heavier than the solufion in the tube, preventss
its escape) contained in a small mortar. The tube is allowedd
to stand for three or four hours, or until the volume of thee
nitrogen ceases to increase, and the amount of urea is thenn:

s — — b

* The carbonic acid having been retained by the large excess of carbonate ofil
soda employed. o als. .
t This method of estimating urea was devised by Leconte.
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(caleulated as above. In this process, the earbonic acid is re-
3 :ained by the excess of ehlnruﬂ: of soda employ E:d

4 184. When it is suspected that the urea is present in
Bamaller quantity than in the healthy secretion, or is even al-
8 ogether absent, 2000 grs. of the urine are fo be evaporated
.0 dryness on"a Wateriath, and the dry residue well stirred
with successive small quantities of aleohol, which will dis-
wsolve any traces of urea that may be preseat. The aleoholic
olution 1s then to be evaporated to dryness on a water-bath,
‘and the residue which it leaves is afterwards treated in the
smanner deseribed in paragraphs 341 and 342, in ovder to
heparate the whole Uip the urea, which inay, if necessary, be
weighed.,

SECTION II.

VBramination of Urine suspected to contain Uric (or Lithic)
Aeid i abnormal quantily.

& 185. When urine is suspected to contain an excess of uric
“Hacid, it may be examined in the following manner. Pour off
| the clear liquid from any solid deposit that may have subsided
sto the bottom, and retain both the solid and liquid portions
for examination.

| 186. A little of the sediment is placed on a slip of glass,
~pand examined under the microscope; when, if uric acid is
‘@present in if, either alone, or mixed with the amorphous or
“Wrounded partmles of urate of ammonia (193), or other matters,
"L it may be distinguished by its peculiar crystalline forms, most
“Wof the modifications of which are shown in the annexed
‘glll‘ﬁ (Flg 3%)

| 187. If the sediment consists of uric acid, it will prove
‘Winsoluble when the liquid is warmed. If urate of ammonia
“Uis also present, however, the latter will readily dissolve on the
Lapplication of heat (192), leaving the crystalline uric acid un-
‘alfected,

' 188, Uric-acid sediment is insoluble in dilute hydrochloric
“hand acetic acids, but dissolves readily in a solution of potash,
Wrowing to the formation of the soluble urate of potash (22).

41 189. When uric acid is moistened with a little tolerably
Astrong nitric acid, and the residue, after evaporation at a
egentle heat, is treated when cold, with a dmL or two of am-
{/monia, or expused to ammoniacal fumes, a beautiful purple
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colour is developed, owingg
to the formation of murex<
ide (23). !
190. The clear urine, se=
parated from the uric acids
sediment (185), being stillll§
saturated with the acid, thee
latter may be gradually pre
cipitated by adding a few
drops of nitric or hydrochlo-
ric acid. The urie acid thussfi
precipitated usually has theell,
crystalline forms shown inn§l
the upper and middle partt
of the figure.
191. When a deficiency
of uric acid is suspected, thedl
best way of ascertainingg
whether or not such is thee
case, is to filter one or twee
thousand grainsof the urines
in order to separate thedl§
mucus and any other solid
matter which it may cona
tain, and which may be ses!
parately examined for uric
acid under the micmscag
(186), or with nitric acid
and ammonia (189). Thed
filtered urine 1s then evapos
7 rated nearly to dryness, on é¢
water-bath, and the residuas
digested with dilute hydroal
chloric acid, containing oneé
part of strong acid to eighti
or ten of water. Any urid
acid that may be presentd
will thus be left undissolvedd!
a,lnd may be examined under!
o s Tewrme of Tnie the microscope, or -othersy
Fig. 4. Crysta}{;:r;;?_ Forms of Uric wise; and., pif necessarys|
weighed, after being firss!
dried at a temperature of 212° on a water-bath.
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SECTION III.

Erxamination of Urine suspected fo econtain an excess of
Urate (or Lithate) of Ammonia.

192. When a sediment is suspected to consist, either
swholly or partially, of urate of ammonia, a little of the urine
‘Btcontaning it is to be warmed over a spirit lamp. If it con-
W6 sists of urate of ammonia unmixed with other matters, it
Biwill readily dissolve as the liquid becomes warm, and, on
‘Btcooling, will be again precipitated. When purpurine is
present (104), the urate will probably not dissolve quite so
readily on the application of heat as when it is unmixed with
colouring matter.

193. Under the microscope, urate of ammonia appears as

jan amorphous powder, frequently interspersed with minute
‘W round particles larger than the rest, some of which are oc-
casionally found adhering closely together. (See Fig. 11,
paragrap:{l 91.) More rarely, it is found in the form of large
‘masses, containing spicule (Fig. 12, paragragh 92).
8 194. It must be remembered that phosphate-of-lime sedi-
ment usually has a very similar appearance under the micro-
s scope (108), and may consequently be mistaken for urate of
“# ammonia, if the microscopic appearance alone be relied upon.
All that is necessary, in order to
distinguish between them, is to add
a drop of dilute hydrochlorie acid
£ to a little of the d?ﬂpﬂsit on a slip
4t of glass. If it consists of phos.
t phate of lime, it will instantly dis-
“f solve on the addition of the acid
M (49,322); while, if urate of am-
9t monia, it will be acted on much
“r more slowly, and in a short time
‘it minute erystals of uricacid (Fig. 35)
& will gradually appear, having been "
1 displaced from tEe urate by the action of the hydrochlorie
48 acid (199).

NH,0,HO,C, II,N,0,+HCl = NH,Cl4+2HO0,C\o1,N,0;.

195. When uric acid coexists in a sediment with urate of
ammonia, which is of very common occurrence, it may be dis-

4 tingnished under the microscope, by itg erystalline forms (_135_)~
1 The uric acid would also be left undissolved when the liquid

Fig. 35. Uric Acid,
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is warmed, and may then, if necessary, be separated by filtra- -8
tion, and further examined. f

196. Urate of ammonia deposits are not unfrequentlyy)
found mixed with the earthy phosphates, especially when theel§
urine has at all an alkaline reaction. These will be left undis-i-|§
solved when the liquid is warmed, and may be examined under:§
the microscope, and tested with dilute hydrochloric acid (317, %
399). |
197. When albumen is present in urine containing a sedi--#
ment which is supposed to consist of urate of ammonia, it may,,}
by coagulating wﬁen heated, disguise the solubility of thee
urate, and thus lead to an erroneous opinion as to the natureel
of the deposit. If, however, the heat be applied very gradu--|
ally, the urate of ammonia will be found to dissolve somee
time before any of the albumen coagulates; so that, with care,.}
this source of error may be avoided. Or if the urine hass
been inadvertently allowed to boil, and a precipitation of albu--
men has taken place, the liquid may be filtered, while hot, andd)
the clear filtered solution will, on cooling, again deposit thee!
urate of ammonia; which may then, if necessary, be furtherr|
examined (94, 192).

198. If pus or mucus be contained in the sediment, togetherr|
with urate of ammonia, the urine will not become perfectlyy!
clear on the application of heat; nor will those substances dis- -}
solve on the addition of dilufe hydrochloric acid. They may, !
however, be distinguished with the aid of the microscope (328, .|
329). |

199. When it is required to estimate the quantity of urates|
of ammonia in a urinary sediment, a portion of the latter,,}
derived from a known quantity of the secretion, is to be boiled 1}
with water, and filtered while hot: when the soluble uratea
will be separated from any uric acid, earthy phosphates, &e.,,!
that may be also present with it. The solution is then con--|
centrated by evaporation at a gentle heat, and allowed to»
cool; when the urate of ammonia will again separate in the:
solid form, and after drying on a water-bath, may be weighed. .|

SECTION 1V.

Framination of Urine suspected to contain Urate (or Lithate)
of Soda.

200. When gently warmed, the deposit dissolves, like urate?
of ammonia, and reprecipitates on cooling.
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& 201. Under the microscope, it usually appears in the form
2 bf small circular, and sometimes semi-crystalline grains,
_acovered occasionally with irregularly formed spicul, or granu-
‘jiar protuberances, as shown in Fig. 13, paragraph 96.

8 202. When ignited before the blow-pipe on platinum foil,
it leaves an abundant white fusible residue of carbonate of
isoda, which is readily soluble in water, forming a solution
Wiwhich is strongly alkaline to test-paper.

18 203. If the ignited residue be treated, on a slip of glass,
fwith a drop of dilute hydrochloric acid,

it dissolves with effervescence, form-
g chloride of sodium ; which, if the
“Wdquid be expelled by gentle evapora-
“filon, is gradually deposited in minute
“Weubical crystals, on the glass, and
nay be easily recognised with a lens
or a microscope (Fig. 36).

204. When a little of the deposit,
‘forevious to ignition, is {ﬂaced In & Fig. 36. Chloride of

' flrop of nitric acid on a slip of glass, PaCIEL

“Jhnd the residue, after evaporation, treated with a little ammonia,
n the manner deseribed in paragraph 23, a purple colour is de-
eloped, similar to that caused un(Yﬂr the same circumstances,
with uric acid and urate of ammonia.

205. Urate of soda may be distinguished from urate of
“§ammonia, which in chemical properties it much resembles, by
‘Bits microscopic appearance (91, 96); by not being entirely
issipated by ignition (202, 375); by giving no ammoniacal
“Pumes when warmed with a solution of potash (377); and by
“Bthe ignited residue yielding, with hydrochloric acid, cubical
“Brorystals of chloride of sodium (203).

SECTION Y.

“§ Evamination of Urine suspected to contain an excess of Hippuric
Acid.

206, When urine is suspected to contain an excess of
hippuric acid, an ounce or so of the liquid is evaporated on a
MWiwater-bath to the consistence of a syrup ; which is then mixed
“Wiwith about half its bulk of strong hydrochloric acid.

| The mixture is set aside, and examined after the lapse of a
«few hours. If any considerable excess of hippuric acid Js




78 EXAMINATION OF

resent, it will gradually crystallize at the bottom of the dish,
in fine tufts of needle-like crystals, often coloured pink by the

admixture of purpurine, and having the form shown at g«
Fig. 37.

Fig. 37. Hippuric Acid,

207. If the acid is present in smaller quantity, there may-
be merely a few detached microscopic needle-like or branched |
crystals, deposited here and there upon the glass, as shown at
& 1n the figure.

208. Hippurie acid is readily soluble in alecohol; the alco--
holic solution leaving, after evaporation, a crystalline residue,,
which has usually the appearance shown at ¢, Fig. 37.

209. It is nearly insoluble in cold water, but readily solu-- |
ble in hot. On cooling, the aqueous solution deposits the:li-
acid in well-defined prismatic crystals, which are either de--|§.
tached, as in & (Fig. 37), or in tufts, as shown at @. These:
crystals form very beautiful objects under the microscope;:|§"
and when examined with polarized light, develope colours off
great variety and brilliancy.

SECTION VI
Examination of Urine suspected to contain an excess of Mucus.

210. Mucous urine always deposits a viscid, tenacious mass,,
having an alkaline reaction (100), and consisting chiefly of
mucus, often mixed with the earthy phosphates, oxalate of
lime, and other matters. If the urine be shaken, the deposit
does not again mix uniformly with the liquid, but remains co-
hering in ropy masses, which are very characteristic.

211. When, owing to the admixture of a large quantity of

earthy phosphates, the deposit has no longer the property of



MORBID URINE. 79

heohering together, the microscope must be resorted to, in order
‘to determine whether or not mueh mucus is present; the
Alappearance and abundance of the peculiar granular corpuscles
(315, 328) furnishing a rough index of the quantity present.
212. It is possible that pus may also be present, in which
case, unless in very small quantity, it may generally be
detected in the manner described further on (247, 258),
here will be found the means of distinguishing between pus
d mucus.
213. If it is wished to determine the amount of mucus
contained in a deposit, in which it is mixed with earthy phos-
hates, urates, &e., the sediment must be filiered, and washed
ith a little boiling water, in order to dissolve out the urates;
t may then be treated with a liftle very dilute hydrochloric
acid, which will dissolve out the earthy phosphates, when the
residue of mucus may, after careful washing and drying on a
ater-bath or in a hot-water oven, be weighed.

SECTION VII.

Eramination of Urine suspected to contain an abrormal
proportion of Extractive Matter.

214. Tt is often of some importance to be able to identify
the presence of an excess of the peculiar yellow colouring

tter, of which the bulk of the extractive matter of urine
rtflappears to consist; and also that of purpurine, which is pro-
f bElElj a morbid modification of the yellow substance.

Yellow Colouring Maller.

215. An excess of the yellow colouring matter may be
recognised by boiling a little of the suspected urine, and then
adding to it a few drops of hydrochloric acid. A more or less

intense red colour is in this way produced; the intensity of
“¥the colour indicating the comparative amount of the yellow
colouring matter present. In healthy urine, a faint lilac or
pinkish tint only 1s caused by the hydrochlorie acid ; while, if
* dithe colouring matter is in large excess, an exceedingly intense
" Jerimson is produced.

LPurpurine.

216. The presence of purpurine, or the red colouring
matter so often met with in cases even of very shight derange-
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ment of the system, is easily ascertained. Owing to its solu- .
bility in water or urine, it is never met with as a deposit |
per se.

217. Purpurine, however, has a remarkable tendency to |
unite with urate of ammonia (104), and whenever a deposit
of that substance is formed in urine containing purpurine, .
the latter is invariably precipitated with it, giving the sedi- -
ment, which would ﬂtﬂerwise be white, or nearly so, a more :
or less decided pink or red colour. When purpurine is pre= -
sent in a deposit of urate of ammonia, the latter is not so i
easily soluble in hot water, so that the red deposit does not :
disappear so readily on the application of heat, as when no .
purpurine 1s present (94).

218. If a deposit of urates, coloured with purpurine, be :
digested in warm dilute aleohol, the purpurine will dissolve,
leaving the deposit nearly colourless, and forming a solution of ¢
a yellowish-pink colour,

219. Urine containing purpurine, when no excess of urates
is present, has a more or less decided pink or red colour, which |
may appear at first sight very similar to blood.

220. Purpurine may be distinguished from blood, when pre- -
sent in a sediment, by microscopic examination, when the true:
nature of the uric deposit will be at once apparent (318, 323), .
together with the absence of blood-dises (330). When treated
with warm alcohol also, the colouring matter will be dissolved 1
out (218).

221. Purpurine, when contained in solution in urine, may
be precipitated by adding a little warm aqueous solution of{
urate of ammonia, which will, on cooling, separate from the:
liquid, carrying with it nearly the whole of the colouring;
matter, forming a pink deposit, and leaving the urine nearlyy
colourless (217).

SECTION VIII.

Examination of Urine suspected to contain an abnormal
proportion of Fived Alkaline Salts.

222. When an excess or deficiency of any of the fixed alka--
line salts is suspected to be present, a known weight of thee
urine may be taken, from which the proportion of the sub-+
stance in question is estimated in the manner deseribed in
Chapter II, paragraphs 66 to 84. |
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SECTION IX.

Evamination of Urine suspected to contain an abnormal
proportivn of Barthy Phosphates.

223. If the suspected urine is neutral or alkaline to test-
aper, a sediment of earthy phosphates may be precipitated
even in cases where they do not exist in larger proportion than
in the healthy secretion; so that the mere occurrence of a
fismall phosphatic deposit is not necessarily a proof of their
excess (107).

224. On warming the urine, the sediment, if phosphatic,
emains undissolved (94, 229).%

225. The earthy phosphates are readily soluble in most of
e dilute acids, especially hydrochlorie, nitrie, and acetic.
226. If the acid solution thus formed be neutralized or su-
#Mpersaturated with ammonia, the earthy phosphates are immedi-

ately reprecipitated (494).
227. They are quite insoluble in potash, ammonia, and the
aline carbonates (49¢).
227@¢. When collected on a filter, washed with water, and
A0moistened with nitrate of silver, the earthy phosphates assume
"Wla bright yellow colour.
8 228, A deposit of earthy phosphates may generally be imme-
diately recognised under the
microscope. The crystalline
forms of the triple magnesian
hosphate have been already
noticed (44), and these are
often mixed with the amor-
]33hnus phosphate of lime (fig.

8). If a drop of dilute hy-
drochloric or acetic acid be
added, while the sediment is
in the field of the mieroscope,
the crystals will be seen ra-
I}id];,‘f to dissolve, leaving the
iquid clear, unless uric acid
or some other matter insoluble in the acid be also present in
the deposit.

Fig. 38. Mixed Phosphates.

* If the urine contains albumen, the deposit must be filtered off and washed
before being tested. 8
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229. When urine, containing in solution an excess of earth
phosphates, is boiled, a portion of them is usually precipitatedy,
giving the liquid a turbid appearance, resembling the coagula-
tion of a small trace of albumen under similar circumstances
(49, 139). It may readily be distinguished from albumen, b
adding a drop or two of dilute nitric or hydrochloric acid, whie
will immediately redissolve the precipitate, if it consists of
phosphates, but if albuminous, will not affect it. When the
precipitate is found to dissolve on the adaition of the first drops
of aecid, it is advisable, before concluding that albumen is not
rrese'.nt, to acidify the mixture more strongly, since the coagu- -
um of albumen, when very small in quantity, occasionally dis=
solves on the first application of acid, but is wholly reprecipi- -
tated on the addition of a few drops more of the acid (140— -
143).

230. If the absence or a deficiency of the earthy phosphates
is suspected, the urine may be treated with a slight excess of |
ammonia, when, if no precipitate occurs, it may be inferred tha ; |
they are either altogether absent or else present in very small |
quantity.

231. In order to ascertain, in such a case, whether or not
any traces of them are present, a pint or two of the urine may *
be evaporated to dryness, and the residue, after incineration, ,§
digested with dilute hydrochloric acid, which will dissolve out : i§
the earthy salts, if any arc present. The acid solution thus ob- -}
tained is then filtered, and supersaturated with ammonia, when, ,§
if any earthy pllusl;hai.es are present, they will be thrown down i}
in the form of a white precipitate (494).

L |

Quantitative determination of the Barthy Phosphates.

232. When it is required to estimate the proportion off
earthy phosphates in a Elepnsit containing uric acid and other |
matters, a portion of the sediment, derived from a known il
quantity of urine, is first washed with a dilute solution off
ammonia, and then digested with dilute hydrochloric acid,.!
until the latter ceases to dissolve anything further. The acid il
solution of the earthy salts, thus obtained, is separated fmml
the insoluble matter by filtration, and then suFersatumted with 1
ammonia, which will throw down the whole of the earthyy!
phosphates. The mixture, after standing a slmyt time, to allowr!
the magnesian phosphate wholly to separate, is to be filtered; :!
and the precipitate, after drying at a gentle heat, is to bes
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wlveighed, when its weight will represent the amount of deposited
1 arl;h},rdphﬂsphates in the quantity of urine from which it was
dilerived.

SECTION X.
Bramination of Urine suspected to contuin Sugar.

@ 233. When urine is suspected to contain sugar, it may be
sxamined by paragraphs 122 to 130. 1f any white scum or

sediment 1s present, 1t should also be examined for the torula

resicles, under the microscope (132).

W 254. The method of estimating the quantity of sugar con-

hained in diabetic urine will be fully described in Chapter VII.

SECTION XI.

Eramination of Urine suspected lo contarn Albumen.

- 235. A little of the suspected urine is to be gently boiled in
@ test-tube. If any albumen is present, it will be coagulated,
Wiforming a more or less copious white deposit in the liquid.
‘he precautions necessary for the success of this experiment
Waave been alveady noticed in paragraphs 139 to 143.
236. To another portion of the urine add a few drops of
Minitric acid, observing the precautions mentioned in paragraph
@143, If a precipitate or milkiness be produced by the acid,
and also by boiling (235), the presence of albumen in the urine
may be considered certain (141).
37. The proportion of albumen in urine may be estimated
with tolerable aceuracy by boiling a known quantity of the se-
$eretion, and separating the coagulum by filtration ; the insoluble
Mmatter is then washed with a little dilute nitric or hydrochlorie
acld, in order to dissolve out any earthy phosphates that may
have been precipitated (140), dried on a chloride of calcium
bath, at a temperature of 240° or 250°, and weighed.
& 238, If the quantity of albumen is so small as not to form
a tolerably decided coagulum when boiled, but only to render
ithe liquid opalescent, it will be hardly necessary to proceed
pith the quantitative determination.
£ 239. The method of making a complete quantitative analysis
laf albuminous urine will be fully described in Chapter VIIL.
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SECTION XII.

Bramination of Urine suspected to contain Blood.

240. When, from its peculiar red or brown colour, or fromm
other circumstances, the presence of blood is suspected inum
urine, it may first be examined under the microscope for anyy
blood-corpuscles that may be contained in it (146). If naoe
coagula have separated (145), the liquid should be allowed tae
repose for a short fime, in order to let the corpuscles subside tag
the bottom; and a drop then taken from the bottom of thee
vessel will generally be found to contain an abundance ob
the corpuscles, more or less modified in form and appearanced

456). |
( 241. When so much blood is present as to give the urine ad
decidedly red colour, it will probably be unnecessary to waifid
for the subsidence of the corpuscles; and a drop of the liquidd
taken indiseriminately will usually be found to contain suffid
cient for microscopic examination.

2492, If the blood has coagulated, either in the bladder ont
subsequent to emission, it is most probable that the greater
portion of the blood-corpuscles will have been entangled in
the coagula, and may be forced out by gentle pressure unders
a strip of thin glass, so as to be made visible with the help obl
the microscope. |

243. The urine should also be tested for albumen by leatd
and nitric acid, in the manner already described (139—143).
The coagulated albumen will probably, in this ‘case, be mored
or less highly coloured, owing to the presence of the colouringg
matter of the blood (147, 455). If the urine already con-4
tains coagula, or other solid matter, it should be separated:
from them by filtration, before being tested for albumen; asd
11;l1eir presence would tend to mask the appearance of coagua
ation. |
244. If the urine contains much blood, it may probablyd
become spontaneously gelatinous, owing to the coagulation oi
the dissolved fibrine (145, 448). This coagulum should be¢
examined under the microscope, since a somewhat similani
gelatinous character might be occasioned by the presence o
a considerable quantity of muecus (101); or, if the urine bet
alkaline, of pus (251, 680). The coagulum of fibrine, when:
pressed between glasses, is usually found to be composed ob
minute amorphous particles, with a few red blood-corpuscles 3
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; uii%e %iéﬁ;z)rent in character from the granular mueus-corpuscles

945, Urine containing bile or purpurine (148, 104), has
gsometimes nearly the same colour and appearance as when
wblood is present, and may, without care, be inadvertently mis-
‘@kaken for it. If no trace of blood-corpuscles can be detected
sbinnder the micmscﬂ?e, we should, before deciding that blood

s present, prove that the colour of the secretion is not due
4o purpurine or biliary matter, by applying the tests deseribed
‘Bvor the detection of those substances, in paragraphs 219—221,
146, &e.

SECTION XIII.
Eramination of Urine suspected to contain Biliary Matter.

246. When urine is suspected to contain biliary matter, it
nay be examined by Pettenkofer’s and Heller’s tests, described
1 paragraphs 149 and 151.  If these fail to afford indications
fbf 1t in the urine, the latter should be concentrated by eva-
(#boration on a water-bath, and the strong aqueous or alcoholic
«isolution of the evaporated residue again tested (150).

SECTION XIV.
Evamination of Urine suspected to contain Pus.

247. When pus is confained in urine, unmixed with any
onsiderable quantity of mucus, it may readily be distinguished
under the microscope by its containing the peculiar nucleated
#@pus-granules (153, 678). These particles, when the urine is
@allowed to stand a short time, gradually subside to the bottom
aof the liquid ; and when shaken, again mix readily with the
Burine, in which respect a deposil of pus differs essentially
ifrom one of mucus; the latter forming, on agitation, tenacious
o ggj masses, which do not again mix uniformly with the liquid
(99).
& 248. As purulent deposits frequently appear to the naked

‘eye very similar to those of the earthy phosphates (106), and
Alas it is often difficult to distingnish between pus aund mucus
A when they coexist in a specimen of urine, T will mention the
#imore characteristic tests by which purulent deposits may be
J#&imost readily identified.
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249, 1t must be remembered that the form and general
appearance of the pus- and mucus-corpuscles vary considerably
under different pathological conditions of the patient; so thati
it is not unfrequently impossible to distinguish between them.a
The granules of pus appear, indeed, to be identical with thosee
of muens ; the difference between the two substances beingg
in the composition of the fluid in which the particles floaf
(661, 676).

250. Under the wmicroscope, with a power of about 4000
diameters, the pus-granuless
have the appearance repre=
sented at «, figure 39; andd§:
on the addition of a littledl§
dilute acetic acid, they he={§"
come much more transpa
rent, and in each corpuscleldf:
one or more internal nuelep#:
are rendered visible, havingali:
the appearance shown at & in the figure. The granules of puss
will be found to float about freely in the liquid (678, 156). ‘

251. When the urine is alkaline, the character of the puss§:
contained in it is different ; being then thick and gelatinouss
closely resembling mucus (680).

252. The granules of mucus present almost precisely thed§:
same appearance under the microscope as those of pus, but ared§
usually, perhaps, rather smaller, and less distinetly granulani§
on the surface. The addition of dilute acetic acid renders<fi
visible the interior nuclei, as in the case of pus (250). The aciddi§#
however, coagulates the fluid portion of the mucus, owinggl
probably, to the precipitation of the mucin, before held in solua
tion by a small quantity of alkali (663). In the case of urined
containing only a small quantity of muecus, 1t is uncertaini
whether this phenomenon of coagulation will be seen, opri
account of the dilution of the mucous fluid, and also becaused
the coagulation may have been already occasioned by the preel
sence of the large quantity of water (663). When, howevers
the quantity of mucus 1s tolerably abundant, the coagulation
by acetic acid furnishes a very characteristic reaction. '

253. The earthy phosphates, which to the naked eye somee
times closely resemble pus, may be at once distinguished under|
the microscope by their erystalline form (43), and also by beings
readily soluble on the addition of dilute acetic acid (228).

254, The liguor puris, in which the pus-granules floatsd

T WD B e e
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Fig. 39. Pus-Granules.
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Wk always contains albumen in solution (676). This may be
8 readily detected by the tests of heat and nitric acid, already
a4 described (139); unless, indeed, the quantity of urine is so
4l large, compared with that of the pus contained in it, as to
i have rendered it too dilute.
255. The fluid portion of mucus, on the contrary, contains
@ no albumen, or merely a minute trace (663), and consequently
i when diluted with urine undergoes no coagulation when heated,
"% or tested with nitric acid. It is, however, very possible that
i urine confaining an excess of mucus, and no pus, may also
th contain albumen ; so that the mere presence of albumen in
the secretion is not necessarily a proof of the presence of pus
101).
( 256. A certain quantity of fatty malter, readily soluble in
1} ether, is always present in pus (676, 678), but seldom, and in
- much smaller proportion, in mueus (663). If, therefore, the
 deposil, or the residue after evaporation, be boiled with a little
- ether, and the ethereal solution thus obtained is found to yield,
- on evaporation, small globules of yellowish fat, it is probable
“ that pus is present.

257. A deposit of pus, when treated with a solution of
ammonia or potash, becomes converted into a thick gelatinous
mass, often sufficiently tenacious to allow the tube contain-
ing it to be inverted without any of the mixture flowing out.
This reaction is very characteristie.

258. Urine containing pus is most commonly either neutral
or sligntly acid, and becomes alkaline very slowly. Mucous
urine, on the contrary, even if acid, when 1t is passed, quickly
becomes ammoniacal, and alkaline to test-paper (100). Tuber-
| eular matter deposited in the urine might at first be mistaken
for pus; a minute examination, however, will show débris of
| cells, and sometimes crystals of cholesterin.

SECTION XV.

Bramination of Urine suspected to contain Fat or Chylous
Matter.

259. Urine suspected to contain fat, may be examined with
| a tolerably high power under the microscope, when it 1s occa-
sionally found to contain minute oil-globules (158, 325).
This, however, is not always the case; so that the best way
of proving the presence of fatty matter, is to agitate a little
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of the suspected urine with about half its bulk of ether; which |
will separate the fat from the watery fluid, forming, usually,
a yellowish solution, which gradually rises to the surface. §
The ethereal solution thus obtained may then be cautiously |
evaporated on a water-bath, when the fat or oily matter willy,

if present, be left behind ; and may, if necessary, be tested ag |
to its oily nature, by shaking up with hot water ; when, if oil |
or fat, it will break up into minute globules, immiscible with |
the water (158).

260, Chylous urine is usually so peculiar in appearance
that it can hardly be mistaken for any other morbid condition
of the secretion. Under the microscope, it appears to be
chiefly composed of amorphous albuminous matter in a minute
state of division, mixed occasionally with globules resembling
those found in the lymph and chyle. On agitation with ether,
it will yield abundant traces of fatty matter, and distinet oily
globules may occasionally be distinguished.

261. This form of urine always contains albumen in solu-
tion. A portion of this, or more probably a little soluble
fibrin (145), not unfrequently coagulates spontaneously after
emission, giving the urine a gelatinous or semi-solid consist-
ence. The presence of albumen may be shown by applying to
the urine, rendered clear by filtration, the tests of heat and
nitric acid (235). |

262. If it is required to ascertain the guantity of fatty
matter in any specimen of urine, a known weight of the seere-
tion may be agitated with successive small quantities of ether;
and the ethereal solution thus obtained will leave, after evapo-
ration, the fatty matter which it had dissolved. This is to be
dried on a water-bath until it ceases to lose weight.

SECTION XVI.

Eramination of Urine suspected to contuin Semen.

263. Microscopic examination is the only trustworthy
means of determining whether or not any traces of semen are
contained in urine. The urine should be well shaken, and
then left to stand a short time, in order to allow the flocculi
of muecus and spermatozoa to subside. The greater part of
the fluid is then poured off, and a drop contaming the sedi-
ment, taken from the bottom, and examined under the miecro-
scope, with a magnifying power of at least four or five hun-
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Hidred diameters. If semen is present, the spermatozoa always
Heontained in that secretion will then be visible (160), toge-
her, probably, with the peculiar seminal granules also found
m the spermatic fluid (161).

& 264. Traces of albumen, also, may generally be detected in
mseminal urine, by the application of heat and nitric acid (235).

SECTION XVII.
Ezanination of Urine suspected to contain Owvalate of Lime.

& 265. When the presence of oxalate of lime is suspected,
“dlthe urine should be allowed to stand some little time, in order
‘dthat the sediment may partially subside. A little of the liquid
taken from the bottom of the vessel is then treated in the

anner described in paragraph 164, and examined under the
icroscope ; when, if present, the oxalate will be seen in the
| 1]:-1rm of octohedral crystals (166, 168), or of the dumb-bell
(@shape.
‘2%5_ Oxalate of lime is insoluble in acetic acid, but dis-
Wsolves without effervescence in dilute hydrochloric acid, and
#Hs again precipitated unchanged, when the acid solution is
putralized or supersaturated with ammonia or potash.
267. If the oxalate of lime deposit be gently ignited, and
ithe residue after ignition treated with dilute hydrochlorie
acid, it will be found to dissolve with effervescence, having

been converted, during ignition, into the carbonate of lime
81(399).

268. When it is required to estimate the amount of oxalate
Blof lime sediment, it may, if unmixed with other deposits, be

separated by filtration %';'nm a known quantity of urine, and
weighed. When mixed with earthy phosphates or urates,
ithe deposit, after filtration, may be washed with a little dilute
acetic acid to dissolve out the phosphates (494); the mixture
is then filtered, and the insoluble portion digested in dilute
| hydrochloric acid, which will dissolve the oxalate of lime,
#tleaving undissolved any uric acid that may be present. The
Blacid solution is then filtered, if necessary, and supersaturated
Mwith ammonia; by which the oxalate will be again precipitated.
| It may then be collected on a weighed filter, dried on a water-
& bath, and weighed.
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SECTION XVIII.

Eramination of Urine suspected to contain Cystine*

269. The presence of cystine may generally be identified byy
means of the microscope (172), especially after the deposit tl
has been dissolved in ammonia, and allowed to ecrystallize,s
either spontaneously or with the aid of a very gentle heat,;
from the ammoniacal solution (270).

270. Treat a portion of the suspected derusit with a littlee}
solution of ammonia; if it is eystine, it will be found readilyy
to dissolve. Place a drop of the ammoniacal liquid on a stripp
of glass, and allow it to evaporate spontaneously. The pecu-i
liar hexagonal tabular crystals of eystine thus obtained, aree
very characteristic (173).

271. Neutralize the rest of the ammoniacal solution formeds
in 270, with acetic acid ; the cystine, if present, will be preei-:)
pitated (174).

272. Cystine may be distinguished from urate of ammonia,
which it often closely resembles in external appearance, by
being insoluble, or nearly so, when the urine containing it iss
warmed ; while urate of ammonia readily dissolves (172, 94).

273. It may be distinguished from the earthy phosphatess!
by its insolubility in acetic acid (174); by its appearancees
under the microscope (317, 520); and also %y its ready solu-i
bility in ammonia (173). From chloride of sodium, cysiines
may be distinguished by its sparing solubility in water (173). . §

274. If cystine be boiled with a little caustic potash, andd
the solution tested with acetate of lead, a black precipitate ofaf
sulphide of lead will be produced ; in consequence of the largee
amount of sulphur contained in the eystine (CgH;NO,S:).F

SECTION XIX.

Examination of Urine suspected to contain other Foreign
Matters not included in the foregoing sections.

975. When the presence of any other kind of foreignun

* In cases where cystine has been excreted, it has generally been found to be
most abundant in the morning urine. |

+ According to Stiadeler, tyrosine (CjgHjyNOg) has been found in the form ofod
a sediment in urine, in extreme derangement of the liver. It dissolves in boilingsd
water, and is deposited in fibrous crystals on eooling, Its solution gives a
flocculent precipitate with pernitrate of mercury.
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i matter is suspected in the urine (180), such as metallic salts,
) lodine, inorganic or organic acids, &c., a few tests, such as
¥ hydrosulphuric acid, hydrosulphate of ammonia, &e., will
% generally lead to their detection without much difficulty.
8 (See Parts IV and V; also my ‘Introduction to Practical
il Chemistry,” Parts I[ and 1I1.) If the suspected substance is
¥ organic, either the urine itself or the evaporated residue may
4 be tested ; but when a non-volatile inorganic substance is to
3 be looked for, it is generally advisable to incinerate the eva-
'porated residue, and test the ash for the substance in
| gquestion.

CHAPTER VI.

EXAMINATION OF MORBID URINE, THE NATURE
OF WHICH IS ALTOGETHER UNKNOWN.

276. When a specimen of urine is suspected to differ in
some respect from the healthy secretion, it will generally be
found easy, by means of a very few simple experiments, such
as those which I am about to deseribe, not only to ascertain
whether or not such is the case, but also to discover the
nature of the particular morbid condition in question; whether
it be that one or more of the normal constituents of healthy
urine is present in an abnormal proportion, or whether it be
due to the presence of some substance which is never found
in the healthy secretion. In such an examination, the micro-
scope will be found to afford most valuable and ready assist-
ance, the simple microscopic inspection of a deposit often ren-
dering its true nature at once apparent. Wlhenever, there-
fore, the student has access to one, he will do well to avail
himself of it as much as possible ; and he will soon find that,
with a little experience, he will be able readily to discriminate
between the more common forms of urinary deposits.

For the method of distinguishing the several forms of
deposit under the microscope, see paragraphs 315 to 332.
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SECTION I
Evamination of Urine containing some Solid Deposit,

277. The urine may be first tested with blue litmus paper,
which should be allowed to remain for some time in the urine;
if acid, the colour will change to red, or reddish purple.
Should the blue colour remain unchanged, test it with yellow
turmeric or reddened litmus paper; if the urine is alkaline—
owing, probably, to the conversion of urea into carbonate of
ammonia (11)—the turmeric will become brown, and the
reddened litmus blue; while, if the eolour in both cases re-
main unaltered, the urine may be considered neutral.

278. The specific gravity of the urine may then be taken.

279. This is most readily done by means of the urinometer,

which is a litt{e instrument constructed
on the principle of the hydrometer, the
usual form of which is shown in the an-
nexed figure. The tube, when used, is
simply immersed in the urine at the tem-
perature of 60° Fahr.; and when it has
come to rest, the number on the graduated
scale, which stands at the level of the
liquid, when added to 1000, will represent
the specific gravity of the fluid. For ex-
ample, if the level of the liquid stands at
5 on the scale, the specific gravity of the
urine will be 1005 ; if at 30, it will be
1030, and so on (301).

280. If a urinometer is not at hand,
the specific gravity of the urine may be
taken by means of a bottle, or even with
a small ]iiccﬂ of glass.*

281. The deposit may now be for the
most part separated from the urine, by al-
lowing it to subside for a short time in a tall glass, and then
pouring off the clear liquid, or drawing it off with a syphon
or pipette. The portion of urine containing the sediment in
suspension may be first examined. For the mode of exa-
111i11ii1g the clear liquid separated from it, see paragraphs 300
to 314.

* See * Introduction to Practical Chemistry,’ fourth uﬁ—itiq:m, p. 56.
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Eramination of the Solid Deposit.

282. If, owing to some characteristic peculiarity in the ap-
it pearance of the deposit, or of the urine containing it, or from
M other circumstances, the observer has reason to suspect the
Jenature of the sediment, he may at once proceed to apply the
I8t tests for the suspected substance, according to the directions
megiven in Chapter V. At first, however, and until he has had
Wesome little experience on the subject, he will do well to adopt
mksome such method of examination as the following.

& 283. In the great majority of cases, the deposits contained
#1in urine will be found to consist of one or other of the follow-

'.i::g substances—viz., earthy phosphates, uric acid, urate of

Bksoda or ammonia, or oxalate of lime; sometimes alone, some-
‘it times two or more mixed with each other, or with mucus or
fiother matters. The first experiments, therefore, should be
Wi directed to the detection of these four substances.
#| 284. Put a little of the urine containing the deposit into a
@ test tube, and warm it gently over alamp. IF 1T READILY
8F DISSOLVES, it is probably URATE oF sopa OR AMMONIA (192,
W 200); in which case one or two of the more characteristic
tests for those substances may be applied, and the deposit
‘may be examined under the microscope, in order to confirm
it or correct the first result. If purpurine is present with the
@l urate, which may be known by its pink or reddish colour, the
deposit will probably not dissolve so immediately on warming,
1as when the colouring matter is absent (192). If the deposit
does not dissolve when gently warmed, nor yet when heated
nearly to boiling, it must be further tested as follows.

285. Ir THE DEPOSIT DOES NOT DISSOLVE WHEN WARMED,
add to a few drops of the sedimentary urine in a test tube, a
ittle acetic acid.

286, If the DEPOSIT DISSOLVES IN ACETIC ACID, it probably
consists of EARTHY PHOSPHATES; the nature of which,
Wb whether consisting of phosphate of lime, or triple phosphate,
#f or a mixture of hoth, may be distinguished by submitting a
Bilittle of the deposit to microscopic examination (228, 317,
322)., (Confirm 47, 225—227).

287. IF THE DEPOSIT PROVES INSOLUBLE IN ACETIC ACID,
¥4 test another portion with a little dilute hydrochloric acid.  1f
@it D1ssoLvEes I8 THE Acip, and the acid solution thus obtained
t gives, when neutralized with ammonia, a white precipitate, 1t
§" 1s probably oxaLATE oF LiME (266). (Confirm 319, 267.)
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288. Ir THE HYDROCHLORIC ACID FATLS TO DISSOLVE THEE
DEPOSIT, it may be tested for uvric acip by means of nitrice
acid and ammonia, in the manner described in paragraph 23.i
Uric acid may also be readily distinguished umger the micro-|
scope (318). (Confirm 187, 188.) [

289. If the deposit proves to consist neither of earthyy)
phosphates, uric acid, urate of ammonia, nor oxalate of lime,:,
1t must be examined for the other matters which are ocea--|
sionally, though less frequently, met with in morbid urine, andd}
which have been already noticed in Chapters IV and V. I
must be remembered that, in perhaps the majority of cases,|
urinary deposits do not consist exclusively of any one substance,,
but contain two or more mixed together; as when the earthyy
phosphates occur associated with an excess of mucus. Thee
action of the several tests may frequently in this way be moree
or less masked, and when taken alone, may lead to erroneouss
conclusions. In such cases, the microscope will be found ofif
infinite value, and should always, when available, be employedd)
(315). |

290. If the deposit sinks readily to the bottom of thed
vessel, forming a PALE GREENISH YELLOW SEDIMENT, which,}
on agitation, 1s again diffused readily and uniformly in thee
liquﬁ, it probably consists of pus (247). (Confirm 250, 25448
256, 257, 156.) :

291. If, on the other hand, the deposit is TENACIOUS ANDI
ROPY, not mixing uniformly with the liquid when shaken, 1t
probably contains an excess of Mucus (210). Confirm 2118
100, 156.) - i

292. Ii the deposit is DARK COLOURED, brown, or red, andds
has been found not to consist of urate of ammonia coloureddss
with purpurine (284}, it probably contains BLooD; in whichii
case the clear portion of the urine (251) will give indicationssi
of albumen when heated, or when tested with nitric acidd:
(243). (Confirm 240, 242, 245.) '_

293. When the deposit is WHITE OR NEARLY s0, havingdi
roved insoluble when warmed (284), and also when treatedd |
with dilute hydrochloric and acetic acids (285, 286); and isi'
found to be readily SOLUBLE 1IN A SOLUTION OF AMMONIa, thedl
ammoniacal solution yielding on evaporation HEXAGONALL !
CRYSTALLINE PLATES, it 1s probably cystixe (272, 270, 273)..08

294. If the deposit is PALE YELLOW, tolerably soluble whenii
warmed (200), but does not appear to consist of urate obl o
ammonia, owing fo its yielding no ammonia when warmecd s
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fwith a solution of pofash (205), and appearing under the
“#imicroscope, not as an amorphous sediment, but in small irre-
wzularly shaped roundish or oval particles, with or without pro-
‘W jecting protuberances (324), it is probably UrRaATE OF sopa.
i(Confirm 202, 203, 204.)
B 295. If, when a little of the urine is agitated with a little
iether in a test-tube, and the ethereal solution, after separating
‘@ from the watery portion on which it floats, is found to leave,
d@after evaporation at a gentle heat, a residue of fat or oily
hmatter, the presence of FaT may be inferred (259). (Confirm
L325.)
@ 296. If the urine is OPAQUE AND ALMOST MILKY in appear-
#ance, ylelding traces of fat when treated with ether; and is
. @found, when examined under the microscope, to contain an
abundant white amorphous or granular deposit of albumen
or fibrin, together probably with small round colourless
corpuseles, it probably contains cuyrous MmaTTER (260). (Con-
Afirm 261, 326.)
297. If, on examination under a microscope of high magni-
Wifying power, minute ANIMALCULES are visible, having the
appearance shown in figure 23, page 60, it is probable that
SEMEN is present (160). (Confirm 161, 264.)%
& 298. The following table may serve to facilitate the ex-
amination of deposits with reagents. It must, however, be
borne in mind, that until the observer has had some liftle ex-
perience in the action of the several tests, he must not depend
too much on the result of any one experiment; but must in
all cases confirm his suspicions by one or more corroborative
tests.

TABLE

For fucilitating the Bramination of Urinary Deposits,
by means of Chemical Tests.

& 299. Test first for the earthy phosphates, uric acid, urates
_#lof soda and ammonia, and oxalate of lime (283.)

1. THE SEDIMENT DISSOLVES WHEN WARMED ; Urate of soda

' * Specimens of urine are oceasionally met with holding in suspension a de-
% posit (either amorphous or crystalline) which is insoluble in acids and alkalies as
4 well as in alcohol and ether ; but since it is at least diminished by shaking with
i hydrochloric acid and ether, it appears to consist of an earthy salt of one of the
o fatty acids,
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gr ammonia (200, 284). NoT SOLUBLE WHEN WARMED ; |
ee 2.

2. SOLUBLE IN ACETIC ACID; ZEarthy phosphates (286}
INSOLUBLE IN ACETIC ACID ; See 3.

3. SOLUBLE IN DILUTE HYDROCHLORIC ACID; Oxalate of,
fime (287). INSOLUBLE IN DILUTE HYDROCHLORICZ
ACID ; See 4,

4. PURPLE WITH NITRIC ACID AND AMMONIA; Uric acidd
(288). '

If the deposit proves to be neither of the above, it is pro-»
bably one of the following :

5. GREENISH YELLOW DEPOSIT, EASILY DIFFUSED ON AGITA--
TION; Pus? (290).

6. Ropy AND TENACIOUS ; Mucus? (291).

7. Rep or BROWN ; NOT SOLUBLE WHEN WARMED ;
FLUID PORTION COAGULABLE BY HEAT AND NITRICC

ACID ; Blood? (292).

S. SOLUBLE IN AMMONIA; THE SOLUTION LEAVING, ONN
EVAPORATION, HEXAGONAL CRYSTALS ; Cysfine ? (203).)8

9. ETHER YIELDS, AFTER AGITATION, AN OILY OR FATTYY
RESIDUE ; Fafly matier (2935).

10. M1LKY APPEARANCE ; Chylous matter (296).

BECTION II.

Eramination of Urine containing no Solid Deposit ; or fromw
whick a Deposit has been separated (281).

300. Test the urine with litmus and turmeric paper (277).%1
If ALKALINE, it must be tested for aLsuMEN with nitric aciéd
(305, 306).

* If these experiments had been already made before the separation of the
sedimentary an nuu-se:llmultarv ]mrtmns of the urine (251), tlle} need mt Dl
repeated.  When the alkalinity is due to ammonia or carbonate of ammonia, recs
litmus paper, which has been rendered blue by it, will regain its colour wheret
dried by a gentle heat.
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08 301. Take the specific gravity (279).* If the speciric
MGRAVITY 18 HIGHER THAN 1025, the urine may perhaps be
atfound fo contain either suear or an EXcEss or UREA (302,
#304). If the specific gravity is not higher than 1025, pass
ijon to 305. See also 304.
& 302. Whether urea be present in excess, may be ascer-
sitained by mixing a little of the urine in a watch-glass, with an
siiequal bulk of pure nitrie acid, keeping the glass cool by allow-
iding it to float in cold water. If any excess of urea is present,
fila more orless abundant crop of erystals of nitrate of urea will,
#in a short time, appear in the mixture (181). (Confirm 183.)
1§ 303. When a microscope is at hand, we can in this manner
Jidetect even a very slight excess of urea. A drop of the sus-
#pected urine is placed on a slip of glass, and mixed with a
drop of pure nitric acid. If even a small excess of urea is
gipresent, minute crysials of the nitrate may generally be seen,
@iafter a short time, with a very moderate magnifying power.
304. To prove the presence of suear, a little of the urine
may be examined by paragraphs 122 and 126. (Confirm 113).
[t must here be borne m mind, that very decided traces of
fsugar may exist in urine without raising the density to a sus-
picious extent, so that the mere circumstance of the specific
gravity of the urine being below 1025 is no proof whatever of
ithe absence of sugar; and in any doubtful case it should be
carefully looked for by means of the tests above referred to.
B 305. Boil a little of the urine in a test-tube. If the liquid
remains clear, pass on to 307 ; but if a PRECIPITATE Is PRO-
DUCED, it may be owing to the presence either of albumen
(235), or of an excess of earthy phosphates (109). To dis-
tinguish between them, add to the bc:ilfed portion a few drops
of nitric acid. If the PRECIPITATE DissoLves, and is not re-
precipitated by the addition of a few more drops of the acid,
it probably consists of EarTHY PHOsPHATES (229) (confirm
#8228, 226) ; while, if it either does not dissolve, or after being
dissolved by the first drop or two of the acid, again preci-
pitates when the liquid is more strongly acidified, ALBUMEN is
‘Windicated (143). (Confirm 137, 138.)
# 306. It must be remembered that when the urine 1s alka-
tline aLBUMEN may be present in it without being coagulated
bby boiling (142). Such urine should therefore be tested for
albumen, by means of nitrie acid (141).

* See note, p. 96.

r
i
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307. Add to a little of the suspected urine a few drops of>
nitric acid. If a PRECIPITATE Is PRODUCED, either immediatelyl
or after a short time, none having been occasioned by boiling
(305), an EXCESs OF URIC ACID is probably present (190).)
(Confirm 23, 288.) If the urine is alkaline, the precipitate:s
thus occasioned may consist of ALBUMEN, since that substances
would not then be precipitated by boiling (306).

308. Evaporate a little of the urine on a water-bath, to thes
consistence of a syrup, and add about half its bulk of strongs
hydrochloric acid. f;“, after the lapse of a few hours, tufts o
branches of NEEDLE-SHAPED CRYSTALS are visible, either to thes
naked eye or when examined under the microscope, an excess:
of HIPPURIC ACID is probably present (206). (Confirm 2083
209.)

309, If THE URINE IS HIGHLY COLOURED, it is probableg
either that it contains an excess of yellow colouring matter, orng§
that blood, biliary matter, or purpurine is present.* To de
termine which of these 1t 15—

310. Boil a little of the urine; if it contains BLoOD, thes
albumen will coacurLATE, mixed with some of the colourings
matter (243). (Confirm 240, 245.)

311. If an excess of YELLOW COLOURING MATTER is present,
the boiled urine, when mixed with a little hydrochloric acidg
will assume a more or less decided RED corour (215). |

312. The presence of biliary matter may be proved by Pet<
tenkofer’s and Heller’s tests (149, 151). (Confirm 152.) _

313. If »URPURINE is present in solution, the urine usually$
has a more or less deeideg pink colour ; and when a little warms
aqueous solution of urate of ammonia is mixed with if, that
salt precipitates as the liquid cools, and carries with it nearly
the whole of the purpurine, which gives the precipitate a PINES
coLoUR (221). (Confirm 218, 220.) |

314. The following table may be found useful for references
(298). '

—_——

* It will be remembered that many vegetable colouring matters taken imta
the stomach make their appearance in the urine, and might, by a careless exas
nrnation, be mistaken-for bleod, ke,
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TABLE

For facilitating the Examination of the clear liguid portion
of Urine, by means of Tests.

1. SPECIFIC GRAVITY HIGHER THAN 1025 See 2 & 3.
2. CRYSTALS WITH NITRIC ACID ; Fuveess of urea (302).

3. HEAT WITH SULPHATE OF COPPER AND POTASH; Sugar
(304).

4. IF NEUTRAL OR FEEBLY ACID TO TEST-PAPER, see 5, &ec.
IF ALKALINE, see 7.

5. PRECIPITATE FORMED ON BOILING; SOLUBLE IN NITRIC
ACID ; Fwcess of earlhy phosphates (303).

6. PRECIPITATE FORMED ON BOILING ; INSOLUBLE IN NITRIC
ACID ; Albumen (305).

7. PRECIPITATE FORMED BY NITRIC ACID; FLurcess of uric acid
or albumen (307 ).

8. CONCENTRATED URINE YIELDS NEEDLE-SHAPED CRYSTALS
WITH HYDROCHLORIC ACID ; Hippuric acid (308 ).

9. Ir THE URINE IS HIGHLY COLOURED, see 10, 11, 12, & 13.
0. DARK COAGULUM FORMED ON BOILING ; Blood? (310).

1. REp cOLOUR WITH HYDROCHLORIC ACID ; Fuxcess of colour-
g matter (311).

2. PIXK PRECIPITATE WITH WARM SOLUTION OF URATE OF
AMMONIA ;3 Purpurine (313).

3. CHANGE OF COLOUR WITH NITRIC ACID, &c.; Biliary naller
(152, 312).
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SECTION II.

Microscopic Evamination of Urinary Deposits (276, 289).

