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P O I S O N S :

T H E I R E F F E C T S A N D D E T E C T I O N .

PART I . -INTRODUCTORY.

I.—The Old Poison-Lore.

§ 1. IT is significant that the root "tox" of the modern word toxicology
can be traced back to a very ancient word meaning " how" or "arrow,"
or, in its broadest sense, some " tool" used for slaying: hence it is no
far-fetched supposition that the first poison-knowledge was that of the
septic poisons. Perchance the savage found that weapons soiled with
the blood of former victims made wounds fatal; from this observation
the next step naturally would be that of experiment—the arrow or
spear would be steeped in all manner of offensive pastes, and smeared
with the vegetable juices of those plants which were deemed noxious;
and as the effects were mysterious, they would be ascribed to the
supernatural powers, and covered with a veil of superstition.

The history of the poison-leh7*e, like all history, begins in the region
of the myths: there was a dark saga prevailing in Greece, that in the
far north existed a land ruled by sorcerers—all children of the sun—
and named Aeetes, Perses, Hecate, Medea, and Circe. Later on, the
enchanted land was localised at Colchis, and Aeetes and Perses were
said to be brothers. Hecate was the daughter of Perses; she was
married to Aeetes, and their daughters were Medea and Circe. Hecate
was the discoverer of poisonous herbs, and learned in remedies both evil
and good. Her knowledge passed to Medea, who narcotised the dragon,
the guardian of the golden fleece, and incited Jason to great undertakings.

In the expedition of the Argonauts, the poets loved to describe
Hecate's garden, with its lofty walls. Thrice-folding doors of ebony
barred the entrance, which was guarded by terrible forms: only the
initiated few, only they who bore the leavened rod of expiation, and the
concealed conciliatory offering of the Medea, could enter into the
sanctuary. Towering above all was the temple of the dread Hecate,
whose priestesses offered to the gods ghastly sacrifices.

I



2 POISONS: THEIR EFFECTS A.ND DETECTION. [§ 2, 3.

§ % The oldest Egyptian king, Menes, and Attalus Phylometer, the
last king of Pergamus, were both famous for their knowledge of plants.
Attains Phylometer was acquainted with hyoscyamus, aconite, conium,
veratrum, and others; he experimented on the preparation of poisons,
and occupied himself in compounding medicines. Mithradetes Eupator
stood yet higher : the receipt for the famous theriaca, prepared in later
years at an enormous price, and composed of fifty-four different ingredi-
ents, is ascribed to him. The wonderful skill shown by the Egyptians
in embalming and technical works is sufficient to render it fairly certain
that their chemical knowledge was considerable; and the frequent opera-
tions of one caste upon the dead must have laid the foundations of a
pathological and anatomical culture, of which only traces remain.

The Egyptians knew prussic acid as extracted in a dilute state from
certain plants, among the chief of which was certainly the peach; on a
papyrus preserved at the Louvre, M. Duteil read, "Pronounce not the
name of I. A. 0. under the penalty of the peach !" in which dark threat,
without doubt, lurks the meaning that those who revealed the religious
mysteries of the priests were put to death by waters distilled from the
peach. That the priests actually distilled the peach-leaves has been
doubted by those who consider the ait of distillation a modern inven-
tion ; hut this process was well known to adepts of the third and fourth
centuries, and there is no inherent improbability in the supposition that
the Egyptians practised it."*

§ 3. From the Egyptians the knowledge of the deadly drink appears
to have passed to the Romans. At the trial of Antipater,f Terns brought
a potion derived from Egypt, which had been intended to destroy Herod j
this was essayed on a criminal, he died at once. In the reign of Tiberius,
a Roman knight, accused of high treason, swallowed a poison, and fell
dead at the feet of the senators: in both cases the rapidity of action
appears to point to prussic acid.