315. Place a drop of the urine containing the deposit (aftecll
being allowed to stand a short time, that the sediment mauij:
subside) on a strip of glass; cover it with a small square oo
thin glass,* and examine it with a magnifying power of abous
two hundred diameters. Observe whether the particles a
CRYSTALLINE, AMORPHOUS, OF ORGANIZED. If CRYSTALLINES
refer to paragraph 316 ; if AMORPHOUS, to paragraph 321 ; ana
if ORGANIZED, pass on to paragraph 327. When, as is fres
quently the case, the deposit appears fo consist of a mixtu
of two or more different forms of matter, each of these should
in succession be examined, until the nature of the whole of thé
deposit is clearly understood.

316. IF THE DEPOSIT IS CRYSTALLINE, it is probably eithee
URIC ACID, TRIPLE PHOSPHATE, O OXALATE OF LIME; Or oSk
sibly cysTINE.

317. If the crystals are sTELLATE (Fig. 41), or TRIANGULAR
prIsMs (Fig. 42), instantly disappearing on the addition of acetit
acid, they consist of the TRIPLE PHOSPHATE.

318, Ir THE CRYSTALS ARE LOZENGE-SHAPED, OR POSSESS
ANY OF THE FORMS SHOWN IN FIGURE 43, being insoluble in
dilute acids, but tolerably soluble in a solution of potash, theg
are probably uric acid. (Confirm 288.)

319. If the erystals are ocronepra (Fig. 44), or some modil
fication of the pums-BrLL form (Fig. 45), insoluble in acetid
acid, but really soluble in dilute hydrochloric acid, they are
probably oxataTe oF LiME. (Confirm 287.)

320, If the crystals are MULTANGULAR PLATES, having thé
rosette-like form shown in Fig. 46, insoluble, or nearly so, 1
water and dilute acids, but readily soluble in ammonia, thé
ammoniacal solution leaving, on evaporation, HEXAGONA:
CRYSTALLINE PLATES (Fig. 47), they are probably cysTine (172)

o021, IF THE DEPOSIT IS AMORPHOUS, OR IN MINUTE
ROUNDED PARTICLES, it probably consists of PHOSPHATE OF
LIME, OF URATE OF AMMONIA ; or possibly URATE OF soDA, PAT
or CHYLOUS MATTER. See also 327, &e.

322. If it is INSOLUBLE WHEN WARMED, BUT DISSOLVE

* Exeept for high powers, the thin gluss may generally be dispensed with.
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IMMEDIATELY on the addition of acETic OR DILUTE HYDRO-
CHLORIC ACID, 1t 1s probably PHOSPHATE OF LIME.

323. If 1t pissoLves READILY when the urine containing it
IS WARMED, and is again DEPOSITED ON COOLING, it is pl‘ﬁbiﬁ)lj‘
URATE OF S0DA OR AMMONIA.

324. If the deposit is in the form of PALE-YELLOWISH
GRAINS, with or without small irregular protuberances (Fig. 48),
DISSOLVING more or less readily WHEN WARMED, it is probab
URATE OF SODA.

325. If the substance is in the form of MINUTE ROUN:
GLOBULES, WITH DARK AND WELL-DEFINED OoUTLINES (Fig. 49),)
and DISSOLVES WHEN AGITATED with ether, it probably consis
of FATTY MATTER. (Confirm 295.)

326. If the urine is oPAQUE AND MILKY in appearance
yielding fatty matter when agitated with ether, and containing
minute amorphous, albuminous particles, and perhaps als
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colourless globules, it probably contains cHyrous mMaTTER.
(Confirm 296.)

327. IF THE DEPOSIT CONSISTS OF ORGANIZED PARTICLES, it
probably consists either of mucus (which is usually mixed with
more or less EPITHELIUM), PUS, BLOOD, or SEMEN. See also
paragraph 132,

328. If the PARTICLES ARE ROUND, OR NEARLY SO, AND
GRANULATED on the surface, ENTANGLED iIn TENACIOUS,
STRINGY MAsSSES, which do not break up and mix uniformly
with the liquid on agitation, it is probably mucus (Fig. 50, «).
EPITHELIAL DEBRIS may be recognised by the peculiar forms
of its particles (Fig. 50, 4). (156.) Mucous urine very %ene—
rally contains also a considerable amount of earthy phosphates
and other matters.

- 329. If the pariicles are RouND AND GRANULAR (Fig. 51),
not being held together by any tenacious matter, but ¥roar-
ING FREELY IN THE LIQUID, the deposit probably consists of
pUs. (Confirm 290, 156.)

330. If the particles appear as CIRCULAR AND SLIGHTLY
CONCAVE DISCS, the outlines being occasionally irregular (Fig.
52), and of a more or less decided yellowish colour, it is pro-
bable that BLoop is present. (Confirm 292.)

331. If the particles, or any among them, have the form of
seminal animalcules, or SPERMATOZO0A, shown in Fig. 53, SEMEN
is probably present.

332. The table on page 104 may be useful to the student for
reference, in the microscopical examination of urinary deposits.
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For facilitating the Microscopical Evamination of .

Urinary Deposits. 5

1. Ir THE DEPOSIT IS CRYSTALLINE, see 4 to 7.

9. Ir AMORPHOUS, OR ROUNDED PARTICLES, see S to 11. ||
3. I¥ ORGANIZED PARTICLES, see 12 to 10.

Crystalline.

4. LOZENGE-SHAPED CRYSTALS, AND OTHER FORMS SHOWN
in figure 43 ; Uric acid (318).
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5. STELLE, or THREE-SIDED PrRIsMS (Figs. 41 and 42) ;
Triple phosphate (317).

6. OcToHEDRA, or DUMB-BELLS (Figs. 44 & 45); Ozalate
of lime.

7. RoseTTE-LIKE TABLES (fig. 46); Cystine (320).

Amorphous or Rounded Particles.

8. SOLUBLE WHEN WARMED ; Urafe of soda or ammonia
(93, 92, 96).

9. SOLUBLE IN ACETIC ACID; Phosphale of lime.

10. Rouxp GLOBULES WITH DARK EVGES (Fig. 49); Fuatly
matter (325).

11. Waire anp minky; Chylous matter 7 (326).

Organized Particles.

12. GRANULATED CORPUSCLES, IN STRINGY AGGREGATIONS
(Fig. 50); Mucus (328).

13. IrrEGULARLY-SHAPED scares (Fig. 50, &); Epithe-
(v,

14. DETACHED GRANULATED coRrRpuscLis (Fig. 51); Pus
(329).

15. Broov-coreuscres (Fig. 52) ; Blood (330).

16. Srermarozoa (Fig. 53); Semen.

CHAPTER VII.
QUANTITATIVE ANALYSIS OF DIABETIC URINE.

833. In the quantitative examination of diabetic urine, it
s generally sufficient to estimate merely the quantity of sugar,
ince the determination of the other constituents is of com-
ratively small practical importance in diagnosis. When
his is the case, ﬂl]iJ that is necessary is, to ferment 250 grs.
f the urine in the manner deanriheg below (336) ; and from
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the amount of carbonic acid evolved, to estimate the quantity ¢
of sugar which yielded it. |

334. It is, however, frequently of importance to be able toa
determine the proportion of some of the other matters co--
existing in the urine, especially the urea (119), which hass
been supposed by some to diminish, and by others to increase,
materially in quantity, simultaneously with the appearance of
sugar, The exact estimation of small quantities of urea,s
when mixed, as in diabetic urine, with a large amount of sugar,+ |
1s attended with considerable practical difficulty; and, indeed,l,
the results hitherto obtained must be regarded merely as ap--
proximations to the truth. By the method of analysis whichh
I am about to describe, the proportions of the following sub-«
stances may, without much difficulty, be determined ; or thee
inquiry may be limited to the estimation of the sugar and thee
urea (335, 341):—1, water; 2, sugar; 3, urea; 4, uric acidd
and vesical mucus ; 5, animal extractive and ammoniacal salts;:
6, fixed alkaline salts ; and 7, earthy salts.

335. Two portions of the urine, A weighing 1000 grs., an
B weighing 500 grs. are to be evaporated to dryness (50), im
weighed or counterpoised dishes, on a water or chloride off
calcium bath ; or, still better, in vacuo, over sulphuric acig
While the evaporation of A and B is going on, a third portion,),
C, consisting of 250 grs. of the urine, may be weighed out, four
the purpose of estimating the sugar, which 1s done in the fol=
lowing manner (336).

336. Trealment of the portion C.*—Put 250 grs. of thee
urine into a small wide-moutheds
bottle, capable of holding an ounces
and a half or two ounces of
water; to the mouth of which ias
adapted a cork, fitted with tubess
of the form shown in the figured
(Fig. 54). The bottle should bes
graduated in cubic inches andd§
tenths, in order to enable the ex«)
perimenter to estimate the amountd
of carbonic acid which is retainecd
in solution by the liquid at theé

Fig. 64. close of the operation (338). Thae¢
tube « is nearly filled with small fragments of dry chloriddf

* Although this method will furnish only a rough estimate of the sugar p
sent, the experiment is an instructive one for the student.
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of calcium, which are prevented from falling out by a loose
plug of cotton wool placed at each end. The tube, 4, which
reaches nearly to the bottom, is made open at both ends ; the
top, however, being accurately closed by means of a small bit
of cork or wax, ¢, during the process of fermentation.

337. Mix a few drops of fresh yeast, or, still better, about
fifty grains of dry German yeast (128), with the urine in the
bottle ; and having placed the cork, with its tubes, firmly in
the neck, weigh the whole apparatus, with its contents, as
: accurately as possible. Allow the apparatus to stand a day

or two in a warm place, having a temperature of about 70 or
' 80°; and when the fermentation appears to have entirely
| ceased, remove the small plug of cork or wax from the tube 4,
. and suck air gently from «, for the purpose of expelling the
. carbonic acid contained in the bottle, and replacing it with
i common air. The small plug is then attached to the tube &,
- as before, and the whole apparatus is again weighed.

838. The amount of loss will indicate the quantity of car-
“ bonic acid which has escaped through the tube « ; but as car-
bonic acid is soluble, at ordinary temperatures, in about its
own bulk of water, the portion of acid held in solution by
the liquid must be added to that which has escaped. This
amount is readily known, since each cubic inch of liquid,
which may be supposed to be saturated with the acid, must
contain about a eubic inch of the gas, weighing rather less
than half a grain.®

339. The whole amount of carbonic acid formed during
fermentation, therefore, is determined by adding to the loss
of weight half a grain for every cubic inch of liquid contained
in the bottle, the quantity of which is known by the gradua-
tions on the surface (336). Thus, supposing the loss of weight
during fermentation to have been 4°1 grs., and the volume of
liquid in the bottle 1:2 cubic inch, the weight of the carbonic
acid formed must be 4-14-%32, or 4°7 grs.

340. Now, since every equivalent of diabetic sugar (C,,Hy,
0,,) is converted, during fermentation, into two equivalents
of alcoliol (C,H,0,HO), four equivalents of carbonic acid
(CO.), and two equivalents of water (HO);t—

0191114014 = 2(04H-5, ﬂ,Hf)}*—l“-lG DJ+ QIIU H

_ * One hundred cubic inches of carbonic acid weigh 4730 grains; one cubic
inch, congequently, weighs (°47 of a grain.
t See note to 129.
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it follows that every 198 parts by weight of sugar (one
equivalent) give rise to the formation of 88 parts of carbonie
acid (four equivalents) ; so that every 88 grs. of carbonic acid
would indicate 198 grs. of sugar, or, in other words, one gr.
of carbonic acid will represent 225 grs. of sugar. Therefore,
by multiplying the weight of carbonic acid hy 2:25, we obtain
the weight of suGar present in the quantity of urine operated
on. Thus, in the above example, 4°7 grs. multiplied by 2:25
(—1[]' 5?) gives the weight of sugar in 250 grs. of urine;

which, when multiplied hy four (Eaﬂxi—lﬂﬂﬂ), represents
'l‘.l]E pmpmtmn in 1(}0[} ors. of the secretion,

341. Treatment of the portion A.—The dry residue left
after the evaporation of the 1000 grs. marked A (335), is to
be used for estimating the urea, which is usually present only
in minute prupmrtiﬂn in diabetic urine. For this purpose,
the residue is treated with successive small quantities of alco-
hol, stirring the mixture with a glass rod, until it ceases to
dissolve anything more. The aleoholic solution is now to be
evaporated to dryness on a water-bath, and the residue treated
with strong alcohol (absolute aleohol, it possible, 114), which
will dissolve out the urea, leaving undissolved most of the
sugar and other matters. The alcoholic solution thus obs
tained is to be again evaporated to dryness on a water-bath,
and the residue treated, as long as anything dissolves, with
warm distilled water, which will separate the urea from most
of the other matters ‘which are less soluble in water.

342. The impure aqueous solution of urea thus obtained
is evaporated to a small bulk, and while at a temperature of
about 190° or 200°, mixed with as much pounded oxalic acid
(HO,C,0,+2Aq) as will dissolve in the liquid (14). The:
mixture, after cooling, is immersed in a freezing mixture,*
when the whole of the oxalate of urea, tnwttlmr with the
excess of oxalic acid, will erystallize out. The liquid is now
to be poured off, and the crystals further treated as in 55.

345 Treatment of the portion B.—The residue left after:
the evaporation of the 500 grs. of urine marked B, may now
be examined, for the {JLIIPIDSE of estimating, 1, the water; 2,
urie acid and vesica mucus ; 3, animal extractive and ame .
moniacal salts; 4, fixed alkaline salts; and 5, earthy salts..
For this purpose it is to be carefully evaporated until it ceases

* A 11tt1c wonnded ice or snow, mixed with about half its weight of common |
galt ; or, in the absence of ice, a 1:11'clur|:= of equal weights of IIlTI‘ﬂTE of ammonia |
uul W 1tLr will be found the most convenient Ircc.r.m o mixture.
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to lose weight, either on a water or chloride of ecaleium bath,
or, still better, in vacuo over sulphuric acid; since by long
exposure to a high temperature a portion of the sugar loses
five equivalents of water, and becomes converted into a kind
of uncrystallizable caramel, thus causing the residue to weigh
less than it ought to do. It is generally a matter of consider-
able difficulty to expel the last traces of water from the resi-
due of diabetic urine : for ordinary purposes, however, this is
not of much importance, since the small error which it here
occasions affects only the proportion of the water and animal
extractive, and not that of the two substances of most im-
portance—viz., the sugar and the urea.

344. The dry residue B is to he weighed; and by deduct-
ing its weight from that of the urine before evaporation (500
grs.), the proportion of water is determined; which, when
multiplied by two (500x 2=1000), gives the proportion of
WATER in 1000 grs. of the secretion.

345. The weight of the dry residue having been carefully
noted, it is to be treated with water as long as anything
appears to dissolve. In this way the sugar, urea, animal ex-
tractive, and alkaline salts are dissolved out, leaving a small
msoluble residue, consisting of wvesical mucus, urie acid,
earthy phosphates, and traces of silica.

346. The agueous solution thus formed is to be evaporated
to dryness on a water-bath, and retained for subsequent expe-
riments (349).

347. The weight of the matter insoluble in water (345),
having been noted after care fuldrying, it is to be incinerated
until the residue becomes white or pale grey. The ash thus
obtained is to be weighed ; and its weight, multiplied by two,
furnishes the proportion of rarrTHY sarrs in 1000 grains of
the urine.

348. The difference between the weight of the ash and that
of the dry insoluble residue previous to ignifion (347), re-
presents the quantity of insoluble organic matter, consisting
of uric acip and Mucus, in 500 grains of the urine; which
‘must be multiplied by two, as in the former cases, in order to
give the proportion in 1000 grains of the seeretion.

349. The dry residue obtained by evaporating the aqueous
solution (346), consisting of the soluble matters of the urine, 1s
now to be weighed. It consists of two portions, the organic or
combustible, and the inorganic or incombustible. The relative
-amounts of these two portions are determined by incineration ;
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the weight of the ash representing the PIXED ALKALINE SALTS
in 500 grains ; which, as before, is to be multiplied by two.

350. The loss of weight experienced during incineration
(349), which is that of the soluble combustible matters—
viz., sugar, urea, animal extractive, and ammoniacal salts, is
also to be m ultiplied by two. Now, since we know from our
experiments with the other portions of urine A and C, the
weight of the sugar and urea (340, 342), we can, by deduct-
ing their combined weights from the amount of loss during
ignition, obtain the proporfion of ANIMAL EXTRACTIVE an
AMMONIACAL SALTS contained in 1000 grains of the urine.

351. Thus we shall have determined the proportions of the
several ingredients of the urine, which together should amount
to a fraction less than 1000, viz.—

Water

Sugar

By e : - : ;

Urie acid and mucus : ; :
Animal extract and ammoniacal salts
Fixed alkaline salts .

Farthy salts

Lioss

1000-00

352. One of the best methods of estimating the sugar is
founded upon its property of reducing the oxide of copper
(CuQ), in an alkaline solution, to the stale of suboxide
(Cu,0), one equivalent of grape-sugar (CyH,,0y,) effecting the
reduction of ten equivalents of the oxide.

To prepare the alkaline solution of oxide of copper, advan-
tage is taken of the circumstance that the presence of fartarie
acid or a tartrate enables the fixed alkalies to retain the oxide
in solution ; and if there be a sufficiently large excess of caustic
alkali present, the solution may be boiled without alteration.

315°16 grs. of crystallized sulphate of copper are dissolved
in about four ounces of water, and 1420 grs. of the tartrate
of potash and soda™ (Rochelle salt, KO,NaO,C,H,0,,+8Aq)
are powdered, and added gradually to the solution. 480 grs,

* 050 grs. of pure cream of tartar (bitartrate of potash, KO,H0,CqH4019)
might be substituted for the Rochelle salt, but the latter is preferable, as being
more easily obtained in a pure state.
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of carbonate of potash are then added, and 8% fluid ounces of
a solution of hydrate of soda (caustic soda) of sp. gr. 1'12.
The volume of the mixture is made up to 10,000 grs. by adding
water, the whole boiled for a few minutes, and, if necessary,
filtered. 1000 grain-measures of this solution should corre-
spond to 5 grs. of grape-sugar (C.H,,0,,).

In order to ascertain its esact strength, 4-32 grs. of pure
cane-sugar® (white sugar-candy, C),H,,0,,) are dissolved in a
little water, in a flask, a few drops of dilute sulphuric acid
added, and the mixture boiled for an hour (replacing the water
as it evaporates), in order to convert the cane-sugar info grape-
sugar. The solution is then rendered slightly alkaline with
carbonate of soda, and its volume is made up to 1000 grs. with
water. 500 grain-measures of the alkaline copper solution are
heated to bﬁﬁing in a beaker or dish, and the solution of sugar
gradually added from a burette or graduated glass (Fig. 32),
until the disappearance of the blue colour, and the non-oc-
currence of any fresh precipitate prove that the whole of the
oxide of copper has been reduced. If the copper solution was
correctly prepared, 500 grs. of the sugar solution should have
been required; buf if more or less than this have been found
necessary, 1t is easy to calculate the exact strength of the
copper solution, which should then be recorded upon the label
of the bottle, together with the date of the experiment. For
| example, suppose 455 grs. of the sugar solution to have com-
| pleted the reduction, then

Grs. of sugar-solution. Grape-sugar, Sugar-solution nsed.
5 RS X J EE e iy
1000 : 5 e 455 : &

The value of 2 will represent the weight of grape-sugar to
which 500 grain-measures of the copper solution correspond.
The solution must be kept in a well-stopped bottle, which
t should be nearly filled by if, and set aside in a dark place.
To defermine the amount of sugar in diabetie urine, 750 grain-
| measures of the urine are precipitated by a solution of tribasic
acetate of lead, added in very small portions, with occasional
stirring, as long as any fresh precipitate is observed. The
precipitate (phosphate, sulphate, and urate of lead, with ex-
[ tractive matters) is filtered off, and washed with a little water,
50 as to make the total volume of the filtrate and washings up

* Which will yield 5 grs. of grape-sugar. It would be better to employ 5 grs.
b of pure grape-sugar, but this is not o easily obtained.
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to 1000 grs. 500 grain-measures of the alkaline copper solu- -
tion are then heated to boiling, and the purified urine addedd|
from a burette, until the blue colour of the solution has disap-.
peared. A simple caleulation will then give the amount ofi
sugar contained in the 750 [?rs. of urine originally employed.

A very excellent method of controlling the result of thiss
experiment consists in adding to the solution from which t]:LeBI
blue colour has disappeared enough of the alkaline copperr
solution to restore the blue colour, boiling for a few seconds,
and collecting the precipitated suboxide of copper upon a filter.+
It is then rapidly washed, as long as the washings are alkaline,
and dissﬂlveg by pouring over the filter a hot solution of per-=
chloride of irom, acidulated with hydrochlorie acid, when the
suboxide of copper (Cu,O) is converted into the chlorides
(CuCl):

Cu,04Fe,Cl,4+HC] = 2CuCl+2FeCl4HO.

The filter 1s washed with much water, and the amount of irona
in the state of protoehloride (FeCl) is determined by adding an
solution of permanganate of potash of known strength® froma
a burette, until a permanent faint rose colour is pmdbuced.

Now, each atom (198 parts) of grape-sugar (C,;H,,0,,) pre-
cipitates five atoms (357 dparts) of suboxide of copper (Cuy0),}
and these, when dissolved in perchloride of iron, produce ten
atoms of protochloride of iron (FeCl), containing 280 parts of
iron. Hence every grain of iron indicated by the permanganatee
of potash represents 0-707 gr. of grape-sugar.,

A slight error occurs in the determination of sugar in urines
according to this process, from the precipitation of a littles
sugar by tiie tribasic acetate of lead ; for although a pure solu- -
tion of sugar is not precipitated by that reagent, the precipi--
tate which it causes 1n saccharine urine is always accompanied
by a little sugar. In most cases this error is too slight to bee
of any consequence, but its extent may be easily ascertainedd
by boiling the lead precipitate with oxalic acid, filtering, mix-
ing the solution with an excess of potash, and determining thes
sugar by the alkaline copper solution. This will give a slight1
error in the opposite direction, on account of the reduction of
the oxide of copper by the uric acid.

e ——

* The strength of this solution is readily determined by dissolving 5 grs. of
pure iron wire in liydrochloric acid, diluting largely with water, and adding the ¢
permanganate solution, from a burette, till the permanent rose colour is seen. .
About 1000 grs. of the solution should be required for 5 grs. of iron.
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trate its usual composition in 1000 parts :

Analyses I & 11, (Simon.)

I,
;S};ec ific gravily . : : : . 1018

113

The following analyses of diabetic urine will serve to illus-

1.

1016
Water X : ) - . 957-00 960-00
Solid constituents . ; . . 4300 40-00
Urea . ; ] : ; . traces 799
Urie acid ] : : ! . traces iraces
Sugar . : : . 3980 2500
Extractive matter and suluhla salts . 2:10 650
Earthy phuaph&tes : : not 52 0-80
Albumen 3 : : . traces traces
Analyses IIL IV, & V. (Dr. Perey.)
111. 1v. V.
cific gravily . . 1042 1035 1039
ater . 894-50 918-30 898-90
Solid ﬂm]stltuentw . 105-50 8§1:70 101-10
Urea . ; ’ 12:16 3032 2:39
Uric acid . ¢ : 0-16 0-26 not isolated
%u gar ; d ; 40-12 17-15 79:10
xtractive matters : Kk ;
and soluble salts } 53:06 32'59 19'52
Earthy phosphates . . . 1-30 009
Analysis VI. (Bouchardat.)
ater . . 83758
olid Gnnstltuents : 16242
Urea 827
Uric acid not isolated
Sugar : 134-42
Extractive mattﬂrs and sﬂluhle salts 2034
Earthy phosphates 0-38
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CHAPTER VIIL.

QUANTITATIVE ANALYSIS OF ALBUMINOUS
URINE.

353. In the guantitative analysis of albuminous urine, it iss|
usual to estimate the following ingredients ; though for manyy
purposes it is sufficient merely to determine the proportion off
albumen, either with or without that of the urea :—1, water ;;
2, urea; 3, albumen, with iraces of uric acid;* 4, vesics
mucus ; 5, animal extractive and ammoniacal salts ; 6, fixedd
alkaline salts ; and 7, earthy salts.

o4, Treatment of the portion A.—Two portions of thee
urine, marked respectively A and B, each weighing 5000
grains, are to be evaporated to dryness on a water-hath,i
The portion A will serve for the estimation of the wrea; and
the Hurtimx B for that of the other substances above enume-
rated.

355. The residue left after the evaporation of A is treated
with hot aleohol, to dissolve out the urea. The alcoholice
solution is evaporated to dryness on a water-bath, and redis.
solved, as far as it is capable, in hot distilled water; thee
aqueous solution thus obtained is evaporated to a small bulk;
and mixed with pounded oxalic acid in the manner describedd
in the analysis of diabetic urine (342). The oxalate of ureas
15 afterwards decomposed by means of carbonate of lime in thee
manner aiready detailed; the weight of the urea obtainedd
being multiplied by two, in order to represent the proportions
of UrEA In 1000 grains of the urine.f

356. Treatment of the portion B.—The residue left after thee
evaporation of B is now to be examined. When it hass
ceased to lose weight by exposure on the. water-bath, thee
welght of the residue is to be noted; and the loss which it
has sustained during evaporation, multiplied by two, will res
present the amount of waTer in 1000 grains of urine.

% (Or the uric acid may be estimated separately. See paragraph 363.

+ If it is intended to estimate the uric acid separately, a third portion ol
urine, weighing 1000 grs., will also be required (363). : ]

i A far more aceurate result wonld, of course, be obtained by heating the urine
(acidified, if necessary, with acetic acid) to coagulate the albumen, and deter:
mining the urea in the filtered liquid according to (182). -
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357. The dry residue, when cold, is to be carefully reduced

o powder in a clean dry mortar, which should be placed on a
iarge sheet of white paper, in order to catch any particles that
nay be projected out of the mortar during the pounding. The
vowder 1s to be warmed with distilled water, which will dis-
olve out the urea, animal extractive, and soluble salts;
ieaving an insoluble residue of coagulated albumen, uric acid,
ucus, and earthy salts. The mixture is then filtered. The
olution thus obtained we call M, and the insoluble matter N.
858. The solution M 1s to be evaporated to dryness on a
vater-bath, and subsequently examined in the manner deseribed
welow (361). While the evaporation is going on, the insolu-
le matter N may be operated on (359).

359. The insoluble matter N, consisting of albumen, urie
cid, mucus, and earthy salts, 1s to be carefully detached from
he filter whilst still moist. It is then warmed for a few
@econds with a little dilute nitric acid (consisting of one part

f strong acid, and about ten parts of water,) and well stirred
Writh a glass rod, in order to dissolve out the earthy phos-
hates. The insoluble portion is to be washed with a little
Wvarm water (360), and the acid solution, fogether with the
‘Wvashings, then evaporated to dryness on a water-bath, The
1y residue is weighed, incinerated, and weighed again ; when
he weight of the incombustible matter, multiplied by two,
7ill represent the proportion of EarTHY PHOSPHATES in 1000
arts of the urine:; while the loss whieh the mixture sus-
‘@ained during the incineration, also multiplied by two, will re-
“resent the amount of VESICAL MUCUs.

360. The portion of N which proved insoluble in the dilute
itrie acid (359), consisting of albumen, with probably a little
ie acid, is to be dried on a water-bath, and weighed. The
Eveight, multiplied by two, will represent the proportion of
LLBUMEN and Uric acip in 1000 grains of the urine.

361. The evaporated residue left by the solution M (358),
jontaining the urea, animal extractive, and soluble salts, must
ow be examined. After its weight has been ascertained, the
ry residue is to he gently ignited until the incombustible
latter becomes white ov pale grey. The ash thns obtained is
fhen weighed ; and its weight, multiplied by two, will re-
@resent the proportion of FIXED ALKALINE saL®s in 1000 grains
@ [ the urine.*

! B During this ignition, traces of the alkaline chlorides are always volatilized,
lausing a slight loss.
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362. The loss of weight which the residue sustained durin
incineration (361) being due to the combustion of the u
and animal extractive, and the volatilization of the ammoni
salts, derived from 500 grains of urine ; we obtain, by doublix
it, the amount of those substances contained in 1000 grain
From this we deduct the proportion of urea, which we haa
already ascertained (355), and the difference will represe
the amount of ANIMAL EXTRACTIVE and AMMONIACAL §
contained in 1000 grains of the secretion.

363. If it is required to estimate the proportion of urie
in albuminous urine, which, however, is seldom necessa
since there is not often more than a small trace of it preser
a separate portion of urine must be used for the experimer
For this purpose, 1000 grains are to be boiled for aboutf
quarter of an hour, and filtered from the coagulated albume
The filtered liquid is then concentrated to about one fourth :
bulk, by evaporation on a water-bath, and, after the additii
of a few drops of hydrochloric acid, set aside in a cool pla
for forty-eight hours. The uric acip, if present in
notable []ll'il!tltj’, will gradually crys,ialllze out, mixed possik
with traces of hippurie acid (25), which may be washed
with a little alcﬂ}m'i (28). The weight of the residue will the
after drying on a water-bath, represent the proportion of ti
acid in 1000 grains of urine.

364. Thus we shall have completed the analysis, having d
termined the proportion of the several ingredients propo

which, when added together, should amount I;{:- a fraction ld
than 1000 grains, viz.—

Water
Urea . .
Albumen

Urie acid
Vesical mucus

Animal extractive and ammumaca.l salts
Fixed alkaline salts .

Earthy salts

Loss s

1000-000

e

365. The following analyses of albuminous urine, in
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!uf Bright’s disease, will serve to show ifs usual composition
m 1000 parts :

Analyses I & II. (Simon.)

I. ¥l
necific gravity . ; . : . 1014 1022
ater . . \ . : . 966-10 93550
Solid constituents : : ; g 6650
Urea . : : : : ; 477 10-10
Urie acid : ) ' : ) 0°4.0 060
Fixed salts . . : : " 504 10-00
Extractive matters . : . : 240 —_—
Albumen . y . : . 18-00 3360

Analysis III.  (Dr. Perey.)

Specific gravily . - : : . . . 1020

Water : ‘ : : g : : . 946-82
#8olid constituents : ; : ; : : 53:18
- Urea : | . J ] . L : 768
Urie acid and indeterminate animal matter : 1762
- Fixed soluble salts - . . ] h : ; 520
" Eacthy phosphates . . ; . N 0-14
~ Albumen . ; : : : : : : 2264



PART Tl
CALCULI AND CONCRETIONS.

CHAPTER 1.

URINARY CALCULI.

SECTION I.

366. UrINaRY ealculi are composed, in the great majority
of cases, of substances which are contained in healthy urine,s
such as urie acid, urate of ammonia, and the phosphates of lime
and magnesia; they are, hr:mever oceasionally composed of
substances which are met with nnly in morbid urine, such as
oxalate of lime, cystine, &e. Other substances alsu, wh:e!l.
may strictly be called accidental, are oceasionally contained in
caleuli ; such as fragments of sand, or other hard bodies, which
have acmdental]v found their way mtﬂ the kidneys or bladder,
and there formed nuclei, round which the earthy phosphates, 0
other matters, have gradually been deposited. Caleuli alwa
contain, in addition to the ingredients of which they mainly
mnsist more or less animal matter, such as dried blood and
urine, vesical mucus, &e.

367. Caleuli are found to consist occasionally almost entirely
of one ingredient only, but more frequently of two or mﬂrﬂ
different constituents arranged together in irregular concentriel
layers. On this account it is impossible to determine, with
any degree of certainty, the nature of the mass of a calculus,
hj" merely examining the external coating, since the more:
central portion may be of a nature wholly different. The best
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way is to divide the calculus into two equal parts, which is
easily done by carefully cutfing it through the centre with a
fine saw. Fig. 55 represents a mixed calculus divided in this
' manner; the darker layers
consisted, in the specimen
from which the drawing was
made, of oxalate of lime, and
the lighter rings of uric acid.
When a caleulus is thus
found on examination to con-
sist apparently of two or more
kinds of matter, fragments of
each kind should be carefully
detached and separately ex-
amined (411).% Fig. 55. Alternating Caleulus.

SECTION II.
Urie (or Lithic) Aeid (C,,H,N,Og).

368. Uric acid calculi are usually smooth or slightly tuber-
culated on the surface (Fig. 56), and of colours varying from
Eale yellowish fawn to reddish

rown. When sawn through,
the layers will generally be
found to be tolerably regular,
though of different thicknesses,
and nearly parallel to the out-
line of the section. This is the
most common of all the urinary
caleuli.

369. Heat a small fragment of the caleulus on platinum foil ;
it immediately blackens, owing to the charring of the animal
atter, emitting, at the same time, a disagreeable smell, re-
sembling that of burnt feathers, mixed with that of hydrocyanie
acid (H,C,N), which, together with carbonate of ammonia and
some other compounds, is formed during the decomposition.
If the heat be continued, the charred residue is gradually con-
samed, leaving only a slight trace of ash, which is nsually alka-
ine to test-paper, consisting of phosphate or carbonate of soda.

Fig. 56. Uric Acid Calculus.

—— e e e e —

# A small fragment of the ealeulus, about the size of a pin’s head, is generally
ufficient for each experiment, and will be found more convenient in praclice
than a larger quantity.
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Traces of the earthy phosphates, also, are almost always to be :
found in this and most other varieties of calculi.

370. Uric acid is sparingly soluble in water, and in cold |
dilute acids (22). :

371. A little of the caleulus in powder is placed in a drop or:
two of tolerably strong nitric acid, in a watch-glass, or on as
strip of glass or platinum ; it dissolves with effervescence, car- -
bonic acid and nitrogen being given off, and a mixture off
alloxan (C;H,N.O,,), alloxantine (CsH,NoO,y), and some otherr
compounds, remains. This is evaporated to dryness at aa
gentle heat, when a red residue is Fei't, which, when cold, and 1
treated with a drop of ammonia, or exposed to ammoniacal |
fumes, becomes purple, owing to the formation of murexide:
(CiHeNOy).

372. Uric acid caleulus dissolves in a dilute solution of f
potash, leaving only a few shreds of animal matter (366); and |
when the mixture is warmed, no smell of ammonia is percep- -
tible, thus differing from the urate of ammonia (377). On\
neutralizing the alkaline solution with any acid, as hydrochlorie, |
a white precipifate of pure uric acid is thrown down, which,,
when separated by filtration, may be tested with nitric acid |
and ammonia, as described in 371.

373. If the precipitated uric acid be examined under the :
microscope, it will be found to consist of minute crystals, hav- .
ing the form shown in Fig. 3, page 7.%

SECTION III.
Urate (or Lithate) of Ammonia (NH,0,HO,C,,H,N,0,).

374. It is not often that we meet with caleuli composed
wholly of urate of ammonia, that substance being more com-
monly found alternating with uric acid, earthy phosphates, or
other matters. These calculiare generally small in size, smooth,

—

* Xanthic or Uﬂ.‘ﬂ Oride or NXawihine I_'C](|II{:“:.4”,I1, 1i.'l.'|11'l,':h COMPOSEs @ VEI,‘]'
rare form of caleulus, also dissolves in potash, and is reprecipitated by hydro-
chloric acid. When dissolved in nitric acid, however, it leaves a yellow residue
on evaporation, which is not reddened by ammonia. Xanthic oxide has also
been found in normal urine, and in the spleen, panecreas, brain, and liver of
oxen and other animals. Hyporanthine (C1oH4N403) is very similar in its pro-
perties, and has also been found in the spleen. Dr. Bence Jones has observed,
In one case, in the urine, a deposit which had the chemieal characters of xanthie
oxide, and :q;pcan:ll, under the microscope, in lozenge-shaped erystals, resems
bling some of the forms of urie acid.




URINARY CALCULI. 121

or slightly tuberculated Fig.57), and pale slate or clay colour,
sometimes inclining to brown. :

The concentric layers are usu-
ally thinner, and less distinetly
marked, than those of uric
acid.

375. When heated, urate of
ammonia usually decrepitates,
gradually disappears, and in
other respects behaves like uric
acid (369). It dissolves tolera- Fig. 7.
bly well in hot water ; but bein Urate of Ammonia Calculus.
insoluble, or nearly so, in cold, is deposited again when the
solution cools, as an amorphous precipitate. If a dilute aeid,
as hydrochlorie, be added to a Eﬂt solution of urate of am-
monia, the latter is decomposed, and the urie acid set free,
which, being sparingly soluble even in hot water, is precipi-
tated in the form of minute erystals (Fig. 3, page 7).

376. With nitric acid and ammonia, urate of ammonia pro-
 duces the same results as uric acid (371).

377. Urate of ammonia dissolves readily in a warm dilute
solution of potash, giving off at the same time ammoniacal
fumes by which it way be distinguished from urie acid and
urate of soda. The addition of a dilate acid to the hot solution
causes a crystalline precipitate of uric acid (373).

SECTION IV.
Phosphate of Lime (3Ca0,PO0;).

878. Calculi of phosphate of lime are most commonly
smooth and even polished on the surface. The concentric
laming are generally arranged - \
with considerable regularity
(Fig. 58); and when the cal-
cculus is broken, these separate
from each other with great fa-
cility, forming detached crusts.
The colour is usually pale fawn Tig. 58,
or stone cniﬂun Phosphate of Iame Calculus.

379. Before the blow-pipe it chars, owing to the presence of
a little animal matter, and gradually becomes white as the car-
bonaceous matter burns away. It is almost infusible, requiring
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for ils fusion so intense and prolonged a heat, that few ca
succeed in fusing it.

380. The residue, after ignition, is neutral to test-paper.

351. It is soluble, without effervescence, in dilute nifric o
hydrochloric acid (49).

382. To the solufion in nitric acid formed in the last experi-i
ment add ammonia in slight excess ; the phosphate of lime willl
be precipitated as a gelatinous precipitate. Re-dissolve thisin
a little acetic acid, and divide the solution into two parts.

383. To one part of the acetic solution add a drop of per--
chloride of iron, which will cause a yellowish white precipitatee
of perphosphate of iron (Fe,05,P0;). :

384. To the second part of the solution add oxalate of am--
monia, when the white precipitate of oxalate of lime will bee
formed. :

385. If a little of the powdered phosphate of lime be mixed 1
with about twice its bulk of the double phosphate of ammonias
and magnesia, or triple phosphate (MgO,NH,0,HO,PO,), and 1
heated before the blow-pipe on platinum wire, it readily fuses. .
The fusible caleulus is composed of a similar mixture of the 2
two salts (391).

SECTION Y.

Phosphate of Ammonia and Magnresia, or Triple Phosphate
(MgO,NH,0, HO,PO;).

386. Caleuli composed entirely of triple phosphate are of {
somewhat rare occurrence; but mixed, or alternating with i
other matters, and indeed counstitnting the great bulk of the !
concretion, this substance is very common. Such caleuli are
sometimes found to have been deposited in concentric layers, ,
and somelimes consist of an aggregated mass of prismatic
crystals. They are usually nearly colourless, or slightly tinged !
with drab or stone colour. The surface is most commonly
rough and uneven, and often covered with small, shining
crystals,

387. The triple phosphate calculus, when heated before the
blow-pipe, chars, and gives off the smell of ammonia; swells |
up, gradually becomes grey as the carbonaceous matter is con-
sumed, and nltimately fuses.

388. It is almost insoluble in water, but if boiled, a small
quantity will be found to dissolve.
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389. It dissolves readily in dilute hydrochloric and most
“ofher acids, and is again thrown down in the form of a erys-
talline precipitate, when the solution is neutralized with
ammonia. If the precipitate thus obtained he examined
under the mieroscope, it will be found to consist of well-
defined erystals, which, if the solution has been supersaturated
with the ammonia, are stellate (Fig. 10, page 20); but if
merely neutralized, they are prismatic (Fig. 8, page 20) (44).

390. When heated with a solution of potash, it is decom-
posed, the potash combining with the phosphorie acid, and
setting free the ammonia and the magnesia. The former
volatilizes, and may be detected by the smell, while the mag-
nesia is precipitated (49).

MgO,NH,0,HO,P0,4-2K0 = 2K0.HO,P0,+NH;
+MgO,HO.

SECTION VI

Fusible Caleulus, which is a mixture of Phosphale of Lime
(3Ca0,PO;,), and the Triple Phosphate (MgO,NH,O,
HO,PO;).

391. The fusible matter of which this form of calculus is
eomposed, is, next to uric acid, the most common of the in-
gredients of calculi. It sometimes
constitutes the entire mass of the
caleulus ; is also frequently found
alternating with other ingredients ;
and very commonly forms the outer
erust of calculi composed of uric
acid and other matters. Fusible
ealculi are generally oval or irregu-
lar in- form (Fig. 59); white, soft, and friable, resembling
chalk ; though occasionally they are compact and hard.

392. This calculus is chiefly characterised by the readiness
with which it fuses before the blow-pipe, without being con-
sumed ; in which respect it differs from all other kinds of
calculus. During the ignition, the ammonia and water are
expelled, leaving a mixfure of the phosphates of lime and
magnesia. -

93. If a portion of the calculns be dissolved in dilute
hydrochloric acid, and ammonia added in slight excess, the

Fig. 59. Fusible Calculus.
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mixed phosphates are precipitated and may be recognised
under the microscope (43).

894. If the precipitate be redissolved in acetic acid, and
the solution mixed with oxalate of ammonia, the lime will be
separated as oxalate, and if this be filtered off (after boiling),
the phosphate of magnesia and ammonia may be obtained as
a crystalline precipitate by adding an excess of ammonia.

SECTION VII.
Ozalate of lime Caleulus (Ca0,Cl05).

395. Calculi are not unfrequently met with, composed
almost entirely of oxalate of lime; but more commonly the
nucleus will be found to consist
of uric acid or urate of lime. Ox-
alate of lime calculi are usually
very dark in colour, either brown
or dark olive, or a kind of dirt
purple.  Their surface is mucg
more irregular and rugged than
that of other descnptmlm of cal-

a0 cali ; and when sawn asunder, they

el Lf*T*L calonins,  exhibit an irregular and angular

structure, as shown in ]ﬂlg 60.

From their resemblance to the fruit of the mulberry, this
variety is commonly known as the mulberry caleulus.

396. There is also another form in which oxalate of lime
caleuli are occasionally met with, commonly called Aemp-seed
caleuli. These are small, round, or oval, and very smooth and
polished on the exterior; they generally contain also a little
urate of ammonia.

The general form and appearance of these oxalate of lime
calculi are usually so peculiar and characteristie, that they
may be, in most cases, easily recognised by simple inspeetion.

397. Powdered oxalate of lime dissolves without efferves-
cence in dilute nitrie and ll?dmchlmlc acids, and is again
thrown down unchanged, in the form of a white prﬂ,lpltate,
when the acid solution is neutralized with ammonia; the
cipitate is insoluble in acetic acid. Oceasionally a little car-
bonate of lime is found mixed with the oxalate, in which case
slight effervescence will, of course, take place on the addition
of the acid.
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398, Oxalate of lime is insoluble in acetic and oxalic acids.

399. When heated, it blackens, and gives off a disagree-
able smell, resembling that of burnt feathers. If the heat be
continued a short time, the residue becomes white, and then
eonsists of carbonate of lime, iInto which the oxalate is con-
verted ; carbonic acid being also, with other gaseous matters,
at the same time given off.

CHO,CED;{"I" D — Cﬂo,cog-l- COE.

400. Treat the residue formed in the last experiment, with
dilute hydrochloric acid: it readily dissolves, with efferves-
cence, showing that it has been changed into the carbonate.

401. The solution of chloride of caleium (CaC?) thus formed,
may be neutralized with ammonia, and tested for lime with
oxalate of ammonia, which will throw down the oxalate of
lime (Ca0,C,03+2Aq), in the form of a white precipitate

171).

( 402. If the oxalate of lime be kept intensely heated for
some little time, the carbonate which i1s at first formed 13
reduced to the state of caustic lime (CaO); which may be
proved by placing the residue, when cold, on a piece of
moistened turmeric paper, the yellow colour o fwhich will be
turned to brown.

SECTION VIIL,
Urate (or Lithate) of Lime (CaO,HO,C\,H;N,0Oy).

403. This substance, though never found composing entire
calculi, is not unfrequently present in small quantities in con-
cretions which consist chiefly of uric acid, oxalate of lime, or
other matters.

404. Urate of lime 1s nearly insoluble in cold water, but
dissolves in hot, though somewhat less readily than urate of
ammonia (375). The hot agqueous solution deposits it again
on cooling, generally in the form of minute needle-shaped
crystals.

405. Like the other urates, it is decomposed by hydro-
chloric acid. If the acid be added to a hot aqueous solution
of the salt, a erystalline precipitate of urie acid is thrown down
(377, 373), and chloride of caleium remains in solution,

406. When tested with nitric acid and ammonia, in the
manner described in paragraph 371, urate of lime behaves
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like uric acid and the other urates, yielding the rich purple
colour of murexide.

407. As this is the only salt of lime found in calculi which
is soluble in hot water, it may be supposed to be presenf
when, after boiling a little of the powdered calculus in water,
the Aot aqueous solution gives a white precipitate of oxalate
of lime (Ca0,C,0;+2Aq), when tested with oxalate of am-
monia.

SECTION IX.
Cystine (CHNO,S,). f?

408. Calculi of cystine are of rather rare occurrence. They
are usually more or less crystalline in structure, not deposited
in lamine, soft, and of a pale brownish-yellow or greenish tint.
Small caleuli composed almost exclusively of this substance.
have been occasionally found in the dog. v

409. The chemical characters of cystine, and the methods
of distinguishing it by tests, will be found described in the
chapters on urine (172, 269, &c.).

410. The following directions will facilitate the identifica-
tion of the several varieties of urinary calcull.

CHAPTER II.

QUALITATIVE EXAMINATION OF URINARY CALCULI,
THE COMPOSITION OF WHICH IS UNENOWN.

411. When a calculus has to be examined with a view fto
ascerfaining the nature of its ingredients, a very few simple
experiments, conducted on some such plan as the following,
will generally furnish the required information. The caleulus
should first be sawn through, and the loose dust gently
brushed away. If the several lamine of which the mass is
composed appear to be homogeneous, and to consist of the
same kind of matter, a small fragment may be taken from any
part of 1t for examination (412); but if, as is more frequently
the case, there appear to be two or more different kinds of
matter contained in the several layers (367), fragments of
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: each of them should be carefully detached from the mass, and
¢ examined separafely in the following manner.

412. Place a small fragment on platinum foil, and heat it
| to redness before the bll}W-pl]]E, until the blackness of the
¢ charred animal matter disappears. Observe whether—

(¢) IT BURNS AWAY, LEAVING ONLY A MINUTE TRACE OF
i ASH (413); or

(6) It PROVES INCOMBUSTIBLE, WITHOUT MATERIALLY
| LESSENING IN BULK (414); or

(¢) It 1s PARTIALLY CONSUMED, leaving, however, a con-
k siderable residue of incombustible matter (415).

413. Ir 11 BURNS AWAY, leaving only a minute trace of in-
' combustible ash, it is prnbab]y either uric acid, urate of am-
f monia, or cystine; or possibly a mixture of two or more of
fthem. See 416—419.

414, Ir 17 1S INCOMBUSTIBLE, not matﬂrial]j’ lessening in
tbulk during the ignition, it is probably either phosph: te of
lime, triple phosphate, fusible nnttm {391) oxalate of lime
| (converted into carbonate by the heat), urate of lime (also
converted into carbonate); or, perbaps, two or more of those
substances mixed together. See 420—425.

415. If THE FRAGMENT IS PARTIALLY CONSUMED, 1t will
probably be found to consist of a mixture of one or more of
‘the combustible substances mentioned in paragraph 413, with
some of those enumerated in paragraph 414. See 426—428.

Ezamination of Combustible Calculi (413 ).

416. If the calculus (in powder) is found to be sparingly
SOLUBLE IN WARM WATER ; SOLUBLE IN DILUTE SOLUTION OF
poTAsH, without the evolution of ammonia; and to form,

hen tested with nitric acid and ammonia, a PURPLE RESIDUE ;
it is probably vric acip (370, 372, 371). (Confirm 573.)
417. If it is found to be SOLUBLE IN HOT WATER ; SOLUBLE
N DILUTE SOLUTION OF POTASH, with the evolution of am-
noniacal vapours ; and to yield, with nitric acid and ammonia,
a PURPLE RESIDUE; it is probably uraTE or aMmoONIA (375,
377, 376). (Confirm 373.)

418, If it is found to be INSOLUBLE IN WARM WATER;
readily SOLUBLE IN AMMONIA; the ammoniacal solution yield-
ing, on slow evaporation, HEXAGONAL CRYSTALLINE PLATES,
15 probably cystiNe (174, 173). Confirm 174, 271, 275. )

419, If it is suspected that more than one of the above
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substances are present, a little of the powder may be boiled 1
with wafer, and if any portion remains undissolved, the mix- -
ture filtered while hot.

(@) If the clear filtered liquid DEPOSITS, ON COOLING, AN'T
AMORPHOUS PRECIFITATE, URATE OF AMMONIA 15 [ll"ﬂlbﬂhlj’?’
present (375). (Confirm 417.)

(6) If the msoluhle portion gives a PURPLE COLOUR when i
tested with nitric acid and ammonia, URIC ACID is prohahlj' r
present (371). (Confirm 416.)

(e) If the insoluble portion is wholly or partially sornuBLE :
IN AMMONIA @ the ammoniacal solution, yielding, on evapora- -
tion, HEXAGONAL PLATES, CYSTINE 18 prohablj pleseut (173).%¢

Eramination of Incombustible Caleuli (414).

420. If the matter of the calculus is INFUSIBLE BEFORE
THE BLOW-PIPE; SOLUBLE IN DILUTE HYDROCHLORIC ACIDj
the acid solution of the substance after ignition, yielding, .
when neutralized with ammonia, an AMORPHOUS PEECIPITATE, .
it is probably pHosruATE oF LiME (379, 381, 382). (Confirm .
383, 384.) '

42]. If it is TOLERABLY FUSIBLE before the blow-pipe; .
SOLUBLE IN DILUTE HYDROCHLORIC AcCID; the acid solution .
giving, when neutralized with ammonia, a CRYSTALLINE PRE- -
CIPITATE, it is probably TRiPLE PHOSPHATE (387, 389). (Con-
firm 390.) .

422. If it is readily rusiBLE before the blow-pipe ; SOLUBLE
IN DILUTE HYDROCHLORIC ACID; the acid so}utmn yielding,
when supersaturated WITH AMMONIA, A PRECIPITATE, whlch
when examined under the microscope, is found to contain
both AMORPHOUS PARTICLES and also CRYSTALLINE STELLGE, it
is probably composed of the MIXED OR FUSIBLE PHOSPHATES
(392, 394).

423. If the substance, before ignition, is SOLUBLE WITHOUT
EFFERVESCENCE in dilute hydroehloric acid ; the acid solution
yielding a WHITE PRECIPITATE WHEN NEUTRALIZED WITH
AMMONI4A ; and after gentle ignition, is SOLUBLE WITH EFFER-
VESCENCE in the dilute acid ; the acid solution, moderately di-
lutﬂd now }fleldmﬂ' NO PRECIPITATE when neufralized with

* A very rare mmhustllﬂe mlrulus dmcufmcd hv Heller, is called urostealith.
It is soft and elastic when fresh, but becomes hard after dn ing. When hea
it evolves a resinous odour, somewhat similar to that of bénzoin. 1t is readily
soluble in ether, and sparingly in alcohol.
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ammonia, it is probably oxarate or e (307, 400, 401).
(Confirm 398, 402.)

424. If the hot aqueous solution, formed by boiling a little
of the powdered calculus with water, gives a WHITE PRECIPI-
TATE WITH OXALATE OF AMMONIA, the presence of URATE oF
LIME is indicated (407). (Confirm 404, 405, 406.) ,

425. If it is suspected that more than one of the above
substances are present in the portion of calculus under ex-
amination, it may be gently ignited, and then treated with
dilute hydrochloric acid.

(¢) 1r EF¥ERVESCENCE ENSUES (the calculus before igni-
tion, not causing effervescence with the acid), oxalate (or
possibly urate (¢),) of lime is present (397, 400).

(4) Supersaturate the acid solution with ammonia; and if
any PRECIPITATE IS PRODUCED, examine it under the miero-
gcgopﬂ for PHOSPHATE OF LIME and TRIPLE PHOSPHATE (382,

9).

(¢) Boil a little of the powdered calculus with water; and
test the 4of agueous solution thus obtained, with oxalate of
ammonia. If a WHITE PRECIPITATE is produced, URATE OF
LIME is probably present (407). (Confirm 405.)

Eramination of Partially Combustible Calenlt (415).

426. When the caleulus, or any portion of it, is found to be
partially consumed when ignited, it is probably a mixture of
‘one or more of the combustible matters enumerated in para-
graph 413, associated with one or more of the incombustible
mgredients mentioned in paragraph 414.

427. A portion of the calculus, before ignition, may first
be examined for the organic or combustible ingredients, in the
manner described in paragraph 419, 4, 4, & e.

428 Another portion of the calculus may then be gently
ignited on platinum foil, and the residue examined for the in-
organic matters, Jaccording to the directions given in para-
graph 425, «, 0, & c.

e — - - e ——————

CHAPTER IIL

BILIARY CALCULI OR GALL-STONES.

429. Biliary calculi are usually of a pale yellow or brownish
colour ; soft, soapy to the touch, and easily crushed 1n1;0 small
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fragments by pressure; and the texture of the mass is in moss
cases decidedly crystalline. The size most commonly met with
is about that of a pea; but they are free
nently found much smaller, and occae
sionally almost as large as a pigeon’s
egg. The form is generally irregular ane
somewhat angular, as shown in Fig. 61
430. They usually contain from fifty te
_ eighty per cent. of cﬂﬂleaterin (CseHeOp)
Bily Fig. 6L. the rest of the concretion being madd
ihary Calculi. e i g~
up of biliary resin and colouring matter
mucus, and traces of other animal matters,® with a smals
uantity of inorganic salts. The per-centage composition o«
alree specimens analysed by Brande was as follows :

I. II. II1.
Cholesterin - . 8125 6976 8177
Biliary resin . . 312 5:66 383

Bile-pigment . 9383 1138 757
Albumen and salts ex-
tractable by water ., —— @ —— 383

[

Biliary mucus . . 625 13-20 —_

431. Heat a small fragment of gall-stone on platinum foil 1}
it will fuse and burn with a bright but smoky flame, leaving ¢
small fixed residue, consisting of inorganic salts,

432. When coarses
ly powdered, it diss
solves readily in boild
ing aleohol ; and om
cooling, the cholestes
rin crystallizes out ir
the form of fine scal
crystals. (Fig. 62)!
whilethe biliary resin:
ousand colouring mata
ters remain in solud
tion, giving the liquici
a yellowish tinge. |

433, Tt is insoluble in dilute nitric and hydrochloric acidsls
It is insoluble also in a solution of potash ; thus differing froms
other fatty and oily substances, which cholesterin resembles ins
many respects.

Fig. 62. Cholesterin.

* Among which stearate and palmitate of lime have been noticed.
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| Cholesterin is found in large quantity in the fluid in ovarian
iwdropsy, and in hydrocele.
| 434. For a more complete analysis of biliary caleuli, Dr.
hudichum® recommends the following process: The pow-
dered calculus is digested with hot benzole, which dissolves
‘the cholesterin. The residue, having been washed with alco-
hol, and dried, is treated with ether and a little nitric acid, by
which the fatty acids are removed. On washing the residue
on the filter with water, phosphates and nitrates of lime and
agnesia are extracted (with occasionally a little copper). The
final residue consists of biliary colouring matter, and a small
Wquantity of earthy salts.

CHAPTER 1V.
GOUTY CONCRETIONS.

435, These earthy concretions, which form in the joints of
Mizouty persons, are usually white, or nearly so, soft and friable,
closely resembling chalk in appearance, and hence commonly
waknown as chall stones. They seem to vary a good deal in com-

position ; but in the great majority of those which have been
analysed, acid urate of soda (NaO,HO,C,;H,N,0,) appears to
Worm the principal and most characteristic ingredient. They
contain also a considerable quantity of chloride of sodium

and dried cellular tissue; with occasionally urate of lime
' Ca0,HO,C, )H,N,0,), phosphate of lime (3Ca0,PO;), and
chloride of potassium. The presence of a large quantity of

ric acid may be shown by the formation of the purple-
roloured murexide, when a little of the concretion, in powder,
8 treated with uitric acidd and ammoma, in the manner de-
cribed in paragraph 371.

Qualitative Evamination of Gouly Concretions.

436. Reduce the concretion intended for analysis to toler-
ably fine Hﬂw der, and digest it in cold water to dissolve out
@1 be chlorides of sodium and potassium. Filter the solution

e e,

* ¢ Chem. Soc. Quar. Journ.,” July, 1861.
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from the insoluble portion, which must be reserved for subse- -
quent examination (440).

437. Test a few drops of the aqueous solution thus formedd
with nitrate of silver. A white curdy precipitate, which iss
readily soluble in ammonia, but insoluble in nitric acid, willl
show the presence of cHLORINE (chloride of potassium or so-«
dium) (41, &).

438. Mix the rest of the agueous solution with bichloridee
of platinum ; evaporate the mixture to dryness, or nearly so,u
on a water-bath ; and observe the yellow, needle-shaped erys--
tals of the double ehloride of sodium and platinum (NaCl,PtCL),
showing the presence of soptvn (chloride of sodium).

439. Add a little alcohol to the evaporated residue, andd
observe whether any small, yellow, sandy-looking crystals re-«
main undissolved, indicating the presence of roTasstun (41, €). 1.

440. The portion which proved insoluble in cold waters
(436), may now be treated with hot water, and gently boiled {
with successive small quantities of the liquid as long as any--
thing appears to dissolve. The urate of soda is thus slowlyy
dissolved, together with any urate of lime that may be presentt
(97, 404). The matter which proves insoluble in the hot waters
is to be retained for subsequent examination (444). -

441. Hydrochlorie acid 1s now added in slight excess to the
hot agqueous solution, and the mixture set aside until it cools, |
in order to allow the urie acid, which will have been displaced d
from the soda and lime by the hydrochloric acid (405), to se-+
parate complefely from the solution. The urie acid is thuss
precipitated ; leaving in solution chloride of sodium, and alse, »
in case any urate of lime was present in the ‘concretion, ag
little chloride of calcium.

442. The mixture thus obtained is filtered. The vric aciDd
may be examined with the microscope and with other tests; ;
(373, 371); and a little of the aqueous solution may be new- -
tralized with ammonia, and tested for LiMe with oxalate of
ammonia (171).

443. The rest of the aqueous solution may be evaporated at
a gentle heat with bichloride of platinum ; when the yellows
needles of the double chloride of sodium and platinum willl
prove the presence of a large quantity of sopa derived fromn
the urate (435).

444. The remaining portion of the coneretion, which re-»
sisted the action of the hot water (440) may now be examined. |
It will probably be found to consist chiefly of dried cellulart
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matter, with perhaps a little phosphate of lime (435). The
animal matter may be burnt away, ];33 keeping it at a red heat
until the blackness disappears; after which the incombustible
residue may be examined in the manner deseribed in para-
g;alph 425, and will probably be found to consist of phosphate
of lime.

445. The following is an analysis by T. J. Herapath of some

concretions taken from the joints of the fingers of a man suffer-
ing from gout :

Fat . : ; : : . . 11923
Chloride of sodium : ; g

Phosphate of soda . : : : ) .
Extractive matter . : : : : races

Albumen A . § ; 3 )

Urate of soda, with some urate of potash 43973
Urate of lime 7 ; ; ; . 14769
Phosphate of lime . A : 3 . 34141
Perpﬁnsphate of iron . : : .  traces
Water and loss . : : : ; 5994

100-000

CHAPTER V.
SOLID EXCREMENTS.

4454. The separation of the proximate principles contained
in the solid excrements is effected by Dr. Marcet, by the fol-
lowing process :

The feces are exhausted by boiling aleohol, and rapidly
strained through a cloth. The alcoholic solution, on standing
for a short time, yields a deposit which is partly dissolved by
boiling aleohol ; the insoluble portion of this deposit is boiled
with potash, which dissolves it almost entirely, and the alkaline
solution, neutralized with hydrochloric acid, gives a deposit of
margaric acid, whilst the acid filirate, neutralized by ammo-
nia, yields a precipitate of plhosphate of lime. _

The alcoholic solution, after longer standing, deposits some
margarate of magnesia, and if exposed to cold for some hours,
1t gives crystals of excrefine.
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If the solution obtained by boiling the first deposit witlh
alecohol be evaporated fo dryness, the residue extracted witlih
ether, and the ethereal solution heated with alcohol and lime
water, a precipitate is formed which, when treated with hydro.of
chloric acid and ether, yields, on evaporating the ethereaia
solution, an olive-coloured substance named exerefolic acid. |

If the alcoholic liguid containing the excretine (or fromsd
which the excretine has been separated by cooling) be mixecd
with lime, a yellowish-brown deposit is formed, which yieldsi
excrefine to Eﬂiling ether. If the portion left undissolved bys
ether be treated with alcohol and hydrochloric acid, it givess
a port-wine-coloured solution, which deposits margaric acid omd
standing. If water be then added, and the solution concen«4
trated by evaporation, a brown substance separates, which!
may be purified by solution in ether and washing with water:a)
It then much resembles the colouring matter of blood and that |
extracted hy Dr. Harley from urine ?36). |

Excreline (CgH.0,8).  This new proximate principle crys-s!
tallises in four-sided prisms, which are insoluble in water, andi
sparingly soluble in cold alcohol, but dissolve readily in ether.s
Its solution has a feeble alkaline reaction. It fuses at a littleld
below 212,” and is not dissolved by boiling with solution ofo)

otash.
: Freretolic acid, the composition of which has not yet beens
determined, is a very fusible olive-coloured body, which is in-i{
soluble in water and in boiling potash, dissolves sparingly ini#
cold aleohol, but readily on heating, and is very sa]ulﬁa it
ether. Its solutions have a marked acid reaction. |

As far as they have yet been examined, healthy human ex-
crements contain—

Exeretine.®

Execretolic acid.

Peculiar red colouring matter.
Margarates of lime and magnesia.
Butyric acid.

Taurine.

Phosphate of lime.

Phosphate of magnesia and ammonia.
Phosphate of potash.

Insoluble and undigested matters derived from the food. &

e E ——

* Dy, Marcet estimates the average amonnt of excretine in each evacuation at i
about 28 grs. In the feces of an infant cholesterine was found, but no excretine. s
The feeces of a man with a diseased pancreas contained a large proportion of bis-#
tearate of soda.



PART I11
BLOOD.

CHAPTER 1.

HEALTHY BLOOD.

——

SECTION T.
General Characters of Blood.

446. Tur general appearance of blood, as it flows from the
§ vessels through which if circulates in the living body, is fami-
liar to every one, as an opaque, slightly viscous fluid, of a more
[ or less brilliant red colour ; that from the arteries being brighter
f and more scarlet than that from the veins. It has, while
warm, a faint though characteristic odour, differing in the
blood of different animals, and a saline and disagreeable taste.
- The specific gravity of healthy blood appears to vary from 1050
to 1058, the average being about 1055. It is always alkaline*®
to test-paper, from the presence of an alkaline carbonate.

447. While circulating in the vessels, blood consists of a
nearly colourless and transparent liquid, in which float myriads
of minute vesicular bodies or corpuscles, of which by far the
greater number are of a bright redp colour; and these, being so
small as to be individually quite invisible without the aid of a
tolerably good microscope, give the blood, when seen with the
naked eve, the appearance of being a homogeneous red fluid

(451). A few of the corpuscles are colourless, and differ also
| in other respects from the red ones (464). The fluid portion
of the blood, in which the corpuscles float, is usually called
the liguor sanguinis.

* In certain morbid conditions an acid reaction has been observed in the
| blood, due, it is said, to the presence of free lactic acid.
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448. The most remarkable peculiarity presented by the
blood is the spontaneous coagulation which it begins to
undergo almost immediately after being drawn, gradually sepa-
rating into a more or less firm and solid red coagulum or ¢lof,
consisting of coagulaied fibrin mixed with the corpuscles, and
a pale yellowish, transparent, watery liquid, called the serum,
]mljding in solution alr the other solid matters of the blood.
The nature and cause of this phenomenon will be more fully
explained further on (473). The specific gravity of the serum
is lower than that of the entire blood, being about 1029.

449. The chemical composition of the blood is highly com-
plex; and though the nature of the principal ingredients is
now tolerably well understood, our knowledge of the more ob-
scure parts of ifs history is still very imperfect. The follow-
ing substances appear to enter into its composition (Simon),
and probably further researches will reveal the presence of
other compounds, and, perhaps, also prove the non-existence
of some of those now included in the list.

Water,
Albumen,
Protein compounds {Fihriu,
Globulin,
Haematin,
Heemaphsein,
J':‘xlmhol extractive (confaining traces of
Extractive matters urea),
. Water extractive,
~ Cholesterin,
Serolin,
Margaric acid,
Olele acid,
Red and white solid fats, containing
L phosphorus,
~Oxide of iron,
Albuminate of soda, :
Phosphates of lime, magnesia, and soda,
Sulphates of potash and soda,
Saline matters ...... { Carbonates of lime, magnesia, and soda,
Chlorides of sodium and potassium,
Lactate, urate, and probably hippurate,
of soda,
LOleate and margarate of soda,

Colouring matters

Fatty matters ...... 4
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Oxygen,

{ Nitrogen,
Carbonic aeid,
Sulphur,

Phosphorus.

450. It will, however, be more convenient for our present
- purpose, to consider the constituents of the blood as arranged
n the following manner, the more important substances only
being placed separately, and the others being, for the sake of
. simpTir.:itj“, grouped together :
Water,
Red and white corpuscles,
Albumen,
Fibrin,
Aleohol extractive,
Water extractive,
Oily fats,
Crystalline or solid fats,
Fixed saline matters.

A short description of each of these substances and groups,
will assist in rendering the subsequent analytical operations,
both qualitative and quantitative, more simple and iutelligible
to the student.

SECTION II.
Blood-Corpuscies.

451. If freshly-drawn blood, previous to coagulation, be
examined under the microscope, it will be found to consist of
a transparent and nearly colourless fluid, in which float innu-
erable minute, circular, disk-shaped bodies or corpuscles, of
hich by far the greater number appear of a pale yellowish
olour, though they are in reality red; the paleness of the
olour being caused by the red rays from each of the cor-
puscles being spread over so large a surface. It is to these
orpuscles that the red colour and opacity of the blood are
ue; the liguor sauguinis or fluid portion of the blood, in
hich they float, being nearly colourless and perfectly trans-
arent.

452, These minute bodies, which, when the blood is first

* These gases appear to be contained, at least chiefly, in the blood-corpuseles ;
lie serum has been shown to have very little power of absorbing gases.
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drawn, float freely in the Ziguor sunguinis, occasionally adhere
together, forming little aggregations resembling strings off
beads or rolls of coin (Fig. 63);:
this arrangement, however, is not
always permanent, and the corpus- -
cles gradually become again dis- -
united and scattered. The ten--
dency to aggregate together iss
usually greater during the inflam- -
matory state, frequently causingz
the red corpusecles to collect ina
irregularly shaped masses, which:
sink more rapidly than when they§
are detached from each other..
This is one of the causes which1
tend to produce what is known as the dufly coaf, which wass
formerly supposed to be always indicative of inflammation, but
which has since been found to be formed almost whenever thes
fibrin, from whatever cause, coagulates more slowly, or thes
z?‘:jp)uscles subside more rapidly, than in healthy blood (454,
453. The red corpuscles of human blood have an averagee
diameter of about 4 2;4th of &
an inch. They are nearlyy
circular, flattened disks,s
each being slightly depressedd
and concave in the centre;:
their thickness is usuallgg
about one fourth or one fift
of their diameter (Fig. 64).%%
454. When, owing to thee
T TN solidification of the fibrin,y
n:ﬂ.:nhu”(tzﬁ?arl:l-“_lﬁi:{; the blood -::c-agulates (4?3)#:'!
: the corpuscles gradually be-»
come entangled in the network of the solidifying clot, which 1s,4
in consequence, of a bright red colour ; while the serum, or defi- -
brinated liguor sanguinis, is left nearly colourless as the clot sub-»
sides. 1In consequence of the corpuscles being slightly heaviers
than the liquid in which they float, they begin very slowly to<
subside almost immediately after the blood 1s drawn ; so thaty
the lower portion of the clot usually contains a larger propor-*

Fig. 63. Elood-corpuscles,
magnified 40X diameters.

¥ For further particulars relative to the structure of the 111;1u1‘i-cu1-|,1uscles, ste ¢
Todd and Bowman’s * Physiological Anatomy and Physiology of Man.
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tion of them, and has consequently a deeper colour than the
upper. This is the case to a remarkable extent in certain
morbid conditions of the blood, which will be noticed further
on (589).

455. The red corpuscles appear to consist of delicate mem-
branous vesicles, filled with the red fluid to which they owe
their peculiar colour, which fluid is supposed to consist of a
colouring matter containing a considerable quantity of iron, to
which the name of hematin has been given, associated with a
protein compound, in many respects analogous to albnmen,
and called globulin. The enclosing membrane, which is highly
elastic, appears to be composed either of coagulated fibrin or
albumen, or of some other modification of protein closely allied
to them.

456. When placed in solutions of different densities, the
phenomena of endosmosis and exosmosis presented by the cor-
puscles are very curious and interesting, and may be seen with
great facility with the help of a tolerable microscope. As long
as the fluid in which they float is of the same density as that
which they contain—such, for instance, as the liguor sanguinis
—the corpuscles experience little or no change of form. Buf
if the external liquid is less dense than that contained in the
corpuscles, the latter will become more or less distended and

lobular, owing to the lighter fluid, in obedience to the well-
own laws of endosmosis, passing through the membranous
vesicles into the interior more rapidly than the heavier fluid
- within can pass outwards. If, on the other hand, the external
 liguid be more dense than that contained within the corpuscles,
' the contrary effect will be ; e otk
- produced, and the corpus- | ) R
cles will immediately be- | @ & @& |
gin to collapse, and as- &} -
sume a wrinkled appear- < :
ance (Fig. 65), This
change of form not un-
frequently takes place
Epuntanenusly, while a
rop of blood, placed be-
tween two surfaces of
. glass, is being examined
under the microscope, es-
pecially near the edges, where, owing to evaporation, the liquid
with which the corpuscles are in contact, gradually becomes
more concentrated, and consequently more dense.

1

. 65. Blood-corpuscles collapsed,
magnified 400 diameters,
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457. The liquor sanguinis, or fluid portion of the blood, as
it exists in tha living dej, and before it undergoes coagula-
tion, appears to possess the same density as the red fluid con-
tained in the vesicles; so that, as long as it continues so, no
change takes place in the form of the corpuscles. When, how-
ever, “the fibrin, which was before dissolved in the liquor san-
guinis, has coagulated, the resulfing serum becomes less dense,
in consequence of its holding in solution a smaller amount of
solid matter (448). The effect of this upon the blood-cor-
puscles is to cause them, when in contact with the serum of
coagulated blood, gradually to enlarge in size, in consequence
of the inereased rapidity with which the less dense serum enters
through the membranous integument.

458, If the red corpuscles be brought in contact with water,
the change is extremely rapid; they instantly swell to a much
larger size, the vesicles becoming less and less distinet, until
ab length, unless the quantity of water is very small, they
almost entuelj,r disappear.

459. When, owing to the action of water, or some other
liquid of comparatively low specific gravity, the cor puscles have
become distended, they may, if the distension has not been
allowed to go too far, be again brought back almost to their
original size, and even be made to assume a wrinkled appear-
ance, b hrmfrmfr them in countact with a tolerably strong solu-
tion of sugar, or of certain salts, as chloride of sodium or
chloride of ammonium.

460. The corpuscles readily dissolve in a solution of potash,
ammonia, acetic acid, and some other fluids.

461. Although we are unable to separate the corpuscles
from the hmaf by filtration, since they pass readily through
the pores of the filter, it is found that when mixed with certain
strong saline solutions, they are retained by it. A solution of

sulphate of soda, for example, having a specific gravity of about
1-13, when mixed with the hlund effectually prevents the
passage of the corpuscles through the filter. This remarkable
;()rgpu:)artjr has been applied by Figuier to the purposes of analysis
582

462. When blood is allowed to dry at common temperatures,
and is subsequently moistened, even after the lapse of a consi-
derable time, with some liquid having a specific gravity similar

* According to Dumas, oxygen should be passed through the liquid during
filtration, and solution of sulphate of soda allowed to drop into it, in order to
prevent the obstruction of the pores of the filter.
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to that of the serum (448), the corpuscles are found to have
retained their characteristic form and appearance, and may be
readily distinguished under the microscope. This circumstance
has been ingeniously applied for the purpose of solving a ques-
tion which i some medico-legal inquiries is one of grave im-
portance, viz., whether the stains found on clothing or else-
where are or are not stains of blood.

463. For this purpose the stain is to be moistened, and

ﬁently rubbed with a little fresh white of egg, or some other

uid baving a specific gravity of about 1030 to 1050. It is
then seraped off, and a little of the mixture examined under
the microscope with a tolerably high power, when, if the stain
consisted of blood, the characteristic corpuscles will, in most
cases, be distinctly visible.

It 13, of course, desirable to obtain chemical as well as mi-
| eroscopical evidence of the presence of blood in the stain under
examination. With this view, the stained material should be
soaked in a hittle water for an hour or two, when, unless the
stain be of long standing, a portion of the blood will be ex-
tracted, imparting a dingy reddish colour to the liquid, to which
the following tests should then be applied -

(2) Boil a portion in a test-tube; a dirty red coagulum
- should be formed. On dissolving this in boiling potash, the

solution should be green by transmitted and red by reflected,
- light.

g(&) Chlorine-water should decolorise the liquid, and produce

- a white flocculent precipitate.
(¢) Nitric acid should produce a brown coagulum of albu-
. men and colouring matter. The albumen may also be fested
| for with chloride of mercury, and with acetic acid and ferro-
. eyanide of potassium (137, 138).

(4) Evaporate the remainder of the solution o dryness, and
heat the residue, observing whether the offensive odour of
| burnt blood is evolved. Inecinerate the residue completely, and
boil the ash with a few drops of hydrochloric acid ; dilute the
 solution with water, and test for iron with ferrocyanide of

tassium.

If the blood has not been extracted by soaking in water, the
piece of stuff with the stain should be placed in a stout glass
tube, closed at one end, about half an inch in diameter, and
five or six inches long. About a drachm of distilled water
should be poured upon it, and the tube drawn out and sealed
before the blow-pipe, at about two inches from the open end.
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The sealed tube is then heated to about 300° to 310° Fahr. fomr
about an hour.®* At this temperature the fibrin as well as thes
albumen of the stain will dissolve in the water. When the
tube has cooled, it may be opened with a file, and the liguid
examined. It should have a yellow or reddish colour, and a
feeble alkaline reaction to reddened litmus-paper. Of course,:
it would not be coagulated by heat, but nitric acid, chloride ofs
mercury, and ferrocyanide of potassium (after acidifying withh
acetic acid) should yield precipitates.

The fabric from which the soluble matter has thus been
extracted will generally retain some of the iron of the blood,L
and may be examined, for further confirmation, by the follow=«
ing tests:

(@) 1f it be boiled in water containing a little tanuic acidd
or tincture of galls, it acquires a black or grey colour.

() The same piece may be boiled with a little dilute hydro-»
chloric acid, the solution diluted, and tested with ferrocyanidee
of potassium for iron.

ée) Another piece may be boiled with hydrochloric acid,l|
and the solution tested for iron with ammoma and hydrosul--
phate of ammonia.

It is always advisable to repeat the above experiments withh
an unstained portion of the same fabrie, especially if the latter ¢
be made of a coloured material.

Ldentification of blood-spots upon iron.—Spots of blood aree
generally much more easily detached than those of ordinaryy
rust, and may be recognised by the following tests :

(¢) Digest in water at about 100° Fahr. A recent stainn
will be dissolved, and the solution may be tested by boiling, 5
by nitrie acid, and by chlorine (see above). |

(6) If water does not dissolve the stain,t boil it with a4
dilute solution of potash, and test the solution with nitric acid d
and chlorine.

(¢) Heat a portion of the suspected rust in a tube, and d
observe the odour.

(2) Heat another portion in a tube with a fragment of solid &
hydrate of potash or soda; notice if any ammonia is evolved d
during the fusion. All rust would evolve a little ammonia; §
but an abundant evolution of this substance would afford some &

* This may be effected either by suspending it in oil which is afterwards ¥
heated to that temperature, or by placing it in a hot-air bath.

T Rose (‘Journ. Pharm.,’ xxviii, 436) has proved by direct experiment that o
hydrated peroxide of iron (rust) forms an insoluble compound with the colouring &
matier of the blood.
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evidence of the presence of blood. A part of the nitrogen
contained in the blood would be converted into cyanide of
otassium, which may be detected by dissolving the fused mass
m water, adding a little solution of protosulphate and per-
chloride of iron, followed by an excess of acetic acid, w]ljieh
should leave a blue precipitate (Prussian blue).
464. White corpuscles of the blood—1In addition to the red
- corpuscles, there are always present in the blood a few colour-
less particles,® somewhat
larger than the eoloured
- ones, and otherwise dif-
fering from them in gene-
- ral appearance and struc-
ture (Fig.66). They are
- of irregular forms, some-
| times spherical, slightly
. granular on the surface,
: and appear to be iden-
tical, or nearly so, with i 68 Wil Gorsnsalas seira
' the peculiar corpuscles Blood, magnified 400 diameters.
always present in the
lymph and the chyle. When treated with acetic acid, the gra-
nular exterior becomes transparent, as in the corpuscles of
pus, and one or more internal nuclei are rendered visible.
465. The proportion of corpuscles present in healthy blood
is usually about 130 parts in 1000 (573).F
465a. Hematin.—In order to separate the peculiar colour-
ing matter of the blood-globules, freshly drawn blood, which
has been defibrinated by stirring, is mixed with eight volumes
of a saturated solution of sulphate of soda, and set aside, in
order that the globules may subside. The deposit is collected
‘upon a filter, washed with solution of sulphate of soda, boiled
with aleohol containing a little sulphuric acid, and filtered
while hot. The globulin is then removed from the solution by
precipitation with carbonate of ammonia, the filtered solution
evaporated to dryness on a water-bath, and all soluble matters
removed from the residue by boiling water, aleohol, and ether.
By treating the residue with ammoniacal alcohol, the heematin is
dissolved, and may be further purified by evaporating the clear
solution to dryness, and washing the residue with water.

_————— — e e

* These have a lower specific gravity than the red corpuscles, and, therefore,
accumulate on the upper surface of the clot. :
t According to Denis, they contain one part of solid matter and 1'8 of water.
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The dark brown colouring matter thus obtained is remark--
able for ifs containing a large proportion (66 per cent.) ofi
iron, its composition being represented (according to Mulder))
by the formula Cy H,NO¢Fe. If it be digested with coldd
strong sulphuric acid, it forms a brown liquid, and if this bee
diluted, hydrogen is evolved, and a dark brown substance left,
whilst sulphate of iron (FeO,50;) is found in solution. Chle--
rine also removes the iron, but at the same time destroys thee
colour, producing a white coagulum. In its general chemicall
characters, heematin resembles the albuminous class of sub--
stances,

Hematoldin, or blood-crystals.—When a drop of blood iss
diluted with a little water on a slip of glass, hightly covered
with a piece of thin glass, and left in the sunlight for somes
hours, minute red prismatic crystals of heematoidin will some- -
times be perceived. Fi

Hesematoidin is also met with in old extravasations, andl
Robin* has examined a mass of erystals of this substanee,,
weighing about ﬁftly grains, obtained from a hydatid cyst ini
the liver. An analysis of these crystals led to the formulas
C,,H.NO,+4HO, and Robin believes them to represent heematin
which has lost all its iron, and acquired an atom of water. .
The substance obfained by treating heematin with sulphuries
acid has almost exactly the same composition. Hematoidin
is very sparingly soluble in water, aur.r insoluble in alcoholy
but it dissolves 1n ammonia, yielding a red solution.

Lehmann obtained a red erystalline substance from the blood
of guinea-pigs, rats, or mice, by washing the clot with water, y
filtering the red liquid, and passing first a current of oxygen, ,
and afterwards carbonic acid. After a time the crystals sepa- -
rate, and may be washed with a liftle water. This substance, ,
which has been named hwemato-crystallin, dissolves sparingly ¢
in water, the solution being coagulated by heat, but not bys
chloride of mercury. In composition it somewhat resembles s
albumen, containing more nitrogen and less sulphur. Muehs
obscurity still remains to be cleared up with respect to these &
ervstalline bodies obtained from blood.

Dr. Carter (‘Ed. Med. Journal,” August, 1859) obtained &
from serum a substance yielding indigo by decompositio, .
similar to that extracted from urine (page 15).

MR

* ¢ Compt. Rend.,” xli, b0G.
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SECTION TIII.
Albumen.

466. This is one of the most important of the constituents
i of the blood, and, with the exception of the red corpuscles, is
| present in larger qu&ntltv than any of the other solid matters
contained in it. 1t is held in solution in the serum, where it
may readily be shown to exist by gently boiling in a tube a
little of the clear, colourless fluid from which the coagulated
dlot of fibrin and corpuscles has subsided. As soon as the
temperature reaches about 170° the albumen begins to coagu-
late, and on being boiled for a short time, EEpamtes entirely
in the insoluble form.
- 467. It may also be precipitated from its solution in the
serum, by adding to the clear fluid a few drops of dilute nitrie
or hydrochlorie “acid (136, 141). Acetic acid fails to precipi-
tate it ; but if ferrocyanide of pofassium be added to the acidi-
fied solution, a dense white precipitate is produced, even when
the albuminous liquid is very dilute.

468. When gently warmed with strong hydrochlorie acid,
‘albumen dissolves, forming a purplc-cc}loumd solution, in whl-::'ll
respect it resembles fibrin and casein.

469. When moistened with strong nitric acid, albumen
becomes vellow, owing to the formation of xantlmpmtmc
acid (2HO, CJ,‘H”I\ 0y), which, together with oxalic acid
(['IO Cy05), ammonia (V/7,), nitric oxide (N O,), and nitrogen,

is always formed by the action of strong nitric acid on the
so-called compounds of protein.

469«. Heated with a solution of nitrate of mercury (HgO,
NO,), albumen becomes intensely red (141a).

470, Tt appears from the results of numerous analyses that
the average amount of dry albumen present in healthy blood
a8 rather more than 70 parts in 1000 (573).

471. The composition of albumen is usually expressed by
Mulder’s formula (CypHy0N500.208:P); but considerable un-
certainty still hangs over the real nature of this class of bodies.®
Tt is even doubtful whether any phosphorus exists in albumen,
except in the state of phosphoric acid, as a constituent of the
ash. By some chemists albumen is rcqardt,d as containing

* The per-centage composition of the three so-called protein compounds, albu-
men, fibrin, and casein, is as follows ;| 10
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C,44H 10N 58,04, and since the serum of blood always contains s
nearly 2 per cent. of soda, they consider it to consist of an1
albuminate of soda, in which one atom of the above albumen a
is combined with each atom of soda. As the more important @
peculiarities of albumen have been already noticed in the:
chapter on morbid urine (133, 235, &e.), they need not be :
again described.

SECTION IV.
Fibrin.

472. This substance, of which muscular fibre is chiefly
composed, is closely allied in chemical composition and gene- -
ral properties to albumen; and it is, indeed, not improbable
that both are, in their chemical relations, merely modifica- -
tions of the same compound, which, from the circamstance of °
its being apparently the basis, not only of albumen and fibrin, |
but also of casein (625) and some other analogous substances,
has been called profein, from rpwrebw, I am first.*

473. While circulating in the vessels, the fibrin of the :
blood is held in a state of solution in the liguor sanguinis;
but no sooner is the blood removed from the system, than it .
begins to separate in a solid state, after which if becomes |
quite insoluble in water. This solidification of the fibrin is i
the cause of the well-known phenomenon of coagulation, |

Albnmen. Fibrin. Casein.
Carbom......... a5 46 adrdi 2466
Hydrogen ... 720 707 T-15
Nitrogen...... 1648 17-21 15-72
Oxygen ...... 1827 19:35 21-55
Suiphur ...... 216 1:59 03
Phosphorus... 43 33

10000 10000 100-00

—_—— o —

The mineral constituents, sueh as phosphate of lime, from which these sub-
!l-.'.tulwts can never be completely separated, have been excluded from this caleu-
ation.

A peculiar modification of albumen (albuminose or peptone) has been observed
in the liver and in blood, differing from normal albumen in not coagulating when
heated, and from casein in not being precipitated by acids.

# The existence of protein as an independent proximate principle appears very
doubtful. Mulder represented fibrine as a compound of fen atoms of protein
(CqnHgz1N5019) with one atom of sulphur and one of phosphorus, but the presence
of the latter, except in the ash of fibrin, 18 disputed. The fibrin of mnscle
does not appear to be identical with that of blood, the latter containing a smaller
proportion of sulphur.
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which blood experiences almost immediately after it is drawn ;
and although the coagulum or clot contains the blood-corpus-
cles in addition to the fibrin, these have merely been en-
tangled in the network of coagulating fibrin, and do not them-
selves play any active part in the process of coagulation.™®

474. The coagulation of blood may be retarded, and even
altogether prevented, by the presence of certain salts and
other substances. The alkalies, for example, and their car-
bonates and acetates, entirely prevent it ; and tolerably strong
solutions of sulphate of soda, nitrate of potash, nitrate of lime,
chloride of ammonium, and some other salts, retard it for a
considerable time. The latter salt, indeed, gradually dissolves
fibrin, after it has been allowed to coagulate. Most of the
dilute acids, also, cause blood to retain its fluidity, though it
becomes, under their influence, more viscous and syrupy in its
eonsistence.

475. Contact with certain animal membranes also appears
to exercise a retarding influence on the coagulation of the
blood. When infused into the cellular tissue, it has been
known to continue uncoagulated for some weeks; and even
in a tied artery, it remains some hours without coagulating.

476. It appears from the experiments of M. Denis, that if
moist fibrin be digested in a solution of nitrate of potash con-
taining a little soda, at a temperature of about 100° Fahr,, it
becomes gradually converted into a substance in almost every
respect identical with albument ; being soluble in water, and
coagulable by heat. This change is said to be most readily
Emduced when the fibrin employed in the experiment has

een obtained from venous blood, by allowing it to coagulate
. spontaneously ; while, if it is separated by agitation, or if the
' blood be arterial, it scarcely experiences any alteration in the
 saline solution. By drawing blood into a solution of sulphate
i of soda, so as to prevent the coagulation of the fibrin, filter-
| ing off the globules, and saturating the filtrate with chloride
i of sodium, Denis obtained a precipitate of fibrin, which dis-
: solved in water, forming a suﬁ:.t.ian which gave, after a short
| time, a fransparent coagulum of fibrin. ‘
477. Pure fibrin may be obtained without difficulty, by
 receiving the blood, as it flows from the body, in a clean

* According to Dr. Richardson, the coagulation of the fibrin is due to the
escape of ammonia, by which it was previously held in solution. S

% Fibrin suffers a similar change when heated with water to about 300° Fahr.,
in a sealed tube.
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poreelain dish, and stirring it well for some little time with a
glass rod ; or the blood may be shaken with a few small frag-
ments of lead, in a closed glass flask. The fibrin, as it coagu-
lates, collects in loose fibrous masses round the rod or frag-
ments of lead, coloured slightly red, owing to the imprisonment
of a few corpuscles within the network of fibrin, These may
be removed by tying the coagalum in a piece of fine muslin,
and washing it under a stream of cold water until the mass
becomes colourless. In this state, it still contains traces of
fatty matter and inorganic salts, together with a considerable
amount of water. To obtain the fibrin, therefore, in a state
of perfect purity, the washed coagulum must be dried on a
chloride of calcium bath at a temperature of about 250°, and
the dry mass then reduced to fine powder in a mortar, The
pounded fibrin may afterwards be washed successively with
alcohol, ether, and dilute hydrochloric acid ; and lastly, mace-
rated with cold or lukewarm water, until all the soluble
matter is removed ; after which it may be dried as before at a
temperature of about 250°.

478. If the blood from which we wish to extract the fibrin
has already coagulated, the clot is first gently pressed between
folds of bibulous paper, in order to squeeze out the greater
part of the adhering serum, and then cut into thin shreds
with a sharp knife, The finely-divided clot is then washed in
a muslin bag under a gentle stream of cold water, until it
becomes colourless, by which means the imprisoned corpuscles
are washed out of the fibrous mass. The latter is then dried,
and reduced to powder, and subsequently purified by washing
and drying in the manner above described (477).

479. Fibrin thus prepared is a pale yellowish, horny-looking
substance, hard, brittle, and, if all traces of fat have been re-
moved, transparent. It is perfectly tasteless, and msoluble
in water, alcohol, and ether; if kept for a short time in water,
however, it graduallj softens, swells up, and reassumes the
appearance 1t had previous to desiccation. When digested
with acetic and most of the other acids, fibrin becomes gela-
tinous, and 1s in that state soluble in water. The acid solu=
tion, when treated with ferrocyanide of potassium, gives a
copious white precipitate, similar to that caused in albuminous
sﬂtutinus. Fibrin 1s also dissolved by digestion in a dilute
solution of nmitre, the liquid coagulating when heated. Like
albumen, and the other modifications of protein, it forms,

when gently warmed with strong hydrocbloric acid, a purple-
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coloured solution. With nitrie acid, also, fibrin behaves like
the other protein compounds, forming the yellow xantho-
proteic acid (469). It also becomes red when heated with
solution of nitrate of mercury (14le).

479, The fibrin of muscle (sometimes called synfonin)
differs somewhat in properties from that of blood. It does
not dissolve in a dilute solution of nitre, but may be dissolved
by digestion in very dilute hydrochloric acid (1 of acid to
1000 of water), whilst blood-flibrin swells up and becomes
transparent, but does not dissolve.

480. When examined under the microscope, coagulated
fibrin appears to consist of a rude network of amorphous
threads, together with detached aggregations of irregular
form, similar to albumen.

481. The average proportion of dry fibrin present in healthy

blood appears to be rather more than two parts in a thousand
(573).

SBECTION V.
Batractive Mallers.

4892, Of the real chemical nature of the substances included
under the name of extractive matters, little is yet definitely
known, though they have frequently engaged the attention of
chemists. It 1s probable, however, that further researches
will, ere long, throw new light upon this at present obscure
elass of substances. They include all the undefined, unerys-
tallizable organic matters which are soluble in water; or, in
other words, the extractive matters of the blood may be said
to include all the organic substances contained in it, with
the exception of the corpuscles, albumen, fibrin, and fatty
matters.

483. Extractive matters are usually divided into alcokol
extractive and waler extractive; the first including that portion
which is soluble both in water and aleohol; and the latter,
that which is soluble in water and insoluble in alcohol. They
are of a brown or yellowish colour, and are characterised by
their solutions giving brown precipitates with acetate of lead,
but none with bichloride of mercury. A solution of the
alcohol extractive is precipitated by an infusion of galls, which
reagent causes little or no change in the water extractive.

484. Traces of urea are probably always present in the
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blood, and would be contained in the aleohol extractive. The:
method of detecting it will be described further on (598). .
The minute traces of uric acid which appear to be usually -
present even in healthy blood, would be contained in the :
water extractive ; the mode of detecting them is described in .
paragraph 604.* _

485. The amount of extractive matters present in healthy
blood seems to vary from one to three parts in a thousand.

SECTION VI.
Fatty Matters.

486. Our knowledge of the fatty matters contained in the
blood is at present far from being complete. They are usu-
ally divided into oily fafs and erystalline fats; the first
being soluble in cold aleohol, and the latier insoluble. The
oily fats appear to consist chiefly of oleic (HO,C\;H,,0;) and
margaric (H0,C, Hy0,) acids ; the erystalline fatty matter is
probably a mixture of serolin with traces of cholesterin
(C;.H,,0,), together with one or more solid fats containing
phosphorus. ¥

487. To obtain these fatty matters, a quantity of blood is
evaporated to dryness on a water-bath, and the dry residue,
after being reduced to powder, is digested in hot ether, sue-
cessive portions of which must be added as long as anything
appears to be dissolved by it. The ethereal solution is then
evaporated to dryness on a water-bath, and the residue, con-
sisting of the mixed fats, treated with cold aleohol, which will
dissolve out the oily fats, and leave the erystalline matters
undissolved. The first may be obtained by evaporating the
aleoholic solution on a water-bath; and the undissolved erys-
talline fats may be dissolved in boiling alcohol, from which
they will almost entirely separate, as the liquid cools, in the
form of small erystalline scales.

488. The quantity of fatty matters present in healthy blood
appears to vary from 15 to 2'5 in 1000 parts (573).

e

* Sugar has been discovered in minute proportion in normal blood. Camphell
hasz also indicated the presence of a little formie acid in the sernm.

+ The serum also contains minute proportions of one or more of the volatile
fatty acids (e.g. butyric or caproie,) as shown by the odour which is developed
on mixing the blood with sulphuric acid, and varies in different animals.
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BECTION VII.
Fized Saline Matters.

489. The ash left after the incineration of the dry residue
of evaporated blood appears to contain the following sub-
stances :—viz., the chlorides of sodium and potassium ; the
phosphates of lime, magnesia, and soda; the sulphates of
potash and soda; and oxide of iron derived from the heematin
(455). 1f the ash has been obtained by the incineration of
the serum, traces of alkaline and earthy carbonates will pro-
bably be rendered apparent by the effervescence caused by the
addition of an acid; but if the ash has been obtained by the
ineineration of the entire blood, no trace of carbonates will be
observable on the addition of the acid. The cause of this
appears to be, that some of the fatty matters present in the
clot contain traces of phosphorus (486), which, during com-
bustion, is converted into phosphoric acid (PO;); and the
phosphoric acid thus formed decomposes the small quantity
of carbonates derived from the serum, converting them into
phosphates.

490. The saline matters of the blood may be conveniently
divided into the alkaline salls, which readily dissolve in water,
and the earthy salts, which require an acid for their solution.
The alkaline portion of the ash consists of the chlorides of
sodinm and potassium ; the sulphates of potash and soda;
and phosphate, with possibly traces of carbonate (489) of soda.
The earthy or insoluble portion contains the phosphates of
lime and magnesia; oxide of iron derived from the red colour-
ing watter; and possibly a little earthy carbonate (489). The
presence of the bases and acids contained in these several salts
may be shown by the following experiments.

491. Digest from twenty to thirty grains of the ash in warm
water, In order to dissolve out the alkaline salts, and filter the
solution from the insoluble portion. The aqueous solufion
thus obtained may be first tested, retaining the earthy residue
for subsequent examination (499). _

4992. If the aqueous solution is at all dilute, it should
first be concentrated by evaporation. To a liftle of the
. concentrated solution, add a slight excess of fartaric acid
(2HO,CsH,0y), and agitate the mixture with a glass rod.
A colourless crystalline precipitate of the bitartrate shows the
presence of POTASH.
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493. To another portion of the solution add a solution oo
bichloride of platinum (P¢C%), and allow the mixture to eva
orate to dryness, either spontaneously or at a very gentld
rleat. Minute, yellow, granular crystals of the double ehloridd
of platinum and potassium (KCI,PtCl;) will be found depositedd
also showing the presence of rorasi. In addifion fo thes
will be seen long, yellow, needle-shaped erystals of the doubld
chloride of platinum and sodiom, proving the presence ob
sopa. If the bichloride of platinum has not been added in
suflicient quantity to combine with the whole of the soda, a fe
detached cubical crystals of chloride of sodium will also b
deposited, which may be proved to be such by their well-known
taste.

494. The presence of soda may also be shown by addingg
to a little of the strong aqueous solution a few drops o
antimoniate of potash (K0,560;), which will gradually caus
a colourless crystalline precipitate of antimoniate of sod
(Na0,8b0;).

495. To another portion of the aqueous solution of thee
ash, add a solution of chloride of barium, or nitrate of baryta,,
as long as it causes any precipitate. The sulphurie, phos--
phorie, and (if any (489)), carbonic acids are thus throwns
down in combination with baryta. The mixture containingz
the precipitate thus produced is now strongly acidifiedd
with hydrochlorie acid, and warmed. 1f effervescence occurss
on the acid of the acid, carBoNIC AcID is probably pre--
sent. The presence of sULPHURIC AcID is shown by a portion:
ﬂt'_éhe precipitate (sulphate of baryta) proving insoluble in the @
acid.

496. Filter the acid mixture formed in (495), and neutra- -
lize the filtered liquid with ammonia. The phosphate of baryta i
(2Ba0,HO,PO,), which had been dissolved by the acid, iss
riggnipitated, indicating the presence of PHOSPHORIC ACID
(498).

497. Acidify another portion of the aqueous solution of the :
ash wifh nitrie acid; add a slicht excess of nitrate of silver, ,
and filter the liquid from the white precipitate occasioned by
the silver salt. This precipitate may be proved to consist
of chloride of silver (RypROCHLORIC ACID), by being readily
soluble in ammonia, and insoluble in nitric acid.

498, Accurately neutralize the acid solution formed in
(497), with dilute ammonia; the pale yellow phosphate of
silver (3Ag0,P0;), which had been held in solution by the ex-
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» eess of acid, will now be precipitated, showing the presence of
| PHOSPHORIC ACID (496).%
499. The earthy portion of the ash, which proved insoluble
iin water (491), may now be examined. It is to be dissolved in
‘as small a quantity as possible of dilute hydrochloric acid, a
gentle heat being applied if necessary. If effervescence oceurs
8 on the addition of the acid, caArRBONIC ACID is present (489).
500. A little of the acid solution may now be nearly neutra-
lized with dilute ammonia, which should not be added in suf-
W ficient quantity to cause any precipitate. The liquid is then
itested with a drop or two of a solution of ferrocyanide of
¥ potassium, which will cause, either at once, or in the course of
a few minutes, a blue colour, owing to the formation of the
ferrocyanide of iron (Fe,Fcy;), showing the presence of 1rox.
501. The rest of the acid solution of the earthy portion of
e ash may now he supersaturated with ammonia, which will
throw down a white gelatinous precipitate of earthy phos-
iphates. A little of this precipitate may be examined under
‘#the microscope, when it will be found to consist chiefly of
amorphous particles of Flmsphate of lime (3Ca0,P0;), with a
Bew crystals of the douhle phosphate of ammonia and magnesia
M 2MoO,NH,0,PO;+12Aq). The precipitate thrown down
by the ammonia may also be examined for TIME, MAGNESIA,
Mhnd pnosrHORIC Acin, by redissolving it in acetic acid, and
festing the solution in the manner described in paragraph 47.
502. The quantity of alkaline salts usually present in healthy
slood, varies from about six to ten parts in 1000 ; and that of
arthy salts from 0'5 to 1'5 in 1000 parts.

CHAPTER 11I.
QUANTITATIVE ANALYSIS OF BLOOD.

! 503. A complete quantitative analysis of the blood, includ-
Mihg the separation from each other and estimation of a/l the
B8horedients, would be, even if our knowledge and resources

iere much less limited than they are, in the highest degree

# * The phosphoric acid may be detected with greater certainty by perchloride
| iron, or the mixture of sulphate of magnesia, chloride of ammonium and am-
ia (41).
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complicated and difficult ; while at present it may be said to be
altogether im practma,hle. For most purposes, however, a comu
par: 1twelv incomplete analysis, embracing the determination :
the more important ingredients, is all that is required ; and i
the majority of cases, a knowledge merely of the proportion oo
fibrin, the cnrpuwcles, and the solids contained in the serum, i
what the medical practitioner chiefly requires.

504. I will first describe the mode of conducting such am
analysis, by which the amount of water, corpuscles, ﬂbrm ;
solids contained in the serum, may, with very little difﬁcultg._
be ascertained; and subsequently go through a somewhas
more complete scheme, by which, in addition to the above subt
stances, the more important constituents of the serum masn
also be mdmdua]lj estimated. (See sectmus 3 and 4.)

505. When the blood intended for analysis can be collectee
in the proper vessels as it flows from the {mdjr, the process 14
somewhat simpler than when it has been allowed to coagulates
and the resulfs are generally more accurate. As, however, thi
is frequently impracticable, I will also describe the method by
which the analysis of coagulated blood may be effected.

SECTION I.

Quantitative Analysis of Uncoagulated Blood, including th
estimation of the water, corpuseles, fibrin, and the solid matters
confained in the serum.

506. Before proceeding to collect the blood as it flows froms
the body, for the purpose of analysis, the experimenter should#
pmude himself with three vessels, the exact weight of each 0
which is to be carefully ascertained and noted. These vessel: |
are ;

1. A six- or eight-ounce bottle, provided with a stoppers

this bottle should be perfectly clean and dry, and o@
known weight. Eight or ten small strips of thin sheel
lead, about half an inch square, the weight of whiele
slu:mld also be known, are put into the bottle, which wili
then be ready to receive the blood (507). This bottle it §
used for effecting the separation of the fibrin.
2. A small platinnm or Berlin poreelain capsule, capable oi¢
holding from half an ounce to an ounce of water. This!
is used for estimating the proportion of water in the bloo
(508).
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3. A rather tall, upright beaker, or cylindrical glass, capable

of holding about six ounces of water,

507. The blood may now be collected. About five or six
ounces of the fluid are first poured into the bottle containing
the fragments of lead, which should then be tightly closed with
he stopper, and kept gently agitated for about a quarter of an
our, in order to allow the whole of the fibrin to coagulate,
and attach itself to the pieces of lead (477). This portion of
slood we will call A (510).

508. Two or three drachms of blood are collected in the
apsule, which is then again accurately weighed, and the
veight of the empty capsule, previously ascertaimed (506), de-
lucted from the gross weight, in order to determine the exact
mantity of blood contained in it. It may then be placed on
water-bath, and evaporated to dryness. This portion we
il call B (514).

509. The beaker, or cylindrical glass, is to be nearly filled
rith the {reshly-drawn blood, covered with a glass plate, and
et aside in a tolerably cool place for twenty-four hours; at
ne end of which time it will be found to be thoroughly coagu-
ited, and separated info a firm clot and clear serum. This
prtion we will call C (516).
L 510. Dreatment of the portion A—When the blood has been
ently shaken for about a quarter of an hour, immediately on
sing placed in the bottle (507), the fibrin will be found to have
parated, and collected round the fragments of lead which
ave been previously introduced. The outside of the bottle
then cleaned with a wet cloth, and wiped dry.
511. The weight of the bottle, with its contents, is now
gen, in order to ascertain the exaet quantity of blood em-
oyed in the experiment, which is known by deducting from
e gross weicht that of the empty bottle and the lead, the
Jifference being the weight of blood contained in it.
$512. The stopper is now removed, and the contents of the
Blttle poured out upon a piece of fine muslin placed in a small
isin. or saucer. TE& liquid portion is carefully drained off,
@ld may be thrown away; after which the fibrin adhering
the lead is to be washed with a gentle stream of cold water,
itil it becomes colourless, in order to separate from it the
wle of the corpuscles and serum. During the washing, the
fongy acgregations of fibrin may be gently pressed occasion-
8y between the fingers, care being taken that none of the
g8 gments are lost. When clean, the fibrin is to be placed in
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a small evaporating dish, and dried on a chloride of caleiu
bath, at a temperature of 220° or 230° until it ceases to log
weight. It is unimportant whether it is dried and weigha
with the pieces of lead, or first separated from them, since th
weight of the lead, being known (506), may be deducted froo
the gross weight of the lead and fibrin, the difference bein
that of the fibrin.