The use of poison by the G-reeks, as a means of capital punishment,
without doubt favoured suicide by the same means; the easy, painless
death of the state prisoner would be often preferred to the sword by one
tired of life. The ancients looked indeed upon suicide, in certain in-
stances, as something noble, and it was occasionally formally sanctioned.
Thus, Valerius Ma,ximus tells us that he saw a woman of quality 3 in the
island of Ceos, who, having lived happily for ninety years, obtained
leave to take a poisonous draught, lest, by living longer, she should
happen to have a change in her good fortune ; and, curiously enough,

* 2osenms of Alexandria gives a drawing of a still which he states is copied from
the ancient temple of Memphis in Egypt. Analyst, xxx. 295, 1905, and Hoeffer,
JSistoire de Ohemie, vol. i. p. 262.

t Jos., Ant., b. xvii. c. 5.



§ 3-] THE OLD POISON-LORE. 3

this sanctioning of self-destruction seems to have been copied in Europe.
Mead relates that the people of Marseilles of old had a poison, kept by
the public authorities, in which cicuta was an ingredient: a dose was
allowed to any one who could show why he should desire death. What-
ever use or abuse might be made of a few violent poisons, Greek and
Eoman knowledge of poisons, their effects and methods of detection,
was stationary, primitive, and incomplete.

Nicander .of Colophon (204-138 B.C.) wrote two treatises, the most
ancient works on this subject extant, the one describing the effects of
snake venom; the other, the properties of opium, henbane, certain
fungi, colchicum, aconite, and conium. He divided poisons into those
which kill quickly, and those which act slowly. As antidotes, those
medicines are recommended which excite vomiting—e.g., lukewarm oil,
warm water, mallow, linseed tea, etc.

Apollodorus lived at the commencement of the third century B.C. :
he wrote a work on poisonous animals, and one on deleterious medicines ;
these works of Apollodorus were the sources from which Pliny, Heraclitus,
and several of the later writers derived most of their knowledge of poisons.

JDioscorides (40-90 A.D.) well detailed the effects of cantharides, sul-
phate of copper, mercury, lead, and arsenic. By arsenic he would
appear sometimes to mean the sulphides, sometimes the white oxide.
Dioscorides divided poisons, according to their origin, into three classes,
viz.:—

1. Animal Poisons.—Under this head were classed cantharides and
allied beetles, toads, salamanders, poisonous snakes, a particular variety
of honey, and the blood of the ox, probably the latter in a putrid state.
He also speaks of the "sea-hare" The sea-hare was considered by the
ancients very poisonous, and Domitian is said to have murdered Titus
with it. It is supposed by naturalists to have been one of the genus
Aplysia, among the gasteropods. Both Pliny and Dioscorides depict the
animal as something very formidable: it was not to be looked at, far
less touched. The aplysise exhale a very nauseous and foetid odour
when they are approached : the best known of the species resembles,
when in a state of repose, a mass of unformed flesh; when in motion, it
is like a common slag; its colour is reddish-brown; it has four horns
on its head; and the eyes, which are very small, are situated between
the two hinder ones. This aplysia has an ink reservoir, like the sepia,
and ejects it in orclsr to escape from its enemies; it inhabits the muddy
bottom of the water, and lives on small crabs, inolhisca, etc.

2. Poisons from Plants.—Dioscorides enumerates opium, black
and -white hyoscyamus (especially recognising the activity of the seeds),
mandragora, which was probably a mixture of various solanacese,. conium
(used to poison the condemned by the people of Athens and the dwellers



4 POISONS : THEIR EFFECTS AND DETECTION. [§ 4.

of ancient Massilia), elaterin, and the juices of species of euphorbia and
apocyneae. He also makes a special mention of aconite, the name of
which is derived from AJcon, a small city in Heraclea. The Greeks were
well aware of the deadly nature of aconite, and gave to it a mythical
origin, from the foam of the dog Cerberus. Colchicum was also known
to Dioscorides; its first use was ascribed to Medea. Veratrum album
and nigrum were famous medicines of the Romans, and a constituent of
their urat and mice powders"; they were also used as insecticides.
According to Pliny, the Gauls dipped their arrows in a preparation of
veratrum.* Daphne mezereon, called by the Romans also smilax and
taxusj appears to have been used by Cativolcus, the king of the Eburones,
for the purpose of suicide; or possibly by " taxus" the yew-tree is
meant, t

The poisonous properties of certain fungi were also known. Nicander
calls the venomous mushrooms the " evil fermentation of the earth," and
prescribes the identical antidotes which we would perhaps give at the
present time—viz., vinegar and alkaline carbonates.