513. The weight thus ohtained represents the proportid
of FIBRIN in the quantity of blood used in the experiments
the proportion in 1000 parts of blood may afterwards be ascee
tained by the following calculation :

Wt. of hlnm]} . (Wt of fibriny .. 1000 {(%uanﬁtjf of fibrin ini
employed. obtained. i : (000 parts of blood. L

514. Trealment of the portion B.—The capsule containin
the portion B, after being accurately weighed (508), is allows
to remain on the water-bath (or still better, on a chloride :
calcium bath, heated to about 220° or 2307), until it ceases 3
lose weight on being weighed at intervals of half an howr :
an hour, care being taken to wipe the outside clean and dd
each time. When the weight becomes constant, it may !
concluded that the whole of the water has been expelled.

515. From the weight thus obtained, that of the empy
capsule is now to be deducted ; the difference being the weigg
of the ENTIRE soLID MATTER contained in the quantity *
blood operated on. The difference between the weight of th
dry residue and thai of the blood before evaporation, or, .|
other words, the loss which it has experienced during tit
evaporation, will then represent the amount of waTer eox
tained in the quantity of blood employed in the experimer
The proportion of solid matter present in 1000 parts of tif
blood, may therefore be calculated in the following manner:

Wt. of Wt of Proportion of solid |

{ blood } . { dry } —f doo) = { matter in 10000 §
evaporated. residue. parts of the blood,
516. Treatment of the portion C.—The third portion of blow
which was collected in the beaker (509), is allowed to stam
for about twenty-four hours, or until it separates into a firi
clot and clear seram. Two or three drachms of the elelt
serum are carefully poured off from the clot into a small
tinum or porcelam capsule, similar to that before used (55 .
the weight of which has been previously accurately notes
The capsule with the serum is now weighed, to ascertain %
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feuantity of the latter employed in the experiment, and then
8 vaporated to perfect dryness on a chloride of caleium bath
28 t a temperature of about 230°, until it ceases to lose weight,
Bhe loss of weight which it experiences during evaporation,
epresents the amount of water in the quantity of serum used ;
7hile the weight of the dry residue shows the amount of solid
natter contained in the same quauntity of serum.

517. From the numbers now obtained, we are enabled to
flaleunlate the proportion of the SOLID MATTERS OF THE SERUM
B2 1000 parts of blood, in the following manner. Knowing, as
e do, the quantity of water in 1000 parts of the blood (515);
md assuming that the water of the blood exists wholly in the
“Mbrm of serum ;¥ knowing also the proportion of water and
@ f solid matter contained in the serum (516); we may, from
fie quantity of water in the blood, estimate the quantity of
olids held 1 solution in the serum, thus:

B Wt. of water Wt. of solid mat- Water in Solids of
# in the quan- | . J ter in the quan- | .. ) 1000 pts. | . serum in
tity of serum [ - tity of serum * 1 of the ] 1000 pts. of

. emploved. employed. blood. the blood.

- 518. We have now determined the proportion of water,
orin, and solid matters of the serum, contained in the bloed,
nd have only to ascertain the weight of the corpuscLEs in
rder to complete the analysis. This is done by adding to-
sther the weights of the fibrin and the solids of the serum
ontained in 1000 parts of blood, and deducting the sum
" them from the weight of the entire solid matter, which con-
ists of fibrin, solids of the serum, and corpuscles; the dif-
rence, therefore, will represent the proportion of the latter
1000 parts of the blood.
BB 519. The several results now obtained may be recorded
s#ius ; and the numbers, when added together, should amount
within a fraction of 1000,

Water

Corpuscles

Fibrin , i
Solid matters of serum

1000-00

— = —_— ——

* Of course this assumption introduces an error into the analysis, since the
ter belonging to the contents of the globules 1s imputed to the serum.
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SECTION II.

Quantitative Analysis of Cogulated Blood, including the estima-1{§
tion of the waler, corpuscles, filbrin, and the solid matlers con--§
tained in the serum. '

520. The portion of blood intended for analysis, which mays§
consist of about ten fluid ounces, should be collected in asl
weighed or counterpoised glass beaker, or other cylindrical
vessel, and accurately weighed ; or if it has been accidentally
collected in any vessel of which the weight has not previouslyy#
been determined, it may be weighed as before, and the weight{f
of the containing vessel, ascertained after the blood has beenn§
removed, deducted from the gross weight; the differencesl
being, of course, the weight of the blood employed. The blood,
after being collected, is to be set aside in a tolerably coolif
place for about twenty-four hours, to allow it to coagulate;
the top of the glass being covered with a glass plate or smalllif
dish, to preserve it from dust and prevent evaporation.

521. About two or three fluid drachms of the clear serums
are to be drawn off with a pipette, or carefully poured off, intos
a small weighed platinum or poreelain capsule; after beinggd
accurately weighed, it is to be evaporvated, until it ceases tod§
lose weight, on a chloride of caleium bath, kept at a tempera-i§
ture of about 220°.  When dry, the weight is noted ; the losss
during evaporation representing the amount of water in thedf
quantity of sernm operated on, and the weight of the drys
residue being that of the solid matter contained in the same.:
The relative proportions of solid matter and water which formu
the serum, are thns ascertained.

522. While the evaporation of the serum (521) is going om,
the examination of the rest of the coagulated blood may be
proceeded with. The serum is first poured off from the cloty
with great care, avoiding the escape of any portion of theds
coagulum ; the last portions of the liquid being removed by
means of a fine-pointed pipette, or by introducing one end of a &
folded piece of bibulous paper, which will suck up the liquidd
until it is saturated, and may then be replaced by another.r
This serum, although it will probably not be wanted for any#
subsequent experiments, had better be for the present retained,’
in case of any aceident happening to the portion already taken s
for evaporation (521).

523. The clot, thus separated from the greater part of the:
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serum, is now to he divided, by means of a sharp knife, into
two portions of equal weight;* the weight of both being
raccurately made to correspond by weighing, and adding or
taking off small slices, as necessity may require. When this is
done, each portion will contain one half the fibrin and corpus-
cles of the quantity of blood operated on, together with a cer-
tain amount of serum. One ﬂlfJ these equal portions of the clot
we will call A, and the other B.

624. Treatment of the portion of clot 4. —This is to be cut
into thin shreds with a clean, sharp knife, carefully avoiding
any loss of the fragments of the coagulum. The finely sliced
lot is then tied up in a piece of fine muslin, or calico, and
washed under a gentle stream of cold water, with the assistance
of occasional pressure between the fingers and thumb, until
the whole of the sernm and corpuscles are removed from the
interstices of the coagulum, and the fibrin is left quite clean
and colourless. It is then taken out of the muslin, and dried
om a chloride of caleium bath, until it ceases to lose weight.
[he weight thus obtained represents the fibrin contained in
nalf the clof, and when multipﬂcd by two, gives the proportion
of FIBRIN in the quantity of blood employed. §

925. Treatment of the portion of e¢lol B.—The weight of the
portion B having been noted, it is to be evaporated to dryness
n a chloride of calcium bath in a counterpoised or weighed
apsule. The loss of weight which it experiences during
vaporation, shows the quantity of water contained in half the
ot, which, when multiplied by two, gives the amount of water
esent in the entire clot ; whilye the weight of the solid residue,
Iso multiplied by two, shows the quantity of solid matter
rhich the entire clot contains.

526. From the data thus obtained, we are enabled to caleu-
te the proportion of the several constituents, in the following
ghanner. Having ascertained the weight of the whole solid
alkatter of the clot (525), which ‘consists of fibrin, corpuscles,
@hd solids contained in the portion of serum with which the
ot is saturated, we first caleulate how much of the weight is
e to the solids of the serum. To do this, we assume that the
ole of the water present in the clot is due to serum; then,

@l* The division must be made verfically, since the horizontal layers of the clot

atain different proportions of globules, heing richer towards the bottom. The
piact equality of the two parts of the clot is only necessary to save subsequent
il culation.

WF To obtain an exact result, this fibrin should be treated with ether to remove

488, then with aleohol, and again dried and weighed.
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knowing, from a previous experiment (521), the relative pro- -
portions of water and solid matter in the serum, and knowing z
also the quantity of wafer contained in the clot (525), we cal- -
culate the amount of solid matters in the clot, which belong to
the serum, as follows ;

Wt. of water Wi. of solid Wt. of Wt. of solid
in quan- matter in water matters of
Lity of : guantity of .t £ in the ; SEIum Con- s
Serum serum entire tained in the
evaporated. evaporated. clot. entire clot.

527. The weight, thus calculated, of solid matters of seruma
present in the clot, is deducted from the weight of the entiree
solid matter contained in the clot (525), and the differencesg
will represent the weight of the fibrin and corpuscles. Having,
thevefore, previously determined, by a separate experimentf
(524), the amount of fibrin, we have only to deduct thats
number, in order to obtain the proportion of corRPUSCLES in the
quantity of blood operated on.

528. Knowing now the amount of the fibrin and corpuscles,
we can, by deducting their combined weights from that of the
entire blood, learn the quantity of serum which it contained,
since the blood is wholly composed of fibrin, corpuscles and
SErum.

529. From the weight of serum thus obtained, assuming
that the whole of the water in the blood 1s due to the serum,
we can calculate that of the WATER and SOLID MATTERS OF THE
sERUM contained in the entire blood, in the following manner,:
since we have before determined, by experiment (521), theiri
relative proportions :

For the Water.

Wt. of serum Loss of wt. Wt. of sernm Proportion
which was : during S in quantity . ) of water in
evaporated : EVaAPOTil- 5 ol blood p uantity of
to dryness. tion. used. lood used.

For the Solid Matters of the Serum.

Weight of Weight of Weight of Wit. of =solid
gerum which solid BErum in 5 matters of
was evapo- r residue of s ; quantity ; serum in
rated to dry- serum after of hlood quantity of

Ness. evaporation, used. blood used.

530. We shall now, thercfore, have ascertained the propor-
tions of the four several constituents required, in the quantit;
of blood employed in the analysis, viz. :
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Water . ; ! - .
Corpuscles . : : :
Fibrin . ) i : Y s
Solid matters contained in the serum

e o

which, when added together, should amount very nearly to
the weigIht of the blood used.

531. In order to determine the proportion of the several
constituents present in 1000 parts of the blood, the following
calculation will in each case be necessary :

Wt. of blood Weight of Proportion of that
employed 1000 * each con- ! constituent in
in the : i stituent : 1000 {]:u'ts. of the

analysis. obtained. locd.

SECTION III.

Quantitative Analysis of Uncougulated Blood, including the
determinalion of the waler, corpuscles, albumen, fibrin,
aleohol extractive, waler exlraclive, oily jfufs, erystalline
or solid fatls, and fived saline matlers. |

632. The vessels required for this analysis are nearly the
same as those already described in the shorter scheme of
analysis (500), viz.—

1. A six- or eight-ounce stoppered bottle, the weight of
which is accurately known ; and in which are placed a
few small strips of thin sheet lead, the weight of which
also 1s knowu.

2. A weighed platinum capsule or crucible, capable of hold-
ing rather more than an ounce of liquid ; or, in default of
this, a thin Dresden porcelain crucible, of about the same

- capacity. And

3. A tall upright beaker or cylindrical glass, capable of
holding about eight ounces of liquid. The weight of this
need not be taken.

533. The three vessels being in readiness, the blood is first
to be collected. About six ounces of the fluid are aliowed to
flow into the bottle, which should immediately be closed with
the stopper, and gently shaken for a quarter of an hour or

twenty minutes, at the end of which time the ﬂhrix;lwill be
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found to have separated from the liquid, and attached itsel:
round the fragments of lead. This portion of blood we wili
call A (536).

534. About an ounce of blood is collected in the weighew
capsule or crucible, and, after being weighed for the purposts
of ascertaining the exact quantity of blood employed, 1t i
placed on a water-bath or chloride of caleium bath, and allowee
to evaporate. This portion we will call B (539).

535. From six to eight ounces of blood are allowed to flow
into the beaker, and set aside to coagulate in a tolerably coos
place for about twenty-four hours. This portion we cal
C (541).

536, Lreatment of the portion A.—As soon as the fibrin it
supposed to have separated completely from the blood, anwf
become attached to the pieces of lead, the outside of the bottlch
is to be wiped clean and dry, and the whole is weighed ; whewt
the difference between the combined weights n? the empty}
bottle and the lead, and that of the whole when filled, wili
represent the quantity of blood employed in the experiment.

537. The contents of the bottle are now to be emptied ouw
upon fine muslin, in a small evaporating basin, and the fibrin
is to be carefully separated from the fragments of lead, &
which it adheres loosely. 1t is then washed, under a gentled
stream of cold water, from the serum and corpuscles with
which it is saturated, carefully avoiding the loss of anu
particles of the fibrin. |

538. When quite clean and colourless, the fibrin is placee
in a platinum or thin poreelain crucible of known weight, ane
dried on a chloride of calcium bath, at a temperature of aboww
220° or 230° until it ceases to lose weight. * When dry, thd
weight is noted. As the fibrin, in its present state, containi
traces of earthy phosphates, which add slightly to its apparens
weight, it may now be incinerated in the crucible, until this
ashghemmcs white or grey. The loss of weight which the dri
fibrin experiences during incineration, represents the amouns
of pure F1BRIN In the quantity of blood that was contained 1%
the bottle. The proportion present in 1000 parts of the bloow
may then be calculated as fl:a{iows i

Weight of Weight of Proportion of

{ blood } 7 { fibrin } e 000 { fibrin in 1000 ¢ *

employed, obtained. parts of blood.

* For greater accuracy, it is well to weigh the piece of muslin, dried at 22058
hefore collecting the fibrin upon it, so0 as to aveid the necessity of removing this
fibrin before drying.
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839. Treafment of the Porfion B.—This portion of the
.blood, after being weighed, is allowed to remain on a chloride
llof caleium hath, heated to about 220° until it ceases to lose
pweight ; when it may be concluded that the whole of the
iwater has been expelled. When this is the case, the weight is
imoted ; and the proportion of SOLID MATTERS OF THE BLOOD,
icontained in 1000 parts of the fluid, may be calculated as
ifollows :—
I [ Wt. of blood Weight of Proportion of solid
{'m’u orated } : { dry } AT ) 1 TR '{ matter in 1000 }
- L~ 1o dryness. residue. parts of blood.
i 540. The dry residue (539), after being weighed, is to be
sincinerated in the capsule or crucible, until the whole of the
icharcoal of the organic matter is burnt away, and the ash
tbecomes of a pale red colour.®* The weight of the ash thus
obtained, shows the amount of FIXED SALINE MATTER in the
pquantity of blood evaporated; and from this, the proportion
izonfained in 1000 parts of the blood may be thus estimated:
i { Weizht of } { Wt. of ash } { Proportion of ﬁg:ed}
blood ; after in- Al LY | galine matter in
i & evaporated. cineration. 1000 pts. of blood.
| b41. Treatment of the portion C.—This portion of blood is
illowed to stand for about twenty-four hours, in order that it
imay coagulate spontaneously, and divide itself into a firm clot
and perfectly clear serum.
i 542. Two or three fluid drachms of the serum are first re-
noved from the surface, and placed in a small platinum or
morcelain capsule ; the exact quantity of serum taken, being
uscertained by again weighing the capsule and its contents. 1t
s then placed on a chloride of calcium bath, and, when perfectly
Iry, again weighed, in order to determine the relative propor-
ons of solid matter and water in the serum ; the weight of the
Iry residue, and the amount of loss during evaporation, repre-
benting respectively the proportion of solids and of water in
\be quantity of serum employed.
643. From the numbers thus obtained, we are able (assum-
ng that the whole of the water in the blood exists in the form
if serum) to estimate the quantity of serum contained in 1000
warts of the blood, since we have before ascertained the
imount of water in 1000 parts of blood (539), and also the

' * A muflle heated to very low redness will be found very convenient for this
cineration, which takes place very slowly over a lamp. A small charcoal fire is
etter than the latter,
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relative proportion which the serum bears to the water cona
tained in it (542), thus:

Wt. of water Weight of Weight of Weight of

in the quan- SCrIm water sernm

tity of serum | . J whichwas i in 1000 : in 1000
that was - evapo- . parts 7 parts

evaporated rated to : of o

to dryness. dryness. blood. blood.

544, Another portion of the clear serum, weighing exactlyl
500 grains, is now to be weighed out in a platinum or porcee
lain capsule, and evaporated to dryness on a water-bathl
This will serve for the estimation of the albumen, oily anas
crystalline fats, and aleohol and water extractives.

545. The dry residue is to be detached, with the aid of &
knife, from the capsule, and reduced to fine powder in &
mortar. As it is impossible to effect this without loss, the
weight of the powder must be ascertained. A small light
flask, (perfectly dry) is weighed, and the powder introducec
into 1t, the increase of weight being noted. Half an ounce ox
ether is then poured into the flask and a gentle heat appliect
by a water-bath® for about ten minutes, when it may be cares
fully poured off and replaced by a fresh portion.

546. The ethereal solution thus obtained, containing the
fatty matters, both oily and crystalline, is to be evaporated in
a capsule of known weight, on a water-bath, until the whole
of the ether is expelled. The residue is now weighed, by
which the whole amount of fatty matters is ascertained. It i
then treated with cold aleohol, which will dissolve out the#
oily fat. The weight of the residue left on evaporating the
alcoholic solution, therefore, will represent the amount afg OILY.
FAT in the serum ; and the difference between this and the
weight of the whole fatty matter shows the quantity of sorin®
Or CRYSTALLINE FATTY MATTER in the same serum. The pro®
portion of each of these, which is contained in 1000 parts§
of blood, may then be calculated as follows : |

Wt. of solid Weight of Total solid Fatty mat=3
residue of . fatty o from 500 ; ter in 500
{ sernm } : { matter } L { grs. of } . { grs. of }
employed. obtained. SETIIm. eI, ;

* The flask should be fitted with a cork carrying a glass tube about three fees
ong and a quarter of an inch in diameter, to diminish the loss of ether by evapop
ration.
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For the Oily Fai.

Wt. of nily Wt. of serum Proportion of oily
500 fat in 500 } b {in 1000 parts v fat in 1000 parts of
ars. of serum. of blood. blood.

For the Crystalline Fatly Matter.

Wit. of erystal- Wt. of serum 7 Proportion of crys-
500 : {]iufr fat in 5{]1]} Jihs {in 1000 p:u‘tsj’ % tallime fat in 1000 }
grs. of serum. - of blood. ~  parts of blood.

547. The residue which proved insoluble in the ether (545),
18 now to be warmed, in order to expel any traces of ether
that may still be present, and then treated with water which
is gradually heated to boiling, this will coagulate the albumen,
thus rendering it insoluble ; while the extractive matters are
dissolved out (549). The mixture is then filtered through a
dried and weighed filter, and the insoluble residue of albumen
washed on the filter with hot water, until a drop of the filtered
ililuid causes no precipitate, or merely a very slight opalescence,
when tested with a solution of nitrate of si{ver.

548. The albumen, thus freed from extractive and soluble
saline matters, is to be dried and weighed ; but as some traces
of inorganic matter are always associated with the albumen,
the dry mass is to be incinerated, and the weight of the ash
deducted from it; when the difference will represent the
amount of pure ALBUMEN In the serum. The proportion in
1000 parts of blood may then be calculated thus :—

Wt. of solid . Total solid Albumen
residueof | . ) vpentof| - ) from500 { . J in 500
- serum . ::uhtaiu ] i grs. of 2 grs. of
employed. : serum. serum.

Wt. of albu- Wt. of serum Proportion of albu-
500 { men in 500 grs. } o {in 1000 ]'.HU.'I-S} : { men in 1000 parts }
of serum. of blood. of blood.

549. The aqueous solution filtered from the albumen (547),
containing the extractive matters and soluble salts, is now to
be evaporated to dryness in a capsule of known weight, on a
wa.ter-Eath, and weighed. The dry residue is then treated
with alcohol, which s%muld be poured off and renewed as long
as anything continues to be dissolved by it. The alcoholic
solution is evaporated to dryness on a water-bath, and
weighed ; it is then incinerated, and the weight of the ash is
deducted from that of the dry mass previous to incineration,
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The number thus obtained represents the amount of Ancomors
EXTRACTIVE in 500 grs. of serum, which may be reduced too
the proportion in 1000 parts of blood by a calculation similarr
to the above.

550. The portion of the dry residue which proved insolublee
in aleohol (549), is now to be dried, weighed, and ignited;;
the weight of the ash being deducted from that of the dryy
mass previous to ignition. This will give the weight off
the waTER EXTRACTIVE in 500 grs. of serum; from whicha
the quantity in 1000 parts of blood may be estimated as in thez
former cases :—

Wt. of water Wt. of sernm Proportion of water
500 { extract. in 500 } S {iu 1000 ]:mrts} ! { extract. in 1000
grs. of serum. of blood. parts of blood.

551. We shall now have estimated the proportion of water :
and of all the solid constituents, with the exception of the:
corpuscLES. The proportion of these is known by deducting ;
the sum of the several solid matters, the weights of which are 3|
already determined (including everything but the corpuscles), ,
from the weight of the whole solid matter contained in 1000 |
parts of blood (539), the difference representing the pro- .
portion of corpuscles present in 1000 parts of the fluid.

552. The results of the analysis may then be recorded as .

follows, and should, when added together, amount to a fraction !
less than 1000,

Water 2 k . : A .
Corpuscles . g :
Albumen

Fibrin : r f ! . :
Aleohol extractive : : . A
Water extractive e : - :
LG i N T S LB 0ot R BRI M
Crystalline or solid fats :

Fixed saline matter .
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SECTION IV,

Quantitative Analysis of Coagulated Blood, including the esti-
mation of the waler, corpuscles, albumen, fibrin, alcohol
extractive, waler exlractive, oily fals, crystalline or solid
Jats, and fived saline matters.

553. About ten or twelve ounces of blood having been
collected in a beaker, or other rather tall vessel of known weight,
it 1s to be covered over to prevent evaporation, and set aside in
a cool place for about twenty-four hours, when it will be
found to have separated into a firm clot and elear serum. The
weight of the whole blood is to be accurately determined
either before or after coagulation. Three or four fluid drachms
of the clear serum are first drawn off with a pipette, weighed
in a platinum or porcelain crucible of known weight, evapo-
rated to dryness on a chloride of calcium bath, and the weight of
the dry residue ascertained. The loss of weight during evapo-
ration representing the water, we thus determine the relative
proportions of SOLID MATTER AND WATER IN THE SERUM.

554. The dry residue of the serum (553), is now to be
incinerated, until the ash becomes white or grey; and the
latter is then weighed. The proportion of FIXED SALINE
MATTER OF THE SERUM is thus ascertained.

555. The greater part of the remaining clear serum is now
to be carefully poured off from the cnaguTum, and retained for
further examination (565). The last portions of the liquid are
to be removed by means of a fine pipette, or by sucking it u
with little rolls of bibulous paper (522), carefully avoiding the
removal of any portions of the clot.

556. The coagulum, thus separated as completely as possible
from the serum, is now to be divided vertically into two por-
tions of exactly equal weight (523), each of which will then
contain one half of the fibrin and corpuscles present in the
quantity of blood operated on, together with a certain amount
of serum. These two equal portions of clot we will distinguish
as A aud B.

557. Treatment of the portion of clot A.—This portion of the
clot is to be cut with a sharp knife into fine shces, carefully
avoiding any loss. These are then tied up in a piece of fine
muslin, and washed, until they become quite colourless, when
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it may be concluded that the whole of the corpuscles andd
serum has been washed out. The fibrin is now dried on aa
chloride of ealeium bath at a temperature of ahout 230° andd
weighed. It still, however, contains traces of earthy salts,;
the quantity of which is known by incinerating the dry fibrin,
and deducting from it the weight of the ash. The loss off
weight during incineration represents the quantity of fibrina
coutained in one half the clot, and this, when multiplied by
two, gives the proportion of FIBRIN in the quantity of blood i
employed.

558. Treatment of the portion of clof B.—This half of the:
clot is to be weighed in a capsule of known weight, and evapo- -
rated to dryness on a chloride of caleium bath. The residue is
now weighed, and the loss of weight during evaporation will |
show the amount of water present in half the clot; which, ,
when multiplied by two, gives the quantity of WATER cON--
TAINED IN THE ENTIRE cLOT; while the weight of the dry r|
residue, also multiplied by two, represents the amount of
SOLID MATTER PRESENT IN THE ENTIRE CLOT.

The dry residue of B is to be retained for subsequent incine- -
ration (563),

559. Having thus determined the weight of the whole solid .
matter of the clot, which consists of fibrin and corpuscles, ,
together with the solids contained in the portion of serum !
with which the clot is saturated: we now Lave to caleulate |
how much of the weight is due to the solids of the serum.
Assuming that the whole of the water present in the clot is
due to the serum, and knowing the relative proportions of '
water and solid matter in the serum (553) ; knowing also the
quantity of water present in the entire clot (558) ; the amount
of solid matters in the clot which belong to the serum may be
calculated in the following manner :

{Wt-, of water Wt. of solid Wt. of Wt. of solid mat-
in gquantity . matter in 1 water : ters of serum

of serum } . {quantit}' uf} = {in ent ire} : { contained in t]i&}
evaporated. SErnm evap. clot. entire clot.

560. The weight of solid matters of the serum thus found
to be present in the clot, is to be deducted from the weight of
the entire solid matfer of the clot (558), when the difference
will represent, the weight of the fibrin and corpuscles; the
weight of the fibrin, however, having been already ascertained
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by a separate experiment (557), we have merely to deduct that
amount, in order to determine the proportion of comrruscrLes
|; in the quantity of blood employed in the analysis,

561. Now, since the blood ma{ be said to consist wholly of
fibrin, corpuscles, and serum; and knowing, as we do (557, 560),
the weight of the fibrin and corpuscles; we can, by deducting
the combined weights of those two substances from the weight
of the entire blood, learn the proportion of sErvUM in the quan-
tity of blood operated upon.

562. But we have before determined the relative proportions
of solid matter and water in the serum (553); so that, assum-
ing that the whole water of the blood is due to the serum, we
can, from the quantify of serum obtained in paragraph 561,
estimate the proportion of waTER in the blood, thus:

Wt. of sernm Loss of wt. Wrt. of serum FProportion
which was . ) duringeva- | .. in quantity : of water in
evaporated . poration i of blood - guantity of

to dryness. {water). used. blood uszed.

563. The dry residue of the portion of the clot B (558), is
now to be incinerated. The weight of the ash thus obtained,
multiplied by two, will give the amount of the inorganie salts
contained in the clot. A certain portion of this weight, how-
ever, is due to the salts of the serum which was contained in
the clot, the amount of which may be learnt by the following
calculation, since we have before determined the relative pro-
portions of solid matter and inorganic ash in the serum (553,
554).

Wt. of solid mat- Wt. of ash Wt. of =olid Wt. of ash
ter in quantity ) derived e matters : derived
of serum evapo- . < from same @~ . . of gerum . from the

rated to dry- quantity in the gErum in
ness. of serum. clot. the clot.

deducting this number from the weight of the ash of the
gt}l& clot, we ascertain the amount of inorganic saline matter
erived from the fibrin and corpuscles.

564. In order to determine the whole amount of fixed salts
in the blood, we must now reckon how much the whole of the
erum contains, This is done as follows :

Weight of Wt. of ash Wt. of se- Wi. of fixed
gerum evapo- | . J from same [ . . rum in : salts in

rated to : quantity == '} the entire [ - the whole
dryness. of serum. blood. serum.
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By adding together the ash of the serum thus obtained, andd
that derived from the fibrin and corpuscles (563), we ascertainn
the proportion of FIXED sALINE MATTER In the quantity ofif
blung employed in the analysis.

565. Estimation of the albumen, extractives, and fatly matters.s,
—Fivehundred grainsof the clearserum (555),are to be weighedd
out in a platinum or porcelain evaporating basin, and evaporated:
to dryness on a water-bath. The residue is then treated ass
described in paragraphs 545—550,

566. The results of the analysis may then be summed up ass
follows; and if the experiments have been conducted withl
care, the numbers will, when added together, eoincide veryy
nearly with the whole quantity of blood employed in thee
analysis.

Water L !
Corpuscles . ;

Albumen

Fibrin :
Aleohol E}ttrautwe -
Water extractive

Oily fats .

antaﬂme or solid fats
Fixed saline matters . :

567. Tn order to reduce these several amounts to the pre-»
portion contained in 1000 parts of the blood, the followings
caleculation must be made in each case : |

Wt. of Wt. of each Proportion of that con-7 |}
blood : 1000 7. constituent stituent in lﬂ'uﬂ parts |
used. obtained. of blood

The several quantities thus obtained should, when addec i
together, amount to a fraction less than one thousand.
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SECTION V.
Average Composition of Healthy Blood.

- 568. The following ana.ljses will serve to show the usual
composition of ]lﬂalt]l]' blood in 1000 parts.

569, dnalysis 1. Heallthy Venous Blood., (Dumas).

AT et W e ey
' oF | wmatm i : .
Globules Albuminous matter : . 125
-Water . ; : : : : . 790
Albumen ; - z A : o 10
Oxygen . ;
Nitrogen }
Carbonic acid .
Extractive matter . : . :
Phosphorized fat . . : g
Cholesterin . . s : :
Serolin

870 Serum < Oleic and margarm acids

Chlorides of sodium and pntassium
Muriate of ammonia . 10
Carbonates of soda, lime, and magnesl&
Phosphates of soda, lime, and magnesia.
Sulphate of potash

Lactate of soda .

Salts of the fatty acids SRR
| Yellow colouring matter . At

1000

570. Analysis II. (Simon.)

795:278
2:104
2:34.6

76:600

103-022

f ] ; : : 6:209

tractive matter and salts . ; ] : . 12:012
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57). Analyses IIT & IV. (DBecquerel and Rodier.)
Showing the mean composition of Male and Female Blood.

Male.

Density of defibrinated blood . . 1060:00
Density of serum . i 3 . 1028-00
Water . 3 ; : ; . 77900
Fibrin . : : : : : 2:20
Fatty matters : . : - 160
Serolin . A 3 . : 0-02
Phosphorized fat Pt Sy o |
Cholesterin : : : : 0:09
Saponified fat . : : : 1-:00
Albumen . : : ! . . 6940
Blood-corpuscles 141-10

Extractive matters an'd salt's 6-80

Chloride of sodium : : : 310
Other soluble salts - ; ) 2:50
Earthy phosphates - - : 0-33
Iron . : ; : : : 057

572. Analysis V. (Lehmann.)

Blood-corpusecles.

Female,

1057-50 )
1027-40)
791:10)

&

oo

BT =

QLWL O H
o QS e D e BD O = o S BD
Fe b o g R e R MR A G W R

Liquor sanguinis. &

Water : . . . 68800 902-90
Solid constituents . . 312:00 97-10
Specific gravity - 10885 1028
Hamatin . : : . 1675 Fibrin . 405
Hemato-crystallin-~ ., 24107 Albumen . 7884

Cell-membranes . . .0 willelh
Fat . : : - ; 2:31 1728
Extractive matter . . 260 3:94
Mineral substances (exclu-

sive of iron) . . ; 8-12 8:55
Chlorine . . - . 1686 3644
Sulphuric acid . .. 0066 0-115
Phosphoric acid . . . 1134 0-191
Potassiom . . - e 0228 0323
Sodiom,.. w G s ie 14062 3:341
Oxygen . . : . EhT 0-403
Phosphate of lime . . 0114 0-311
Phosphate of magnesia . 0073 0222
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573. Analysis VI. (Enderlin.)
Showing the Composition of the Ash of Human Blood.
' Tribasic phosphate of snda} 99100

(3NaO,PO,) .
Chloride of sodium . . . 54769 +83746{ Solble
- Chloride of potassium . . 4416 :

Sulphate of potash . . . 2461
. Phosphate oflime . . .  30636)
| Phosphate of magnesia . . 0769 L, 0 { Insoluble
- Peroxide of iron and phosphate ] ;.70 salts.
of iron ; . }’

-

93-921

Recent analyses have proved that, as would be expected, the
El:mﬂtitatiw composition of the blood varies with the part of
e circulation from which it is drawn.

CHAPTER IIL
MORBID BLOOD.

574. The chemistryof theblood in its pathological conditions,
 has, until within the last few years, occupied very little atten-
tion from the chemist or physician; the consequence of which
has been, that much ignorance has always prevailed, and, it is
to be feared, still prevails, among the great mass of the pro-
fession, respecting this important and interesting subjeet of
inquiry. It is not unreasonable to anficipate that the fresh
knowledge which we are now almost daily acquiring in this
and other kindred branches of physiological and paﬁmlugical
chemistry, will gradually lead to highly important and benefi-
cial practical results, in the more enlightened treatment of
disease, and the more ready mitigation of suffering.

675. The variations wﬂich are found to occur in the
'.glhae.mical composition of morbid blood may be divided into two

sses :

1st. Those in which, so far as we are aware, no abnormal
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matter, not contained in healthy blood, is present ; but ina
which one or more of the normal constituents of healthyy
blood exists in a greater or less proportion than in thee
healthy fluid.

2nd. Those in which we can detect the presence of one orz

ﬂﬁn{ai abnormal matters which are not found in healthyy
00d.

576. To the first of these classes belong those cases inn
which we find an excess or deficiency of water, corpuscles,,
albumen, fibrin, fatty matters, cholesterin, urea, uric acid, orr
inorganic salts; and to the second, those in which eithers
sugar, biliary matter, pus, entozoa, or other abnormal matter,:,
can be detected. I will briefly notice each of these morbidd
conditions of the blood, together with the mode of examination, ,
whether chemical or microscopic, which will be found most &
readily applicable to each. |

Crass L—Morbid Blood in whick no abnormal matter is present.

SECTION I.
Blood containing an evcess or deficiency of Waler.

577. The proportion of water even in healthy blood appears s
to vary considerably, so that it is difficult to say what may be e
considered as the normal amount. The usual average, however,
contained in human blood, seems to be from 790 to 800 in 1000 J

arts.

578. In some forms of disease, as, for example, an@mia and 1
chlorosis, the proportion of water is usually much greater, and 4
has been known to amount to upwards of 900 parts in 1000, \
In certain other pathological conditions, on the contrary, the ¢
blood is found to contain considerably less water than is pre- -
sent in the healthy fluid; in cholera, for instance, where the @
blood is so rich in solid matter as almost to resemble jelly in 1
appearance, it has been known to contain not more than 480
parts of water in 1000. "

579. The proportion of water present in any specimen of |
blood may readily be ascertained, by evaporating a known !
weight of the fluid in a weighed or counterpoised capsule, on |
a chloride of calcium bath, heated to about 220° or 230°, until



MOREBID BLOOD, 175

| it ceases to lose weight. The loss of weight during the
evaporation will then represent the proportion of water in the
quantity of blood employed, which may be reduced to 1000
parts, as follows :

B i 1] et ] { B
evaporated, ' during evaporation. e parts of blood.

SECTION II.

Blood containing an exvcess or deficiency of Corpuscles.

. 580. The average proportion of corpuscles contained in
¢ healthy human blood appears to be from 120 to 130 parts in
11000, In disease, especially in some forms of fever, it some-
| times increases considerably, and has been known to amount
¢ to 185 parts in 1000 ; while in ansemia, and certain other affec-
| tions long known as being attended with great pooruess of
iblood, the proportion of GGI‘TUSClES frequently does not amount
i to more than 60 or 70, and has been known to be as low as 21,
yin 1000 parts. :

. 581. The direct determination of the weight of the corpus-
tcles is a matter of considerable difficulty, so that they are
rgenerally estimated by deducting the ﬁomf;iued weights of the
gwater, fibrin, and solid matters of the serum, which are easily
idetermined experimentally, from that of the entire blood, in
ithe manner described in paragraphs 518, 527, &e.

| 582. According to Figuier, their weight maty be determined
dhwith considerable accuracy by mixing the blood, previously
Hdefibrinated by agitation with fragments of lead (507), and
wwelghed, with about eight times its bulk of a saturated solu-
ion of sulphate of soda, filtering through a filter of known
weight, and washing the corpuscles on the filter with a little
Wémore of the saline solution (456). When most of the liﬁuid
\#aas drained through, the filter with its contents is dipped in
oiling water, and allowed fo remain in it some little time, in
abrder to dissolve out the salt; while the organic matter of the
gizorpuscles is coagulated by the heat, and thus rendered insolu-
‘wble. The filter, with the corpuscles, is then dried at 212°,
siweighed, and the weight of the dry filter, previously deter-
@inined, being deducted, the difference will represent the
siveight of the corpuscles contained in the quantity of blood
fbperated on.
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583. The wmicroscopic appearance of the corpuscles is alsos
not unfrequently found to vary under the influence of diseaseg
the modifications of form occurring ocecasionally in the livingg
body, but more frequently after death. Most of these changess
are due to the phenomena of endosmosis or exosmosis alreadyly
referred to (456). Thus they are sometimes met with having
a more or less globular form, owing to the entrance of fluide
less dense than the serum of healthy blood ; at other timess
they are found to have a wrinkled or indented outline, similan:
to that which the healthy corpuscle assumes when placed inx
contact with strong saline solutions of high specific gravitys
(See Fig. 65.)

534. In examining the blood-corpuscles under the microscopex
with a view to detecting any abnormal appearance as a conse-
quence of disease, it must be borne in mind that these and other
analogous changes in the form of the corpuscle are artificiallys
induced by the action of water or other liquids with which theys
may have been allowed to come in contact; such contae
should therefore be carefully avoided. The wrinkled appea
ance is sometimes caused also by the concentration of thes
serous fluid, owing to spontaneous evaporation (456).

SECTION III.

Blood containing an exeess or deficiency of Albumen.

585. The average proportion of albumen in healthy bloodd
appears fo lie between 70 and 75 parts in 1000; while inx
disease it 1s occasionally (as in cholera) as high as 131, andd
(as in Bright’s discase) as low as 55 parts in 1000.

586. The amount of albumen in any specimen of blood mays
be ascertained in the manner described in paragraph 547 ; or a4
weighed portion of serum may be carefully neutralized with¥
dilute hydrochloric acid, diluted with an equal bulk of water,=§
and boiled for about a quarter of an hour. The coagulum ofs
albumen is then separated by filtration, dried at 212°, andd
treated with hot ether fo remove the fat (545), and weigheds<
before and after incineration; the difference between the two !
weighings being the weight of albumen in the quantity ofs
serum used (548).

587. The quantitative estimation of the other constituentsis
of the blood may, if necessary, be conducted as in the case of
healthy blood (503, &e.).
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SECTION IV.
Blood containing an excess or deficiency of Fibrin,

588. Healthy human blood usually contains from two to
three parts of fibrin in 1000 ; while in disease it has been
found to vary from a mere trace, to upwards of ten parts in
1000; a considerable increase in the amount being usually
found in most forms of inflammatory disease.

589. The peculiar appearance frequently to be seen after
coagulation, in blood taken from Ehe body during certain
pathological conditions, long known as the duffy coaf, is
caused by the upper portion of the clot being composed
almost entirely of fibrin, or of some modification of protein
closely allied to if, unmixed with the red corpuscles. This
may IVJE: owing either to the blood-corpuscles subsiding in

the liquid more rapidly than in ordinary blood, or to the fibrin
| eoagulating more slowly ; in either case the upper portion of
| the coagulated fibrin would be more or less free from the
¢ corpuscles to which the red colour of the ordinary clot is due.
| The blood in which the buffy coat is found to occur is, in most
: cases, rather rich in fibrin, and it was formerly regarded as a
: sure sign of inflammation ; an opinion which has since been
| proved to be altogether erroneous (452).

590. The proportion of fibrin may be readily determined
either in coagulated or freshly drawn blood, in the manner
halready described. For freshly drawn blood, see paragraph

510, &c., and for coagulated blood, see paragraph 524, &ec.
l The quantitative estimation of the other ingredients may also,
| 1f necessary, be conducted in the same manner as in healthy

% blood (503, &c.).

SECTION V.
Blood containing an Excess of Fatty Matter.

I\ 591. The average amount of fat in healthy blood appears fo
21be something more than two parts in a thousand. The whole of
dthe oily fat probably exists in combination with potash or soda,
siforming a kind of soap; so that in the healthy fluid no oil
lglobules can be detected. :

©  592. In certain pathological conditions, we occasionally

stmeet with blood containing a considerable quantity of free fat,
1
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which is held in suspension, in the form of minute globules, in:
the serum, giving that fluid a more or less opaque or milky;
appearance. In this form off
. blood, Whiclll; ﬁi?m its11 p{?culiarr
0o® g ot %, °| appearance, has been called milkyy
o {,@ ﬂbﬁ(;) blood, may be seen, with the he%a
. ®,®0a@ ©°| of the microscope, innumerable:
3 ® o @°@) o, @| fatglobules, which may be readilyy
29 .®° % s distinguished by their bright cen--
ol N i;l*es, auf‘i black, wellidefiued out--
o\ e, lines (Fig. 67). They may be:
LB ‘“@\”_q & :s.epnarzu'n'at:'lEr by }agitating' 1;'[113jr se- -
Fig. 67. Fat in Blood. rum with a little ELhﬂt‘, which

3 will readily dissolve them,

593, The amount of fat in any specimen of blood may be:
determined by evaporating to dryness a known weight of the:
fluid, pounding the dry residue, and boiling it with successive
small quantities of ether (545). The ethereal solution of the:
fat thus obtained is evaporated to dryness in a counterpoised i
capsule, and weighed ; its weight representing the proportion:
of fat in the quantity of blood employed.

594. The quantitative determination of the other consti--
tuents of the blood may, if required, be effected in the same:
manner as in the healthy fluid (503, &e.)

SECTION VI.
Blood conlaining an Excess of Cholesterin,

595. Minute traces of cholesterin appear to be always present &
in healthy blood, though some observers have failed in theirr
endeavours to deteet 1t. The amount, however, in certaina
forms of disease not unfrequently rises as high as 015 to 0:20 )
in 1000 parts; and in one case of so-called milky blood, Liecanu
found not less than 1:08 in 1000.

596. When an excess of cholesterin is suspected to be pre- -
sent in any specimen of blood, it may be separated and esti- -
mated with tolerable accuracy in the following manner. AL
known weight of the blood is evaporated to dryness on aa
water-bath, and the dry residue, after being reduced to fine
powder 1n a mortar, is digested for a few hours in ether, the
solvent action being assisted by occasional boiling (545). In
this way the cholesterin, together with the other fatty matters, .
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is dissolved, and may be obtained by evaporating the ethereal
solution on a wafer-bath, The residue is then deprived of the
oily portion of the fat,
by digestion with cold
alcohol, which leaves
undissolved the cho-
lesterin,with the other
solid fatty matters;
the crystalline secales
of cholesterin (Fig.
68), which are easily
distinguishable from
the rest, may then be,
for the most part, me- Fig. 68. Cholesteri
chanically separated et S
with the point of a knife. Their weight may then, after dry-
ing, be ascertained if necessary.

597. The quantitative estimation of the other constituents
may be conducted as in the case of healthy blood (503, &e.).

SECTION VIL
Blood containing an Excess of Urea.

598. Minute traces of urea are probably always present in
healthy blood (484), though the amount 1s so small as to be
incapable of determination, unless considerable quantities of
blood are used. In some forms of disease, however, especially
in Bright’s disease, cholera, * and certain other pathological
conditions, in which the functions of the urinary organs are to
any serious extent interfered with, the amount of urea is found
to increase considerably, and may frequently be met with in a
sufficiently large quantity to be weighed.

599. The detection and estimation of urea in the blood may
be conducted in the following manner. A known weight of
serum 1s first evaporated to dryness on a water-bath, at a zery
gentle heat, a precaution necessary to be observed, since a
temperature of 212°, long continued, such as is required in
this analysis, would probably cause the decomposition of some
portion of the urea. The dry residue is reduced to fine
powder in a mortar, and treated with distilled water, heated to

* It has been stated that, in cholera, a peculiar ferment is present in the
blood, which very rapidly converts the urea into carbonate of ammonia (11).
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about 200°, the quantity of which may be about double thee
volume of the serum employed in the experiment. Thee
mixture is allowed to digest for about half an hour at 200°,,
after which it may be filtered from the insoluble residue of
albumen, * which latter must be washed while on the filterr
with a little more warm water. The filtered aqueous solutiona
is now evaporated to dryness, and the residue digested with aa
little absolute aleohol, at a very gentle heat, which may hee
continued for about half an hour ; a little fresh alecohol beingz
added occasionally, to replace that lost by evaporation. Thes
mixture is then filtered ; the clear alecoholic solutior is evapo--
rated to dryness, and the residue treated with a little luke--
warm distilled water, which will then contain merely the urea,,
together with a small quantity of extractive matter.

600. The aqueons solution thus obtained is evaporated at aa
very gentle heat, to the consistence of a syrup, and then mixedi
with a few drops of pure and colourless nitric acid (16, 181),,
the mixture being kept cool by immersing the glass containingsz
it in a little cold water, or, still better, in a freezing mixturee
composed of B?ual weights of crystallized nitrate of ammoniaa
and water. If urea is present, delicate crystalline plates ofi
nitrate of urea (C.H,N,;0,HO,NO;), will gradually appearr
(Fig. 2), which, if in sufficient quantity, may be dried by gentlee
pressure between folds of filtering paper, and weighed. Froma
the weight thus obtained, that of the urea in the quantity of)
serum employed may be calculated as follows :—

Atomic wt, Atomic . Wt. of urea in
{ of nitrate } { wt. of ]? { wtﬂ'hﬁi';fﬁafe} { quantity of }"
T 1 R

of urea, urea. - serum employed.
L s e 3 J
123 : By s I ; T

601. If no appearance of erystallization'can be detected wit
the naked eye, a drop of the acid liquid, cooled by means of
freezing mixture, is to be examined under the microscope, bys
which means very small traces of urea may be detected (181)..

602. The quantitative determination of the other constituents:
may be effected with a fresh l5;1::-11,1{}11 of the blood, in the same
manner as in the healthy fluid (503, &e.).

* A more delicate process consists in drying the serum in vacwo over sul-
phurie acid, and extracting the powdered residue with aleohol, which dissolv
the urea.
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SECTION VIII.

Blood containing an Bxcess or Deficiency of Inorganic Saline
Matler.

603. The average proportion of inorganic saline matter in
healthy blood, appears to be about seven parts in 1000. In
scurvy, and some other pathological conditions, their amount
has been found to increase, and has been known to amount to
as much as eleven parts in 1000. In some other diseases, on
the contrary, the amount falls below the healthy average.

The proportion of fixed saline matter in any specimen of
morbid blood, may be determined as in the case of the healthy
fluid—viz., by evaporating to dryness a known weight, and
incinerating the residue until the ash becomes nearly colour-
less. The weight of the ash thus obtained represents the
amount of salts in the quantity of blood employed. *

604. The presence of uric acid (urate of soda) in the blood
of gouty patients, may be shown by evaporating a little of the
fluid to dryness on a water-bath, and, after washing the dry
residue with alcohol, adding a slight excess of dilute hydro-
chloric or acetic acid to a strong aqueous solution of the
extract which proved insoluble in the aleohol. After standing
a day or two, minute crystals of uric acid, similar to those
formed in the urine, are gradually deposited, and may be identi-
fied under the microscope (186, 194), or by their behaviour when
treated with nitric acid and ammonia (23). Even in health
blood, minute traces of uric acid may generally be detected.

A simpler test devised by Dr. Garrod, consists in treatin
the serum with acetic acid in a wateh glass in which a fine threa
is placed. After an hour or two, the thread is examined by the
microscope, when erystals of uric acid are discernible upon it.

Crass IT.—Morbid Blood containing some Abnormal Ingredient.

SECTION IX,
Blood containing Sugar (CrolhyOrs).
605. The blood of patients suffering from diabetes, appears

* See note to paragraph 63.
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most commonly to contain a very sensible amount of sugar. *
This may usually be detected in the following manner :—

606. The portion of serum intended for examination is first
evaporated to driyness, either in vacuo over sulphuric acid, or
at a very gentle heat on a water-bath. The dry residue is then
reduced fo tolerably fine powder, and treated with a small
quantity of boiling water, which will have the effect of coagu-
lating the albumen, and dissolving out the sugar, together
with the extractive matters and soluble salts. The mixture is
then filtered, and the clear liquid examined for sugar, by means
of Trommer’s test, which may be thus applied :—

607. The liquid is treated with a drop or two of a solution
of sulphate of copper, and then supersaturated with potash
(123), the excess of which will probably, if sugar is present,
redissolve the blue precipitate of hydrated oxide of copper at
first thrown down. The mixture may now be gently boiled for
a few minutes, when, if sugar is present, an orange-brown or
ochre-coloured precipitate of suboxide of copper will be thrown
down ; while, if no sugar is contained in the mixture, the pre-
cipitate will be nearly black (124).

608. It is always more satisfactory, when practicable, even
when Trommer's test affords tolerably decided indications of
sugar, to confirm the result by applying also Boftger's test
(127), the fermentation test (128), and examining under the
microscope for the torula (132); since certain other organie
matters Eesides sugar give rise to the formation of the sub-
oxide.

609. When, after having proved the presence of sugar in the
blood, it is required to determine ils amount, the following
method of insulating it is, perhaps, the best, though the
results must not be regarded as E}f any means exact, but
merely as an approximation to the truth. The fermentation
process (128) cannot be here applied, since traces of carbonie
acid may be evolved by some of the other constituents of the
blood, when no sugar 1s present.

610. A known weight of serum is evaporated to dryness,
either in vacuo over sulphuric acid, or at a very gentle heat on
a water-bath, The dry residue is then finely comminuted and
treated with boiling water, in which it may be allowed to
digest for three or four hours, in order to insure the solution
of the whole of the soluble matter. The aqueous solution

e

* See note to paragraph 484,
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| s separated from the albumen by filtraiion, and evaporated to
ddryness as before. The dry residue is now digested with
malcohol, which leaves undissolved portions of the saline and
extractive matters. The alcoholic solution is mixed with a
ilittle alcoholic solution of potash, and set .aside for twenty-four
¢ hours, when a crystalline compound of sugar and potash will
“be deposited. The aleoholic solution may now be poured or
Hfiltered off, and the erystalline compound dissolved in water
with a view to the determination of the quantity of sugar by
ymeans of the standard alkaline solution of copper (352).

| When the freshly drawn blood can be obtained, the following
process recommended by Figuier may be adopted. About six
wounces of blood are defibrinated by stirring H:’LTT), and mixed
Bawith three volumes of a saturated solution of sulphate of soda.
! The blood globules are then filtered off, and the filtrate mixed
Bwith two volumes of aleohol, to coagulate the albumen and
4 precipitate the sulphate of soda. These having been filtered
i off, the solution is evaporated to dryness on the water-bath,
i the residue extracted with water, and the sugar determined by
4 the alkaline copper-solution (352).

| 611. The quantitative determinalion of the other constitu-
¥ ents of blood containing sugar may be effected in the same
% manner as in the case of healthy blood, the weight of the
i sugar being deducted from the extractive matter (503, &e.).

SECTION X,
Blood containing Biliary Matfer.

612. In jaundice, and some other affections in which the
functions of the liver are interfered with, an accumulation of
biliary matter is found to take place in the blood, giving the
% serum a more or less decided saffron or orange-brown colour,
which is due to the peculiar colouring matter of the bile,
i ealled bilipheein (cholepyrrhin).
|  613. The presence of bile in the blood may be detected by
} adding to a little of the clear serum a few drops of nitric acid,
* which will throw down the albumen ; the precipitate having, if
' biliary matter (bilipheein) is present, a decided greenish tint,
~ while in healthy serum it would be white, or very nearly so.
614. If so small a quantity of bile is present as to fail in
| producing a perceptibly green colour with nitric acid, a little
- of the suspected serum may be first concentrated by evapora-
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tion at a temperature not exceeding 120° or 150°, and then .
exhausted with aleohol or water, and the solution tested in the :
manner already described in the case of urine (149—152).

615. We have at present no means of estimating the !
quantity of biliary matter contained in blood, though the depth |
of colour of the serum furnishes some indication of the relative
amount present. The quantitative determination of the other
constituents of the blood may be made in the same manner as

in the analysis of the healthy fluid (503, &c.).

SECTION XI.

Blood containing Pus.