3. Mineral Poisons.—Arsenic has been already alluded to. The
ancients used it as a caustic and depilatory. Copper was known as
sulphate and oxide; mercury only as cinnabar: lead oxides were used,
and milk and olive-oil prescribed as an antidote for their poisonous
properties. The poison-lehre for many ages was considered as something
forbidden. Galen, in his treatise "On Antidotes," remarks that the
only authors who dared to treat of poisons were Orpheus, Theologus
Morus, Mendesius the younger, Heliodorus of Athens, Aratus, and a
few others; but none of these treatises have come down to us. From
the close similarity of the amount of information in the treatises of
Nicander, Dioscorides, Pliny, Galen, and Paulus iEgineta, it is probable
that all were derived from a common source.

§ 4. If we turn our attention to early Asiatic history, a very cursory
glance at the sacred writings of the East will prove how soon the art of
poisoning, especially in India, was used for the purpose of suicide, revenge,
or robbery.

The ancient practice of the Hindoo widow—self-immolation on the
burning pile of her husband—is ascribed to the necessity which the
Brahmins were under of putting a stop to the crime of domestic poison-
ing. Every little conjugal quarrel was liable to be settled by this form
of secret assassination, but such a law, as might be expected, checked
the practice.

Poison was not used to remove human beings alone, for there has
been from time immemorial in India much cattle-poisoning. In the
Institutes of Menu, it is ordained that when cattle die the herdsman

* Pliny, xxv. 5. f De Bello Gallico, vi. 31.



§ 5-] T H E OLD POISON-LORE. 5

shall carry to his master their ears, their hides, their tails, the skin
below their navels, their tendons, and the liquor oozing from their
foreheads. Without doubt these regulations were directed against
cattle-poisoners.

The poisons known to the Asiatics were arsenic, aconite, opium, and
various solanaceous plants. There has been a myth floating through
the ages that a poison exists which will slay a long time after its intro-
duction. All modern authors have treated the matter as an exaggerated
legend, but, for my own part, I see no reason why it should not, in
reality, be founded on fact. There is little doubt that the Asiatic
poisoners were well acquainted with the infectious qualities of certain
fevers and malignant diseases. Now, these very malignant diseases
answer precisely to the description of a poison which has no immediate
effects. Plant smallpox in the body of a man, and for a whole fortnight
he walks about, well and hearty. Clothe a person with a garment
soaked in typhus, and the same thing occurs—for many days there will
be no sign of failure. Again, the gipsies, speaking a tongue which is
essentially a deformed prakrit, and therefore Indian in origin, have long
possessed a knowledge of the properties of the curious "mucor
phy corny ces." This was considered an alga by Agaron, but Berkeley
referred it to the fungi. The gipsies are said to have administered the
spores of this fungi in warm water. In this way they rapidly attach
themselves to the mucous membrane of the throat, all the symptoms of
a phthisis follow, and death takes place in from two to three weeks.
Mr. Berkeley informed me that he has seen specimens growing on broth
which had been rejected from the stomach, and that it develops in
enormous quantities on oil-casks and walls impregnated with grease.
The filaments are long, from 12 to 18 inches, and it is capable of very
rapid development.

There is also a modern poison, which, in certain doses, dooms the
unfortunate individual to a terrible malady, simulating, to a considerable
extent, natural disease—that is phosphorus. This poison was, however,
unknown until some time in the eleventh century, when Alchid Becher,
blindly experimenting on the distillation of urine and carbon, obtained
his " escarboucle" and passed away without knowing the importance of
his discovery, which, like so many others, had to be rediscovered at a
later period.

§ 5. The Hebrews were acquainted with certain poisons, the exact
nature of which is not quite clear. The words "roscfi" and "chema"
seem to be used occasionally as a generic term for poison, and sometimes
to mean a specific thing; "rosch" especially, is used to signify some
poisonous parasitic plant. They knew yellow arsenic under the name of
" sam," aconite under the name of " boschka," and possibly " son " means
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ergot.* In the later period of their history, when they were dispersed
through various nations, they would naturally acquire the knowledge of
those nations, without losing their own.

§6. The part that poison has played in history is considerable.
The pharmaceutical knowledge of the ancients is more graphically and
terribly shown in the deaths of Socrates, Demosthenes, Hannibal, and
Cleopatra, than in the pages of the older writers on poisons.

In the reign of Artaxerxes II. (Meninon), (B.O. 405-359), Phrysa
poisoned the queen Statira by cutting food with a knife poisoned on one
side only. Although this has been treated as an idle tale, yet two
poisons, aconite and arsenic, were at least well known; either of these
could have been in the way mentioned introduced in sufficient quantity
into food to destroy life.

In the early part of the Christian era professional poisoners arose,
and for a long time exercised their trade with impunity.! Poisoning
was so much in use as a political engine that Agrippina (A.D. 26)
refused to eat of: some apples offered to her at table by her father-in-
law, Tiberias.

It was at this time that the infamous Locusta nourished. She is said
to have supplied, with suitable directions, the poison by which Agrippina
got rid of Claudius; and the same woman was the principal agent in the
preparation of the poison that was administered to Britannicus, by order
of his brother Nero. The details of this interesting case have been
recorded with some minuteness.

It was the custom of the Romans to drink hot water, a draught
nauseous enough to us, but, from fashion or habit, considered by them a
luxury; and, as no two men's tastes are alike, great skill was shown by
the slaves in bringing the water to exactly that degree of heat which
their respective masters found agreeable.]:

The children of the Imperial house, with others of the great Roman
families, sat at the banquets at a smaller side table, while their parents
reclined at the larger. A slave brings hot water to Britannicus ; it is too
hot; Britannicus refuses it. The slave adds cold water; and it is this
cold water that is supposed to have been poisoned; in any case,
Britannicus had no sooner drunk of it than he lost voice and respiration.
Agrippina, his mother, was struck with terror, as well as Octavia, his
sister. Nero, the author of the crime, looks coldly on, saying that such
fits often happened to him in infancy without evil result ; and after a
few moments' silence the banquet goes on as before. If this were not

* R. J. Wunderbar, Bibliscli-tcilmudisclie Medidti. Leipzig, 1850-60.
t Tacitus, lib. xii., xiii. Mentioned also by Juvenal and Suetonius.
t The death of Arms (A.D. 325) is ascribed by Gibbon either to a miracle or to

poison—" Ms bowels suddenly burst out in a privy."
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sudden death from heart or brain disease, the poison must have been
either a cyanide or prussic acid.

In those times no autopsy was possible : although the Alexandrian
school, some 300 years before Christ, had dissected both the living and
the dead, the work of Herophilus and Erasistratus had not been pursued,
and the great Roman and Greek writers knew only the rudiments of
human anatomy, while as to pathological changes and their true inter-
pretation, their knowledge may be said to have been absolutely nil. It
was not, indeed, until the fifteenth century that the Popes, silencing
ancient scruples, authorised dissections; and it was not until the
sixteenth century that Vesalius, the first worthy of being considered a
great anatomist, arose. In default of pathological' knowledge, the
ancients attached great importance to mere outward marks and discolora-
tions. They noted with special attention spots and lividity, and supposed
that poisons singled out the heart for some quite peculiar action, altering
its substance in such a manner that it resisted the action of the funeral
pyre, and remained unconsumed. It may, then, fairly be presumed that
many people must have died from poison without suspicion, and still
more from the sudden effects of latent disease, ascribed wrongfully to
poison. For example, the death of Alexander was generally at that time
ascribed to poison; but Littre has fairly proved that the great emperor,
debilitated by his drinking habits, caught a malarious fever in the
marshes around Babylon, and died after eleven days' illness. If, added
to sudden death, the body, from any cause, entered into rapid putrefac-
tion, such signs were considered by the people absolutely conclusive of
poisoning: this belief, indeed, prevailed tip to the middle of the
seventeenth century, and lingers still among the uneducated at the
present day. Thus, when Britannicus died, an extraordinary lividity
spread over the face of the corpse, which they attempted to conceal by
painting the face. When Pope Alexander VI. died, probably enough
from poison, his body (according to Guicciardini) became a frightful
spectacle—it was livid, bloated, and deformed; the gorged tongue
entirely filled the mouth; from the nose flowed putrid pus, and the
stench was horrible in the extreme.