616. The existence of pus in morbid blood is probably by no |
means a rare occurrence, especially in diseases which are
attended with suppuration. Its detection, however, is far
from easy, since we possess no characteristic chemical test by -
which it may be distinguished from the ordinary constituents .
of the blood ; and in microscopic appearance, the pus granules |
very closely resemble the colourless corpusecles which are :
always present in the blood (464). The pus granules are in |
general somewhat larger than the white corpuscles of the blood, | §
and when treated with dilute acetic acid, develop internal |
nuclei, which are usually from three to five in number, and '}
more distinet than those in the white corpuseles of the blood. .
The pus granules, when present in blood, appear to have a .
tendency to adhere together in groups of five or six; while :
the colourless corpuscles of the blood always float detached |
from each other.

617. According to Heller, the granules of pus, when mixed .
with blood, subside much more slowly than the blood-corpus=
cles; so that when present, they may always be found in the |
uppermost layer of the coagulum.® He recommends a thin |
slice to be taken from the upper surface of the latter, which, .
after being mixed with a little distilled water, should be filtered |
through muslin, in order to separate the fibrin. The blood-
corpuscles are for the most part dissolved by the action of the
water (458) ; and after allowing the filtered liquid to stand a .
short time in a tall glass, the pus granules will be found at the
bottom of the liquid, and may be detected under the microscope. .

* This remark also applies io the colourless corpuscles.

——
—
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618. The action of ammonia upon pus has been proposed b
. Donné as a test for its presence in the blood. When blood,
free from pus, s mixed with ammonia, it becomes clear ; while
if pus is present in any considerable quantity, the liquid
becomes more or less gelatinous. 1f the amount of pus present
is small, stringy flocculi only are formed, which subside to the
bottom of the liquid.

BECTION XII.
Blood containing Animalcules.

619. Instances have occasionally been observed, in which
iminute thread-like animalcules have been present in conside-
rrable numbers in the blood. Those described by Dr. Good-
fellow, which he detected in the blood of a patient suffering
‘from fever, measured from Juth to gipth of an inch in
length, and from igth to mogwth of an inch in diameter.
[The only method of detecting such entozoa in the blood, is to
rexamine it carefully under the microscope, with as high a
‘magnifying power as the observer bas at his command.
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CHAPTER 1.

MILK.

SECTION 1.
General Characters of Milk.

620. Milk, as is well known, is a watery liquid, having in
solution a certain amount of casein, sugar of milk, or lactine
and extractive matter, together with several inorganic salts,
and holding in suspension myriads of extremely minute globules
of fatty matter, plainly visible through the microscope, which
give the fluid its peculiar white and opaque appearance. It
has a pleasant and rather sweetish taste, and a slight agreeable
smell, especially while warm. The specific gravity of milk
varies considerably; that of woman being sometimes as low as
1020 (the average being 1032), while that of the sheep is as |
high as 1041.

621. Fresh milk is almost invariably slightly alkaline to
test paper, but on exposure to the air, especially in warm |
weather, it rapidly becomes acid, owing to the conversion of °
the sugar of milk into lactic acid (2H0,C.H,,0,,), under the :
influence of the casein, which acts as a ferment (630). If the
milk has been long retained in the mammary glands, this s
change occasionally takes place before being rgrawn; and in |
some morbid conditions also, the milk is found to have an acid !
reaction even when freshly drawn.

622. When allowed to stand for a few hours, the fatty s
globules, which have a somewhat lower specific gravity than i
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the fluid portion of the milk, gradually rise to the surface,
carrying with them a poriion of the caseous matter, forming a
layer of cream, which is more or less thick and copious in pro-
portion to the richness of the milk. *

623. If a little acetic or lactic acid, rennef, or even sour
milk, be added to hot milk, the casein of the latter is precipi-
tated in the coagulated form; and the same effect is produced
by warming milk or cream which has been allowed to turn
sour ; the sourness being due to the lactic acid, into which the
sugar of milk has been converted. The solid and liquid por-
tions into which the milk is thus divided, are commonly called
curds and whey.

624. Before deseribing the mode of analysing milk, T will
briefly notice the several constitnents which we find contained
in it—viz., casein, sugar of milk, fat globules, and saline
matter.

SECTION II.
Cuaseti,

625. Casein is one of the so-called protein-compounds
(472) peculiar to the milk, and constitutes the chief source of
nourishment to the youug animal; for which purpose it is
admirably adapted, from the readiness with which it appears
capable of being converfed info the other bodies of the same
elass—viz., fibrin and albumen.

626. It may be obtained in a state of tolerable purity by
evaporating a quantity of milk to dryness on a water-bath, and
boiling the dry residue in successive portions of ether, in order
to dissolve out the fat. The residue which remains insoluble
in the ether is then dried, and digested in water, which will
dissolve the casein and other soluble matters of the milk. On
adding alcohol to the aqueous solution, a great part of the
milk-sugar is thrown down in the form of a precipitate, leaving
the casein in solution together with some milk-sugar and
soluble salts.
1t may be obtained in a purer condition by adding a little
ydrochloric acid to skimmed milk, eollecting the curd upon a
inen strainer, and washing it first with water, then with

e —

* According to Miiller, fresh milk, when allowed to stand, first undergoes a
liar change, resulting in the dissolutiion of the membranes enclosing the
at globules, so that the proportion of fat which can be extracted by ether con-
tinues to increase for some time after the milk has been drawn.
t See note to 471.
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water slightly acidified with hydrochlorie acid, and finally with .|
pure water. If it be then heated to 110° with a large volume ;|
of water, the greater portion will dissolve slowly, and may be
reprecipitated from the filtered solution by neutralisation with |
carhonate of ammonia. After washing with water, and warm- .
ing, first with aleohol, and afterwards with ether to remove all |
fatty matter, the casein is as pure as it can be obtained. It :
always leaves an ash of phosphate of lime when burnt.

627. It is most probable that pure casein is insoluble, or *
very sparingly soluble, in water, and owes its solubility in .
mi]]i to the small quantity of alkali which is present. When |
dry, it closely resembles fibrin and albumen in appearance :
(479), and its behaviour with reagents is in most cases very *
similar ; it differs from the latter chiefly in not coagulating ;
when heated; and it is precipitated by acetic, and nearly all |
the acids, but redissolves in a considerable excess of most of {
them. Its solution in acetic acid is precipitated by dilute &
sulphuric acid. The ferrocyanide and ferrideyanide of potass
sium also cause precipitates in solutions of casein.

SECTION III.
Sugar of Milk or Lactine (CoHoyO,y).

628. The sugar contained in milk may be prepared in the 2
following manner :—The curd, including the greater part of {
the casein and fat globules, is first separated by the addition 1
of a few drops of acid to hot milk, and the remaining traces s
of those substances are then removed by mixing a little well- -
beaten white-of-egg with the whey when cold, and afterwards s
boiling the mixture. The whey thus clarified by the coagulat= -
ing albumen of the egg, is filtered from the precipitate by 1
passing it through muslin or calico; and the clear liquid may 7
then be Evsgipnra,tﬂd to about one-fourth or one-fifth its bulk, ,
and set aside in a cool place for a few days. The sugar will |
gradually separate from the liquid, in the form of minute hard |
crystals, which adhere to the surface of the containing vessel. .
These may be purified by dissolving them again in water, boil- -
ing the solution with animal charcoal, and recrystallizing.

629. This variety of sugar is less sweet than that obtained !
either from the cane or the grape (114); it is also harder, ,
and less soluble in water, requiring as much as five or six:
times its weight of cold, and two and a half times its weight ¢
of hot, water to dissolve it. 'When mixed with a little bydro- -|
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 chloric or sulphurie acid, sugar of milk gradually becomes con-
verted into grape sugar (C,,H,,0,,), and this change takes
place more rapidly if the solution is boiled.

630. Under the influence of the caseous matter of the milk,
this form of sugar gradually passes into lactic acid (2HO,
Oy H,y0hy), a change easily accounted for, since the formula of
'the sugar is a multiple of that of the acid, one equivalent of the
former being broken up into two of the latter.

G;.;HE-!.G}I. — Q(EHO,C Hmﬂm}+

SECTION 1IV.
Fat Globules.

631. The minute globules which are held suspended in milk,
and to which the opacity and
whiteness of the fluid are due, 2 =
consist mainly of oily fat, which %6: el Soo
appears to be surrounded by . 9%

a thin covering of insoluble mat-  © Eﬁa&;ﬂ
ter, differing in 1ts properties o
from fat, and probably composed e %o
of one of the protein compounds. €,

It is for this reason that the fat e 00
globules cannot be removed from

milk by agitation with ether, Fig. 69. Milk Globules.
unless potash be previously added

to dissolve the membranous envelopes.

632. The size of the globules
in healthy milk varies from a
mere point to about glth of an
inch in diameter, the average
size being rather more than
adwth (Fig. 69).

633. In the milk which is
secreted during the first few days
of lactation, called the colostrum,
and which is always much richer
in quality than ordinary milk,
we find in addition to the com-
on milk globules, numerous Fig. 70,
ranular corpuscles of a pale  Colostrum Corpuscles.
yellowish colour, and considerably larger than the others, their
diameter varying from sfith to gigth of an inch (Fig. 70).
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Similar corpuscles are also occasionally present in milk secreted |
during disease. They appear to be almost peculiar to human i
milk, being rarely met with in that of the cow and other animals, .
634. The fatty matter of milk consists for the most part of {
a solid fat, calleg margarine (C,, H,,,0,,), mixed with a liquid |
fat or oil, called oleine (C, H;u0y), together with small |
quantities of butyrine and other fats. The proportion in i
which these several fats are found mixed in milk, varies cou= -
siderably, being influenced by the health and food of the indi- -
vidual, the season of the year, and other circumstances. A .
specimen of the fat contained in cow’s milk, analysed by
Bromeis, contained—
Margarine . ; : - . - . 68
Oleine . . : 5 . : ; . 40
Butyrie, caproic, and capricacids . . 2

100*

.

———

SECTION V.
Suline Muatters.

635. Tt is probable that the following salts are present in ¢
milk, though an analysis of the ash will not, of course, deteet :
the organic and volatile compounds included in the list, since :
they are either decomposed or volatilized during the process of {
meineration :—the chlorides of potassium and sodium ; the :
phosphates of potash, soda, lime, and magnesia, with traces of {
phosphate of the peroxide of iron,

636. According to Haidlen, the ash obtained by incinerat= «

ing 1000 parts of cow’s milk, consisted, in two instances, of f
the following substances :—

e II.

Phosphate of lime . . o 2dll ot 344
Phosphate of magnesia . . 042 0G4
Phosphate of peroxide of iron . 0:07 0-07
Chloride of potassium . ; . 144 1-83
Chloride of sodium . . . 024 0-34
Soda . R e 045

4-90 677

“ﬂ T e et

* Heintz pronounces the margarine of butter to be a mixture of stearine ¢
(C14H19012) and palmitine (Cypellgg0y9). He has also obtained a new acid 1
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637. The presence of these several salts may be proved by
applying to a solution of the ash in water and hydrochloric
acid, the tests mentioned in the chapters on the urine and the
blood (41, 490, &c.).

SECTION VI.
Composition of Human Milk.

638. In healthy human milk, the several constituents which
I have now briefly described, are not always present in the
same relative proportions; various circumstances, as those of
, temperament, and food of the mother, as well as the period
:%elactatmn, causing considerable variation in the composition
of the secretion. The following examples will serve to show
to what extent these variations usually occur, The proportions
are calculated in 1000 parts of milk.

Analysis I,  (Simon.)

Showing the Mean of Fourteen dnalyses made af different
periods, with the Milk of the same Woman.

Water 7 A : ; . : ; : 8836
Solid constituents . i A . : - 116°4
Butter® . . - : s : : ” 2564
Casein . : : : : 2 : . o04°3
Sugar of milk and extractive matters . : 48-2
Fixed salts : : ! : . : 2:3

Analyses 11, 111, & IV, (Clemm.)
The fourth day ~ The ninth day The twelfth day

after delivery. alter delivery. after delivery.
Water . ’ . 879848 8585-818 905-509
Solid constituents 120°152 114:182 94-191
Butter . . 42968 85316 33454
Casein . . 99333 36°912 29-111
Sugar of milk
and extractive} 41-135 42979 81:537
matiers.
2:095 1691 1:939

Salts

called butic or butinic acid (HO,CqpHgzaO4) from butter, as well as caprylic
(HO,C15H1503) and myristic (HO,CogtarUy) acids.

* The portion of milk drawn at the commeneement of a draught (whether from
4 woman or & cow) is not so rich in butter as that drawn at the conclusion,
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Analysis VII. (Chevallier and Henri).

Water b . ; : ; . 8798
Solid constituents . - : e
Butter . . . ; - o 35D
Casein . : : k ’ 152
Sugar of milk 65°0
Salts 45

The recent analyses of MM. Vernois and Alfred Becquerel |

give the following as the composition of normal humani
milk :—

Water . . . . - . . 88908
Sugar . ! . . . : . 4364
‘Casein and extractive . . : S D
Butter : . : " - . 26768
Salts (ash) . : : : ; ; 1-38

100000

Specific gravity, 1032:67.

SECTION VII.
Composition of the Milk of other Animals.

639. The proportion of the several constituents is found to
differ considerably in the milk of different animals.* The
subjoined table, showing the composition of the milk of a few
of the more important domestic animals, from the analyses of)
Chevallier and Henri, will serve to illustrate this :—

Cow. Ass. Goat.

Casein . : . 448 1-82 4-08
Butter . E . 313 011 SER
Sugar of milk . &TT 608 528
Saline matter . . 060 034 0:52
Water . ' . 8702 9165 86:80
100-00 100-00 100-00

639 a. According to the analysis of Morint milk contains a

——

# Schlossherger describes the milk of the carnivora as having usually an acid
reaction. The milk of stall-fed cows, mares, and ewes kept on green food is
said to be frequently acid.

4 ¢Journ. Pharm.’ (3), xxv, 71.
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considerable quantity of a substance resembling gelatine, which
he proposes to call galaetine. Both this substance and the
caseine of milk possess a specific power of emulsifying the fats,
aud he thus accounts for the minute state of division of the
fatty matter in milk. It is also asserted that the coagulum
obtained by boiling milk which has been curdled by acetic acid
and filtered, consists of albumen. The results of Morin’s
- analysis of cow’s milk were :

Casein : L ' ! } . 3614
Soda, in combination with it ; . 048
Butter : - ; ; : . 1878
Albumen . i : : : » 3a0
Sugar of milk . : ; . . 36°00
Galactine (gelatigenous matter) . : A RY
Alcohol extractive : : : .42
Phosphate of lime . : : . 256
Chloride of sodium . : : gLl 2
Water ; : : ; . . 89734

1000-00

CHAPTER IIL
QUANTITATIVE ANALYSIS OF MILK.

640. Two portions of milk, one weighing about 100 grains,
nd the other about 400 grains, are to be accurately weighed,
he first in a platinum crucible or capsule, and the second in a
orcelain capsule; both the vessels having been previously
eighed or counterpoised. The first portion, of 100 grains, we
il call A, and the second, of 400 grains, we will call B.

641. Treatment of the portion A.—This portion, after being
ighed, is to be evaporated to dryness on a water-bath, or,
till better, on a chloride-of-calcium bath heated to about 2207,
til, on being weighed at intervals of half an hour or an hour,
t ceases to lose any further weight. The weight of the dry
sidue will then represent the amount of soLip MATTER con-
;ained in the quantity of milk used, while the loss of weight

uring evaporation shows the amount of WATER. »
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642. Tn these and the other determinations, the proportion

present in 1000 parts of the milk is calculated in the following
manner :—

Wt. of milk Wi. of each Proportion of that
'{usc:l in thc} : { constituent } - - 1000 constituent in l_ﬂlﬂ}}
experiment. obtained. parts of the milk.

643. The weight of the dry residue having been noted, the
crucible, with its contents, is to be placed over a lamp, and
kept at a red heat until the whole of the charcoal is burnt
away, and the ash becomes white or nearly so. The weight of
the ash thus obtained will represent the amount of INorGANIC
SALINE MATTER in the quantity of milk evaporated; from
which the proportion in 1000 parts may be calculated as
before (642).*

644. Treatment of the portion B.—This portion, after heing
weighed, is to be mixed with about one-fourth its weight of
ﬁne?j-poundﬂd hydrated sulphate of lime (CaO,50;+2Aq),
or unburnt gypsum, with which if is to be well stirred for a
short time, and then raised to a temperature of 212°; by which
means the whole of the casein will become coagulated, and
insoluble in water. The mixture is now to be evaporated to
dryness on a water-bath, being occasionally stirred, in order
that the solid residue of the milk may be pretty uniformly
mixed with the sulphate of lime.

645. The mass, when dry, is then easily reduced to powder;
after which it is to be digested with successive small quantities |
of ether (545), which will dissolve out the whole of the fatty -
matter. The ethereal solution is now evaporated to dryness on |
a water-bath, and the residue weighed ; its weight representing ¢
the amount of AT in the quantity of milk operated on; from
which the proportion present in 1000 parts of milk may be:
calculated as before (642).

646. The portion of the residue which proved insoluble ina
ether (645), Is now to be treated with hot, moderately strongz
aleohol, as long as anything dissolves. 1In this way, the whole
of the sugar, together with a little saline matter and alcohol-
extractive, is dissolved. The alcoholic solution is to be evapo-
rated to dryness on a water or chloride-of-caleium bath, and
the dry residue, having been accurately weighed, is incine-:
rated ; the difference between the weight before and after
incineration will then represent the quantity of svear, with a

¥ See foot-note to paragraph 63.
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little alcoholic extractive wmatter, in the portion of milk
employed. The proportion contained in 1000 parts is then
calculated as in former cases (642).

The sugar may be much more exactly determined by means
of the alkaline copper-solution, as described at (352). 100 grs.
of the milk are acidified with hydrochloric acid, heated to
coagulate the casein, and filtered ; after washing the coagulum
once or twice with water, the filtrate and washings are boiled
in a flask for about an hour, replacing the water which evapo-
rates, in order to convert the milk-sugar into grape-sugar,
since the former does not reduce the same proportion of oxide
of copper. The volume of the liquid is then made up to 1000
grs., and the defermination proceeded with as in (352).

647. The proportion of caseiNy may be estimated by adding
together the amount of water, fat, sugar, and saline matter,
already ascertained as being present in 1000 parts of the milk,
and deducting the sum of them from 1000,

648. The caseine may also be approximately determined in
another weighed portion of milk by acidulating with acetic
acid, boiling, collecting the curd upon a weighed filter, wash-
ing two or three times and drying at 212°. From its weight
that of the fatty matter contained in the milk (645) should be
deducted.

CHAPTER III.

MILK DURING DISEASE.

649. The milk which is secreted during disease is usually
more or less modified in its eomposition ; even slight derange-
ments of the system, and any great mental anxiety or sudden
emotion of fear, &c., not unfrequently have the effect of dis-
turbing, in a remarkable manner, the natural character of the
secretion. The exact nature of these changes 1s very 1mper-
fectly understood. They are probably sometimes merely
variations in the relative proportions of the several consti-
tuents of the healthy fluid; at others, and perhaps more {re-
quently, certain abnormal matters are formed.

650. With the assistance of the microscope, we are not
unfrequently able, with great facility, to detect the presence of
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certain morbid products which are not found in the healthy s
secretion. The peculiar form of milk called the colostrum, ,
which is secreted during the first few days of lactation, has s
been already mentioned as differing very considerably ini
microscopic appearance from healthy milk, and as containing g
numerous granular corpuscles, much larger than the ordinary s
milk globules (633). The corpuscles of the colostrum alse)
show a tendency to adhere fo each other, while the globules of f
the healthy fluid usually float freely about. It occasionally ¢
happens that the milk, instead of changing, in the course of a1
few days, to its more natural condition, continues for a length
of time to possess the characters peculiar to eolostrum : and |
has even been observed to change back again to this condition, ,
after being seereted for a time in a healthy state. The pre--
sence of the colostrum corpuscles (Fig. 70), and the slightlyy
viscid appearance also characteristic of this condition, may at
once be detected under the microscope.

651. The presence of pus, which during the formation of as
mammary abscess often finds its way into the milk, may alsoa
be detected under the microscope, by the occurrence of thee
peculiar pus granules (Fig. 71}. Blood-corpuscles, too (451),
are also found, though more rarely than those of pus, owing,;
in most cases, to the rupture of some of the minute blood-
vessels with which the mammary gland is permeated (Fig. 72.) |
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Fig. 71. Pus in Milk. Fig. 73. Blood in Milk.

@
(o] @
tl—‘-ﬁ. o
o W ", o

652. Urea is said to have been found in the milk of women
affected by Bright’s disease. In addition to the strictly
morbid products, other substances, especially certain salts,
which have been taken into the system either in the food or
as medicine, appear occasionally to find their way into the
milk, where they may sometimes be detected by the propers
tests,
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Analysis of the Colostrum of @ Woman, together with that of the
Healthy Milk of the same individual. (Simon.)

Colostrum, Hﬁﬂlﬁjw

Water . : ; : . 8280 887-6
Solid constifuents . : . 172:0 1124
] L ; ; : 800 9h-3
Casein . . : ; . 400 343
Sugar of milk 70:0 482
Saline matter 31 2-3

CHAPTER IV.

THE ADULTERATIONS OF MILK.

653. It is well known that much of the milk which is sup-
plied in Jarge towns is almost constantly more or less adulte-
rated, and although the substances employed for the purpose
are in most cases comparatively innoxious, it is much to be
wished that some simple and efficient test of ils genuineness
and purity could be devised, capable of being applied by those
who are unaccustomed to experiment.

654. The chief mode ulp adulteration practised in this
country consists in diluting the milk with water, and at the
same time occasionally removing the ecream. To correct the
bluish colour of the impoverished milk, it is said that a little
annatto is sometimes added. Milk has been occasionally found
adulterated with gum, flour, and starch to conceal its diluted
condition, and it is even asserted that the clumsy fraud of
adding chalk and emulsion of sheep’s brains has been detected.
655. On examining a little of the milk under the microscope,




198 THE ADULTERATIONS OF MILE.

the peculiar granules of starch and flour may be readily seen:|
(Fig. 73«), larger and more oval than the milk globules iff
either of those subtances is present ; and when examined witha
polarized light, each granule will be found to exhibit a darks
cross, as shown at 4 in the figure. Should any doubt exist ass
to their real nature, the addition of a drop or two of a solutioni
of iodine will impart to the farina granules a dark purple:
colour.

Gum may be detected by acidulating the milk with acetiez
acid, boiling, filtering off the cuarrucium, and mixing thes
filtrate with aleohol, when the gum 1s deposited and may be:
recognised by its behaviour with water. The presence off
annatto would canse the milk to assume a brown colour on:
addition of carbonate of soda.

656. The microscope will also serve to show the presence:
of macerated brain, which may be recognised by the occurrence:
of fragments of nerve and other organised structures, nott
found in pure milk.

657. The presence of chalk may be still more easily dis--
covered, siuce, owing to its specific weight, it soon subsides o)
the bottom of the liquid, where it may at once be recognisedl
by its effervescing on the addition of a little dilute hydro--
chloric acid.

658. We have no chemical means of ascertaining whetherr
water has been fraudulently added to milk, the only effect being
to dilute it, and render it of poorer quality, which might arise:
from natural causes. A knowledge of the specific gravity will |
not even allow us to decide as to the richness of the milk, since 2
the abstraction of a portion of the cream, whieh has a lowert
specific gravity than milk, may be made to neutralize thes
effect produced by the addition of water; the tendency of thes
removal of the cream being to raise the specific gravity of the =
fluid, and that of the addition of water, to lower it. A speci- -
men of milk, therefore, which has been impoverished by the 2
abstraction of its cream, and still further weakened by the 2
addition of water, may be made to possess the same specific 2
gravity as it had when taken pure from the udder.

For most practical purposes it is sufficient to compare the 2
relative volumes of cream furnished by equal quantities of {
different specimens of milk. This may be readily effected by ¢
allowing the milk to stand in a graduated tube (lactometer) for |
twenty-four hours, at a moderate temperature, and measuring 1|
the number of divisions occupied by the eream. |
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Another method proposed by Daubrawa for the rapid deter-
mination of the qualljity of milk consists in mixing it with two
volumes of aleohol of sp. gr. 0-833, filtering off the butter and
easein (which may be dried and weighed), and taking the
specific gravity of the filtrate. Every increase of ‘004 in the
specific gravity above 0-905 (the sp. gr. of the mixture of aleohol
with the water of the milk) indicates 1 per cent. of milk-sugar.
For example, if the specific gravity of the filtrate be 0:922,
there would be 4:25 per cent. of milk-sugar, for 0-922—0-905
= 017, and "017 =-004 = 4-25. The result may be con-
trolled by evaporating the spirit, converting the milk-sugar
into grape-sugar by boiling with a little dilute sulphuric acid,
rendering the solution alkaline by potash, and determining the
sugar by the standard copper solution (352).

659. It occasionally happens that the milk exposed for sale
is the produce of an unhealthy animal. Such milk has usually
some peculiarity of taste or smell, and also a slightly viscid
and unnatural appearance ; on being examined under the micro-
scope, too, it will probably be found to contain pus or mucus
corpuscles, or to present other appearances differing from those
of the healthy secretion.

CHAPTER V.
BILE.

659a. The bile consists essentially of an aqueous solution
of two salts, known as cholate (or glycocholate) and choleate
(or taurocholate) of soda. It is generally, but not always,
alkaline.
Bile is remarkable, among the secretions of the animal body,
for the large proportion of carbon which it contains. Cholic
- acid (HO,C,,H,,NO,,) contains 67 per cent., and choleic acid
(HO,CH NO,,S,) 605 per cent. of earbon. There are also
| present in bile a quantity of mucus, to which it owes its
viscidity, a peculiar colouring matter, and minute quantities
of cholesterine, oleine, marzarine, and lecithine (a phosphorised
fat discovered in bile by Gobley,* and also found n serum),

B —

* <Journ. Pharm, xxx, 241. Strecker has recently discovered lactic acid in
bile, together with a new alkaline base— Choline CyoH)zN O
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together with choride of sodium, and alkaline and earthys
phosphates.

Cholic acid.—To isolate this acid, the bile is evaporated to»
dryness, the residue dried at 250° Fahr., and digested, in thes
cold, with absolute aleolhol. The colouring matter is preeipi--
tated from the aleoholic solution by the gradual addition off
ether, and the clear solution deeanted from the deposit is3
mixed with more ether, when it gradually deposits tufts off
needles consisting of the cholates of putasg and soda, Afterr
having been washed with a mixture of absolute alcohol, withi
5th ether, the crystals are dried in vacuo, dissolved in a little:
water, and decomposed by dilute sulphuric acid, when cholie?
acid slowly separates in silky crystals, which are sparingly:
soluble in cold water, and in ether, but readily in aleohol.

‘When cholic acid is boiled with dilute hydrochlorie acid, it :
assimilates the elements of water, and is decomposed into
choloidie acid and glycocine (or sugar of gelatine) :

Cholic acid. Choloidie acid.  Glyecocine.
s J F o

L J
HO,C@I’I.IENOI] + IIG — C%HHEE'IUQ + G-!.H&NO-P

Choleic acid—This acid is not nearly so abundant in the
bile as the preceding. In order fo obtain it, the bile is mixed
with water, and acetate of lead added to separate the mucus,
the cholic, and the fatty acids. From the filtered liquid, the
colour i1s removed by adding tribasic acetate of lead till the
precipitate is white, and after filtration, the choleic acid is
precipitated by adding more tribasic acetate of lead and
ammonia. The lead salf is dissolved in aleohol, filtered, re-
precipitated by water, and decomposed by sulphuretted hydro-
gen. The solution filtered from the sulphide of lead is
evaporated, when it leaves the choleie acid.

When boiled with acids, choleic acid is decomposed, with
the concurrence of the elements of water, into a new acid, and
a peculiar erystalline body called taurine :

Choleic acid. Cholalic acid. Taurine.

HO,CH,NO,S; 4+ 2HO = HO,C,H, 0, + C,H,NO,S..

Tawrine, which has also been found in the kidneys and in the
lungs of the ox, is conspicuous among organie substances, for
the large amount of sulphur which 1t contains (25°6 per cent.).
It may be prepared in quantity by mixing bile with hydro-
chloric acid, filtering it from the mucus, and boiling for some
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hours. The clear liquid having been poured off from the
resinous deposit, is evaporated to a small bulk on the water-
bath. The solution is drained from the crystals of chloride
of sodinm, and mixed with six volumes of alecohol. On stand-
ing, prismatic erystals of taurine are deposited, and may be
recrystallized from water in order to purify them. It is in-
soluble in absolute alecohol and ether, and not very soluble in
cold water. It may be idenfified by the odour of sulphurous
acid when a crystal is heated on platinum foil.

Colouring matter of bile.—Two colouring matters have been
obtained from bile, one of which, diliverdine, is easily soluble
in alcohol, whilst ZJilipheine dissolves with difficulty. In
order to separate them, Briicke recommends that the bile be
well shaken with chloroform, which extracts the biliphaine.
On evaporating the chloroform, and treating the residue with
strong alcohol, the colouring matter is left in red ecrystals,
which may be purified by washing with aleohol and ether. If
biliphzine be dissolved in carbonate of soda, the solution oxi-
dized by exposure to air, and neutralized with hydrochloric
acid, a precipitate of biliverdine is obtained.

In Bright’s disease, it is said that albumen and urea have
been found in bile.

Sugar-forming substance in the liver—1If a fresh liver be cut
into thin slices, heated with a small quantity of water, the
solution filtered, evaporated to a small bulk, and mixed with
. a large excess of glacial acetic acid, a white flocculent pre-
cipitate is obtained which has the composition C,H,,0,*
(Kekulé). This substance, which resembles starch in some of
|its properties, as well as in its composition, has been called
animal amyloid, hepatine, and glycogene. lLike stareh, it is
converted into grape-sugar when boiled with dilute acids, but
it gives a dark brown-red, instead of a blue colour, with iodine.
It dissolves in water, giving a strongly opalescent fluid which
is precipitated by aleohol. Sugar is also found in the decoc-
tion of liver, but it is doubtful whether it exists in the
organ during life, or results from a posf-morfem conver-
sion of the glycogene. This substance has also been ob-
tained in the milky fluid resulting from the injection of water
into the liver in preparing it for the ordinary process of in-
ection.

® According to Pelonze, CjHj0y+ HO.
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CHAPTER VI.
JUICE OF FLESH.

If a few pounds of finely divided flesh be digested for a
short time in cold water, and afterwards well squeezed in a
muslin bag, a reddish acid®* liquid is obtained, containing a
little blood, together with the constituents of the juice of flesh,,
viz., albumen, kreatine, kreatinine, sarcine, inosite ; lactic acid,l,
butyric acid,t phosphoric acid, in combination with potash,,
lime, and magnesia; and chloride of potassium with a littlee
chloride of sodium.

Kreatine (CgHoN304,2Aq.). To extract this substance, thee
above infusion is heated in a water-bath until the whole of thee
albumen is coagulated ; it is then strained, and mixed withh
baryta-water until it 1s alkaline to tumeric paper. The preei--
pitate (phosphates of baryta, lime, and magnesia) is filtered off;
and the solution evaporated to a syrup. After standing for aa
few days, it will deposit prismatic crystals of kreatine, whichh
may be purified by recrystallization, with the use of a littlee
animal charcoal.

1000 parts of beef yield about 0-7 of kreatine, 1000 parts of
cod-fish, 1-3 parts, and 1000 of fowl about 3 parts. Human
flesh is said to be particularly rich in kreatine.

Kreatine has no alkaline reaction, but is capable of formi
crystalline salts with acids. It dissolves in 75 parts of coftﬁt
and in much less boiling water. 1f 1s very slightly soluble inn
aleohol, aud insoluble in ether.

A pure solution of kreatine will not give any precipitatee
with solution of chloride of zine, but if the solution be pre--
viously boiled for some time, kreatinine is formed, which yields, &
with chloride of zine,”a granular crystalline precipitate :

Kreatine. Kreatinine.
CSHQE:{D__! e EI_IO = GSI-IT.NISO.‘:.
The conversion is much accelerated by the addition of a little
hydrochloric or suH}hurm acid.
If kreatine be dissolved in water and boiled with 10 parts &

* According to Du Bois Reymond, the juice of flesh is naturally alkaline, but &
becomes acid very speedily after death.
+ Scherer has also found formic and acetic acids in the juice of flesh.
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of crystallized baryta, as long as any ammonia is disengaged, it
yields a new base, sarcosine, which may be obtained in pris-
matic crystals by saturating the solution with earbonic acid

, boiling to precipitate the excess of baryta, and evaporat-
ing the filtered liquid to a small bulk :

Kreatine, Sarcosine. Urea.
s r "‘ } r e
CsH,N,0, = C;H,;NO, + C.H,N.0,
The urea, which is the other produet of this decomposition of
kreatine, is decomposed by the ebullition with baryta into car-
bonic acid and ammonia.

Kreatinine. 1f the liguid from which the crystals of kreatine
were deposited be mixed with a strong solution of chloride of
zine, and set aside, crystals of the compound of kreatinine
with chloride of zine will be separvated. The preparation and
properties of kreatinine have been described under the head of
urine (30a).

Sarcine (CyH,N,0,). To obtain this base, the mother-liquor
. from the crystals of kreatine is diluted, and mixed with a di-
lute solution of acetate of copper. The precipitate is washed,
- suspended in water, and decomposed by sulphuretted hydro-
. gen; after filtering from the sulphide of eopper, the solution
15 gently heated on a water-bath to expel the excess of sul-
phuretted hydrogen, and boiled with hydrated oxide of lead to
remove the colouring matter. After another filtration, sul-
phuretted hydrogen 1s again passed through the solution, the
sulphide of lead filtered off, and the filtrate evaporated to a
small bulk, when it deposits erystals of sarcine.

This substance, like kreatine, is a weak base, forming salts
with acids. It is much less soluble in water than kreatine,
requiring 300 parts of cold and 78 ﬂfarts of boiling water. 1t
1s much more sparingly soluble in alcohol.

The composition of sarcine is the same as that of Aypozan-
thine, another basic substance which has been found in the
spleen.

Inosite (CH,00,5,4Aq). This substance, as well as inosic
aeid (HO,C, HgN,O,,) does not appear to be so invariably pre-
sent in the juice of flesh as kreatine is.* In order to extract
16, if present, from the mother-liquor after the separation of
the kreatine, dilute sulphuric acid is added, in quantity ex-
actly sufficient to precipitate the baryta, and the filtered liquid

*® 1t was originally obtained from the heart, but has recently been found in
the Kudneys, liver, spleen, and lungs of the ox.
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is well shaken with ether, which removes the lactic acid. To
the aqueous liquid, aleohol is then added in successive portions;;
the first addition causes a precipitation of sulphate of ,potash
and other salts, and after separating these and a further ad- -
dition of aleohol, small El‘jsta{; of inosite are deposited.

This body is remarkable for its sweet taste, and for having,,
when dried at 212° the same composition as grape-sugar dried .
at that temperature (C,H,0,). It differs from that sub-.
stance, however, in not reducing the oxide of copper in alka--
line solution to the state of suboxide, and in not giving a.
brown solution when boiled with potash. Neither can it be
made to undergo the vinous fermentation. Inosite is readily
dissolved by water, but is insoluble in absolute alcohol and in .
ether. Tt 1s said to exist to the extent of § per cent. in un--
ripe beans.

Lactic acid (2HO,CsH,,0y9). The lactic acid extracted, as
described above, by ether, from the juice of flesh, is commonl
called sarco-lactic acid, to distinguish it from ordinary lactie
acid obtained by the fermentation of milk-sugar (621). Although
the properties of both varieties of lactic acid in the free state
are similar, their salts are not precisely so. The sarco-lactate
of zine has the formula, 2Zn0,C,,H,,0,0,4Aq., whilst the ordi-
nary lactate of zine contains 6Aq. Again, the sarco-lactate of |
lime is 2Ca0,C,H,,0,,,8Aq. and the ordinary lactate, which is
also the more soluble i water, contains 10Aq.

The lactic acid is obtained by evaporating the ethereal solu-
tion, as a syrupy acid liquid, which does not crystallize, and
is best characterised by boiling it with a few zine-filings, when
the lactate of zine will be formed, which deposits in sparingly
soluble crystalline crusts.

Butyric acid (HO,CH.O,). By acidulating the mother-
liguor from the kreatine with sulphurie or hygmchlﬂric acid,
and distilling, a very dilute solution of butyric acid is obtained.
The acid may he identified by its odour of raneid butter, and
in order to ugtain it in a pure state, the acid distillate from a
large quantity of flesh must be neutralized with baryta and
evaporated, when butyrate of baryta erystallizes out. By dis-
solving this in a little water and adding just enough sulphurie
acid to precipitate the baryta, a concentrated solution of the
acid may be obtained. By introducing into this, in a tube,
fragments of fused chloride of ecaleium, the butyric acid is
separated and rises, as an oily layer, to the surface, whenee it
may be drawn off, and purified by distillation with a little
more chloride of caleium.
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CHAPTER VII

MUCUS.

SECTION T.

General Characters of Mucus.

660. Healthy mucus, which is secreted by the mucous
membrane with which the internal surfaces of the several
parts of the body are covered, is a semi-fluid viscid substance,
the general appearance of which is well known. It is some-
times so thin and limpid as almost to resemble water in ap-
pearance ; while at others, and more commonly, it is tough
and extremely tenacious, becoming stringy when attempted
to be drawn out. When thin and watery, it is nearly trans-
parent and colourless ; the more viscid forms, however, being
turbid or opaque, and usually of a pale yellowish or greyish
eolour. It is generally alkaline to test paper, insoluble in
water, and somewhat heavier than that fluid; so that when
Elaced in water it gradually sinks to the bottom, unless it is

uoyed up by entangled air-bubbles. The mucus obtained
from the several parts of the body differs considerably in
appearance, and probably also in chemical composition. When
“dry it is hard and friable, resembling horn in appearance; the
dry mass, on being digested in water, gradually swells up, and
 partially reassumes its former appearance.
661. When mucus is examined under the microscope, with
. a power of about 200 diameters, it is found to contain numer-
ous round or oval grannlar corpuscles, together with epithelial
scales (Fig. 5), entangled in a more or less viscid fluid, to
which latter the peculiar tenacious character of mucus appears
to be due. Mucus, therefore, consists of two distinet portions:
the solid corpuscles with epithelial scales, and the fluid with
which they are surrounded. Under favorable circumstances,
and with a high magnifying power, the fluid portion appears
to be filled with extremely minute molecular particles, the
nature of which is not clearly understood.

662. The size of the mucus corpuscles varies considerably,
the average diameter being about z3'ssth of an inch. Their




206 QUANTITATIVE ANALYSIS OF MUCUS.

surfaces are granular, similar to those of pus; and whenn
treated with dilute acetie acid, the exterior covering loses itss

anular appearance, and becomes transparent, rendering visible e
rom one to five internal nuclei. The same effeet is pro-w
duced by dilute oxalic and tartaric acids; but the dilutee
mineral acids cause little or no change.

663. Mucus appears to contain in its composition thee
following substances :—mucus corpuscles, epithelial scales,
muein, traces of extractive matters and fat, sometimes a small |
trace of albumen, and saline matters ; which latter consist of {
alkaline chlorides and lactates, phosphate of lime, and tracess
of carbonate of soda. The mucin, to which the peculiar tena- -
cious character of mucus appears to be due, is insoluble ina
pure water, and is probably hc]l;l in solution in the fluid portiona
of the mucus, by the small excess of alkali usually present ; it ¢
separates in the form of a white coagulum when mucus iss
treated with water, and still more completely when neutralized d
with dilute acetic acid. The minute traces of fat found ina
mucus probably exist in the corpuscles, though the exactt
t'.:h-.a'mi{:a{j nature of these is by no means clearly ascertained.

SECTION II.

Quantitative Analysis of Mucus.

664. The quantitative determination of the principal con- -
stituents of mueus may be made in the following manner. -
The mucus intended for analysis is first divided into two o
portions, A and B; the first, A, being about one quartet,
and the second, B, about three quarters, of the whole. Both
portions are to be weighed in counterpoised capsules, that
containing A being of platinum, and evaporated to dryness on
a chloride-of-calcium bath, at a temperature of about 220°.

665. Treatment of the portion A.—This portion, afier bei
dried until it ceases to lose weight, is to be accurately Weighﬂ?, b
The weight of the dry residue gives the amount of soLID »
MATTER In the quantity of mucus evaporated, while the loss
represents the amount of warer.

666. The proportion of these and the other ingredients; &
contained in 1000 parts of the mucus, may in each case be
estimated by the following ealeulation :— .
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Weight of Wt. of each con- Praportion of that
mucus . ] stituent contained | .. 1000 ° constituent con-
beforeeva- ( * ] in the guantity of [ " * * ] tained in 1000 parts

poration. mucus employed. of mueus.

667. The dry residue is then to be incinerated at a low red
heat, until the ash becomes white, or nearly so. The weight
of the ash will then represent the amount of SALINE MATTER
in the quantity of mucus used; from which the proportion
present i 1000 parts may be calculated as before (666).

668. Treatment of the porfion B.—The dry residue left
after evaporation (664), is to be removed from the capsule,
and reduced to fine powder in a mortar. It is then Euilcd
with successive small portions of ether, which will dissolve
out the fat (545). The ethereal solution is evaporated to
dryness on a water-bath, when the weight of the residue will
indicate the amount of FAT in the quantity of mucus employed;
from which the proportion in 1000 parts may be estimated as
before (666).

669. The residue which proved insoluble in the ether (668)
is to be boiled with a little alcohol, after which the alcoholic
solution is to be evaporated to dryness, and the dry residue
weighed. This is then incinerated, and the weight of the ash,
deducted from that of the dry extract, will give the amount
of Arconor EXTrRACTIVE, with the lactic acid of the lactates,
in the quamity of mucus used ; which may be corrected, as
before, for 1000 parts (666).

670. The portion of the residue which proved insoluble in
the alcohol (669) is to be dried and weighed ; the weight in-
dicating the amount of Mvciy, together with cellular matter,
and probably traces of albumen, in the quantity of mucus
employed ; from which the proportion present in 1000 parts
of mucus may be calculated, as in the former cases (666).

671. According to Nasse, the composition of fresh pul-
monary mucus is as follows :

Water . - : ; ; ; . 955520
Solid constituents . ; : i . 44450
Muein, with a little albumen . X . 23754
Water extract : : : : : 8006
Aleohol extract . : ; . . 1-810
Fat - . : ; : : . 2-887
Chloride of sodium : : ; 5 5825
Sulphate of soda . ; g . ) 0-4.00

Carbonate of soda . : : ; ! 0:198



208 MORRID MUCUS.

Phosphate of soda . A 0-080

Phosphate of potash, with traces of iron . 0-974
Carbonate of potash i : S ; 0291
Silica, and sulphate of potash . i . 0-255

EECTION III.
Morbid Mucus.

672. The characters of mucus secreted during disease aree
usually more or less different from those of the normal secre-:
tion, and an admixture of foreign matters frequently alters itss
appearance considerably. Pus, for instance, when mixed withh
it, diminishes its tenacity, owing to the mucin being presentt
in smaller proportion (663); and when the liquid portion of f
mucus containing an admixture of pus is tested for albumena
(254, 677), a considerable amount of that substance may usually
be detected ; since the liguor puris, or liquid portion of pus, i
contains a comparatively large quantity of albumen, but noa
mucin. Our means of detecting the presence of minute traces s
of pus in mucus are very imperfect ; the decided presence of f
albumen in the purulent secretion is, indeed, almost the only §
test, since the microscopic characters of the corpuscles appear
to be very similar (249). |

673. The morbid mucus expectorated in pulmonary disease e
frequently contains, besides pus, red blood corpuscles, minute e
globules of fat, fragments of tuberculous matter, and others
abnormal substances, most of which may generally be detected 4
without difficulty under the microscope. The indications s
afforded by a careful microscopic examination of such expee- -
torations, indeed, may often lead to results in diagnosis, of
great importance to the practical physician. |
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CHAPTER VIII.

PUS,

——_— e —

SECTION I.

General Characters of Pus.

674. Pus is the peculiar semi-fluid matter which is formed
in abscesses, and in other kinds of wounds. In common lan-
guage, a considerable variety of substances, more or less re-
ssembling each other in appearance, though differing in many
respects, are included under the name of pus; and Lence it
has been found necessary to distinguish the normal secretion
by the name of Zrue, or genuine pus; the other substances
being called spurious, or false pus.

675. Normal pus is a thick creamy-looking fluid, perfectiy
opaque, and usually of a pale yellow or greenish colour. It
ghpossesses little or no tenacity, and may consequently be poured
@un separate drops; in which respect 1t differs essentially from
smucus, which, 1 colour and general appearance, it often much
garesembles. Its specific gravity is usually about 1030 or 1033,
50 that it sinks in water; and if shaken up with that fluid,
ixes uniformly with it. = The mixture, after standing a short
aitime, gradually deposits a sediment, consisting of pus-cor-
saouscles (678). It is most commonly neutral to test paper,
(fout is also occasionally met with slightly acid or alkaline.

W 676. Like mucus, pus consists of a clear fluid portion or
gberum, in which float innumerable minute granular corpuscles,
aitvhich latter appear to be almost precisely the same as those
sibontained in mucus, and when examined under the microscope,
likxhibit the same granular appearance. The liquid portion of
s, or liguor puris, however, differs essentially from that of
unjnucus, and contains the following substances in solution,
rhich, it will be seen, are nearly the same as those held 1n
Uolution in the serum of the blood (568)—viz., albumen, fo-
silether with a peculiar compound called pyin, or tritoxide of
hrotein (which is soluble in water, and precipitated by acetic
{hcid), fat, cholesterin, extractive matters, and inorganic salts.®

T _L:;uciuc (C1o;3NOy) has also been found in pus. s
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These latter consist, for the most part, of chloride of sodium, .
with small quantities of phosphate, sulphate, and carbonate of £
soda; the chlorides of potassium and ealeium ; phosphates and i
carbonates of lime ancr magnesia; and traces of peroxide of f
iron.

677. The presence of these matters in the liguor puris may 1
be shown by placing some pus in a tall narrow glass, and allow- -
ing it to stand, in order to give the corpuscles time to subside; ;
after which, a little of the clear liquid may be drawn off with1
a pipette. On boiling a few drops of this in a test-tube, the :
albumen becomes coagulated, and separates from the liquid ; ;
after which the pyin may be thrown down in the form of a1
white flocculent precipitate, by adding a little acetic acid.**|
The liguid may then, if necessary, be tested for the several in- -
organic salts above enumerated (676, 490). j

678. The pus-corpuscles, though quite invisible to the naked 1}
eye, may be distinguished under the microscope with a magni- -
fying power of from fifty to one hundred diameters; a con- -
siderably higher power, how- - |
ever, is required for exhibit- -§
ing their peculiar granular :}
structure (Fig. 74,4). The 3}
size of these corpusclesvaries |
considerably, being com- -}

monly about sfmth of an

ictig, Pustope it ol inch in diameter. They are :§
magnified 400 diameters. nearly spherical; and have :

a very pale yellowish colour, ,

which is scarcely perceptible, unless several of them are :}
aggregated together. Being slightly heavier than the liquor ¢}
puris with which they are surrounded, they gradually subside
to the bottom, leaving the fluid portion nearly clear. Minute
globules of fat may usually be detected, mixed with the cor- »
puscles. |

679. The pus-corpuscles, when treated with liquids of dif- -
ferent densities, exhibit the phenomena of endosmosis and ex= -
osmosis, somewhat similar to those already deseribed as taking ¢/
place in the corpuscles of the blood (456); increasing in size
when the external liquid, such as pure water, is of lower den- -
sity, and collapsing when it 1s of higher density, than the @

* Pyin is precipitated by chloride of mercury and by acetate of lead, which is &8
not the ease with mucin.
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fluid contained in them. When treated with dilute acetic acid,
the external covering becomes transparent, and exhibits one or
more internal nuclei (Fig. 74, ).

680. When mixed with a solution of ammonia or potash,
pus loses its fluidity, and assumes a jelly-like appearance, which
1s highly characteristic, and is employed to distinguish it from
mucus, which becomes less tenacious than before when treated
with alkalies. A somewhat similar effeet is produced also by
the alkaline carbonates, and certain other salts.

681. Although the general appearance and characters of pus
are usually sufficiently marked to enable us to identify if, it is
always advisable, in cases where any doubt exists, to submit it
to microscopical examination ; sinee occasionally we meet with
fluids containing a large quantity of epithelium and other pro-
ducts, which, in appearance, closely resemble pus, though dif-
fering entirely in composition from that substance, and con-
taining no trace of the characteristic pus-corpusecles (678).
The form of these corpuseles is found to vary considerably
under certain pathological conditions ; but there may generally
be traced sufficient resemblance to the normal corpuscles to
enable us to distinguish them from other matters. The modes
of distinguishing between pus and mucus, have been already
noticed in paragraphs 248, &c.

681e. Blue Pus.—In certain rare cases, the bandages upon
which pus has been discharged assume a blue colour. By treat-
ing them with water, and agilating the aqueous solution with
ehloroform, Fordos has extracted a blue erystalline colouring
matter, which he calls pyocyanine. 1% is soluble in water, al-
eohol, and ether; its colour is changed to red by acids, but

the blue is restored by alkalies.
SECTION II.

Quantitative Analysis of Pus.

682. The quantitative analysis of pus may be made in the
following manner :—T'wo portions of the fluid are to be weighed
out ; the first, A, in a small counterpoised flask ; and the second,

. B, in a counterpoised or weighed evaporating dish.

683. Lreatment of the {;'anfz'ma A.—The portion A, after being
weighed in a flask, is to be boiled with successive small quan-
tities of strong or absolute aleohol, which must be separated
while hot, either by filtration or decantation, from the 1nsoluble
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portion. The aleoholic solution is then set aside to cool, and
allowed to stand a few hours, in order that the fat may, for the
most part, crystallize out. The cold aleoholic liquid is then
poured off, and the solid matter dried and weighed ; when the
weight thus obtained will represent the amount of ¥aT in the
quantity of pus employed in the experiment.

684. The cold alecoholic liquid (683) is now to be evaporated
to dryness, on the water-bath, in a counterpoised platinum
capsule, and the dry residue, after being weighed, is incinerated.
The weight of the ash is then ascertained, when the difference
between the weight before and after incineration will repre-
sent the quantity of EXTRACTIVE MATTER (together with traces
of fat which had not separated from the cold aleohol), in the
portion of pus employed.

685. The residue which proved insoluble in the boiling alco-
hol (683), is to be dried on a water-bath, and then boiled with
a little water, which will dissolve out the pyin, and at the same
time cause the coagulatlon of the albumen. The aqueons so-
Jution thus obtained is to be separated from the insoluble por-
tion; evaporated to dryness in a platinum capsule on a water-
bath ; and the weight of the dry residue having been noted, it
1s to be incinerated. 'The difference between the weight of the
dry residue previous to incineration, and that of the inorganic
ash, represents the amount of pyix in the portion of pus used
in the experiment.

686. The matter which remained insoluble in the hot water
(685), is now to be dried and weighed. The dry residue is in-
cinerated ; and the loss of weight which it experiences during
incineration will show the amount of ALBUMEN AND cORPUS-
CLES in the guantity of pus operated on.

687. Treatment of the portion B.—The weight of this
portion having been noted, it is to be evaporated to dryness
on a chloride-of-calcium batli, at a temperature of about 220°,
the heat being continued until it ceases to lose weight on
being weighed at intervals of half an hour or an hour. The
loss of weight during the evaporation will then represent the
proportion of waTER in the quantity of pus employed; while
the weight of the dry residue shows the amount of soLiD
MATTER.