All these effects of decomposition, we know, are apt to arise in coarse,
obese bodies, and accompany both natural and unnatural deaths; indeed,
if we look strictly at the matter, putting on one side the preservative
effects of certain metallic poisons, it may be laid down that generally the
corpses of those dying from poison are less apt to decompose rapidly than
those dying from disease—this for the simple reason that a majority of
diseases cause changes in the fluids and tissues, which render putrefactive
changes more active, while, as a rule, those who take poison are suddenly
killed, with their fluids and tissues fairly healthy.
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When the Duke of Burgundy desired to raise a report that John,
Dauphin of France, was poisoned (1457), he described the imaginary
event as follows :—

" One evening our most redoubtable lord and nephew fell so grievously
sick that he died forthwith. His lips, tongue, and face were swollen;
his eyes started out of his head. It was a horrible sight to see—for so
look people that are poisoned."

The favourite powder of the professional poisoner, arsenic, was known
to crowned heads in the fourteenth century, and there has come down
to us a carious document, drawn out by Charles le Mauvais, King of
Navarre. It is a commission of murder, given to a certain "Woudreton,
to poison Charles VI., the Duke of Yalois, brother of the king, and his
uncles, the Dukes of Berry, Burgundy, and Bourbon:—

" Go thou to Paris; thou canst do great service if thou wilt: do what
I tell thee ; I will reward thee well. Thou shalt do thus : There is a
thing which is called sublimed arsenic; if a man eat a bit the size of a
pea he will never survive. Thou wilt find it in Panipeluna, Bordeaux,
Bayonne, and in all the good towns through which thou wilt pass, at
the apothecaries' shops. Take it and powder it ; and when thou shalt
be in the house of the king, of the Count de Valois, his brother, the
Dukes of Berry, Burgundy, and Bourbon, draw near, and betake thyself
to the kitchen, to the larder, to the cellar, or any other place where thy
point can be best gained, and put the powder in the soups, meats, or
wines, provided that thou canst do it secretly. Otherwise, do it not."
Woudreton was detected, and executed in 1384.*

A chapter might be written entitled " royal poisoners."! King
Charles IX. even figures as an experimentalist.! An unfortunate cook
has stolen two silver spoons, and, since there was a question whether
" Bezoar" was an antidote or not, the king administers to the cook a
lethal dose of corrosive sublimate, and follows it up with the antidote;
but the man dies in seven hours, although Pare also gives him oil.
Truly a, grim business !

The subtle method of removing troublesome subjects has been more
often practised on the Continent than in England, yet the English throne
in olden time is not quite free from this stain.§ The use of poison is

* Tresor de Chartes. Charles de Navarre. P. Mortonval, vol. ii. p. 384.
t Napoleon Bonaparte poisoned at Jaffa (1799) those of his soldiers who had

plague and were too ill to be moved.—Memoirs of Napoleon Bonaparte, by F. de
Bourrienne.

X OEuvres de Par% 2nd ed., liv. xx. Des Venines, chap. xliv. p. 507.
§ For example, King John is believed to have poisoned Maud Fitzwalter by c' a

poisoned egg."
"In the reign of King John, the White Tower received one of the first and

fairest of a long line of female victims in. that Maud Fitzwalter who was known to
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% ̂  o
wholly opposed to the Anglo-Saxon method % thcmgkt. To what anger>''"<'»•
the people were wrought on detecting poisoneifsus $fen iuj0B̂ ftô S"̂ b, *
in 1542, a young woman was boiled alive in Smithfield Tor poisoning
three households."*

§ 7. Two great criminal schools arose from the fifteenth to the
seventeenth centuries in Venice and Italy. The Venetian poisoners are
of earlier date than the Italian, and flourished chiefly in the fifteenth
century. Here we have the strange spectacle, not of the depravity of
individuals, hut of the government of the State formally recognising
secret assassination by poison, and proposals to remove this or that
prince, duke, or emperor, as a routine part of their deliberations. Still
more curious and unique, the dark cornmunings of "the council of ten"
were recorded in writing, and the number of those who voted for and
who voted against the proposed crime, the reason for the assassination,
and the sum to be paid, still exist in shameless black and white. Those
who desire to study this branch of secret history may be referred to a
small work by Carl Hoff, which gives a brief account of what is known
of the proceedings of the council. One example will here suffice. On
the 15th of December 1513 a Franciscan brother, John of Eagubo,
offered a selection of poisons, and declared himself ready to remove any
objectionable person out of the way. For the first successful case he
required a pension of 1500 ducats yearly, which was to be increased on
the execution of future services. The presidents, Girolando Duoda and
Pietro G-uiarina, placed the matter "before the " ten" on the 4th of
January 1514, and on a division (10 against 5) it was resolved to accept
the singers of her time as Maud the Fair. The father of this beautiful girl was
Eobert, Lord Mtzwalter, of Castle Baynard, on the Thames, one of John's greatest
barons. Yet the king, during a fit of violence with the queen, fell madly in love
•with this young girl. As neither the lady herself nor her powerful sire would listen
to his disgraceful suit, the king is said to have seized her by force at Dunrnow, and
brought her to the Tower. Fitzwalter raised an outcry, on which the king sent
troops into Castle Baynard and Ms other houses ; and when the baron protested
against these wrongs, his master banished him from the realm. Fitzwalter fled to
Trance with Iris wife and his other children, leaving his daughter Maud in the
Tower, where she suffered a, daily insult in the king's unlawful suit. On her proud
and scornful answer to his passion "being heard, John carried her up to the roof, and
locked her in the round turret, standing on the north-east angle of the keep.
Maud's cage was the highest, chilliest den in the Tower; but neither cold, nor
solitude, nor hunger could break her strength. In the rage of Ms disappointed
love, the king sent one of his minions to her room with a poisoned eggt of which the
brave girl ate and died."—Her Majesty's Tower, by Hepworth Dixon. Lond., 1869 ;
i. p. 46.

* "This yeare, the 17th of March, was boyled in Smithfield one Margaret Davie,
a mayden, which had ponysoned 3 householdes that she dwelled in. One being her
mistress, 'which dyed of the same, and one Darington and his wyfe, which she also
dwelled with in Coleman Street, which dyed of the same, and also one Tinleys,
which dyed also of the same."—Wriotherley's Chronicle, A.D. 1542.
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so patriotic an offer, and to experiment first on the Emperor Maximilian.
The bond laid before the " ten " contained a regular tariff—for the great
Sultan 500 ducats, for the King of Spain 150 ducats, but the journey
and other expenses were in each case to be defrayed; the Duke of Milan
was rated at 60, the Marquis of Mantua at 50, the Pope could be removed
at 1O0 ducats. The curious offer thus concludes :—" The farther the
journey, the more eminent the man, the more it is necessary to reward
the toil and hardships undertaken, and the heavier must be the pay-
ment." The council appear to have quietly arranged thus to take away
the lives of many public men, bat their efforts were only in a few cases
successful. When the deed was done, it was registered by a single
marginal note, "faetum."