688. The dry residue is now to be incinerated in a platinum
capsule or erucible, until the ash becomes white or pale grey.
The weight of the ash will then show the amount of inorganie
SALINE MATTER in the quantity of pus used in the experiment.
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689. The proportion of the several constituents contained
in 1000 parts of pus, may then be estimated from the num-
bei's obtained in the above experiments, by the following cal-
culation :—

-

Wt. of pus Wt. of each j Proportion of that ?
{ used in the : constituent }’ e OO constituent in }-
experiment. obtained. 1000 parts of pus.

690. From the analysis of Dr. Wright, the composition of
pus appears to be as follows :—

L Pus from a
et el T
;}rater A . . 894-4 5852 8794
atty matter . 2 175 . :
Cholesterin i 54 } 288 265
Muecus . v 3 112 61
Albumen . : ; 685 637 83°6
Lactates, carbonates,
and phosphates Gt} 97 135 89
soda, potasﬁl, and lime
Tron : : . a trace.
Loss. ; : - 99 Q-7 16

10000 10000 1000-0

CHAPTER IX.

BONE.

SECTION 1.
General Characters of Doue.

691. The colour, texture, specific gravity, and general
characters of bone, differ very much in different parts of the
body ; and the proportions of the several chemical ingredients
are also found to vary considerably. The two principal con-
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stituents of bone are cartilage® and phosphate of lime (3Ca0,
PO;); the proportion of the former being usually about 29 to 34
per cent., and that of the latter from 50 to 60 per cent. of the
entire bone. The other substances, which are present in
smaller quantity, are, carbonate of lime (Ca0,CO,) ; phosphate
of magnesia (3MgO,P0;); fluoride of caleium (CaF); soluble
soda salts, chiefly chloride of sodium; traces of the oxides
of iron and manganese; and fat; which latter, however,
does not belong strictly to the bone, but to the marrow con-
tained in it. The presence of these several substances may
be demonstrated hy the following experiments.

692. The cartilaginous matter of bone may be obtaired
almost entirely free from the saline and other ingredients, by
digesting a bone for a day or two, at a temperature not higher
than about 50° in dilute hydrochlorie acid, composed of about
one part of the strong acid and five parts of water. The earthy
and saline matters gradually dissolve in the acid, leaving the
cartilage unaffected, and still retaining the exact form of the
bone. In this state it is soft and Eilﬁtf[‘:; becoming, when
dried, hard, somewhat brittle, and horny in appearance.

693. If the cartilage be boiled for some time in water, it
will almost wholly dissolve, being converted into gelatine (the
glutin of some writers), leaving undissolved nothing more than
a delicate network of vessels. The aqueous solution thus
obtained becomes, unless very dilute, gelatinous on cooling.

694. The fat may be separated by boiling a few fragments of
crushed bone with ether, and evaporating the ethereal solution ;
when the fat will be left behind as a residue.

695. The phosphate of lime and phosphate of magnesia
may be isolated by dissolving a fragment of calcined bonef
in dilute hydrochloric acid, and supersaturating the acid solu-
tion with ammonia; which will throw down a white gelatinous

recipitate of the mixed earthy phosphates. If this precipitate
Ee examined under the microscope, it will be found to be
chiefly composed of amorphous particles of phosphate of lime,
mixed with a small quantity of the crystalline double phosphate
of ammonia and magnesia (2MgO,NH,0,PO,+12Aq), showing
the presence of phosphate of magnesia.

696. The presence of carbonic acid (carbonate of lime) may

* Called osséine by Frémy, who states that it contains the same proportions
of carbon, hydrogen, nitrogen, and oxygen as gelatine, into which it is con-
vertible with a facility which is inversely as the age of the animal.

t A large piece of bone may be burnt in a clear fire till perfectly white.
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be proved by the elfervescence which ensues when a fragment
of uncaleined bone is moistened with dilute hydrochloric acid.
Il the solufion, filtered from the precipitate of earthy phos-
phates (693), be tested with oxalate of ammonia, it will be
found still to contain a considerable amount of lime, which ex-
isted in the bone as carbonate; since that portion only of the
lime was precipitated by the ammonia, which was in eombina-
tion with phosphoric acid.

G97. IchaIc:ined bone, reduced to powder, be boiled for
some little time in a test tube or glass flask, with a little
rather dilute sulphuric acid, consisting of about equal parts of
the strong acid and water, the inner surface of the glass will
generally be found to be slightly corroded, owing to the dis-
engagement of hydrofluoric acid (HF) by the action of the
ﬁu}phuriﬁ acid on the fluoride of caleium. CaF+ H0,50,=Ca0,
80,+HF. This substance, however, does not appear to be
| Invariably present in bone, and some observers have been un-
| able to detect it.

698. The presence of chloride of sodium may be shown by
boiling a little calcined bone reduced to powder with water,
filtering from the insoluble earthy portion, and testing a few
drops of the agqueous selution with nitrate of silver, which will
give an abundant precipitate of the chloride (AgCl). By con-
centrating the rest of the solution to a small bulk and testing
it on platinum wire in the blowpipe flame, a yellow colour will
appear, showing the presence of soda.

699. A little sulphate of soda may also bhe detected, by
means of chloride of barium, in the soluble portion of calcined
bone, though no trace of sulphuric acid is fo be found in it

revious to calcination ; being produced, during ignition, by the
oxidation of the sulphur contained in the tissues.

SECTION 1L,
Quantitative Analysis of Done.

700. About three hundred erains of the bone intended for
analysis should be first cleaned from adhering fat, periosteum,
and other impurities, and then reduced to tolerably small frag-
ments either by crushing or rasping. :

701. Treatment of the first portion—One hundred grains of
the bone are to be dried in a counterpoised platinum capsule
or erucible, on a chloride-of-calcium bath, at a temperature of
about 250°, untill it ceases to lose weight on being weighed at
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intervals of half an hour or an hour. The loss of weight whicl
it experiences during desiccation represents the per-centage off
WATER.

702. The dry mass is now to be incinerated in the capsule:
at a low red heat, until the whole of the organic matter is;
burnt away, and the ash becomes throughout perfectly white. .
The weight of this ash gives the per-centage of INORGANIC:
MATTER contained in the bone ; while the loss during incinera- -
tion represents the per-centage of orcawic MaTTER. The:
inorganic residue may then be digested in dilute hydrochlorie :
acid, and retained for subsequent examination (706).

703. Treatment of the second portion.—A second portion .
of the crushed or rasped bone, weighing one hundred grains,
is to be digested for a day or two, in cold dilute hydrochlorie !
acid, containing one part of the strong acid to five or six of '
water ; the whole being kept at a temperature not higher than .
about 50°, as otherwise some traces of the animal matter of the
bone would be acted upon by the acid. The whole, or at least
by far the greater portion of the inorganic matter is thus dis-
solved, and when the acid liguid has been well washed out of
the insoluble residue by means of cold water, little will remain
but the cartilaginous matter of the bone.

704. The cartilaginous residue is to be dried on a water-
bath, and then boiled with a little ether, which must be poured
off, and renewed if necessary, until all the fat is dissolved.
The ethereal solution is then evaporated to dryness in a counter-
poised capsule on a water-bath; when the weight of residue
will give the per-centage of FAT in the bone.

705. The matter which proved insoluble in the ether (704),
consisting chiefly of cartilage, with traces of inorganic matter,
s now to be dried on a chloride-of-calcium bath, at a tempera-
ture of about 2507, weighed and incinerated. The difference
between the weight of the dry residue before and after incine-
ration, will then represent the per-centage of carTILAGE in the
bone.

706. The ash left after the incineration of the first hundred
orains of bone (702), is now to be dissolved in moderately
dilute hydrochloric acid ; a gentle heat being applied if neces-
sary. The acid solution is then slightly supersaturated with
ammonia, which will throw down the phosphate of lime,
together with the small quantity of phosphate of magnesia and
fluoride of caleium ; as well as any traces of peroxide of iron
and oxide of manganese that may be present. The precipitate
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is to be well washed, filtered, dried, and ignited ; after which
its weight will represent the amount of BONE EARTH, consist-
ing of PHOSPHATE OF LIME with PHOSPHATE OF MAGNESIA, and
FLUORIDE OF CALCIUM, in one hundred parts of the bone.

707. If it is required to determine separately the proportion
of phosphate of magnesia, the ignited precipitate (7006), after
being weighed, i1s to be redissolved m dilute hydrochloric
acid ; the acid solution is then mixed with an excess of per-
chloride of iron (Fe,Cl;), and supersaturated with ammonia.
The phosphoric acid of the earthy phosphates is thus precipi-
* tated in combination with peroxide of iron, together with any
excess of uncombined peroxide of iron, leaving in solution the
chlorides of calcium and magnesium.* The lime (ehloride of
calcium) is first rcﬁipitataﬁ by adding oxalate of ammonia
(NH,0,C,0;) as l%ng as 1t causes a precipitate, boiling the
mixture, and filtering. The filtered solution is then concen-
trated by evaporation, and the magnesia thrown down by
sadding phosphate of soda (2NeO,HO,P0;) and a decided
rexcess of ammonia. The mixture is allowed to stand for some
hours, after which the precipitated double phosphate of
@rammonia and magnesia (EZKI ,JWH,O0,PO;4+12Aq) 1s to be

ifiltered, dried, and ignited, %Jj’ which it 1s converted into
@bphosphate of magnesia (2MgO,PO;), and weighed. This
d@weight will represent the amount of PHOSPHATE OF MAGNESIA In
Sithe 100 orains of bone ; which, when deducted from the whole
‘earthy phosphates (706), will give the per-centage of PHOSPHATE
‘#I0F LIME.

T107a. General method of determining phosphoric acid.—Since
4bhosphoric acid 1s a constant component of the inorganic
$hart of the solids and fluids of the body, it is necessary to be
Aghble to determine it directly in all cases. The opportunity
nay be taken of applying the following process (Chancel) to
«#%he determination of phosphoric acid in bone. Ten grains of
#the bone-ash are dissolved in nitric acid, with the aid of heat. -
“#lhe solution is diluted and a little nitrate of baryta added, to
“emove sulphuric acid ; nitrate of silver is then added, without
~Mprevious filtration, to precipitate the chlorine. The filtered
~Molution is treated with sulphuretted hydrogen, and the liquid
aieltered from the sulphide of silver is heated until no more
AMulphuretted hydrogen is perceptible. A solution of nitrate of
Atismuth (BiO,,3NO;) is then added, and the precipitate of

' * The process described in paragraphs 65-71 will give more exact resalts,
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phosphate of bismuth (BiO;,PO,) is collected upon a filter,
washed with boiling water, ignited in a porcelain crucible (the
filker being burnt separately) and weighed. The following
proportion then gives the phosphoric acid :

Ate. wt. of Ate. wt. of
phosphate of phosphoric
bismuth. acid.
= = LI ¥
305 : 71 :: Weight of precipitate : =

708. The solution filtered from the precipitate of earthy
phosphates (706), containing the portion of lime which existed
in the bone as carbonate, is now to be treated with oxalate of
ammonia as long as any precipitate is produced. The whole
of the lime is thus separated as oxalate (Ca0,C;0;+2Aq),
which, after boiling the mixture, is filtered, dried, and ignited.®
The oxalate is converted, during the ignition, into carbonate
(Ca0,CO,), so that the weight of the ignited precipitate will
represent the amount of carBoNATE oF LIME in the hundred
grains of bone.

709. As a check upon the estimation of the carbonate of
lime, the amount of carbonic acid in the bone may be deter-

mined by placing 100 grains of the
unburnt bone in fine powder, in a.
flask «, provided with a desiccating
tube 4, containing fragments of chlo-
ride of calcium (Fig. 75). A test-tube |
(¢) containing hydrochloric acid is |
then placed in the flask, and the:
whole apparatus is weighed; after:
which the acid is allowed to flow gra-
dually upon the powder, from which !
it will expel the carzoxic acip. The !
amount of the latter which, being ®
gaseous, escapes In a dry state through |
et the chloride of caleium tube o, is then
Fig. 5. represented by the loss of weight :

which the apparatus with its contents
experiences during the experiment (337). It will probably be @
found that the carbonic acid thus determined, bears to the:
carbonate of lime (708) the proportion of 22 to 50, those:

* See paragraph 69.




QUANTITATIVE ANALYSIS OF BONE. 219

being the atomic weights of carbonic acid and carbonate of
lime respectively.®
710. The solution filtered from the oxalate of lime ‘57 08),

which contains the soluble salts (chiefly chloride of sodium),
together with the excess of oxalate of ammonia employed to
precipitate the lime, is now fo be evaporated to dryness, and
the residue ignited in order to expel the ammoniacal salts.
The weight of the residue after ignition will then represent the
per-cﬁnt'uge of SOLUBLE SALINE MATTER.

711. The following analyses will serve to illustrate the
er-centage mmposltmn of bone both of man and some of the
ower animals.

Analysis I (Vonr Bibra).

Showing the Composition of the Bones of a Child two
months old.

B hiato of liins, viith - little tioniden “cpis. ks
osphate of lime, with a little fluoride 4y
of 1«:*:*:stht.‘,mrn : : ; } 5754 56:35
rhonate of lime ; : ¥ ? 6:02 6:07
hosphate of magnesia : : il 1 1 1-:00
\#Boluble salts : ; f ’ : 073 165
BEReEl . . . e b e B3BB 3492
; : ; : : . : : 0-82 1-:01

Analysis IT (Von Bibra).
Composition of the Bones of a Middle-aged Man.

Femur. Tibia. Humerus. Costa.
osphate of?)
lime with a
little fluo- % 59'63 58-95 59-87 5566
ide of cal-

flcium . ol

¢ To obtain an exact result by this process, the flask should be furnished with

arrow tube e, dipping into the liquid, kept closed during the evolution of gas;
he conclusion of the experiment the tube should he opened and air slow |;.r

*l]{eul through the drying-tube & as long as the weight of the apparatus dimi-
=

+ According to Frémy, the per-centage mmpusltmn of this pnrtmu of bone is
Carbon : . 492
Hydrogen . : ; : 651
Nitrogen ) g : . - 17'B8

Oxyzen . : - g 25'14
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Carb ¢ Femur. Tibia. Humerus. Costa. .
PHS oL s 708 776 664
Phosphate of 0 . . ;
S } 132 1:30 1:09 107
Soluble salts . 069 0-70 0-72 0-62
Cartilage . 2970 30-42 2928 339778
Fal'™ . 1-33 1:55 1-28 204

Aunalysis ITT (Berzelius).

Composition of Human Bone.

Phosphate of lime . : : ; : : . s
Fluoride of caleium . : ; . y . . 24
Carbonate of lime . / : : ; ; . 113
Phosphate of magnesia . : - . . 14E
Soda, with a little chloride of sudium . : ! N
Cartﬂage : : % 1 M DR e ; S |
Vessels 1

Analysis IV (Fon Bibra).

Composition of the Bones of the Lower Animals.

Femur of Femur of Femur of Humerus o
sheep aged bull aged horse aged cat aged |
4 years. 4 years. 6 years. 6 years. . =
Phosphate of)
lime with a |
little fluno- ¢ 5594 5407 5437 59-30
ride of cal-
ﬂl'l.'lm
Gachousle ‘}f} 1918 1271 1200 1069
Phisap] ate of
e 1100 142 1-83 1-70
Soluble salts.  0°50 0-80 070 040
Cartilage . 2968 29-09 2799 g |

Tap - sl B0 1:91 311 070 B
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- Vertebrae Humerns Vertehrme Vertebrae
- of dolphin. of thrush. of snake. of salmon.
Phosphate o

- lime with a

- little fluo- ¢ 52:51 6265 5941 36-64

ride of cal-J

cium . ;
Carbonate of _ : ; ;
i SRl 6:05 789 1:01
thg:gg‘;‘;?a °f} 0-08 090 100 070
Soluble salts . 1-24, 0-84 0-73 0-83
Cartilage . 3397 2802 24-93 21-80
Fat : - 1'54 6:11 3882

SECTION III.

Morbid Bone.
712. Certain diseases are found to be always accompanied
Biby remarkable changes in the chemical composition of the
ones ; the earthy matters being sometimes so deficient, that
hey no lenger possess the rigidity and strength necessary for
ustaining the weight of the body. Other variations also are

ccasionally met with, a few examples of which are subjoined,
he composition being calculated upon 100 parts.

Analyses of the Tibice of three Rackitic Children. (Lehmann.)

I. II. 111
hosphate of lime . : . 32:04 26-94 28-13
<8 arbonate of lime . . . 401 4-88 375
‘#@Phosphate of magnesia . o a8 0-81 0-87
alChloride of sodium . . . D 0-27 0-28
oda ; ! . : . 0rb4 0-§1 073
Jartilage . : : . 54-14 6014 5877
lat : . : ; . 584 622 694

Analyses of Bone in Osteomalacia. (Prosch.)

Vertebra, Costa.
hosphate of lime . : : R A 3366
arbonate of lime . . . : . 595 460
ulphate of lime and phosphate of soda . 090 0-40
artilage . ; ] . 74-64 4977

B e o pee T
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Analyses of Carious Bone. (Valentin.)

Vertebre of a

man aged 20. |
Phosphate of lime . . . ., 33914 243838
Carbhonate of lime : s 2 a0y 66360
Phosphate of magnesia : . . 0389 1-18%8:
Chloride of sodium . . . . 3157 10104
Carbonate of soda : ; ; . 0-118 : !

Organic constituents . . . . 54830 55°88CGH;

Analysis of Necrotic Bone of a Middle-aged Man.
(Von Bibra.)

Phosphate of lime with a little fluoride of ealeium . 72688

Carbonate of lime . ‘ - . . 4008
Phosphate of magnesia .. . . . . . 1.
Soluble salts . . : : ; : . . 06h§*
Cartilage. . . S0 § e« .« ISR

T S el RPN PG SRS R T

e ————— L. 2

CHAPTER X.
EXAMINATION OF MIXED ANIMAL FLUIDS.

713. On account of the great number and variety olal
organic substances which may enter into the composition ol
such a mixture as we are now considering, it is altogether im-¢
possible to lay down any general and consecutive seheme of expes&
riments, which shall comprise all even of the more commonlyi#
occurring organic compounds. All that I shall attempt, there=sie
fore, in the present chapter, is to deseribe very briefly thes
methods of detecting the presence of a few of the substaneese
which are most frequently met with in organic liquids, ands
which are of the most practical importance to the pathologists
and the physician.

714. The colour, consistence, and general appearance ofd
the fluid, should be first carefully observed, as the presence of &t
many substances, such as blood, mucus, fat, fibre, &e., ma g
often be readily detected, even with the naked eye. Should§™
any solid or semi-solid matter be held in suspension in thesi™
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liquid, or be found as a sediment at the bottom, it should be
separated, either by decantation, or by filtering through fine
muslin or paper.

715. The matters thus separated from the fluid may be re-

served for examination under the microscope, and also, if
necessary, with other tests. The following substances, among
others, may in this way be readily detected :—muscular fibre
and other organized tissues; epithelium (328); mucus and
pus granules (329); fat and milk globules (325, 632, 633);
mfusoria of several kinds; besides various amorphous and
crystalline substances, many of which may at once be recog-
nised by their peculiar form and appearance (315—332, &e.).
| 716. The liquid may first be tested with litmus and tur-
| meric paper, since the behaviour of several of the substances
| about to be noticed, with reagents, will be found to vary
i according as the liguid containing them is acid, alkaline, or
8 neutral.
717. The specific gravity may also be ascertained, when it
% can conveniently be done, as a knowledge of the density of the
¢ fluid will serve to furnish some indication of the amount of
ltsolid matter held in solution (279).

Febrin,

!\ 718, When fibrin, in the soluble state, is contained in a
wiliguid, it gradually undergoes spontaneous coagulation, and
aiseparates from the solution, forming a more or less firm coagu-
gium or jelly : and if other matters are held in suspension in the
iwliquid previous to the coagulation, they are usually entangled
it it,—a familiar instance of which is afforded by the coagula-
wion of blood (473). The more important peculiarities of
wibrin have been already noticed in paragraphs 472 to 481,

Albumen.

- 719. When albumen is suspected to be present in solution,
18 he clear liquid is to be gently boiled for a few minutes; if
lisoagulation takes place, and if the precipitate thus occasioned
1 woes not disappear on the addition of a few drops of nitric acid,
udicbumen is present. If the mixture is alkaline, it should be
utralized with nitrie acid previous to boiling, since any excess
wdl " alkali would tend to retain the albumen in solution, and thus
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prevent the coagulation. For further particulars respecting f
albumen, and its behaviour with reagents, see paragraphs 133,
235, 466, &c.

Cuasein.

720. Casein may be recognised by its forming a white curdy
precipitate, when the solution containing it is neutralized or
very slightly supersaturated with acetic acid. It redissolves,
however, if the acid be added in decided excess. 1f the liquid
is slightly acid to test paper, casein hardly need be looked for,
since it 1s not soluble in acid solutions, unless the acid is pre=
sent in considerable excess. It may be distinguished from
albumen by not coagulating when heated ; it forms, however,
a thin insoluble pellicle on the surface when exposed to the air
while hot—of which a familiar example is afforded in the skin
of boiled milk. If casein be dissolved in acetic or any other
acid, it is precipitated on the addition of ferrocyanide of potas-
sium, thus resembling the other modifications of protein (625).

Pyin.

721. This substance, which appears to be identical with the
so-called tritoxide of protein,® and is consequently closely
allied to the other protein compounds (472), may be recn#niseg
by its throwing down a precipitate with acetic acid, which does
not redissolve in an excess of the acid. A solution of alum
also causes a white precipitate, insoluble in excess; in which
respeet pyin differs from glutin and chondrin (725, 726). Un- -
like most of the protein compounds, it is not precipitated by *
ferrocyanide of potassium.

Pus.

722. When pyin has been detected in a liquid, it is not im-
robable that, on examination with the mieroscope, the pecu-
iar pus granules (678) will also be found to be present, sinee

pyin is one of the characteristic constituents of the fluid por=
tion of pus (676). The principal characters of this substance, »
together with the modes of its detection, have been already &
described in paragraphs 153, 247, 674, &e.

¥ W

* This name was conferred by Mulder upon the soluble substance obtained dt
by boiling any of the protein compounds for several hours with water.
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Mucus.

723. If mnch mucus is present, it gives to the mixture a
more or less tenacious and ropy consistence, which is very
characteristic. Under the miscroscope the peculiar mucus
corpuseles, as well as the fragments of epithelium which usually
accompany them, will also probably be apparent (Fig. 5); and
these, in conjunction with the ropiness above alluded to, are
generally sufficient evidence of the existence of mucus. When
present only in minute quantity, and especially when mixed
with ]r)us, it is often extremely difficult, if not impossible, to
identify it with any degree of certainty. (See also paragraphs
31, 99, 210, 660, &c.)

Gelatine ; Chondrin.

724. These substances, which are formed by boiling the

¥ cartilaginous tissues in water, closely resemble each other in
i many respects; and their hot aqueous solutions become gela-
il tinous on cooling. Glue, isinglass, and the several varieties of

gelatine, met with in commerce, are all modifications of these

principles. Both gelatine and chondrin are immediately pre-
{ cipitated, even in very dilute solutions, by a solution of tannin.
They are not precipitated by ferrocyanide of potassium; in

which respect they differ from the protein compounds. They

i are thrown down from their strong solutions by aleohol, in the
o form of a white tenacious precipitate; and creosote causes
! their solutions to become turbid and gelatinous.

725. Gelatine, which is obtained by boiling in water for some

i hours the cartilage of bone, tendons, skin, &c., is characterised
i by fiving with acetic acid a very slight precipitate, which

9 readl :

il gives with gelatine no precipitate; or if a slight opalescence 1s

8 occasioned, it disappears on the addition of a further quantity
\ of the precipitant.

ily redissolves in an excess of the acid. A solution of alum

'726. Chondrin, on the other hand, which is formed by boil-

i ing in water any of the permanent cartilages, as those of the
i larynx, ribs, &c., is immediately precipitated by acetic acid, and

- an excess of the acid does not redissolve it. Alum, too, causes
. a precipitate, which, however, readily dissolves when the salt

¢ is added in excess. The solubility of chondrin in a solution of
I alum serves to distinguish it from pyin (721).

15
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Bilpod.

727. The colour which it imparts to any liquid with which
it is mixed, is usually almost sufficient evidence of the presence
of blood, unless the quantity is very small. The red corpuscles
may also; in most cases, be detected under the microscope,
more or less altered in form and size by the action of the fluid
in which they float (456, 583). When blood is present, albu-
men also will be found dissolved in the liquid, unless it has
been previously coagulated by heat or otherwise; it may be
detected by the application of heat, and nitric acid, in the
manner described in paragraphs 235, 236, &e.

Biliary Matfer.

728. Biliary matter, if present in any considerable quantity,
generally communicates a more or less decided brown or yellow-
ish colour to the liguid, and also a peculiar bitter taste. It
may be identified by means of Heller’s and Pettenkofer’s tests,
described in paragraphs 149 & 151. If these fail to detect it
m the fluid, a little of the latter may be evaporated nearly to
dryness on a water-bath, and a strong aqueous solution of the
residue tested as before.

Urea.

729. This substance may be detected in organic liquids in
the following manner :—The portion of the organic mixture
intended for the examination, is evaporated to dryness at a
gentle heat on a water-bath, and the dry residue treated with
alcohol, which will dissolve out any urea that may be present,
together, probably, with some other of the matters with which
it is associated. The alcoholic solution is then evaporated to
dryness, and the dry extract digested with a very small quantity
of moderately warm water; which will readily dissolve out the
urea. The aqueous solution thus obtained is then mixed, after
filtering, with pure nitric acid, in the manner described in
paragraph 16, and then cooled by means of a freezing mixture ;
when, if urea is present, delicate crystals of the nitrate (Fig. 2)
will gradually appear.* When the quantity of urea is very
small, the microscope may be employed to detect any traces of

. * Urea may be detected in this mamner in blood, chyle, and lymph, as well a8
in urine,
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the crystalline nitrate, and some other precautions must be

observed, which have been deseribed in paragraphs 181, 184,
341, &e.

Areatine.

729a. For the detection of kreatine in an organic mixture,
the solid portion should be divided as finely as possible, the
whole dried upon the water-bath, and digested with hot aleohol.
The alcoholic solution having been pressed out, is evaporated to
dryness on the water-bath, the residue treated with water, the
su{utiun precipitated by acetate of lead (not added in excess)
and filtered. The filtrate is saturated with sulphuretted hydro-
gen, to precipitate the lead, and the solution separated from
the sulphide of lead is evaporated to a syrup and set aside for
some days, when kreatine will erystallize out and may be recog-
nised by the characters described above, especially by convert-
ing it into kreatinine and obtaining the crystalline precipitate
with chloride of zine.

Tnosife.

7296. The presence of inosite may be ascertained (in an
aqueous infusion of bullock’s lung, for examplej, by acidulat-
ing with acetic acid, coagulating the albumen by heat, and pre-
cipitating the filtered liquid with acetate of lead. The filtrate
from this precipitate is mixed with tribasic acetate of lead,
which will throw down any inosite if present. The precipitate
is suspended in water, decomposed by sulphuretted hydrogen,
the liquid filtered from the sulphide of lead, evaporated to a
very small bulk, mixed with four volumes of boiling aleohol,
filtered if necessary, and set aside for twenty-four hours. If
no crystals of inosite have then been deposited, ether is added by
degrees until a permanent milkiness is produced on agitation.
The liquid is again set aside, when inosite will crystallize out,
and may be identified by treating it with ammonia and chloride
of calcium, and slowly evaporating to dryness, when a rose-
. colour will be produced.

Fal.

730. When any considerable amount of faity matter is
present in an aqueous mixture, it may be readily detected
with the naked eye, and still more delicately under the micro-
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scope, by the appearance of oily or fatty globules floating on 1
the surface. When, however, the quantity is very small, or, ,
owing to other circumstances, no appearance of fat is to be:
seen; a little of the mixture suspected to contain it, is to bes
evaporated nearly to dryness on a water-bath, and the residue 2
digested with a little warm ether, which will readily dissolve 2
any traces of fatty matter that may be present. On evaporat- -|
ing the ethereal solution on a water-bath, the oil or fat will be 2
left as a residue, and may be identified by its possessing thes
well-known physical characters of fatty matters (158). !
731. The saponifiable fats most commonly met with ina
animal fluids are, oleine (C,,H;,0,,), stearine (Cy H,,,Oy)s,
margarine (C,H,,,0.,), and butyrine. The degree of hard--
ness or of oiliness, and the temperature to which the fat:'g
matter requires to be raised before it melts, serve to furni {
some indication as to the relative amounts of the solidd
stearine and the oily oleine. Butyrine may generally bee
detected by the peculiar smell which 1t gradually acquires, re=«
sembling that of rancid butter. '

Cholesterin and Serolin.

732. If either of these substances are present, they will
have been dissolved by the ether (730), together with any
other fatty matters that may be contained in the liquid. Theys
may be separated from the other fats by digestion with a solu-
tion of potash, which will dissolve out the saponifiable fats, and
leave the cholesterin and serolin unaffected (596). These may
be distinguished from each other by their different fusing
points, that of cholesterinbeing 293°, while that of serolin is as
low as 97°.

Milk.

733. The well-known physical charaeters of milk are gene-:
rally sufliciently apparent to lead to its detection, unless
largely diluted with other matters. When any doubt exists as
to its presence, a drop of the liquid may be examined under
the microscope for the milk globules (632); and the clear
liguid, after filtration, may be tested with acetic acid for
casein (623); the existence of which, in any fluid, is strong
evidence of the presence of milk. The residue left by evapt
rating the liquid to dryness, may be tested for fat alsnﬁ;
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-digestion with warm ether, and evaporating the ethereal solu-

———

tion on a water-bath (730).

Sugar.

734, The most convenient test for the presence of sugar is
that known as Trommer’s, which has already been fully
described in paragraphs 122 to 124, Maumené’s (125), and
the fermentation test (128), may also, in many cases, be em-
ployed with advantage ; and, indeed, it is always more satisfac-
tory to confirm the results of Trommer’s experiment, by apply-
ing also the fermentation test; since the suboxide of copper
may be sometimes produced by certain other organic sub-
stances, even when no sugar is present. If the sugar is pre-
sent only in very minute quantity, it may be advisable to eva-
porate the liquid to dryness on a water-bath, and re-dissolve
the soluble portion of the residue, including the sugar, in a
small quantity of hot water, in the manner deseribed in the
process for detecting sugar in the blood (606). The strong
aqueous solution may then be examined by Trommer’s, Mau-
mené’s, and the other tests.

735. When cane sugar is suspected to be present, the solu-
tion should first be boiled for a few minutes with dilute
sulphuric acid before the application of Trommer’s test, in
order to convert it into grape sugar; since the cane variety
does not otherwise produce the same characteristic results.

Amanonica.

736. This substance, which is so constantly to be met with

“in animal fluids, as one of the results of the decomposition of
' nitrogenous compounds, may be readily detected, even when
“present in very small quantities. A portion of the liquid is
' mixed 1n a test tube with a little caustie potash, or, still better,
' with caustic baryta (note to 38), and warmed. The ammonia,
 if present, is thus disenga
 smell, or, still more delicately, by holding at the mouth of the

zed, and may be detected by the

tube a glass rod moistened with dilute hydrochloric acid, when

- white fumes of chloride of ammonium will be distinctly visible.

787. If the ammonia is present only in minute quantity, a

little of the suspected liquid may be mixed with a few drops of

dilute sulphuric aeid, in order to fix the ammonia, and then
concentrated by evaporation at a gentle heat ona water-bath; the
concentrated liquid may then be supersaturated with potash
or baryta, and examined in the manner above described.
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Uric (or Lithic) Acid.

738. When an organic mixture is snspected to contain urie |
acid, it may, if free from albuminous matter, be acidified with
a few drops of hydrochloric acid, and allowed to stand a short |
time. The uric acid will gradually separate in the form of |
minute erystals (20), which may be examined under the miero-
scope, and also tested with mitriec acid and ammonia, in the
manner deseribed in paragraph 23. If any albuminous matter
is mixed with the liquid, the latter is to be evaporated to dry-
ness on a water-bath, and the residue digested with a dilute
solution of caustic potash. The alkaline solution is then
supersaturated with a decided excess of hydrochlorie acid,
which will throw down the uric acid in the form of a
crystalline precipitate. If the quantity is small, a drop of the
liquid may be mixed with the acid on a strip of glass, and
examined for the characteristic crystals under the micro-
scope (318).

738a. Another process, which is sometimes more convenient
than the above, consists in mixing the solution with acetate of
lead as long as it yields a fresh precipitate, filtering, and adding
tribasic acetate of lead. On standing, urate of lead will be
precipitated, which must be washed, suspended in water, and
decomposed by sulphuretied hydrogen. The solution is boiled,
filtered from the sulphide of lead, and evaporated to a small
bulk. On cooling, erystals of uric acid are deposited.

739. The prineipal characters of uriec acid, and the methods
of deteciing and estimating it in the urine, have been already
noticed in the several chapters of Part T.

Systematic Bramination of Mived Fluids for the Proximate
Constituents of Animal Bodies.

Some of the proximate constituents of the solids and fluids
of the body, such as fibrine and gelatine, are recognisable by
their characteristic external appearance, but the greater number
give no indication of their existence unless specially sought
for, so that it is desirable fo follow some systematic plan of
examination in order that they may not be overlooked. The
solid organs must be divided as minutely as possible, and
digested for some time in tepid water.

The reaction of the liquid to test-papers having been
recorded, it is acidified, if necessary, with acetic acid, and
heated on a water-bath in order to coagulate a/bumen, which is
then filtered off. On allowing the hot filtrate to stand for
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some time, #ric acid will erystallize out asit cools. 'The solu-
tion is then very nearly neutralized with potash, and acetate of
lead added, to precipitate sulphuric and phosphorie acids, as well
as colouring and extractive matters; the filtered liquid is mixed
with an excess of tribasic acetate of lead. The precipitate,
which may contain inosife, is decomposed by sulphuretted
hydrogen, and the solution evaporated till a portion becomes
permanently turbid when mixed with alcohol, the whole is then
mixed with an equal volume of aleohol, heated till the turbidity
disappears, and set aside for a day or two that the inosite may
erystallize out.

The filtrate from the precipitate produced by tribasic acetate
of lead is now mixed with a slight excess of ammonia, and an
precipitate is collected, decomposed by sulphuretted hydrogen,
and the solution, after evaporation, examined for sugar.

The liquid filtered from the precipitate produced by ammonia
is treatE:i] with sulphuretted hydrogen, filtered from the sulphide
of lead, evaporated to a small bulk upon the water-bath, and
tested, with oxalic acid (14), for wrea.

The solution is then evaporated to a syrup, and mixed with
moderately strong aleohol to precipitate the oxalates of the
alkalies. The alcohol is evaporated, the excess of oxalic acid
removed by the careful addition of lime-water, and the filtered
solution evaporated till an equal volume of absolute alcohol
renders it permanently turbid. It is then mixed with aleohol
and set aside for a day or two, when Zaurine will be deposited
in crystals.

The alcoholic solution is again evaporated on the water-bath,
and if the residue is much coloured, it may be dissolved in a
little water and boiled with hydrated oxide of lead, the filtered
solution being afterwards treated with hydrosulphuric acid to
remove the lead, and evaporated to a syrup. On allowing this
to stand for some time, kreafine and lewcine® may crystallize
out. They may be washed with cold absolute aleohol, and
identified, the kreatine by its convertibility into kreatinine, and
the leucine by the woolly sublimate which it furnishes when
heated in a tube. The mother liquor from these may contain
kreatinine, recognisable by its behaviour with chloride of zine.

* Leucine (CjoH;3NOy) and tyrosine (Cy3H;NOg) have been detected in the
splecn, pancreas, and liver, and the former also in the lungs, and both have been
n{,:sun's: in the urine in disease. Tyrosine is identified by digesting it with sul-

huric acid, diluting with water, heating the solution 1.-.~|Lh_r.:u'hmfutu of lime,
glteriug, and adding perchloride of iron, which produces a violet coiour. Proto-
nitrate of mercury gives a red precipitate and a pink Liquid when added to a
golution of tyrosine.



PART ¥.

THE DETECTION OF POISONS IN
ORGANIC MIXTURES, &e.

CHAPTER I
ARSENIC.

It is impossible to insist too strongly on the necessity for
the most careful examination into the purity of all the sub-
stances employed in the detection of poisons. No evidence
with respeet to the presence of a poisonous substance can be
regarded as perfectly conclusive, unless the reagents employed
have been tested, in the same quantities, and by the same
processes, as were employed in detecting the poison, without
affording any indication of its presence.

Moreover, if any particular substance, though not a poison,
be detected in the course of the examination, with all the
bearings of which upon the tests employed the investigator is
not perfectly familiar, the same series of operations should be
conducted with that substance, to ascertain whether it might
lead to error.

740. Although all, or nearly all, the compounds of arsenic
arpear to be more or less intensely poisonous, I shall here
allude especially to the detection of arsenious acid (AsO,);
since in the vast majority of cases in which arsenic is taken,
whether eriminally or accidentally, it is in the form of arsenious
acid, or, as it 1s often called, oxide of arsenie, or white arsenie.
The experiments which I am about to describe will serve,
however, for the most part, equally well for identifying the
presence of arsenic in other forms of combination than that of
arsenious acid ; so that, if the processes are carefully conducted,
the ﬁisk of any traces of the metal escaping detection is very
small.

.
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741. When the presence of the sulphide (or sulphuret) of
arsenic (AsS;) is suspected, the substance supposed to contain
it may be first examined for any particles of yellow powder;
~which, if present, should be mixed, when dry, with a little
black flux, or with a mixture of dry carbonate of soda and
charcoal, and heated in a small German glass tube, closed at
one end ; when, if it consists of sulphide of arsenie, a crust of
the metal will a&apear in the upper part of the tube (743). If
no yellow powder can be detected, the mass in which it is
suspected to be present is to be treated according to the
directions given hereafter,

SECTION 1.

Identification of Arsenious Acid when unmizved with other
substances.

742. Place a little of the white powder in a small tube of
German glass, closed at one end, and heat it gradually in the
- flame of a spirit lamp, taking
i care to warm the upper part of
the tube slightly before heating
ithe arsenious acid. If it 1s
rarsenious acid, it will sublime,
and condense in the upper part
of the tube, forming a colour-
less crystalline sublimate, which,
rwhen examined with a good
ens or microscope, will be found
to consist of beauntiful sparkling
oetohedral crystals (Fig 76).
he size and regularity of the
rystals appear to depend on the Fig. 76. Arsenious Acid.
wislowness with which the vapour
wis condensed. 1Ifthe surface of the glass on which the conden-
sikation takes place is quite cold, the sublimate is often amor-
iobhous, as may be seen by holding a piece of cold glass in the
sihumes given off by a little arsenious acid heated on charcoal.®

W * For much valuable information with respect to the detection of arsenious
W licid with the aid of the microscope, we are indebted to Dr. Guy’s minute mves-
Wik zations, an abstract of which is given in his * Principles of Forensic Medicine,”
18ind edition.
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743. Mix a little of the suspected powder with a large pro-
portion of black flux, or of carbonate of soda .
and charcoal, which for this purpose should be
perfectly dry, and heat the mixture in a small
tube of German glass before the blowpipe. If°
arsenic is present, it will be reduced to the:
metallic state, and sublime into the upper part
of the tube, forming a shining metallic crust .
(a, Fig. 77). The part of the tube which econ- .
tains the crust may then be filed off, wrapped .
in a piece of strong paper and broken, the:
fragments of the crust being placed in another
tube, and again heated. The reduced metal .
will in this way be reconverted into arsenious
acid, crystals of which will condense in the cool part of the:
tube (742).

744. Make a solution of some of the powder by boiling it;
for some minutes with water, in which arsenious aci:% 18
sparingly soluble, and apply fo separate portions of the solu-.
tion the following tests. (See also 745 & 749.)

S&.) Acidify a portion of the solution with a drop or two of!
hydrochlorie acid, and pass a current of hydrosulphuric acid gas;
(sulphuretted hydrogen) through the liquid, until it smells:
distinetly of the gas. If arsenious acid is present, a bright:
yellow precipitate of sulphide (AsS;) will be thrown down,,
very easily dissolved by ammonia.

(4) Add to a second portion of the solution a few drops of!
ammonio-nitrate (AgO,NO; 2 NH,,) of silver. 1f arsenious acid |
1s present, a canary-coloured precipitate of arsenite of silver:
(3Ag0,As0,) will be thrown down, which is ‘soluble in nitrie:
acid and also In ammonia.

(¢) Test a little of the solution with ammonio-sulphate:
(Cu0Q,SO2NH,, 110) of copper. This will cause, with arsenious

Ti% ;t pale-green precipitate of arsenite of copper (2Cu0,HO, ,
S50,

Marsl’s Test.

745. Arrange a wide-mouthed bottle, of six or eight ounces’ '
capacity, with tubes as shown in the annexed figure ; the tube 2
d being of hard German glass. Place in it a few fragments of f
zine, and add a little dilute sulphuric acid, consisting of one
part of the strong acid fo six or eight of water. en the e
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hydrogen has been coming off about five minutes,* apply a
light to the gas as it

issues from the aper- <~—
ture at ¢, and hold over ‘1

it, or rather iz it, a e —
clean porcelain cruci- &
ble lid, in order to

prove whether any

traces of arsenic are

contained in the zine

or acid employed, in

which case a more or

less distinet arsenical

stain would be pro-

duced. If the mate- Fig. 73.

rials are thus found to

be pure, a little of the solution of the supposed arsenic is to
be introduced through the tube 4.

746. Again apply a light to the jet of gas at e, and hold in
the flame a clean porcelain crucible lid. 1f arsenic is present,
dark spots of the metal will be deposited on the surface of the

orcelain, wherever it has been allowed to enter the flame. A
ew of these stains may be prepared and tested in the following
manner, in order to prove whether they really consist of
arsenic, and not of antimony ; which latter, if present, would
produce stains very similar in appearance to those of arsenie.

(@) Apply the heat of a spirit lamp to one of the spots. If
arsenic, 1t will readily volatilize, and a slight smell, resembling
garlic, will probably be perceptible.

(4) Moisten one of the spots with a drop of yellow hydro-
sulphate of ammonia, containing an excess of sulphur. If it
consists of arsenic it will remain undissolved for some consider-
able time; while, if it were antimony, it would immediately
dissolve.

(¢) Add a drop or two of a solution of chloride of lime
(CzOCL) to one of the stains. If it consists of arsenie it will
immediately dissolve.

747. Hold over the flame a short wide test tube (Fig. 79),

80 as to collect the fumes of arsenious acid formed during the
combustion of the arseniuretted hydrogen. The arsenical

—_——

* This interval must be allowed to elapse, in order that the whole of the eom-
mon air in the apparatus may be expelled before the light is applied; since a
mixture of hydrogen and common air is highly explosive.
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sublimate may be dissolved in hot water, and the solution
tested as described in paragraph 744, a, b, & ¢. (See also 749.)
The sublimate formed
in the tube by anti-
mony, under the same
circumstances, would,
on the {:cmtmry, prove
quite insoluble ir
water.

748. Applythe hea

e of a spirit lamp to the
ﬁm7 tube at the point ¢
s 18 : (Fig. 78), and observe

Fig. :

: the formationof adark
ring of metallic arS.Enm’** inside the tube, a little in advance of
the heated point. The arsenic thus deposited may be volatilized
backwards and forwards in the tube, L;p’ applying the heat of a

irit lamp (765, «). If the tube he then disconnected from
tF hottle, and the arsenie volatilized in it while filled with
atmospheric air, the metal will gradually become oxidized and
converted into arsenious acid, erystals of which will appear in
the cool part of the tube.

For testing very small quantities of a substance suspected
to contain arsenie, it is advisable to employ a much smaller
apparatus (Fig. 80) than that above deseribed. A two-ounce

\
———

3

Fig. 80.

—_—— e

* In consequence of a secondary decomposition between the zinc and sul-
phuric acid (Fordos and Gélis) a little sulphuretted hydrogen is sometimes

formed, w Iul:h rives rise to a yellow ring of sulphide of arsenic h;r the side of the
metallic ring. E g
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bottle may be used, or even a short wide test-tube capable of
containing about half an ounce of liquid. The tube through
which the gas escapes should be drawn out at the extremity,
s0 as to form a very narrow tube about two inches long. 1In
such cases it is not advisable to run the risk of allowing any
arsenic to escape, on which account the shounlder of the tube
should be heated with a spirit-lamp befoge the suspected solu-
tion is introduced, when a metallic deposit will be formed in
the narrow portion of the tube if any arsenic be present. By
employing a long tube constricted at intervals, and heating
each of the wide portions of the tube, several metallic deposits
may be produced at the same time, and may be made the sub-
Jjects of various confirmatory experiments. When a very small
apparatus is employed, the zine should be free, not ﬁn['i? from
arsenic, but from all other metals, so that the evolution of
hydrogen may be slow and uniform.

If Marsh’s apparatus be immersed in a considerable volume
of cold water whilst in use, to prevent a great rise of tempera-
ture, it is not necessary, even in very minute testing, to dry
the gas, as is sometimes remmmeudeg.

The metallic crusts obtained in the tube should be examined
by the following confirmatory tests.

(#) Place the piece of tube with the deposit in a small hard
glass tube, and apply the heat of a spirit-lamp ; the erust will

radually disappear, and crystals of arsenious acid (742) will be
eposited on the cooler part of the tube.

(4) Place the tube and deposit in a little water contained in
a small test-tube, and add two or three drops of yellow sulphide
of ammonium ; an arsenical erust should not dissolve even on
shaking for some little time. Pour off the liquid, wash the tube
several times with distilled water, and add some clear solution
of chloride of lime (bleaching-powder), by which the crust
should be dissolved on agitation.

(¢) Boil the tube containing the metallic deposit in a few
drops of pure nitrie acid, in a small test-tube ; when the crust
is dissolved, rinse the solution into a very small porcelain dish,
and evaporate just to dryness over the lamp. The residue of
- arsenic acid (AsO;) which should be left, would become moist
on exposure to the air for a few minutes, would dissolve easily
| in water, and the solution would give a brown-red precipitate of
arseniate of silver (3Ag0,As0;) on adding nitrate or ammonio-
nitrate of silver. Should no precipitate be obtained, perhaps a
little free nitric acid may have been left, in which case, a
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glass rod dipped in dilute ammonia will produce the precipi--
tate.

Reinsch’s Test.

749. Before applying this test, the simplest by which
minute quantities of arsenic can be detected, great care is re-.
quired to ensure the absence of that metal in the hydrochlorie:
acid and the copper necessary for its execution. As it is not:
easy to procure ordinary copper not containing a little arsenie, ,
it is better to employ the metal deposited by the electrotype
process from a solution of sulphate of copper which has been |
carefully purified by re-crystallization. In order to test the:
copper and hydrochloric acid for arsenie, the following experi- -
ments should be made.

(1) Mix one ounce of the hydrochlorie acid with four ounces ;
of water, boil it in a small flask and introduce a small strip of
the copper; boil for fifteen or twenty minutes, and if the:
copper remain perfectly bright, the hydrochloric acid may be :
deemed sufficiently pure.

(2) Cut a square inch of the ecopper into small strips and |
heat them in a small tube of hard glass, first with the flame, ,
and afterwards with the blowpipe, to see if any crystals, of [
arsenious acid are deposited.

(3) Cut two square inches of the copper into strips, place :
them in a shallow dish, moisten them with the hydrochlorie :
acid, and leave them for some time exposed to the air; add as
little more hydrochloric acid from time to time, until all the :
copper is dissolved (which will require many hours’ exposure); ;
pour the solution into a small retort, add about half its bulk of {
hydrochloric acid, and distil over about two thirds at a mode- -
rate heat, condensing the vapours by passing them through a s
tube kept cool by wet filtering-paper. Dilute the distilled i
liquid with four times its bulk of water, and boil it with a s
strip of copper, which should remain untarnished if no arsenie 2
be present.

In this test the arsenical copper is converted into subehloride
of copper, by favour of the oxygen of the air, Cu, + HCl + O )
= Cu,Cl + HO.

The arsenic passes into solution as terchloride (AsClg) )
together with the subchloride of copper which is soluble &
in hydrochloric acid. On distilling, the terchloride of arsenie ¢
passes over with the acid.
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The hydrochlorie acid employed in Reinsch’s test should also
be free from sulphurous acid, which may be detected by
dissolving a little zinc in the dilute acid and conducting the

~ gas into solution of acetate of lead in which a black precipitate
of sulphide of lead (PbS) would be produced if any sulphurous
acid were present.

In order to apply this test, acidify a little of the aqueous
solution of the substance suspected to contain arsenic, with a

‘few drops of pure hydrochlorie acid, and boil in it two or three
strips of clean copper foil. If arsenic is present, it will be
deposited in the metallic state * on the surface of the copper,
and may be proved to be arsenie in the following manner.

(«) Wash the copper strips and dry them by gentle pressure
between folds of filtering-paper, or by warming them on a
water-bath ; when dry, lace them in a small clean and dry
tube of German glass, crﬁ:nsad at one end, and apply heat, first
with the flame alone, and afterwards with the blow-pipe. The
arsenic will volatilize; and becoming oxidized while in contact
with the air, arsenious acid will condense in the upper part of
the tube, forming a crystalline sublimate, which may be
examined with a lens (742).

(4) Dissolve the sublimate obtained in ¢ in a little hot water,
and apply to the solution the tests deseribed in paragraph 744.

| If it be very minute, it may be dissolved by boiling with a few

I drops of nitric acid, and tested as in 748e.

SECTION II.
Detection of Arsenric in the presence of Grganie Matter.,

750. The cases in which arsenic has to be detected in the
presence of organic matter may be classed under three heads,
tthe first including pretty clear and homogeneous liquids,
Esuch as beer, milk, and urine; the second, such thick hetero-
sgeneous mixtures as gruel, pudding, and the contents of the
‘stomach or intestines; and the third, the solid organs of the
bbody, such as the liver, in which arsenic is generally to be

tdetected after death by poisoning.

i

o ot Lippert has shown that this deposit is not pure metallic arsenic, but an
galloy containing 32 per cent. of arsenic and 68 of copper (CuzAs).

| 1 Arsenic is much more difficult to detect by Reinseh’s test when in the state
of arsenic acid. It then requires long boiling with copper in the presence of a
pvery large excess of hydrochloric acid.
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Detection of Arsenic in Organic Liquids whick are pretty clear
and homogeneous.

751. When the investigation has any judicial interest, the :
quantity of the liquid should be carefully recorded, and every -
portion which is taken for a scparate experiment must be:
measured, so that, if the poison be detected, the analyst may -
be able to give an opinion respecting its quantity.

A portion of the liquid may then be acidified with a little:
pure hydrochlorie acid (the purity’of which has been previously * |
ascertained), and then boiled with two or three small strips of!
tested copper foil. If arsenic is present it will probably be:
deposited, in the course of a few minutes, upon the surface of !
the copper, and musl be treated in the manner presently to be:
described. It must not, however, be considered certain that:
no arsenic is contained in the liquid, until after boiling the:
mixture for half an hour, or even longer; when, if no stain is;
produced which, on examination, gives indications of arsenie, ,
it may safely be concluded that no trace of the metal is pre--
sent. ;

It occasionally happens that a little fatty animal matter is:
deposited on the surface of the copper ci?uring the boiling. .
When this is the case, the copper should be boiled with a littles
ether or alcohol, in order to dissolve it, before being exposedi
to heat in the tube.

752. The copper strips must now be heated in a small cleans
and dry tube, closed at one end ; when, if any arsenic has beena
deposited upon them, a crystalline sublimate of arsenious acidi
will appear in the upper part of the tube. If, on examinationa
with a lens the sublimate is found to exhibit the eharacteristiee
crystalline form and appearance of arsenious acid (742), theree
can scarcely be a doubt of the existence of arsenic. Proceedd
further as in 749 (4).

753. In most cases, when no arsenic has been thus reduced
upon the copper, it may be inferred that no appreciable amount.
of that metal is present, but should arsenic be detected, the
analyst should, if possible, proceed to obtain further evidence of
its presence by other methods.