What drugs the Yenetian poisoners used is uncertain. The Italians
became notorious in the sixteenth and seventeenth centuries for their
knowledge of poisons, partly from the deeds of TofFana and others, and
partly from the works of J. Baptista Porta, who wrote a very comprehen-
sive treatise, under the title of Natural Magic* and managed to slide
into the text, in the sections on cooking (De He Coquinaria, lib. xiv.), a
mass of knowledge as to the preparation of poisons. There are prescrip-
tions that little accord with the title, unless indeed the trades of cook
and poisoner were the same. He gives a method of drugging wine with
belladonna root, for the purpose of making the loaded guest loathe drink;
he also gives a list of solanaceous plants, and makes special mention of
mix vomica, aconite, veratrum, and mezereon. Again, in the section (D&
AncwpiOi lib. xv.) he gives a recipe for a very strong poison which he calls
" venenum lujpinum v; it is to be made of the powdered leaves of Aconi-
tum lycodonum, Taxus baccata, powdered glass, caustic lime, sulphide
of arsenic, and bitter almonds, the whole to be mixed with honey, and
made into pills the size of a hazel-nut.

In the section Be Meditis Experimentis he gives a process to poison
a sleeping person: the recipe is curious, and would certainly not have
the intended effect. A mixture of hemlock juice, bruised datura,
stramonium, belladonna, and opium is placed in a leaden box with a
perfectly fitting cover, and fermented for several days ; ib is then opened
under the nose of the sleeper. Possibly Porta had experimented on
small animals, and had found that such matters, when fermented, exhaled
enough carbonic acid gas to kill them, and imagined, therefore, that the
same thing would happen if applied to the human subject. However
this may be, the account which Porta gives of the effects of the solana-
ceous plants, and the general tone of the work, amply prove that he
was no theorist, but had studied practically the actions of poisons.

J. Eapt. Poita, "born 1537, died 1615. Neapoliiani Magics Ncdwralis. INeapoli,
1589.
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The iniquitous Toftana (or Tophana) made solutions of arsenious acid
of varying strength, and sold these solutions in phials under the name of
" Acquetta di Napoli" for many years. She is supposed to have poisoned
more than 600 persons, among whom were two Popes—viz., Pius III.
and Clement XIY. The composition of the Naples water was long a
profound secret, but it is said to have been known by the reigning Pope
and by the Emperor Charles YI. The latter told the secret to Dr
Grarelli, his physician, who, again, imparted the knowledge to the famous
ft^riedrich Hoffman in a letter still extant. TofTana was brought to justice
in 1709, but, availing herself of the immunity afforded by convents,
escaped punishment, and continued to sell her wares for twenty years
afterwards. When Kepfer * was in Italy he found her in a prison at
Naples, and many people visited her, as a sort of lion (1730). "With
the Acqioa Toffana, the " Acquetta, di Peru<jian played at the same
time its part. It is said to have "been prepared by killing a hog, dis-
jointing the same, strewing the pieces with white arsenic, which was
well rubbed in, and then collecting the juice which dropped from
the meat; this juice was considered far more poisonous than an
ordinary solution of arsenic. The researches of Selmi on compounds
containing arsenic, produced when animal bodies decampose in arsenical
fluids, lend reason and support to this view; and probably the juice
would not only be very poisonous, "but act in a different manner,
and exhibit symptoms different from those of ordinary arsenical
poisoning. Toffana had disciples; she taught the art to Hieronyma
Spara, who formed an association of young married women during
the popedom of Alexander VII.; these were detected on their own
confession.!

Contemporaneously with Toffana, another Italian, Exili or Egide or
Gilles, attached to the service of Queen Christiana of Sweden, devoted
himself to similar crimes. He made the acquaintance of M. de St.
Croix or Godin, a captain of horse in the Tracy regiment, when both
were imprisoned in the Bastille. It is popularly supposed that lie it
was who instructed St. Croix in the use of poisons, and St. Croix, in his
turn, imparted the secret to his partner Madame (or Marchioness) de
Brinvillieis, a little woman with very soft blue eyes, and said to "be of
marvellous beauty. Frantz Funck Brentano % denies this account, saying
that the true version is that St. Croix and Madame de Brinvilliers got
their knowledge from Christopher Glaser, a Swiss chemist, author of
a treatise on chemistry, and discoverer of potassium sulphate. The

* Kepfer's Travels, Lond. ,1758.
i' Le Bret's MagasMi zu Gfebrcciiche der JStaat it. Kirc7wi-Gesc7ricMc, Theil 4.