If the liquid be not very viscid and liable to froth, it may be
acidulated with a little pure sulphuric acid, filtered if necessary,:
and subjected to Marsh’s test (745). If frothing should take:
place to any inconvenient extent, a drachm or two of alcohel
may be poured down the funnel-tube in order to arrest it.
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In the case of viseid liquids to which Marsl’s test cannot
be applied, it is recommended to evaporate them to a small
bulk upon a water-bath, to acidify strongly with pure hydro-
chlorie acid, and to add chlorate of potash, in small quantities,
until the liquid becomes so limpid as to admit of filtration.
The heat of the water-bath is continued until the smell of
chlorine has in great measure disappeared, and the liguid, if
necessary, filtered. The clear filtrate may be tested, either by
Marsh’s process (745), or by electrolysis.

Blectrolytic test for Arsenic.—This test depends upon the cir-
cumstance that when a pretty powerful galvanic current is
made to traverse an acid liquid containing arsenie, arseniuretted
hydrogen is evolved at the negative terminal, together with the
hydrogen of the decomposed water.

To construct the apparatus (Fig. 81) for this test, a two
ounce bottle, with
a moderately wide —
mouth, 1s selected, ) 4
and a file-mark made
at a little distance
from the bottom, so
that it may be ex-
tended into a crack
by placing a red-hot
wire against it, and
led round the bot-
tle so as to cut off
the bottom. The
edges having been
smoothed with a file,
or by grinding on a
wet stone, a pretty
deep groove is filed
round the bottle at
about half an inch

. from the edge. A
piece of wet parch- Fig. Bl.

ment-paper* is dou-

bled down over the bottom of the bottle, and secured by

“a piece of stout platinum wire, for which the groove has

— =

———— e

* Parchment-paper is now commonly sold. It may be made by immersin

" white blotting-paper for an instant in a cold mixture of the strongest oul of vitrio
v with half its volume of water, and rapidly washing. f
¥
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been cut in the glass. A perforated cork is inserted in the
mouth of the bottle, provided with a narrow funnel-tube some-
what drawn out at the extremity, which should nearly touch
the paper diaphragm, and with a small tube bent at right
angles, for the exif of the gas. A strip of platinum foil cut
info the shape of a spade is secured between the cork and the
neck of the Eﬂttlc, so that its broad end, hanging down within
the bottle, may nearly touch the diaphragm, the other end
projecting an inch or two beyond the neck of the bottle. The
narrow part of this strip may be about a quarter of an inch
wide, and the broader part an inch square. The bottle is placed
in a cylindrical jar not much wider than itself, and not so flat
at the bottom as perfectly to close the bottom of the bottle ;
between the side of the jar and the bottle, a second strip of
platinum foil similar to the above is suspended, so as nearly to
touch the bottom of the jar. With the bent tube provided for
the egress of gas there is connected, by means of a small eaout-
chouc tube, a rather thick narrow tube of very infusible glass
drawn out to a very narrow point about two inches long; this
tube must be supported across the ring of a retort-stand.

The apparatus is charged with a mixture of two drachms of
pure sulphuric acid and six drachms of water, half of the mix-
ture being poured down the funnel, and the remainder into the
outer jar. The latter is then immersed in a basin of water to
prevent too great a rise of temperature, and the two strips of
Elatinum are connected with the terminal wires of a galvanie

attery,” the wire proceeding from the zinc extremity being
united to the strip within the bottle, and that from the plati-
num-, copper-, or carbon-end with the strip which dips into the
outer jar. Ten or fifteen minutes having been allowed for the
expulsion of the air by the hydrogen evolved from the platinum .
in the bottle, a small spirit flame is applied to the shoulder of
the drawn-out tube so as to heat it to dull redness, at which |
1t should be kept for about a quarter of an hour; if no ring of’
arsenic or sulphide of arsenic is then visible in the narrow -
point of the tube, showing that the sulphuric acid is pure, the:
solution to be tested for arsenic{ is poured slowly down the
funnel-tube, care being taken to avoid the introduction of air--
bubbles. If much froth should now make its appearance, a |

* Tive or six Grove’s cells are very snitable for the purpose, but of course any |
hattery which decomposes acidulated water pretty briskly will answer.

% I this solution eontains very much free hydrochloric acid, it is advisable to »
dilute it with twice its volume of water.
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dracmh or two of aleohol may be poured down the tube. If
no deposit of arsenic or of (yellow) sulphide of arsenic be
visible after ten minutes, half a drachm of a strong solution of
washed sulphurous acid or of sulphuretted hydrogen is poured
in, and the experiment continued for another quarter or half
hour. If any arsenic be present, either the metallic ring of
arsenic or a greenish-yellow iridescent ring of sulphide of arsenie,
or both, will be deposited in the narrow part of the tube.*
The lamp is then removed, the tube allowed to cool, and that
part which contains the deposit cut off by a file, and gently
warmed in a small test-tube with a little solution of carbonate
of ammonia in which the yellow sulphide of arsenic will slowl
dissolve. The tube with the metalllic ortion of the erust is
then washed, and tested according to the directions in 748 «,
b and e.

The liquid which has been subjected to electrolysis is seldom
exhausted of arsenic unless a very minute quantity is present.
In order to extract the remainder, the solution may be mixed
with a large excess of a saturated solution of sulphuretted hydro-
gen, and heated in a covered beaker for an hour or two.

753a. The precipitate of sulphide of arsenic mixed with
organic matter, is collected on a filter, well washed, dried, and
thrown, in small portions into a little nitre fused in a porcelain
crucible, the filter being cuf in pieces and thrown in also. The
fused mass (containing the arsenic as arseniate of potash), when
cool, is dissolved in a little water, the solution mixed with
chloride of ammonium and ammonia, filfered if necessary, and
well stirred with solution of sulphate of magnesia. After
standing for some time, a highly crystalline precipitate of
arseniate of magnesia and ammonia (2MgO,NH,0,As0O;) will

eparate, which may be collected on a filter and washed.

The arseniate of magnesia and ammonia may be easily
distinguished from the phosphate which much resembles it, by
moistening it with nitrate of silver, when if assumes the
characteristic red colour of arseniate of silver, whilst the phos-
phate becomes bright yellow. Of course it might also be dis-
solved (even after treating it with nifrate of siTver} in hydro-
chloric acid, and tested by boiling with hydrosulphuric acid, or
by Marsh’s test.

——

* If no odour of sulphuretted hydrogen be perceptible at the orifice of the
tube at the end of the experiment, a little more sulphurous acid or sulphuretted
hydrogen should be poured in, lest the liberated chlorine should have traversed
the diaphgram and prevented the evolution of arseniuretted hydrogen.
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SECTION III.

Detection of Arsenic in Organic Mixtures conlaining both Liguid
and Solid Matlers; such as the contents of a Stomach, vomited
matters, §e.

754. When the liquid and solid portions of the mixture are
found capable of ready separation, either by subsidence or
filtration, it is generally better to examine each of them sepa-
rately. When this is not the case, see paragraph 758.

755. Ezamination of the liguid portion.—The clear liquid
after the removal of the solid matter, either by filtration or
otherwise, is to be examined in the manner deseribed in para-
graph 751.

756. Eramination of the solid portion.*—This should first
be examined for any small lumps of arsenious acid, which,
in cases of poisoning, are often to be found adherinf to the
coats of the stomach. These should be carefully picked out,
and tested according to the directions given in paragraphs
742—T744.

757. The solid or semi-solid organic matter is then to be:
heated on the water-bath with dilute hydrochloric acid, con--
taining about one tenth of the strong acid. A part of the acid |
solution may then be boiled with copper strips, which are to,
be dried, and examined for arsenie in the manner before de--
seribed (749). The remainder of the acid solution may be:
examined by 753, and the undissolved solid portions by 761.

758. When the organic matter is viseid, and incapable of!
ready separation into solid and liquid portions (754), it may be:
mixed with a liftle dilute hydvochlorie acid, well stirred to--
gether, and boiled ; if the solution thus obtained be sufficiently
thin, it may be filtered, and dealt with as in 757, but otherwise,
it must be treated according fo 759,

SECTION IV.

Detection of Arsenic in the Tissues, and in other solid Organier
Matlers.

759. In medico-legal investigations as to the presence of
arsenic, 1t 1s absolutely necessary, in case none of the poisons

‘“u'ln some cases it may be of importance to note the weight of the solidd
matter.
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can be detected in the stomach and its contents, to examine
the various tissues of the body; sinece the poison, when intro-
duced into the stomach during life, becomes gradually absorbed,
and diffused through the whole system, and may be found in the
blood, urine, muscles, and viscera, especially the liver. It is
therefore advisable to examine each of these for the poison;
and 1t should never be conecluded, that because it cannot be
detected in the stomach and its contents, none is to be found
in other parts of the body. Should the patient, however, sur-
vive during several days after swallowing the poison, it is
possible that the whole of it may be eliminated from the body
in which case no trace of it will afterwards be detected.

760. If the solid matters to be examined have undergone
putrefaction, the arsenious acid may have been partly con-
verted into sulphide of arsenic, Whiﬁ{l 1s sometimes perceived
in bright yellow patches.

761. The solid matter intended for examination® is to be
cut up and heated on the water-bath for an hour or two with
hydrochloric acid, consisting of one part of the strong acid to
eight or ten of water. The mixture is then filtered throngh
fine muslin, in order to separate the more solid matters; and
the clear liquid thus obtained is concentrated to about half its
bulk, by evaporation on the water-bath, and treated as in 751,
The undissolved solid portions are heated in a poreelain dish,
placed upon a water-bath, with a mixture of six measures of
water and one of hyvdrochloric acid, to which chlorate of potash
1s added in small portions, with constant stirring, until the solid
has disintegrated, and the liquid is fit for filtration. The fur-
ther treatment is then conducted as in 753.

If a galvanic battery be not procurable, the solution obtained
by means of hydrochloric acid and chlorate of potash is evapo-
rated to a small bulk, mixed with a strong solution of washed
sulphurous acid,{ until it has a decided odour of the gas,
heated in a flask placed in a water-bath, until the odour of sul-
phurous acid has disappeared, mixed with a large excess of
a saturated solution of sulphuretted hydrogen, and digested for
some time at a moderate heat. The precipitate of sulphide of
arsenic, which is never pure yellow, but dingy, from the pre-

* The part of the hody in which the poison is most likely to be found is the
liver, which shonld alwavs be preferred for these experiments. The pancreas,
kidneys, and urine, should also, if possible, be examined, before deciding on the
absence of arsenie, :

+ To reduce the arsenic acid (As0p) to arsenious acid (AsOg).



246 ARSENIC.

sence of organie matter, is collected upon a small filter, washed,
and treated as in 753a.

The solution obtained by treatment with hydrochlorie acid
and chlorate of potash might also be lested by Marsh’s or by
Reinsch’s test, but, if the solution is at all viscous, the froth-
ing is a serious obstacle to the application of the former, and
the introduction of copper in the latter test unfits the solution
for further examination if it should be necessary.

Should it be required to examine for arsenic the organic
matter left undissolved by hydrochloric acid and chlorate of
potash, it may be dried, mixed with five or six times its weight
of pure nitre, and thrown by degrees into a red-hot dish or
crucible. The deflagrated mass, which would contain arseniate
of potash, is dissolved in as little water as possible, acidulated
with hydrochloric acid, gently heated, and if necessary, filtered.
The clear liquid is mixed with a few drops of solution of sul-
phate of magnesia and a considerable excess of ammonia, and
after being well stirred, is set aside for twenty-four hours. The
precipitate will confain the arsenic in the form of arseniate of
magnesia and ammonia (2MgO,NH,0,As0O;), together with
earthy phosphates derived from the organic matter. 1t is col-
lected upon a filter, washed with dilute ammonia (pnre water
dissolves it), and dissolved in as little dilute hydrochloric acid
as possible. The solution may then be tested either by Marsh’s
or the electrolytic test.

761¢. Another method which has been found very useful for
separating arsenie from organic matters, consists in c[t*ying them
upon a water-bath, digesting in a covered vessel with mode-
rately concentrated hydrochloric acid, separating the solid
matters by filtration, and distilling, the acicF vapour being con-
densed in a flask containing water. The arsenic is found in the
distillate, having passed over as terchloride of arsenie (AsCly)
and may be detected by the ordinary tests.

7610. Detection of arsenife of copper in paper-hangings and
other fabrics. A very ready method of effecting this consists
in soaking the fabrie to be tested in a little solution of ammonia;
the blue solution which will be found if copper is present, is
é(lﬂi(lial;lﬂtﬂd with hydroehloric acid and boiled with clean copper
749).




QUANTITATIVE DETERMINATION OF ARSENIC. 247

SECTION V.
Quantitative Delermination of Arsenic.

762. The exact determination of the quantity of arsenic pre-
sent in a mixture containing much organic matter is attended
with great difficulty. In general, a sufficiently accurate estimate
of the amount may be found by comparing the erusts obtained
by Marsh's test with those furnished by known quantities of
arsenious acid, but should a direct determination be necessary,
it may be effected by a process of which an outline is here
given, though without the minute details of manipulation
requisite for perfect accuracy.

After having obtained the arsenic in a state of solution by
heating the organic matter with hydrochloric acid and chlorate
of potash, as described above, the clear liquid is mixed, in a
flask, with a strong solution of bisulphite of soda until it smells
very strongly of sulphurous acid, even after being heated for
some minutes in a water-bath to reduce the arsenic acid
(AsO;) to the state of arsenious acid (AsOjz). The application
of heat is continued till the smell of sulphurous acid has dis-
aEpEared, and the solufion is thoroughly saturated with sul-
phuretted hydrogen, after which the flask is corked and set
aside in a warm place for some hours. The precipitate, con-
taining sulphide of arsenic mixed with organie matter, is
collected upon a filter, washed, and dried. The dry precipitate
is mixed with about six parts of nitre and six parts of dry
carbonate of soda, and projected, by degrees, together with the
fragments of the filter, into a red-hot poreelain crucible. The
deflagrated mass, containing arseniate of potash, is dissolved
in a little water, the solution filtered if necessary, and mixed
with chloride of ammonium, ammonia,* and sulphate of mag-
nesia. After being well stirred, it is set aside for twenty-four
hours, when the arseniate of magnesia and ammonia will have
separated as a erystalline precipitate, which must be collected
on a weighed filter, washed with dilute ammonia, dried at 212°
and weighed (753«). The quantity of arsenious acid is calcu-
lated by the proportion,

2MgONH,0,As05

190 : 99 :: Weight of the precipitate : 2.

* Should any precipitate be caused by the ammonia, it must be filtered off.
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CHAPTER IL.
ANTIMONY.

763. The form in which antimony is generally met with in
medico-legal investigations, is the double tartrate of antimon+
and potash (KO,Sb0,,CH,0y+Aq), commonly called tartar-
emetic or tartarized antimony, which is often taken medicinally,
and occasionally as a poison. It may be recognised by apply-
ing to its solution the following tests. ' 3

(@) Hydrochloric acid, which gives a white precipitate of
teroxide of antimony (ShOj;) soluble in excess. .

(5) Hydrosulphuric acid, in the solution form (#), gives a
bright orange precipitate.

(¢) Hydrochloric acid and metallic copper (749), on the
application of heat, will give a purplish black deposit of
metallic antimony, upon the surface of the copper. The latter,
when dried and heated in a tube, will not yield a erystalline
sublimate like arsenic, but may give a white amorphous
deposit on strongly heating. The deposit is dissolved by
boiling the strip of copper in a dilute solution of potash, and
if the solution ge treated with sulphuretted hydrogen, filtered
from any precipitate, and acidulated with hydrochloric acid, the
orange sulphide of antimony is precipitated.

(d) Marsh’s test (745) will yield metallic erusts of antimony,
as with arsenie, but the antimonial crusts are readily distin-
guished by the following characters. (1) They are much less
volatile than those of arsenie, and are therefore deposited very
much nearer fo the heated portion of the tube. (2) They give
no erystalline sublimate when heated in a tube, but, with a
strong heat, an amorphous sublimate. (3) Antimonial crusts
will not dissolve easily in solution of chloride of lime; but (4)
they do so at once in yellow sulphide of ammonium, and if the
solution be slowly evaporated, 1t leaves an orange residue of
sulphide ©of antimony (Sb8,). (5) When oxidized by nitrie
&ﬂig and evaporated, the antimonial crust gives a residue which
refuses to dissolve in water and produces a dirty grey precipi-
tate with nitrate of silver (compare 748 «, &, ¢).

(¢) The electrolytic test evolves antimonietted hydrogen far
less readily than arsenietted hydrogen, most of the antimony
being deposited as a black coating upon the platinum plate
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connected with the zine end of the battery. If the plate be
washed, and gently heated with a little yellow sulphide of
ammonium, it dissolves the antimony and leaves the orange
residue when evaporated. By pouring a strong solufion of
hydrosulphuric acid down the funnel-tube at the commence-
ment of the electrolysis, it will entirely prevent the evolution
ﬂ["intimnnietted hydrogen, whilst it promotes that of arsenietted
ydrogen,

(/) If a solution of antimony, acidified with hydrochloric
acid be poured into a platinum capsule, or placed upon pla-
tinum foil (or even upon a gold or silver coin), and a strip of
zinc (or iron, such as a knife-blade) be placed in it, a black
deposit of antimony will be found around the point of contact
of the two metals. The deposit may be tested by placing a
drop of yellow sulphide of ammonium upon it, and evaporating
to obtain the orange residue, which should be compared with
the residue left by a drop of sulphide of ammonium alone upon
the uncoated metallic surface.®

SECTION I.
Detection of Antimony in the presence of Organic Matler.

764. For the detection of antimony in organic liquids and
solids, the same methods of proceeding are adopfed as in the
case of arsenic (751—761), the antimony being recognised by
the characters described in 763.

765. Should both metals be present, they may still be easily
detected, unless there was a very great disproportion between
them, by the behaviour of the crusts obtained in Marsh’s
test.

766. Even if one of the metals largely predominates, the
electrolytic test permits the detection of both; it is only
necessary fo allow the electrolysis to proceed for five or ten
minutes in order to deposit the antimony on the negative plate
before adding the hydrosulphuric acid, which will at once
arrest the evolution of the antimonietied hydrogen, and if
the reduction tube be changed, a deposit of pure arsenic or
sulphide of arsenic will be obtained.

* Of course a surface of silver wonld be blackened by the sulphide.



25() MERCURY.

SECTION II.

Quantitative Determinalion of dntimony.

767. The remarks in paragraph 762, upon the determination
of the quantity of arsenic, will apply also in the case of antimony,
and precisely the same steps must be taken in order to ascertain
the amount of the latter metal, except that dried nitrate of soda
should be used instead of nitrate of potash, for the deflagration
of the sulphide. On digesting the fused mass, in the cold, with
a little water, almost the whole of the antimony will be left in
the form of antimoniate of soda (NaO,Sb0O;), which must be
collected upon a filter, washed with cold water, dried, and fused
with five or six times its weight of cyanide of potassium in a
poreelain crucible, until the antimony has collected into a globule
at the bottom of the fused mass. The latter is dissolved, when
cold, in water, and the metallic button weighed. Each grain of
antimony corresponds to 273 grains of erystallized tartar-
emetfic.

CHAPTER III.
MERCURY.

_ 768. The most common preparation of mercury, by which:
life has been sacrificed or endangered, is the chloride (HeCl),,
commonly ealled corrosive sublimate; the subchloride, or calo--
mel (Hg,Cl), the red oxide (HgO), and some of the other com--
pounds, are also sometimes administered, either eriminally ors
accidentally, with fatal effect, and may consequently have to bes
looked for by the medical jurist. In the process I am about tos
describe, however, any of these compounds will be broughtt
mnto a state of solution ; after which the mereury contained ins
them may readily be detected by the proper tess.

SECTION 1.

Detection of Mereury in Organic Miztures.

769. When the presence of mercury is suspected in
organic mixture, such as the contents of a stomach, the solid
and liquid portions of the matter to be examined may be sepa-
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rated from each other, either by filtration or decantation,
provided the separation takes place readily ; or if this is not
the case, the whole of the mixture may be treated with acid,
&Ir}d examined in the manner described in paragraphs 774—
176.

770, Ezxamination of the liguid portion.—The liquid portion
may be first examined. Aecidify it with a few drops of hydro-
chloric acid, and boil the mixture fora quarter or Eulf an hour,
with two or three strips of clean copper foil. If any mercury
is present in the liquid, it will in this way be entirely separated
from the solution and deposited on the surface of the copper.
The latter is then removed from the acid liquid, and washed
with a little dilute solution of ammonia, in order to remove
from the surface any adhering oxide or subsalt of copper. The
strips are then dried by gentle ]i:ressure between folds of
bibulous paper, and placed in a small and perfectly dry German
glass tube, three or four inches long, closed at one end.

771. The heat of a spirit lamp is then applied to the bottom
of the tube containing the copper strips ; when, if any mercury
has been deposited upon them, it will be volatilized by the
heat, and condensed in the cooler part of the tube, forming a
delicate and dew-like ving of minute globules of metallic
mercury ; the real nature of which may be at once seen with
the assistance of a common lens, if not with the naked eye.

771 @. If the sublimate is so minute that the globules are
not distinguishable, it may be gently rubbed with a glass rod
to unite the small globules. The strip of mfpper may be shaken
out of the tube, a very minute particle of iodine introduced,
and a gentle heat applied to vaporise it. The mercurial subli-
mate will thus be converted into iodide of mercury, which is
yellow at first, and becomes scarlet when rubbed with a glass
rod (Lassaigne).

772. If, in the experiment above described (771), the
appearance of metallic globules is distinctly visible, it will
scarcely be necessary to apply any further tests to prove the
presence of mercury, since no other substance 1s cnpa:hle of
producing such a sublimate. If, however, any doubt exists as
to the nature of the sublimate, the following experiments may
be made : b

773. Remove the copper from the tube, and dissolve the
sublimate in nitrohydrochloric acid; by which the mercury, if
present, will be converted into the soluble chloride (HyCi).
%1]3&31 the excess of acid by evaporation at a gentle heat ; and
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apply to an aqueous solution of the residue, the following
tests :

(#) Solution of iodide of potassium (KT) gives a brilliant red
precipitate of iodide of mercury (Hgl), which is very soluble in
excess of the iodide of potassium.

(&) Solution of potash gives a yellow precipitate of hydrated
oxide of mercury, which is insoluble in an excess of the preci-
pitant.

(¢) A solution of hydrosulphuric acid (sulphuretted hydro-
gen), or a drop or two of hydrosulphate of ammonia, forms at
first a white precipitate, consisting of a double compound of
chloride and sulphide (2HgS,HgCl), which, unless the precipi-
tant be added very sparingly, almost immediately becomes
darker, owing to the admixture of the black sulphide (Hg8).
If the precipitant be added in excess, the whole of the precipi-
tate becomes black.

() The dry mercurial salt, when mixed with carbonate of
soda, and heated in a narrow tube before the blowpipe, yields
a sublimate of minute globules of metallic mercury.

774. Bvamination of the solid portion.—The solid portion of |
the mixture may contain mercury in combination with certain .
animal matters, besides particles of calomel, oxide, or some:
other mercurial compound. It may first be examined for any
visible fragments of these, which, if detected, may be pir:kecyl!
ouf, and tested for mercury, by mixing them, when dry, with
carbonate of soda, and heating the mixture in a small tube:
before the blowpipe; when the mercury will be sublimed into)
the cooler part of the tube (773 &).

775. The rest of the solid matter may now be warmed with1
a little hydrochloric acid and chlorate of potash, as directed in1
761; one part of the filtered solution may be tested by boil--
ing with copper, and the other may be subjected to electrolysiss
according to the directions given in 753.

If mercury be present in the solution, it will be depositedl
upon the negative plate (connected with the zine end of thes
battery), and may be readily detected by boiling the plate in as
few drops of nitric acid, expelling the greater excess of thee
latter by evaporation, rendering the solution alkaline withh
ammonia (because the free nitric acid would dissolve thee
copper), acidifying very slightly with hydrochloric acid, andd
boiling with a slip of clean eopper foil, which may afterwards bee
washed and heated in a tube. If the negative plate be of gold
(or of platinum gilt by immersing it whilst attached to the
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battery, in a solution of cyanide of gold in eyanide of potassium),
the mercury will of course be easily recognised by the silvery
appearance of the deposit.

In the absence of a galvanic battery, the solution obtained
by means of hydrochloric acid and chlorate of potash may be
mixed with excess of hydrosulphuric acid and heated for some
time, when the black sulphide of mercury will be deposited, and
may be collected on a filier and wasﬁcd; it will be found
nearly insoluble in hot nitric acid, but readily soluble in a
mixture of nitric and hydrochloric acids. The presence of
mercury in the solution may be proved by evaporating it to a
small bulk, adding ammonia in excess, then hydrochlorie acid in
excess, and boiling with metallic copper (770).

776. A very small guantity of mercury may also be detected
by placing the solution npon a gold or copper coin, and touch-
ing the gold, through the liquid, with a piece of zinc or the
blade of a knife, when a silvery deposit will be formed around
the point of contact, and will disappear when the washed coin
is gently heated.

SECTION I1I.
Detection of Mercury in the Tissues.

777. When the presence of mercury is suspected in the
viscera or other tissues of the body, the part intended for
examination should first be eut into thin slices, and heated
with hydrochloric acid and chlorate of potash (761) ; by which
means any mercury that may be present will be converted into
the bichloride, and thus brought into a state of solution. The
undissolved matter is then separated by filtration or decantation,
and the liquid portion evaporated to a small bulk on a water-
bath, and treated as in 775.

CHAPTER 1IV.
LEAD.

778. Although instances of eriminal poisoning with com-
pounds of lead are of comparatively rare occurrence, still the
aocidental admission of it into the system, either in the form of
the solid carbonate (white lead) so extensively employed in the
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arts, or through the medium of water impregnated with if, verss
frequently leads to serious and even fatal results; so that it
detection is often a matter of grave importance.

779. In testing for minute quantities of lead, it must b §
borne in mind that several of the test solutions employers
in analysis, when kept even for a few weeks in bottles of flini
olass, c{issolve out very perceptible traces of the metal from the
glass, in which it is present In considerable quantity; so thaf:
unless the experimenter is on his guard, he may be led to sup
pose that he has detected the metal in the liquid which he 1|
examining, while, in fact, he has himself introduced if in onw
of his reagents. Solutions of potash and soda, and their carbox
nates, ave especially liable to become in this way impregnateis
with lead; and several other saline solutions also, unded
peculiar circumstances, do the same, though more slowly, an
1n a less degree. On this account it is always advisable to test
each of the reagents employed with solution of hydrosulphuri
acid in large excess, which will, if any traces of lead are presents
give the liquid a more or less decided brown tint; or evers
cause a black precipitate, if the quantity of metal is at all com
siderable.

SECTION I.
Eramination of Water suspected to be impregunated with Lead. i}

780. The water intended for examination (which shoulel
always be tested as soon as possible after being taken from thel
cistern or pipe in which it has been standing) is placed in &
beaker or bottle of German or green glass, free from lead, the!
surface of which should be washed perfectly clean with disif
tilled water. A stream of hydrosulphuric acid (sulphurettecs
hydrogen) gas is then transmitted through the water, until the'
latter smells distinctly of the gas. When lead is present, the
liquid will generally assume a brown tint almost immediately!
unless the quantity of lead is extremely small; but before!
deciding that the water is pure, it should be set aside for a feve
hours, after being saturated with the gas, during which time!
the sulphur will be partially precipitated, owing fo the decoms
position of the hydrosulphuric acid by the oxyeenof the ai
mixed, if any trace of lead is present, with a Tittle sulphide!
(PbS), which will give the sediment a more or less decided:
brown or fawn colour. If, on the contrary, the water continues
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'« eolourless, and the precipitated sulphur is white, or of a very
i pale sulphur colour, 1t may be concluded that no perceptible
1 trace of lead is contained in the water.

781. The most satisfactory method of applying this test for
| lead in waters is the following. Two test-tubes of clear white
¢ glass, free from lead, about nine inches long, and half an inch
i in diameter, are nearly filled, one with pure distilled water, the
¥ other with the water under examination, to which a few drops
v of pure acetic acid are added to prevent the precipitation of
: any sulghide of iron. A similar quantity of acetic acid having
L been added to the distilled water, for the purpose of com=
1 parison, the contents of both tubes are fested either with a
2 elear solution of hydrosulphurie acid, or with a few bubbles of
i the gas. By holding both tubes, after shaking, over a sheet of
y white paper, so that the eye may look along the axis of each
tube, the slightest trace of lead may be discovered by the dark
scolour of the liquid, and all fallacy is excluded by the com-
uparison with the pure water. It is evident that by comparing
i the result with those furnished by solutions containing known
Jquantities of lead, a close approximation to the amount of the
:latter may be arrived at.

~ 782. Lead may also be detected in waters by evaporating a
quart to dryness, heating the residue with strong hydrochlorie
vacid, and mixing the hydrochlorie solution with a large excess
vof strong solution of hydrosulphuric acid, when the purplish

s black preeipitate, or colour, of sulphide of lead will be obtamed.

SECTION II.
Detection of Lead irn Organic Miztures.

|
8 783, If the organic matter to be examined is a mixture of
biisolid and liquid, such as the contents of a stomach, the two
sportions should, if practicable, be separated by filtration through
9t paper or muslin ; ﬁaving been previously diluted, if necessary,
L with a little water, and gently heated with a drachm or two of
Sipure acetic acid, which will cause the liquid to pass more
ereadily through the pores of the filter. The liquid portion
Yunay be first tested; and in case none of the metal can be
s detected in it, the solid or semi-solid matter may be afferwards
iiexamined (788).
Y\ 784. Ezamination of the liquid portion.—A current of hydro-
\sulphuric acid gas is passed through the liquid for about a



256 LEAD.

quarter of an hour, by which means any lead that may be dis-
solved will be precipitated as the black sulphide.* This is to
be separated by filiration, and the greater part of it digested,
with the aid of a gentle heat, in moderately dilute nitric acid ;
a small portion being retained for examination with the blow-
pipe (787).

785. When the sulphide is for the most part decomposed
by the nitric acid (wﬁich may be known by the undissolved
residue, consisting chiefly of sulphur, becoming nearly white),
the clear solution is to be filtered from the insoluble matter,
and tested in the following manner (786); the undissolved
residue being also retained, in case it may be required for sub-
sequent examination (787). The digestion in warm acid should
not be continued longer than necessarv, since the prolonged
action of the nitric acid might have the effect of oxidizing the
sulphur as well as the lead, forming sulphuric acid, which
would combine with the oxide of Iuatr, and precipitate it from
the solution in the form of the insoluble sulphate (PbO,80,).

786. The clear solution (785) is now to be evaporated to
dryness on a water-bath, in order to expel the excess of nitrie
acid ; after which the residue is to be redissolved in warm
water, and tested in the following manner; or, if the quantity
is small, the tests &, ¢, & # only need be applied.

(¢) Hydrosulphuric acid, and hydmsu[l,plmte of ammonia
cause a black preecipitate of sulphide of lead (PbS).

(4) Dilute sulphuric acid, or a solution of sulphate of soda,
gives a white precipitate of sulphate of lead (Pb0O,S0O,), which
is insoluble, or nearly so, in acids, but gradually dissolves in a
solution of caustic potash.

(¢) The sulphate formed in 4, after being washed with
distilled water, is instantly blackened when woistened with
hydrosulphate of ammonia or a solution of hydrosulphurie
acid, owing to the formation of the black sulphide. The sul-
phate of lead may in this way be readily distinguished from
the sulphates of baryfa and strontia, which it resembles in
many respects.

(d) A solution of iodide of potassium (KI) throws down
a bright yellow precipitate of iodide of lead (PbI), which is
soluble in hot water, and, on cooling, separates from the solu-
tion in the form of brilliant erystalline scales of great beauty.

* Minute quantities of lead escape precipitation in liguids containing organie
matter, and can only be detected by evaporating to dryness and incinerating the
residue (788).
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(¢) Hydrochloric acid, or a solution of chloride of sodium,
causes, if the solution is not very dilute, a white erystalline
precipitate of chloride of lead (PbCI), which dissolves w%mn the
mixture is heated, aud erystallizes in the form of delicate
needles as the solution cools.

(/) Chromate of potash (KO,Cr0,) gives a rich yellow pre-
cipitate of chromate of lead (PbO,CrO;), which is soluble in
potash, and insoluble in dilute acids.

(¢) If any of the precipitates formed in the above experi-
ments be dried, and heated on charcoal, with or without a
little dried carbonate of soda, in the inner flame of the blow-
pipe, minute metallic beads will be obtained; which may be
recognised as lead by their softness and malleability ; a yellow
incrustation of oxide of lead appears upon the charcoal.

787. If no decided indication of lead can be obtained from
the nitric acid solution, the other portion of sulphide (7584),
and also the residue which proved insoluble in the acid (785),
may be dried, mixed with carbonate of soda, and heated in the
inner flame of the blowpipe; when, if any lead is present, it
will be speedily reduced to the metallic state, forming minute
malleable beads.

788. Eramination of the solid portion.—1f the examination
of the liquid portion should fail in proving the presence of lead,
the poison may still be sought for in the solid or semi-solid
matters left on the filter (783), since it may exist in combina-
tion with animal matter, or in some other insoluble form. The
mixture is evaporated to dryness, and the dry mass incinerated
in a clean fire-clay or porcelain crucible. The grey ash is
reduced to powder and treated with boiling water as long as a
drop of the washings leaves any residue when evaporated on a
slip of glass. The solution thus obtained may possibly con-
tain lead, and should therefore be tested with sulphuretted
hydrogen (784).

789. But the greater part of the metal would remain in the
residue, which must now be boiled with a mixture of equal
measures of nitric acid and water for a few minutes. The
filtered solution is examined for lead as in 786,

790. The residue left undissolved by nitric acid may still
contain lead in the form of sulphate : by boiling it with a little
acetate of ammonia (prepared by mixing ammonia with acetic
acid in slight excess), this may be extracted, and the lead
detected in the solution by hydrosulphuric acid. It may still

be advisable to dry the residue, mix it with carbonate of soda
17
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and charcoal, and fuse it at a bright red heat, either before the
blowpipe, or in a covered crucible, in order to obtain if possible
a bead of metallic lead.

SECTION III,
Detection of Lead in the Tissues.

791. When, in a suspected case of poisoning by lead, no
trace of the metal can be detected in the conients of the
stomach, &e., it is necessary, before deciding upon the absence
of the poison, to examine the fissues of the stomach, intes-
tines, and especially the liver; since it may be often found
absorbed in these tissues, even when no trace is to be met
with elsewhere.

792. The portion of the body intended for examination is to
be cut into thin slices, dried, incinerated as completely as pos-
sible at a moderate heat, and examined as in 788—790.

CHAPTER V.

COPPER.

793. Like lead, copper is not often employed for the par-
pose of criminally destroying life; but 1s not unfrequently
taken accidentally, dissolved in articles of food, with serious,
and sometimes fatal, results. The chief cause of such acci-
dents is the employment of untinned copper vessels for eulinary
purposes; and although such vessels, when perfectly clean,
may be used in the preparation of certain articles of food with- .
out risk of impreguation, still the number of alimentary sub- -
stances capable of acting upon and dissolving small quantities |
of the metal, is so great, that it is far safer to avoid the use of '
untinned copper vessels in all eulinary operations. Acid and |
fatty substances especially, and liquids eontaining common salt
and other saline matters in solution, should never be boiled
in such vessels; since the quantity of copper dissolved by
them is sometimes so considerable, as to impart a green or |
bluish colour to the mixture.
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BECTION 1.
Detection of Copper in Organic Mixtures.

794. Copper may exist in such mixtures either in a state of
solution, or in combination with certain organic or other sub-
stances, forming compounds which are more or less insoluble in
water. On this account, when the mixture to be examined
consists of both liquid and solid matters, it should first be
warmed with a little hydrochloric or acetic acid, by which
means the copper will be brought into solution. The solution
may then be filtered from the insoluble portion, which latter
should be retained, in case it may be required for subsequent
examination.

795. The clear liquid, slightly acidified with a few drops of
hydrochloric acid, is now to be tested for copper, by placing in
it a piece of clean iron, free from rust, such as a needle or
knife-blade. It copper is present in the liquid, it will in a shorf
time be deposited in the metallic state on the surface of fhe
iron, giving it all the appearance of copper; while the iron is
at the same time dissolved in atomic proportion. The colour
of the freshly-deposited copver is so peculiar and characteristic,
that it can hardly be mistaken after being once seen; so that
this experiment is generally sufficient of itself to prove the
- presence of the metal, 1If, however, any doubt exists as to its
presence, the following tests may be applied, either to a portion
of the liquid from which the copper has not been removed by
means of the iron, or to a solution of the precipitated copper,
scraped off the iron, in dilute nitrie acid.

796. (@) Hydrosulphuric acid and hydrosulphate of am-
monia throw down a black precipitate of sulphide of copper
CuS).

: (f;)} Ammonia, when added in small quantity, throws down
a pale blue precipitate, which, if the ammonia be added in ex-
cess, redissolves, forming a beautiful blue solution.

(¢) Potash throws down in the cold solution a pale blue pre-
cipitate of hydrated oxide (CuO,HO); which, on boiling the
mixture, becomes black, owing to the formation of the anhy-
drous oxide (CuQ). The potash must here be added slightly
in excess, as otherwise the precipitate would consist of a basic
salt, which would not become black when boiled. :

(4) Ferrocyanide of potassium causes, even in very dilute
acid or neutral solutions, a mahogany-coloured precipitate of
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fm:riacjfanide of copper (Cu,,FeCy,), which is insoluble in dilute
acias,

797. In case no copper can be detected in the liquid portion,
it is advisable, before deciding that the metal is altogether
absent, to examine the residue which proved insoluble i the
dilute acid (794). For this purpose, it is to be evaporated to
dryness, and ignited in a covered Berlin porcelain crucible.
The incinerated residue is then warmed with a little dilute
nitric acid, which will dissolve any traces of copper that may
be present. The acid solution is evaporated ncarlp to dryness,
in order to expel most of the excess of acid, and filtered ; after
which the solution may be tested with a piece of clean iron
(795), and also, if necessary, with the other reagents above
enumerated (796).

798. When the solution containing copper, even in the pre-
sence of much organic matter, is subjected to electrolysis (753), .
the metal is deposited upon the negative plate, and may be recog- -
nised by its colour, and by the appropriate tests (796) applied |
to l’[i,he. solution obtained by boiling the negative plate with nitrie
acid.

SECTION II.
Detection of Copper in the Tissues.

799. Like the other metallic poisons, copper is readily:
absorbed by the tissues, where it may frequently be found im:
cases where no trace can be detected in the contents of the:
stomach and intestines. On this account, it is necessary,,
before concluding that no eopper can be found, to examine the:
liver and other viscera, which may be done in the following:
manuer.,

800. The part intended for examination is to be eut into thini
slices, and treated with hydrochloric acid and chlorate of potash,,
as directed in 761. The acid solution, after filtering, iss
evaporated nearly to dryness; after which it may be testedd
with a piece of clean iron (795), and, if necessary, by paragraphss
796, 798.

If no copper can be detected in this solution, the insolublee

organic matter may be incinerated and examined accordin
to 797.
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SECTION III.
Quantitative Determination of Copper.

801. The quantity of copper present in any organic mixture
may be ascertained by incinerating the dried organic matter,
hoi{ing the ash with dilute nifric acid, saturating the liquid
(after filtering) with hydrosulphuric acid gas, which will throw
down the whole of the copper as sulphide. The precipitate is
to be dissolved in hot nitrie acid, and the copper thrown down
as oxide, by supersaturating the hot solution of the nitrate with
potash. The Elack oxide thus precipitated is to be washed
with a large quantity of hot water, filtered, dried, ignited, and
weighed. From the weight of the oxide, that of the metallic
copper may be calculated as follows:

Ate, wt. of oxide  Ate. wit. of Wt. of oxide  Wt. of coppér in the quantity

of copper. COPPET. obtained. of mixture employed.
} L ~ ] i - J | O -
40 : 32 v @ z

CHAPTER VL
ZINC.

Detection of Ziue in Organte Mixtures and in the Tissues.

802. Zinc has occasionally to be looked for in organic
mixtures and in the tissues, the sulphate being often adminis-
tered as an antidote in cases of poisoning. It may be detected
by boiling the suspected matters in a finely divided state, with
a little Eilute hydrochloric acid and chlorate of potash, and
filtering, if necessary, from any insoluble residue. The el:;ar
solution thus obtained may then be supersaturated with
ammonia, and filtered; after which the eclear ammoniacal
solution may be tested with a current of hydrosulphuric acid
gas (sulphuretted hydrogen), which, if zinc is present, will
throw down a white precipitate of sulphide (ZnS). The
sulphide thus formed may be separated from the liquid by fil-
{ration, and dissolved in a little nitric acid ; the excess of acid
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employed being afterwards expelled by evaporating the solu-
tion to dryness.® :

803. The residue should be boiled with water and a little :
nitric acid, the solution filtered, if necessary, and examined by
the following tests :

(«¢) Add ammonia in excess; filter the solution from any
precipitate which may be formed, and add hydrosulphate of
ammonia ; if zine be present, a white flaky precipitate of
sulphide of zine should be produced.f

(4) Add ammonia in excess; filter if necessary, acidify the
filtered liquid with acetic acid, and add ferroeyanmide of potas-
sium ; a whife precipitate of ferrocyanide of zine should be
obtained.

(¢) Mix the remainder of the solution with earbonate of soda
in slight excess and boil for a few minutes ; collect the precipi-
tate (basic carbonate of zine) upon a filter, wash if, and incine-
rate the filter, when dry, in a small poreelain erueible. If zine
be present, the ash will be yellow while hot and white on cool-
ing. Place it in a small cavity on a piece of charcoal, moisten
it with nitrate of cobalt and heat strongly before the blowpipe ;
a green mass should be produced if zine be present.

804. If it be desired to examine the zine in the residue left
by the hydrochloric acid and chlorate of potash (802), it must
be washed, dried, and calcined at a low red heat in an open
crucible. The mass may then be boiled with hydrochlorie acid,
the filtered solution evaporated to dryness and further tested
as directed above (803).

* If this residue is carbonized when farther heated, it is advisable to continue
the heat as long as any vapours are evolved, to boil the charred maszs with hydro-
chloric acid, and to evaporate the filtered liguid to dryness.

T 1f ammonia had not previously been added in excess, the hydrosulphate of
ammonia would have given a white precipitate of sulphur, even 1if ne zine were
F]*ﬂs_en)‘,; but this preeipitate would simply impart a milky appearance to the
iquid instead of separating in distinet flakes. The precipitate of sulphide of
zinc 18 usually dirty white, from the presence of a little sulphide of iron.
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CHAPTER VII.
IODINE.

SECTION I.
Detection of Uncombined Iodine in Organic Miztures, &e.

805. When iodine is present in an organic mixture, it may
be detected in the following manner ; which will also serve to
identify it after having been absorbed by the tissues of the
stomach, liver, or other organ, such organ having been first
carefully cut into thin slices, and macerated with a little water.
The characteristic smell of iodine is generally perceptible in
liquids containing it; and it usunally imparts to organic
mixtures a yellow or greenish colour,

806. The mixture may first be examined for any particles of
iodine that may be dpresmt in the solid state ; which, if found,
may be at once identified as such by the beautiful violet-
coloured vapour which they form when gently heated in a
small glass tube.®

807. If no solid iodine can be found, the liquid may be tested
with a solution of starch ; or a strip of cotton or paper, impreg-
nated with starch, may be moistened with it. If jodine is pre-
sent in the solution, it will immediately strike a more or less
decided purple colour, the intensity of the tint varying from
almost black to a pale shade of pink or lilac, according to the
quantity of iodine dissolved in the liquid.

808. Should the quantity of iodine in the solution be so
minute as to fail in producing a sufficiently decided result, the
liquid may be well shaken with a little chloroform, which will
dissolve the iodine and acquire a beautiful violet colour. The
mixture is allowed to stand in order that the chloroform may
collect at the bottom of the vessel, and the aqueous liquid is
drawn off by a syphon or pipette. The chloroform is poured
into a watch glass, and allowed to evaporate sp{:untapcﬂusly,
when the iodine will be left and may be recognised either by

* Since indigo also gives violet vapours, the next test should always be
applied.
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heating it in a tube (806), or by stirring it with water, and
adding a little thin starch-paste (807).

809. If the iodine be present in ihe solution as an iodide, it
must be liberated previously to the application of the above
tests. For this purpose the organic mixture should be slightly
acidulated with hydrochloric acid, heated for some time upon
a water-bath, and, if necessary, filtered. The cold solution is
then mixed with a little sesquichloride of iron to which enough
dilute sulphuric acid has been added to render it colourless, and
agitated with chloroform, when the liberated iodine will be re-
cognised as in (808). In this process, the persalt of iron is
rednced fo the condition of a protosalt, by imparting an atom
of oxygen to the hydrogen or metal in combination with the
iodine, which is thus set free:

Iodide  Persulphate Sulphate Protosulphate
potassium, iron. potash. iron.
I

L ~ J L - A - J Rz v Rl S
KI + Fe,0,,380, = KO,80, + 2(Fe0,30,) + L.

~ Chlorine and chloride of lime are sometimes employed to
liberate the iodine, but it is not easy to avoid the addition of
an excess, which converts the iodine into chloride of iodine.*

CHAPTER VIIL.
SULPHURIC ACID (H0,S05).

—_—

SECTION 1.
Detection of Sulphuric Acid in Organie Miztures.

810. Sulphuric acid may be readily detected, even when
mixed with a large quantity of foreign matter. Should the
substance to be examined be viscid or semi-solid, it may be
diluted with a little water, and boiled ; after which, if any solid
matter remains in suspension, it may be filtered through
muslin or paper.

* The troduction of a little sulphuric acid and a piece of zine, however. will
restore the blue colour when destroyed by an excess c;'f chlorine, A
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811. If the liquid contains free sulphuric acid, it will of
course strongly redden blue litmus paper.

812. Mix the liquid to be tested with a little hydroehloric
acid, and add a solution of chloride of barium or nitrate of
baryta. If sulphuric acid is present, a copious white precipi-
tate of sulphate of baryta will be produced, which will not
dissolve on boiling the acidified mixture, nor yet on diluting it
with a considerable quantity of water,

813. Since traces of sulphuric acid may be contained in the
nitric acid used in acidifying the mixture (814), a little of the
nitric acid employed should be diluted with three or four times
its bulk of water, and tested with chloride of barium.

814. Itis possible, also, that the substance under examination
may contain some soluble sulphates in solution, as sulphate of
magnesia, sulphate of zine, &c., which would cause the preci-
pitation of sulphate of baryta with chloride of barium, even
when no free sulphuric acid is present. To remove this source
of error, a little of the suspected fluid may be evaporated
nearly to dryness at a gentle Eeat, when any saline matter that
may be present will erystallize out ; while the free sulphurie
acig will continue liquid, and may be identified by the proper
tests.

815. It is not often, however, that any serious uncertaint
can exist as to whether the sulphuric acid found mixed witf\
organic matter was or was not uncombined, especially in cases
of suspected poisoning ; since the corrosive effects of the acid
upon the parts with which it has been in contact, or other
corroborative circumstances, will generally of themselves
furnish evidence sufficiently conclusive.

816. A very simple and delicate test for {ree sulphuric acid
consists in dipping a piece of white linen or paper into the
~ solution, and drying it before the fire. As the water evapo-
rates, the acid will carbonize the fabrie. Solutions containing
organic matter as well as free su]Fhuric acid yield a carbona-
ceous mass when evaporated nearly to dryness.

SECTION II.
Detection of Sulphuric Aeidin Stains on Clothing.

817. The stains formed by sulphuric acid on articles of
clothing are usually moist to the touch, and most commonly of
a brown or red colour, varying, however, with the nature of
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the material and of the dye. The acid may be detected in1
them by boiling the stained part with water, and testing the:
solution as in the preceding section.®

SECTION IIL

Detection of Sulphate of Indigo in Organic Miztures, &e.

818. The solution of indigo in sulphuric acid, commonlys
called sulphate of indigo, which is occasionally either employed|
as a poison, or criminally thrown upon the person, may be:
detected in the same manner as the simple acid. It has a deep)
blue colour, which may be destroyed by boiling with nitrie acidl
previous to the a%p}icatiun of the tests; after which the:
sulphuric acid may be identified either in organic mixtures ore

on articles of clothing, by the experiments described in para--
graphs §12—817.

CHAPTER IX,

HYDROCHLORIC ACID (HCI).

SECTION T.

Detection of Hydrochlorie Aeid in Organic Miztures.

819. When free hydrochloric acid is present in an organic:
mixture, it may be detected in the following manner. If solidi
or semi-solid matter is mixed with the liquid, it should be firstt
boiled, and filtered throngh muslin; and when the mixture iss
thick and viscid, a little water should be mixed with it before:
boiling. The liquid is then treated with a tolerably strong in--
fusion of galls, as long as it causes a precipitate, in order to)
throw down most of the dissolved animal matter, which wouldi
otherwise tend to prevent the acid distilling over. The pre--

* When the stained fabric is dried Lefore the fire, it becomes charred wheres
the acid had touched it.
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cipitate is then separated from the clear liquid, either by again
filtering through muslin, or by decantation.

820. A few drops of the solution, thus purified from the
greater portion of the organic matter, may now be tested with
nitrate of silver. If this causes a white precipitate, soluble in
ammonia, and insoluble in nitric acid, the liquid will have to
be further examined (821) ; since the precipitate may be owing
to the presence of chloride of sodium or some other soluble
chloride. But if no such precipitate is occasioned by the
silver salt, the absence of hydrochlorie acid may be relied on;
unless, indeed, the solution is ammoniacal, in which case it
should first be neutralized or slightly supersaturated with
nitric acid.

821. In order to prove whether the precipitate caused by
nitrate of silver is owing to the presence of free hydrochloric
acid, or of some soluble chloride, the liquid is to be distilled to
dryness in a retort. The neck of the retort is to be attached
by means of a perforated cork to a quilled receiver, the quill of
which should Ee allowed to dip just below the surface of a
little pure water placed in the flask or bottle intended for its
reception. The bulb of the retort is to be heated in a chloride-
of-calcium bath, the heat of which may be raised, towards the
end of the distillation, to about 2307,

§22. When the whole of the liquid has distilled over, the
contents of the receiver are to be examined, first with blue
litmus paper, which, if any free acid is present, will become
reddened ; and also with nitrate of silver, which will give a
copious white precipitate of chloride, soluble in ammonia, and
insoluble in hot nitric acid, in case any free hydrochloric acid
was present in the mixture, since such acid would distil over
with the water. -

823. A little of the distilled liquid may also be mixed
with a few drops of pure nitric acid, and :{milnd for a few
minutes with a small fragment of gold leaf. If the latter
dissolves, it is an additional proof that the acid is hydro-
chloric. ;

824. In examining the contents of a stomach, it must be
borne in mind that minute quantities of free hydrochlorie
acid are probably always present as one of the normal consti-
tuents of the gastric juice; so that the distilled liquid may
always be expected to contain some traces of it. The amount
of the acid derived from this source is, however, so small,
that it may readily be distinguished from the comparatively
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large quantity usually to be found when the acid has been
swallowed.*

SECTION II.
Quantitative Delermination of Hydrochlorie Acid.

825. The chloride of silver (AgCl) obtained by adding
nitrate of silver to the distilled acid liquid (822), is to be
washed on a filter, dried, and heated to dull redness in a
counterpoised porcelain crucible, until it begins to fuse.
From the weight of the chloride thus obtained, that of the

hydrochloric acid present in the mixture may be caleulated as
follows :—

Ate. weight Ate. wt. of hydro-  Wt. of chloride Wt. of hydrochloric acid

of chlonde e At in the quantity of
St chloric acid. obtained. mixture employed.
i, - J L - J L SR 0 - J
1436 365 T3 @ . @
CHAPTER X.

NITRIC ACID (HO,NO;).

—_————

SECTION I.
Detection of Nitric Acid in Organic Mixtures.

826. If any solid or semi-solid organic matter is present.
in the mixture, it should be separated by filtering through |
muslin, having first heated it on a water-bath in order to effect
the separation of the greater part of the acid present, from the:
solid matters which may be more or less impregnated with it. .
Should the liquid be thick and viscid, it may be first diluted!
with a little water.

827. If free nitrie acid is present in any considerable q.uantityr

* Tt must be remembered that free hydrochlorie acid would distil over froma

1::111&111*35 containing chlorides together with free sulphurie, phosphorie, oxalic, ors
actic acid.
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in the liguid, it will probably be recognised by its peculiar
smell ; and the characteristic yellow stain of the tissues with
which it has been in contact is in most cases pereeptible. The
want of smell, however, is no proof of the absence of the acid ;
which may still be present in considerable guantity, either
diluted with a comparatively large amount of liquid, or even
more or less completely neutralized by magnesia, or some
other alkaline substance that may have been administered as
an antidote. In the latter case, the liquid may be neutral, or
nearly so, to test paper.

$28. In order to detect nitric acid, the liquid, after filtration,
may, if acid, be neutralized with carbonate of potash, and
evaporated to dryness at a gentle heat. The nitric acid will
thus be obtained in combination with potash, forming nitrate
of potash, which will be deposited in needle-shaped crystals
when most of the water is expelled; unless, indeed, the
erystallization is prevented by the admixture of much animal or
other matters.

829. The greater part of the saline residue thus obtained,
is to be dissolved in as small a quantity of water as possible,
and the solution placed in four test tubes, for the fEllnwing
experiments :—

(«) The first portion is mixed in a small test tube, with a
few drops of strong sulphuric acid ; after which a clean strip
or two of copper, or a little roll of copper wire, is dropped in,
and, if necessary, a gentle heat applied. If nitric acid 15 pre-
sent, orange fumes of nitrous acid will be given off, the smell
of which may generally be recognised, even when in too small
quantity to be apparent to the eye.

() To the second portion add a few drops of hydrochlorie
acid, and put a small fragment or two of gold leaf into the
mixture. If nitric acid is present, the gold leaf will be par-
tially or wholly dissolved; and the presence of gold in the
solution may be proved by protochloride of tin causing with it a
purple precipitate. bl _

(¢) The third portion is to be acidified with a few drops
of strong sulphuric acid, and as soon as the mixture is cool,
a small crystal of protosulphate of iron is drnypﬁd in; when,
if nitric acid is presenf, the liquid round the crystal will
assume a brown colour, which disappears on boiling the mix-
ture.

(d) Mix the remaining portion of the solution with sulphuric
acid, and add a drop of dilute sulphate of indigo, sufficient to
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give the liquid a pale blue eolour. If nitrie acid is present, the
colour of the indigo will disappear, especially on warming the
mixture,

BECTION II.
Detection of Nitric Aeid in Stains on Clothing.

830. Stains occasioned by the action of nitrie acid on woollen
cloth are usually of a brown or yellowish colour, and, unlike
those caused by sulphuric acid (S17), become in a short time
dry and extremely rotten. The yellow colour of the nitric acid
stain is changed to orange by potash or ammonia, which will
generally restore the original colour of fabries stained by hydro-
chlorie or sulphurie acid. If recent, the acid may generally be
detected in them, by boiling the stained part with a little water,
neutralizing with potash, and applying the tests mentioned in
paragraph 829, but if any cnnsiferahfc time has elapsed since
the prr.:u];uctinn of the stain, it is probable that all traces of the
acid will have disappeared, partly by evaporation, and partly by
decomposition occasioned by contact with the organic matter.

CHAPTER XL
OXALIC ACID (HO,C,0y).

SECTION 1.
Detection of Oxalic Aeid in Organic Miatures.

831. Before proceeding to apply the several tests for oxalic
acid in the contents of a stomach, vomited matters, or other
mixtures containing organic matter, it is advisable first to sepa-
rate the latter, since its presence might interfere with the action
of some of the reagents.® If lime or magnesia has been used
as an antidote, the oxalic acid, if present, will be either wholly
or in part in the form of an insoluble oxalate; so that, in that

:lScparat-iuu by dialysis will be found of the greatest use in the case of oxalic
acLa,
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case, it 1s necessary to boil the sediment with a solution of
carbonate of potash, whereby the acid will be brought info
solution as Dxa}fate of potash (A0,C,05) ; an insoluble carbonate
of the earth being at the same time formed.

Ca0,C.0,+K0,00,=K0,0,05+Ca0,C0,

832. The suspected mixture is first boiled, to ensure the
solution of the whole of the acid contained in 1t, and filtered,
if necessary, from any solid residue. A solution of acetate of
lead is then added as long as it causes any precipitate, which
will throw down the oxalic acid in the form of the insoluble
oxalate of lead (Pb0,C,0;), together with the greater part of
the soluble organic matter. The precipitate thus formed is
digested for an hour or two in dilute hydrosulphate of ammonia,
and the mixture then evaporated to dryness on a water-bath.
The lead is in this way separated, in the form of the insoluble
black sulphide, from the acid ; which, in combination with the
ammonia (oxalate of ammonia), may be dissolved out with
water, leaving the sulphide undissolved, together with the
greater part of the organic matter.

833. The solution thus obtained is then filtered, and ex-
amined in the following manner for oxalic acid :

() A solation of sulphate of lime, or a very dilute solution
of chloride of calcium, added to a portion of the solulion, gives,
if any oxalic acid is present, an immediate white c{)recipitate
of oxalate of lime (Ca0,C;0;4-2Aq), which readily dissolves in
dilute nitrie or hydrochloric acid, but is insoluble in acetic or
tartaric acid.

() If the oxalate of lime formed in @, be gently ignited on
platinum foil, it will be converted into earbonate, with little or
no blackening. The carbonate of lime thus produced will be
found to effervesce when treated with dilute hydrochloric acid,
and if a little of it be strongly ignited for a short time, it will
be still further decomposed, and the carbonic acid expelled;
after which the residue of caustic lime will, when placed on a

iece of moistened turmeric paper, change the yellow colour to
rowi.

(¢) Test another portion of the solution with nitrate of
silver. If oxalic acid is present, a white precipitate of oxalate
of silver (AgO,C;0,) wilF be produced, which is soluble both in
nitric acid and ammonia. If the precipitate be dried, and
gently heated on platinum foil, it will be decomposed with a
slight puff, leaving a residue of metallic silver.
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SECTION II,
Quantitative Determination of Oxalic Aeid.

834. The quantity of oxalic acid in the liquid may be esti-
mated in the following manner. The solution is first acidified
with a little acetic acid, in order to decompose any soluble
carbonate that may be present. A solution of chloride of
caleium is then to be added as long as it causes any precipi=
tate; and the mixture is boiled and filtered. The precipitate,
after being washed on the filter, is dried, and gently ignited in
a counterpoised crucible. It is then, after cooling, moistened
with a solution of carbonate of ammonia, and again heated a
little below redness, in order to expel the excess of the ammo-
niacal salt, which was added for the purpose of supplying car-
bonic acid to any lime that may have been rendered caustic
during the first iguition (8334).

835. The oxalate of lime is thus wholly converted into car-
bonate ; which is to be weighed, and from its weight that of
the oxalie acid may be calculated as follows:

Ate. wt of - . Wt. of oxalic acid |
bowate oftime,  Cystalized e UARLIIE  in the quantity of
oxalie acid. '

liguid employed.
e | SRR ) '
ol : 63 zi @ ; T

CHAPTER XII.
HYDROCYANIC (OR PRUSSIC) ACID (HCy).

836. The presence of hydrocyanie acid, even when largelyi
diluted, may usually be detected by its peculiar and charac--
teristic odour, somewhat resembling that of oil of bitterr
almonds. Great cantion is necessary not to inhale more than:
the smallest quantity of the vapour, since headache and otherr
unpleasant sympfoms may be occasioned by merely smelling it,,
even when in a highly [‘liﬂltﬂd state.

837. It must be remembered, in cases of suspected poison--
ing with this acid, that no time should be lost in applymmg thee
tests for its presence; since it rapidly volatilizes, and, unlesss
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carefully protected from the air, disappears entirely in the
course of a few days. The facility with which the acid is decom-
posed when in contact with putrefying organic matter also pre-
vents its detection after some time has e%apsad*

SECTION 1.
Defection of Hydrocyanic Aeid tn Organie Mixtures.
L. Detection of the acid in the stale of vapour.

838. Very small traces of the acid may be detected by one
or other of the following tests, which may be readily applied to.
any liquid or mixture suspected to contain it. There is also
this advantage In being able to identify it without golng
through the process of distillation at a higher temperature—
viz., that while the tests for the vapour which I am about to
deseribe are equally, or even more delicate than those for the
liquid after distillation, the chances in favour of the sponta-
neous formation of the acid by the deeomposition of the organie
matter are greatly diminished.

839. A little of the mixture suspected to contain the poison,
slightly acidified, if neutral or alkaline, with dilute suﬁ)lluric
acid, may be placed in a wateh-glass, over which another simi-
lar watch-glass is to be inverted, having been previously moist-
ened with a drop or two of a solution of nitrate of silver, care
being taken that none of the latter is allowed to run into the
lower glass. The glass containing the suspected solution is
then very gently warmed by holding it in the hand; when, if
any hydrocyanic acid is present, it will volatilize into the upper
glass ; where, on coming in contact with the silver solution, it
will form a white film of eyanide of silver (AgCy). This test -
is very delicate: but as a somewhat similar effect might be
produced by hydrochloric acid, it is always advisable to confirm
the result by the following experiments :

840. A little of the suspected mixture, previously acidified,
if necessary, with a little dilute sulphurie acid, is put into a
watch-glass, over which is placed another glass mﬂistgned _wit_h
a drop or two of solution of potash. The hydroeyanic acid, if

* Since, in medico-legal investigations, it is not desirable to transfer the liquid
from one vessel to another if it ean be avoided, it is better to invert the watch-
glasses moistened with the reagents over the mouth of the bottle in which the
contents of the stomach, &e., have been placed as soon as removed from the
body. OFf course, pieces of glass might be used instead of *.-.-al,clu-ghlsriess.




274 HYDROCYANIC ACID.

present, gradually evaporates into the upper glass, where it
combines with the potash, forming in solution a little cyanide
of potassium. 'This is then mixed, first with a drop of a solu-
tion of protosulphate of iron (which should have been exposed
to the air for a short time, so as io have become partially con-
verted into the persulphate),® and afterwards with a drop or
two of dilute hydrochlorie acid, which should be added in sright
excess. Should any hydrocyanie acid have been present in the
mixture, a blue precipitate of Prussian blue will be immediately
formed, the appearance of which may be cousidered as a sure
proof of the existence of the acid. This experiment is com-
monly known as Scheele’s, or the iron fest.

1f the hydroeyanic acid be present in small quantity, no pre-
cipitate of Prussian blue will be seen at first, but a green liquid
will be formed which will deposit flakes of Prussian blue on
standing. It is always desirable to compare the result with
that obtained by mixing together in another watch-glass, the
potash, iron-salts, and hydrochlorie acid in the same proportions
as were employed in the test.

841. The following test, commonly known as Ziehig's test,
which is perhaps the most delicate of all, may also be applied.
A little of the suspected fluid, slightly acidified, if necessary, is.
put into a watch-glass as before, and over this another watch-
glass is inverted, containing a drop of hydrosulphate of
ammonia, which for this purpose should contain an excess of
sulphur, and consequently have a yellow colour. The glasses
may be allowed to remain together for about a quarter or halt
an hour; after which the upper one is removed, and placed on
a water-bath, until the hydrosulphate of ammonia is evaporated
to dryness. Should any hydroeyanic acid have been present
in the liquid, some of its vapour will have combined with the
hydrosulphate, with which it would form sulphocyanide of
ammonium. The residue left after the evaporation of the drop
is now to be moistened with a dilute solution of persulphate or
perchloride of iron; whieh, in case any sulphoeyanide of ammo-
nium had been formed, or, in other words, in case any hydro-
cyanic acid had been present in the suspected mixture, will
immediately produce a blood-red colour, owing to the forma-
tion of sulphoeyanide of iron.  This colour is bleached by per-
chloride of mercury (corrosive sublimate), and is thus dis-
tinguished from that caused by acetate or meconate of iron.

———

* Or a drop of perchloride of iron may be added as well as the protosulphate.
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IL. Detection of Hydrocyanic Acid in solution.

842. The mixture suspected to confain the poison is to be
distilled in a retort heated on a water-bath, the receiver being
kept cool by immersion in cold water, or in a freezing mixture
composed of ice and salf, or of equal weights of nitrate of
ammonia and water. When about one-eighth part of the liquid
has passed over into the receiver, the distillation may be
stopped. Should the mixture, previous to distillation, be
neutral, or at all alkaline to test paper, it should be slightly
acidified with dilute sulphuric acid, in order to disengage the
hydrocyanic acid from the ammonia, or other bases which may
be present, and which would tend to prevent the distillation of
the acid at the low temperature employed. The presence of
hydroeyanic acid in the distilled liquid may be ascertained by
the following peculiarities :

843. Unless the quantity of acid be very minute, the pecu-
liar odour, resembling that of oil of bitter almonds, will pro-
bably be apparent.

844, Test a little of the distilled liquid with a solution of
nitrate of silver. If hydrocyanic acid is present, a white pre-
cipitate of eyanide of silver is produced, which is soluble in
ammonia and in hot nitrie acid, but insoluble in the cold aeid.

845. The cyanide of silver should be collected upon a filter,
washed as long as the washings are acid, and dried at a gentle
heat. It is then to be subjected to the following tests:

846%, Place a very small fragment of iodine at the bottom
of a small tube closed at one end, and above it as much as can
be spared of the supposed cyanide of silver. Apply a very
gentle heat, by holding the tube at some distance above a
flame, when iodide of cyanogen will be formed, and will con-
dense on the cool part of the tube in very fine white needles.

AgCy+I,=AgI4-Cyl.
(If very little cyanide of silver be used, it is well to cover i
with a layer of carhonate of soda, to retain any excess of
iodine. ) :

847. File off that portion of the tube which contains the
sublimate, and warm it in a test tube, with a little dilute yellow
hydrosulphate of ammonia in which it will dissolve. Evaporate
the solution on the water-bath, and test the residue with per-
chloride of iron (841).

* For this excellent test we are indebted to MM, Henry and Humbert,

— =
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If a sufficient quantity of the cyanide of silver can be
obtained, another sublimate of iodide of cyanogen may be made : |
and tested by dissolving in potash and applying the Prussian .
blue test (840).

848. Boil a little of the eyanide of silver with yellow hydro-
sulphate of ammonia, filter, evaporate on a water-bath, and
apply Liebig’s test (841). A very small particle of cyanide of
silver may be tested in a watch-glass, by moistening with a.
drop of yellow sulphide of ammonium, evaporating on the:
water-bath, and testing with perchloride of iron.

849. Add to alittle of the distilled liquid in a test tube, first :
a little solution of potash; then a drop or two of a solution of !
protosulphate of iron, containing also a little persulphate:
(840); and lastly, a slight excess of dilute hydrochloric acid..
If the liquid contains hydrocyanic acid, a precipitate off
Prussian blue will be immediately produced ; or if ml{)j a small |
trace is present, a few hours may elapse before it becowmes:
apparent. '

850. Mix another portion of the distilled liquid with ai
few drops of yellow hydrosulphate of ammonia, evaporate the:
mixture to dryness on a water-bath, and test as in 841.

851. The evaporation to dryness in this experiment is neces--
sary, In order to expel the excess of hydrosulphate of ammonia ;;
which would otherwise form with the iron solution a black:
precipitate of sulphide, and thus obscure the appearance of the:
characteristic red colour.* During the evaporation the heatt
must be kept very moderate, lest any of the sulphocyanide off
ammonium that may be formed by the action of the hydrocyanies
acid on the hydrosulphate should be decomposed.

SECTION II.

Quantitative Determination of Hydrocyanic Aeid.

852. The quantity of hydrocyanic acid contained in amn
organic mixture may be ascertained with sufficient accuracyy
for most purposes by distilling the acid (842), and precipitat--
ing the distilled liquid by means of nitrate of silver. The pre--
cipitated cyanide of silver is washed and dried in a hot waterr
oven unfil it ceases to lose weight. From the weight of thee

* Which may still be rendered evident by filtering the liquid.
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eyanide thus obfained, that of the anhydrous hydrocyanic acid
(HCy) may be calculated as follows :

Ate. wt. Ate. wt. of Wt. of eyanide Wt. of hydrocyanic
of eyanide hydrocyanie of silver acid in the quantity
of silver. acid. obtained. of mixture employed.

154 : 27 e s : z

CHAPTER XIIL
OPIUM.

853. Of the several compounds contained in, and peculiar to
opium, two only, morphia (CyH,,NO;) and meconie acid (3HO,
C,,HO,,), are possessed of sufficiently characteristic properties
to enable us to identify them when mixed with other matters;
the tests for these substances, moreover, are not particularly
delicate, so that it is difficulf, and not unfrequently impossible,
to detect small traces of them. In cases of poisoning with opium
it is seldom that any traces of it can be found in the contents
of the stomach; so that the tissues of the stomach itself, the
infestines, and also any vomited matters, ought to be carefully
examined for the poison.

Detection of Opium in Organic Miztures, Tissues, §c.

854. If the substance to be examined is liquid or semi-fluid,
it should first be evaporated to dryness, or nearly so, on a
water-bath.  If solid, the suspected substance may be cut
into thin slices. The residue left after evaporation, or the
sliced solid matter, as the case may be, is then to be digested
for an hour or two, with the aid of a gentle heat, in a flask or
dish placed on a water-bath, with a small quantity of water
containing a little acetic acid. The mixture is filtered, and the
clear liquid, containing a slight excess of acetic acid, is treated
with a solution of acetate of lead (P40, C i H;0;) as long as any
precipitate is produced. The meconic acid, if’ present, is thus
thrown down in combination with oxide of lead, forming
meconate of lead (3Pb0O,C;,HOy); while the morphia remains
in solution in combination with acetic acid (acetate of morphia,
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together with any excess of acetate of lead that may have been
employed. The mixture is warmed (not boiled, since by boil-
ing some of the meconic acid might become decomposed) and,
when again cold, is filtered.

855. The clear solution may first be examined for morphia;
reserving the precipitate for subsequent examination.

856. A current of hydrosulphurie acid (sulphuretted hydro-
gen) is passed through the solution, until the latter smells dis-
tinetly of the gas, in order to decompose the excess of acetate
of lead. The precipitated sulphide of lead is separated by fil-
tration from the solution; which latter, after Eoiling, and if
necessary concentrated by evaporation, is to be examined for
morphia by means of the following tests :

857. Place a drop or two of fthe concentrated solution on
a strip of glass, and add a drop of ammonia. The morphia will
be precipitated in the form of minute needle-shaped crystals,
which may be examined under the microscope.

858. Mix a small quantity of the solution in a test-tube or
watch-glass, with enough solution of carbonate of soda to give
1t a decided alkaline reaction, and stir the mixture with a glass
rod, rubbing the sides of the vessel. A erystalline precipitate
of morphia will be deposited on standing, especially upon the
lines of friction. Should the carbonate of soda produce an
immediate flocculent precipitate (of the phosphate or carbonate
of lime, for example), this should be filtered off immediately,
before the solution is stirred with the glass rod, and should be
reserved for further examination,

§59. If any erystalline precipitate has been produced by the
carbonate of soda, it must be collected upon a small filter
(reserving the filtered liqguid) and washed with very small

uantities of cold water as long as the washings are decidedly
alkaline (these washings are to be mixed with the filtered
liquid). The filter is then carefully spread out upon a glass
plate, and a drop of solution of perchloride of iron placed, with
a glass rod, upon a part of the precipitate ; if morphia be present,
an indigo-blue colour will be proguced. Another particle of
the precipitate may be touched with a drop of strong nitrie
acid, which tinges morphia of an orange red colour.*

860. The solutiont in which carbonate of soda has not

* Concentrated sulphurie acid, to which 0:004 per eent. of nitric acid (NOs)
has been added, gives a violet purple colour when gently heated with morphia or
the hydrochlorate (Erdmann).

T If possible this solution should be set aside for some hours in order to allow
the morphia to erystallize out.
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caused any crystalline precipitate, or which has been filtered
from the precipitate, is now evaporated Lo dryness on a water-
bath, and heated with aleohol, which would dissolve the
morphia; on filtering the solution and evaporating to dryness
on the water-bath, the morphia will be left, and may be tested
as in 859. Y

861. The floceulent precipitate produced by carbonate of
soda (858) may be examined by washing i1t with a little hot
alcohol to disgsolve the morphia which may then be separated
by evaporation and tested as in 859.

862. The precipitate, supposed to contain meconate of lead
(854), is now to Ee mixed with water in a beaker glass; and
while suspended in the liquid, treated with a current of hydro-
sulphuric acid, the mixture being stirred occasionally. The
meconate of lead is thus decomposed; the black sulphide of
lead being precipitated, while the meconic acid, if present, re-
mains in solution. The mixture is filtered to separate the
sulphide of lead, and the clear liquid i1s gently warmed (not
boiled (854), ) in order to expel the excess of hydrosulphuric
acid; and, if necessary, concentrated by evaporation on a
water-bath. The meconic aeid, if present in sufficient quantity,
may then be detected by the following tests :

863. A solution of perchloride of iron gives the liquid, in case
meconic acid is present, a bright red colour, owing to the forma-
tion of meconate of iron. 'The colour closely resembles that
caused in solutions of iron by the auiqlmcganides, from which
it may be distinguished by not being decolorized by a solution
of bichloride of mercury (841). It is, however, destroyed by
boiling nitric acid, ehloride of tin, and the caustic alkalies.

864. Solutions of acetate of lead, chloride of barium, and
nitrate of silver, produce white precipitates of meconates, which
are all soluble in an excess of nitric acid.

CHAPTER XIV.

STRYCHNIA.

865. Strychnia (C,Hx»N,0O,) is the poisonous alkaloid eon-
tained in aux vomica and other plants of the sfryehnos tribe.
Although a very minute quantity of strychuia is sufficient to
cause death, the symptoms to which it gives rise are usually so
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well marked, and the tests by which it may be recognised are
so characteristic and delicate, that less difficulty is experienced
in deeiding upon the question of its administration than in the
case of most other vegetable poisons.

Detection of Strychnia in Organie Miztures, Tissues, §e.

$66. The matter under examination, which, if solid, should
be cut into shreds or slices, is digested, for about an hour,
in a dish placed upon a water-bath, with dilute hydrochloric
acid (1 part of the strong acid with 10 parts of water). The
solution is then rendered pretty clear by filtration through
muslin, or paper, m*apﬂrategl on a water-bath to as smalla bulk
as convenient, and rendered strongly alkaline by solution of
Ent&sh. The alkaline solution is poured into a narrow stoppered

ottle, and shaken with about an equal volume of ether for
several minutes ; on standing, the ether will rise to the surface,
holding the strychnine in solution. The ethereal layeris drawn
off with a small syphon or pipette, and evaporated to dryness
in a small capsule placed on the water-bath. Very minute par-
ticles of the solid residue may then be taken on the point of a
knife, and examined for strychnia by the following tests:

867. The extremely bitter taste of strychnia i1s perceptible
even when a very minute quantity is examined.

868. A particle of the suspected substance is placed upon a
piece of white poreelain, and beside it, but not touching it, a
drop of strong sulphuric acid is placed with a glass rod. A
trace of solution of chromate or bichromate of potash is intro-
duced, by a glass rod, into the drop of sulphuric acid, and the
particle supposed to contain strychnia is then pushed into it.
A fine violet blue colour should then be produced, which soon
changes into red.®

869. Another particle of the substance is moistened with
strong nitrie acid, and a very minute quantity of the peroxide
(brown oxide) of lead is added. Vicﬂet streaks should arise
from the particles of the peroxide, and should gradually per-
vade the liquid, ultimately changing to red.

870. If the resulis obfained by these tests should not be
satisfactory, in consequence of some fatty or other organic

— D

¥ Although the presence of any considerable proportion of morphia interferes
with the detection of stryvchnia, the separstion of the two alkaloids is so easily
effected by ether or benzole, which will readily dissolve strychnia, but scarcely
morphia, that there is no danger of strychnia being overleoked from this cause.
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matter having also been dissolved by the ether and left with the
strychnine on evaporation, theremainder of thesuspectedresidue
(866) in the capsule, should be moistened with strong sulphu-
ric acid, and heated for some time upon the water-bath, when
the extraneous organic matters will be earbonized, and the
strychnia converted into a sulphate. The carbonaceous mass
is treated with water, filtered, the clear solution mixed with a
slight excess of ammonia, and shaken with about one-sixth of
its volume of chloroform (for which ether may, in case of need,
be substituted).* When the chloroform, holding the strychnia
i solution, has fallen to the bottom of the liquid, the latter is
drawn off and the chloroform evaporated upon a water-bath,
when the strychnia will be left and may be identified by the
tests deseribed in 868, 869.

CHAPTER XV.
NICOTIA.

871. The poisonous oily alkaloid of tobaceo, nicotia, or nico-
tine (C,oH;N), has occasionally been employed with eriminal
intention, but it is much less likely to be met with than mor-
phia or strychnia, on account of its very powerful and charac-
teristic odour.

Detection of Nicolia in Organie Miztures.

872. This alkaloid may be extracted by a process similar to
that followed in the case of strychnia (866), viz., by digesting
the mixture with dilute hydrochlorie acid, liberating the alka-
loid by means of potash, and removing it from the aqueous
solution with ether. On allowing a few drops of the ethereal
solution to evaporate spontaneously, impure nicotia will be left
and may be recognised by its pungent odour recalling that of
tobacco. In order fo obtain the nicotia in a pure state, the
ethereal solution must be shaken with water mixed with about
one-fifth of sulphuric acid, which dissolves the nicotia in the

* Benzole, which is lighter than water, and less volatile as well as cheaper
than chloroform or ether, may also be employed for the extraction of strychuia,
though it is not so good a solvent for it as chloroform.
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form of sulphate. The ether is then poured off and the aqueous
solution of sulphate of nicotia is shaken with a little more
ether to remove any fatty matters which may be present. It
is then rendered alkaline by potash and again shaken with
ether, the ethereal layer containing the nicotia being afterwards
allowed to evaporate spontaneously, when oily drops of nicotia
are left and may be recognised by the smell, especially when
gently heated. If ammonia be present, it may be removed by
exposing the nicotia under an exhausted receiver containing a
dish of strong sulphuric acid.

CHAPTER XVI.

DETECTION OF PHOSPHORUS IN CASES OF
POISONING.,

873. The comparative frequency of accidental poisoning by
phosphorus matches in the hands of children, together with
the circumstance that a phosphorus poison for vermin is now
In very common use, render it necessary that the medical
chemist should be able to obtain evidence of its presence in
organic mixtures. If possible the vomited matters should be
especially examined, as they have been found to contain the
largest proportion of phosphorus.

874. If the substance to he examined has not been long
exposed to the air, it may still contain phosphorus in the free
state, but in most cases oxidation will have converted the
phosphorus into phosphorous acid (POj), or possibly even
into phosphoric acid (PO,). Since this last is a normal
constituent of the body and of the food, it would afford no
evidence of the administration of phosphorus, but fortu-
nately, unless after prolonged exposure, either phosphorous
acid or phosphorus itself can be detected whenever this element
has been taken into the system.

875. The organic matter should first be examined as to its
odour, that of phosphorus being very characteristie, and as to
its luminosity in the dark. It should also be carefully looked
over to ascertain if any solid particles of the phosphorized com-
position can be detected.

876. The suspected matter is then placed in a flask, and
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acidulated with dilute sulphuric acid, a little water being
also added if necessary. The flask is connected by means of a
cork with a bent glass tube passing through a wide tube
(having a perforated cork at eacﬁ end) through which a stream
of cold water can be kept trickling. On applying a moderate
heat to the flask, in a darkened room, the condensing vapours
should exhibit a phosphorescent appearance. The liquid which
distils over may possibly contain white finely divided phospho-
rus. If it be at all turbid it should be shaken, in a tall
vessel, with bisulphide of carbon, which will dissolve the
phosphorus and sink to the bottom. On allowing the bisul-
phide of carbon to evaporate spontaneously, it will leave the

hosphorus, often in a spontaneously inflammable condition,
Ef no free phosphorus has been detected, both the distilled
liquid and that remaining in the flask must be examined for
phosphorous acid by the following process :

877. The liquid to be tested having been acidulated with
sulphurie acid, is placed in a flask, together with a few frag-
ments of pure zine. A cork with a bent tube is then attached
so that the evolved hydrogen may be passed through a solution
of nitrate of silver. A strip of filter-paper moistened with nitrate
of silver may also be suspended some distance above the surface
of the liquid in the flask. Should any inconvenience be caused
by the frothing, a little alcohol may be poured upon the surface
of the liquid. If any phosphorous acid be present, phose
phuretted hydrogen (PHy) will be evolved, and will produce a
. dark precipitate in the solution of nitrate of silver, and a

mingled grev and yellow stain upon the filter paper, which will
become bright yellow when dipped into a little strong nitrie
acid. (Sulphuretted hydrogen would merely blacken the
nitrate of silver, and the stan would be dissolved by the acid
without turning yellow.) The dark ﬁ)reeipitate (phosphide of
silver, Ag,P) is collected upon a small filter, washed, dissolved
in a little hot nitric acid, and the solution evaporated to dry-
ness. On adding a little water, and a trace of ammonia upon
the end of a glass rod, the yellow precipitate of phosphate of
silver (3Ag0,P0O;) will be produced. The characteristic odour
of phosphuretted hydrogen should also be looked for in this

experiment.
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CHAPTER XVIL
DETECTION OF ALCOHOL IN ORGANIC MIXTURES.

878. In cases where alcohol (C,H;O,) in any form has been
taken shortly before death, it may generally be detected in the
contents of the stomach. The odour having been carefully
noticed, the organic matter, mixed with a little water if neces-
sary, should, if acid, be exactly neutralized with potash, and
distilled, by the heat of a water-bath, in a flask or retort con-
nected with a tube carefully cooled in order to condense the
vapours. When a sufficient quantity of the liquid has distilled
over, it may be examined for alecohol by the following fests :

879. Observe whether it has the smell and taste of alcohol.
Dip a glass rod into it and and see if it will burn.

880. Mix a small portion with dilute sulphuric or hydro-
chlorie acid, and add a drop of solution of bichromate of potash
(KO,2Cr0;).  On applying heat to the mixture, the presence
of alcohol would be indicated by the change of the orange
colour of chromic acid (CrO,) into the green of oxide of
chromium (Cr,0;), and by the odour of aldehyde (C,H,0,) at
the mouth of the tube.

881. The remainder of the aleoholic distillate may be placed
in a tube, and dry powdered carbonate of potash added to it,
in_small portions as long as it is dissolved. The water
will be thus taken up by the carbonate of potash, and the
aleohol will rise to the surface, and will now be found to be
inflammable, although it may have been too much diluted when
previously tried.

e - —

CHAPTER XVIIL

GENERAL SYSTEMATIC COURSE FOR THE DETECTION
OF POISONS IN ORGANIC MIXTURES.

882. Although it rarely happens that an organic mixture is
submitted to examination without some elue which enables the
chemist to limit the inquiry to a very few poisons, still such a
case should be provided for, and it is here proposed to give an
outline of a systematic course for the detection of the leading
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poisons, in three divisions, referring to cases where (1) the poi-
son is believed to be metallie, (2) it is believed to be an organic
poison, and (3) nothing whatever i1s known about it. Aleohol,
phosphorus, opium, and hydroeyanic acid will not be included
in this course, since they at once afford indications of their pre-
sence, and may be detected according to the directions already
given.

THE POISON IS BELIEVED TO BE METALLIC.

Eramination for Arsenie, dntimony, Merenry, Copper, Lead,
Zine, Barium, Silver, Bismuth.

883. The solid portions of the mixture having been as finely
divided as possible, with a sharp knife or scissors, the whole 1s
heated (for about an hour) in aporeelain dish placed upon a water-
bath, with a mixture of six measures of water and one of hydro-
chlorie acid,® to which chlorate of potash is added by degrees,
with constant stirring, until the solid has disintegrated, and
the liquid is sufficiently thin for filtration. 1t is then filtered,
the insoluble part is washed several times with water (the
washings being mixed with the filtrate), and is then set aside
for further examination (892).

884. The filtered liquid is evaporated, on a water-bath, to a
small bulk, and subjected to electrolysis as directed in 753,
After the passage of the current has been continued for about
an hour (during which the exit tube has been heated in order
to detect arsenic and antimony (753, 766), about half a drachm
of a strong solution of washed sulphurous acid is poured down
the funnel-tube ; the exit tube baving been first changed if any
deposit should have been formed in it.

885. After the current has passed for another half hour,
the electronegative platinum plate is removed from the decom-
posing cell, without suspending the current, and washed with
a little distilled water. The liquid in the cell is reserved for
subsequent examination (888).

886. The appearance of the deposit upon the electronegative
plate having been carefully observed, it is boiled with a little
dilute yellow hydrosalphate of ammonia, which will dissolve
the antimony, to be detected in the solution according to
763 ().

887. The plate is again well washed, and boiled with dilute

* Tf there be much liqiui{l, less water must be added so that the acid may form
about a sixth of the whole,
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nitric acid. The solution is hoiled down (in a test-tube) to a
very small bulk, and mixed with an excess of ammonia. The
presence of copper will be indicated by the blue colour. Hydro-
chloric acid is very carefully added till the solution is slightly
acid, and it is then largely diluted with water. A milkiness
will be produced if bismuth be present. The liquid is again
evaporated to a small bulk, rendered clear by adding a little
hydrochloric acid, and boiled with a strip of bright eopper, to
detect mercury (770, 771). In case any mercury should have
been left upon the platinum in the form of sulphide, the plate
may be again boiled with dilute nitric acid and a drop of hydro-
chloric acid (taking care not to dissolve much of the platinum).
The solution is boiled down to a small bulk, mixed with
excess of ammonia, then with hydrochlorie acid in excess, and
boiled with eopper.

888. The liquid which has been subjected to electrolysis (885)
is now evaporated, at a moderate heat, until the organic matter
is so far carbonized that a small portion, when diluted with water,
and filtered, yields a nearly colourless solution. The whole is
then mixed with a few drops of hydrochloric and nitrie acids,
heated to boiling, again diluted and filtered. The earbonaceous
residue is washed and reserved for further examination (891).

889. The filtrate and washings are saturated with sulphu-
retted hydrogen, boiled, again saturated with sulphuretted
hydrogen and set aside in a warm place, in a covered vessel, for
several hours. Any precipitate, except sulphur, which may have
been deposited is filtered off, washed, and examined for metals
according to the general method followed in qualitative
analysis.

890. The solution filtered from this precipitate is evaporated
to a small bulk, and mixed with an excess of ammonia. If this
should produce a precipitate (generally consisting of earthy
phosphates or peroxide of iron) it is filtered off, and the solu-
tion mixed with a little hydrosulphate of ammonia to precipi-
tate any zine as sulphide, which may be tested by the blow-
pipe (803¢).*

891. The carbonaceous residue from 888 is dried,T incine-

(e

* If this precipitate is very dark and impure, it must be dissolved in a mixture
of hydrochloric and nitric acids, the solution evaporated to dryness, the residue
heated till all organic matter is destroyed, and dissolved in nitric acid. The
solution is mixed with excess of ammonia, filtered, if necessary, and tested with
hydrosulphate of ammonia.

t A small charcoal fire will be found very convenient in these incinerations.
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rated, and examined together with the other incinerated residue
from 883.

892. The residue left undissolved by hydrochlorie acid and
chlorate of potash in 883 is dried and incinerated at a low
red heat. The ash is mixed with that obtained in 891, and
boiled with nifric acid diluted with two volumes of water, The
solution is filtered and examined for metals as usual in
qualitative analysis.

893. Any portion of ash left undissolved by the nitric acid
1s washed, dried, and, if still retaining any carbon, again incine-
rated. The 1esidue which might possibly contain barium (as
sulphate), silver (as chlmldc}, and llead (as sulphate), is fused
with three or four parts of carbonate of soda in a porcelain
crucible. The fused mass having been boiled with water, the
residue is washed till the washings leave nothing on evapora-
tion, and dissolved in hot dilute nitric acid. The nitrie solu-
tion is tested (1) for silver with hydrochlorie acid, which would

give a white precipitate, soluble in ammonia (2) for barium with
sul hate of Emn‘: (white pleeipitate*) and hydrofluosilicie acid
(wlute erystalline precipitate), (3) for lead with dilute sulphuric
acid (white granular precipitate), and hydrosulphuric acid
(purplish black precipitate).

THE POISON IS BELIEVED TO BE ORGANIC.

Ezamination for Owxalic Acid, Morphia, Strychnia, Nicotia, and
Conia,

893a. The organic mixture, of which the solid portions have
been as finely divided as possible, 1s digested in water acidn-
lated with hydrochloric acid, for an hour or two, in a dish
placed upon a water-bath. The solution is then filtered, first
through muslin, and afterwards through paper, and evaporated
upon the water-bath to a small bulk.

894. A small pmtian of this solution is fested for oxalic
acid by adding a little chloride of caleium, then ammonia in
excess, and hnallv, acetm acid in excess. If any white erystal-
line precipitate of oxalafe of lime be left undissolved by the
acetic acid, the larger portion of the solution must be examined
for oxalic acid according to Chapter XL,

* If this precipifate be collected on a filter, well washed, and heated on a
platinum wire moistened with hydrochlorie acid, in the inner blow- p}]m flame, it
will tinge the outer flame bright green.
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895. The remainder of the solution from 893« is rendered
pretty strongly alkaline by potash, and shaken with four or five
times its volume of ether.® After standing for some time, the
ethereal layer is poured off or drawn off with a small syphon or

ipette.

a }896. The ethereal solution is poured into a dish and allowed
to evaporate spontaneously. If either nicotia or conia be pre-
sent, 1t will be left in oily drops which will evolve the powerful
odour of the base when gently heated on the water-bath. If
any solid residue be left by the ether, it must be examined for
strychnia and morphia. For this purpose it is dissolved in a
very little dilute hydrochloric acid, filtered, if necessary, and
the solution rendered alkaline with carbonate of soda, briskly
stirred, and set aside for an hour or two. If any erystalline
precipitate is formed, it must be examined for strychnia and
morphia according to 868, 869, 859. The solution in which
carbonate of soda has failed to produce a precipitate, or which
has been filtered from the precipitate, 1s evaporated to dryness
on a water-bath, and the residue gently heated with absolute
aleohol. The alecoholic solution is evaporated to dryness, and
the residue tested for strychnia and morphia.

897. The aqueous layer separated in 895 is slightly acidi-
fied with hydrochloric acid, and evaporated to dryness on the
water-bath. The residue is heated with strong aleohol for
some fime. The aleoholic solution is filtered and evaporated
to dryness on the water-bath. The residue is redissolved in a
very little water, the solution briskly stirred with a slight excess
of carbonate of soda,t and the further examination conducted
precisely as in 8§96,

NOTHING I8 KNOWN OF THE NATURE OF THE
POISON.

898. In this case, the first part of the process must be con-
ducted on the supposition that the poison is organic (893«) ;
the residues left undissolved by alcohol in 896, 897, as well as so

much of the precipitate produced by carbonate of soda as is not

* Uslar and Erdmann have recommended amylic alcohol as a solvent for the
poisonous alkaloids, but the advantage with which its employment in certain
cases may be attended 18 in great measure counterbalanced by the very disagree-
able and injurious character of its vapour.

t If oxalic acid be present, it might go down in this precipitate as oxalate of
lime, The remainder of the oxalic acid will be found as oxalate of soda in the
residue left by absolute alcohol in extracting the morphia.
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consumed in testing for alkaloids, must be dissolved in hydro-
chlorie acid, mixed with the original organic matter left undis-
solved by the hydrochlorie acid (893«), and the examination for
metallic poisons proceeded with as in 883.

CHAPTER XIX.

SEPARATION OF POISONS FROM ORGANIC
MIXTURES BY DIALYSIS.

899. The important observation made by Mr. Graham, that
crystallizable bodies will pass in a state of solution through
membranous and other diaphragms which will not permit tﬁe
passage of the amorphous substances composing the bulk of
most organic mixtures, has been applied by him to the separa-
tion of poisons. As the process is very simple, easy of execu-
tion, and does not involve any operations which would interfere
with the subsequent application to the same mixture of any
other process for the separation of the poison, it will probably
come 1nto very general use in medico-legal investigations.

This process is, indeed, a refined filtration, and is applicable
instead of that operation, in all the steps of the separation of
poisons from organic mixtures, with this very great advantage,
that it removes not only substances mechanically
suspended in the liquid, as is the case with fil- ¢
tration, but also colouring matters, albuminous
substances, &c., which so imterfere with the ap-
plication of tests to the liquid obtained by filtra-
tion.

900. A circular piece of parchment-paper *
(see note to p.241)1s folded, as in preparinga filter,
into a cone, which should be at least twice as
large as is necessary to contain the mixture under —  _ -
examination. This cone is placed in the mouth SO R
of a cylindrical jar (Fig. 82), (a beaker or common tumbler),
filled nearly to the brim with distilled water, the volume of
which should be about eight times that of the organie mix-
ture.

901. The solid portion of the organic matter having been

- rmme —

* This should have been well soaked in distilled water, and dried before use.
19
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cut up, and, if it be thought necessary, a little water having:
been added to thin the mixture, it mag be poured at once upon 1
the cone of parchment-paper arranged as above directed. The:
whole may then be covered with a bell-glass, or placed in a\
secure cupboard, and left for as long a period as can be conve--
niently allowed to elapse, if possible, 1Iu;r at least forty-eight:
hours. The diffusate, as the liquid in the glass is termed, may -
then be evaporated to a small bulk and examined for the poison 1
by the appropriate methods, whilst the organic mixture re--
maining upon the cone or dialyser may be subjected to the:
ordinary processes for the separation of poisons from organie:
matier.

902. Of course, in cases where there is reason to suspeet the:
presence of hydroeyanic acid, aleohol, or phosphorus, it would |
not be prudent to subject the mixture to dialysis until at least:
a portion of it had been examined for those poisons.

903. If time could be spared, it would evidently be desirable:
to dialyse the organic mixture at first without any addition:
(except water), since not only would all question of impurity -
in the reagents be avoided, but a knowiedge of the state of the:
poison, whether soluble or not, would be thus gained, which.
might, in many cases, prove of great service. The mixture:
might then be dialysed a second time after digestion with the:
proper solvent, such as hydrochloric acid, or that acid with.
the addition of chlorate of potash.*

_ * The Editor has obtained most satisfactory results by this process in separat- -
ing arsenious acid, strychnine, morphine, opinm, and oxalic acid (as oxalate of [
lime). The arsenious acid was separated in some cases by simply dialysing ;
the organic mixture, in others by digesting with hydrochlorie acid and dialysing, |
and in others by first digesting with hydrochloric acid and chlorate of potash. .

=

In all cases the diffusate was colourless,
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WEIGHTS AND MEASURES.

Troy or Apothecaries’ Weight.

Pound. OQunces. Drachms.  Scruples. Grains.  French Grammes.

1 = 12 = 96 = 288 = §&E760 = 37296
1 = B = 24 = 480 = 3105
= = 60 = 3885
1 — 20 =— 1'295
| e — ﬂ"ﬂﬁ47
Avoirdupois Weight.
Pound. Duneces. Drachms. Grains. French Grammes,
1, = 16 = 286 = 7OO0O = 453:25
1 = e = 4375 = 28328
TE 4 i 27848 = 197
Imperial Measure.
Gallon. Pints.  Fluid Ounces., Fluid Drachms. Minims.
2 = 8 = 160 = 1280 = 76800
1 = 20 = 160 = 9600
1 = 8 == 480
1 — 60

Weight of Water at 62°, contained in the Imperial Gallon, de.

Grains.
1 Imperial Gallon - = 70000
1 . Pint : = 8750
1 = Fluid Ounce = 4375
1 5 Fluid Drachm == 547
1 e Minim = 0-91
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Cubic Tnches contained in the Imperial Gallon, de.
Cubic Inches,

1 TImperial Gallon = 277276
1 e Pint . ; = 34-659
1 = Fluid Ounce . — 1732
1 . Fluid Drachm = 02166
1 - Minim = 0:0036

FRENCH WEIGHTS AND MEASURES.

Measures of Length.
English Inches,
Millimetre = ‘03937
Centimetre = 39371
Decimetre = 3:93710
Metre == 39-37100  Mil. Fur. Yds. Feet. In.
Decametre = 39371000 = 0 0 10 2 9
Hecatometre —  8937-10000 = 0 0 109 1 1
Kilometre = 39371:00000 = 0 4 213 1 102
Myriometre — 393710°00000 = 6 1 156 0 6
Measures of Capacity.
English Imperial Measure.
Pl e Cubic Inches. Gal. Pints. F. oz. F.drms. Min.
ubic Centi y _ =3 3
Hpt e } 06102~ . 0 0 O O 168
Centilitre -— ‘61028 = 0O 0 0 2 43
Decilitre — 6-10280 = o 0 3 3 2
Litre == 61-02800 = g- 1 16 1 43
Decalitre == 610-28000 = g 1 18 1 16
Hecatolitre = 610280000 = 22 0 1 4 40
Kilolitre = 6102800000 = 220 O 12 6 24
Myriolitre = 610280-00000 = 2200 7 13 4 48
Measures of Weight.
English Grains.
Milligramme = 0154
Centigramme = 1543
Decigramme = 15432 Avoirdupois,
Gramme — 15°4323 Poun. Oun. Drm.
Decagramme == 154:3234 = O 0 565
Hecatogramme — 15432348 = 0 3 85
Kilogramme = 15452348 = 32 3 5
Myriogramme = 154323480 = 22 1 2
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Indigo extracted from urine -
Inosite : - :
.» detection of, in organic mutures
Iodide of potassium, detection of, in organic mntures
Iodine, detection of, in organic mixtures
5 i in the urine.

JUice of fesh

KIESTEIN
Kreatine : : :

2 detection of, in organic mixtures .
Kreatinine . ;

. determination of, in urine

Lacric acid

Lactine -
Lactometer .

Lead detected in nater
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203

291
26
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203

227

264

263
64

202
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202
227
203
12

188
198
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Lead detected in the tissues
»» search for, in organic mixtures

Lecithine . . :
Leucine
Liebig’s process f{)r estimatmg urea
Liguor sangninis . p
Liver, saccharine matter from
Lithate of ammonia .
25 lithia
5 potash
3 zoda
Lithie acid ’ ;
v detected in organic mixtures
= excess of, in the urine
MARGARINE x

Marsh’s test for arsenie
Maumené’s test for sugar
Meconic acid
Mercury, detection of, in or gamc rumtures
s electrolytic test for :
25 galvanic test for
o Lﬂﬁalgne s test for
" nitrate, preparation of
Microscopic examination of urinary ﬂepomts
Milk ;
,» adulteration of
23 L‘ﬂﬂtainiﬂf? hlﬁﬂd
2 ) pus
» detected in organic mnturea
»»  globules
» human, composition of
,» morbid .
» (quantitative analysis of

» sugar of y : :
valnation of
Milk\r blood 4

Millon’s test for albumen :
Mixed animal fluids, examination of
Moore’s test for sugar

Morbid blood g
,» bone :
5y milk

»y IMucus .,
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230

173
221
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Morbid urine, qualitative examination of
Morphia, detection of .
Mucus . 3 . -
, norbid :
» (uantitative analysis of

Nicorra, detection of, in organic mixtures

Nitrate of urea v .

Nitrie acid, detection of, in organic mixtures
» w4 in stﬂms on clothing

Nux vomica

OLEINE

Opium, detection of, in ::-rrramc mnturﬁ
Organic globules in urine

Osséine . :
Oxalate of lime Lalﬂﬂll : g
2 y» deposits .
,, of urea : : -
Oxalic acid, detection of, in organic mixtures
o quantitative determination of .
PALMITINE .

Paper-hangings, detection of arsenic in
Parchment paper .
Peptone . . .
Pettenkofer’s test for bile
Phosphate of ammonia and magnesia Ed.l-Ellll

A lime caleuli

»» crystals, in urine

P]msplmtes determination of, in urine

Phosphorie acid, general process for determining .
Phosphorous acid, detection of, in organic mixtures

Phosphorus . :

Pipette. - :

Poisons, detection of, in organic mnturt’:s, &e.
»»  separation of, by dml}sls

Protein e .
Prussic acid, detection of, in nrgnmc mixtur es
5 quantiti ttwe determination of .
i Scheele’s test for
’ sulphur test for " .
Purpurine . . .
Pus <
, Dblue .
,» in blood. :
» 10 milk ; . '
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INDEX,
Pus in urine
» (uantitative anal:-,fsls of

Pyin : -

Pyocyanine

REpUCTION test for arsenic : "
Reinsch’s test for antimony .

= i arsenic

SARCINE 3 : x
Sarcolactic acid ) . :
Sarcosine
-Scheele’s green

Semen ;

Serolin - :

Serum, composition of
SllvEr, detection of, in organie mmtures
Speeific gravity of urine taken -
Spermatozoa
Stains of blood u'ientlhed .
Starch-granules : -
&tearme
Strychnia, detec tion of, in s}rgamc mixtures
5 1dentification of
Sugar, Bottger’s test for :
»» detected in organic mixtures .
, diabetic
,» fermentation test for
,» 1n blood
5, in healthy urine
in urine, estimation of .
Maumené’s test for
Moore’s test for

L} ]

3

5  of flesh {1:1051!:&} : ;
;s of liver

. of milk :

»» »  determination of

. tests for ; 5

,» Trommer's test for
‘volnmetric determination of .

»
Sulphate of indigo, detection of, in organic mntures
Su'l_phurlc acid, detection of, in organic mixtures
5 in stains on clothing

S}rnt:min - - |
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302 INDEX,

System for analysis of animal substances
o detection of poisons

TAURINE

Tobaceo, deteatmn of

Torula

Triple-phosphate c: caleuli

. i deposits
Trommer’s test for sugar

Troy weight

Tyrosine in urine .
URATE of ammonia -

5 o caleuli

S . deposits

»» lime in ecaleuli

»» lithia

»  potash

ss  Soda . .

» »  in the blood

Urea

» detected in organic mixtures
» excess of, in urine

,» 1n the blood

» method of estimating

R o Davy’s
< o Lieconte’s
5 = Liebig’s
,» nitrate of
» Oxalate of
Urie acid -
i calenli of
& deposits ' -

2 detected in organic mixtures
3 excess of, in urine
: in the blood .
Uric oxide
Urina chyli .
»» potus
»  Sanguinis
Urinary caleuli
deposits, exmmmtmn of

et

a3

3

» - chyloug %,

microscopic examination ﬂi
Urme, albuminous, gquantitative analysis of

-
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35
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118
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Urine, colouring matter of ; ;
»» containing albumen .
e N alkapton
- o bile . .
o o blood : =
> e cystine ; :
& 5 fat . g : .
. s 1dine, &e.
o - oxalate of lime
- o pus
I ) semen
i i urate of soda
» determination of acidity of
5 diabetic . - .
o »  (uantitative analysis o
» healthy - .
3 i average composition of :
. = guantitative analysis of
»  Specific gravity of .
- Imorbid . : :
= s  qualitative examination of .
,» with excess of alkaline salts .
o o earthy phosphates .
~ s extractive matters
= s hippuric acid
5 i mucus .
= 5 urate of ammonia
3 * urea
» a3 urie acid
Urinometer
Uroglaucine .
Urohmmatin
Urostealith .
Uroxanthin

Urrhodin .. .

VEexovus blood, composition of
Vesical mucns : k !

WaTER, detection of lead in
Weights and measures .

R

XANTHIC oxide
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