Frankfort and Leipzig, 1774.
t Pri?ice$ and Poisoners: Studies of the Omort of Louis XIV.
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lovers, at all events, wrote of their poisons as " G-laser's recipes," the
chief ingredient of -which, was without doubt arsenic.

Madame de Brinvilliers poisoned her father, her brothers, and other
members of her family; she is also said to have experimented on the
patients at the Hotel Dieu, in order to test the strength of the ponders
prepared for her by St. Croix. These powders were afterwards called
" Les poudres de succession/' from a joking remark made by Madame
in her cups. St. Croix robbed the executioner by dying a natural death,
and Madame de Brinvilliers, after a sensational trial, at the end of which
the first president wept bitterly aad all the judges shed tears, was
sentenced to torture * and death. The tale that St. Croix was suffocated
through the breaking of a glass mask while he was preparing some
poisonous substances, and that Madame de Brinvilliers was courted and
arrested by a police officer disguised as an abbe, according to Funck
Brentano, has no foundation in fact.f

The numerous attempts of the Italian and Venetian poisoners on the
lives of monarchs and eminent persons cast for a long time a cloud over
regal domestic peace. Bullets and daggers were not feared, but in their
place the dish of meat, the savoury pasty ̂  and the red wine were re-
garded as possible carriers of death. No better example of this dread
can be found than, at so late a period as the reign of Henry YIII.,t the
extraordinary precaution thought necessary for preserving the infant
Prince of Wales.

* The Marchioness was imprisoned in the Conciergerie and tortured. Victor
Hugo, describing the rack in that prison, says, "The Marchioness de Brinvilliers
was stretched upon it stark naked, fastened down, so to speak, quartered "by four
chains attached to the four limbs, and there suffered the frightful extraordinary
torture by water," which caused her to ask, " How are you going to contrive to put
that great barrel of water in this little body ? "—Things seen by Victor Hugo, vol. i.

The water torture was this :—a huge funnel-like vessel was fitted on to the neck,
the edge of the funnel coming up to the eyes; on now pouring water into the
funnel so that the fluid rises ahove the nose and mouth, the poor wretch is hound to
swallow the fluid or die of suffocation ; if indeed the sufferer resolve to be choked,
in the first few moments of unconsciousness the fluid is swallowed automatically,
and air again admitted to the lungs; it is therefore obvious that in this way pro-
digious quantities of fluid might be taken.

t For the court of poisoners (chambre ctrdente) and the histories of St. Croix, De
Brinvilliers, the priest Le Sage, the women La Voisin, and La Vigoureux, the reader
may be referred to Voltaire's Sibcle de Louis XIV., Madame de Sevigne's Lettres,
Martiniere's Hist, de Id Rkjne de Louis XIV., Strutzel, Be Venenis, etc.

t Henry VIII., at one time of his life, was (or pretended to be) apprehensive of
being poisoned; it was, indeed, a common belief of his court that Anne Bolevn
attempted to dose him. ' * The king, in an interview with the young Prince Henry,
burst into tears, saying that he and his sister (meaning the Princess Maiy) might
thank God for having escaped from the hands of that accursed and venomous harlot,
who had intended to pois.on them."—A Chronicle of Mtgland during the Reign of the
Tudors, by W. J. Hamilton. Introduction, p. xxi.
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<{ No person, of whatsoever rank, except the regular attendants in the
nursery, should approach the cradle, except with an order from the ting's
hand. The food supplied to the child was to be largely c assayed,' and
his clothes were to be washed "by his own servants, and no other hand
might touch them. The material was to he submitted to all tests. The
chamberlain and vice-chamberlain must be present, morning and evening,
when the prince was washed and dressed, and nothing of any kind
bought for the use of the nursery might be introduced until it was
washed and perfumed. No person, not even the domestics of the palace,
might have access to the prince's rooms except those who were specially
appointed to them, nor might any member of the household approach
London, for fear of their catching and conveying infection." *

However brief and imperfect the foregoing historical sketch of the
part that poison has played maybe, it is useful in showing the absolute
necessity of a toxicological science—a science embracing many branches
of knowledge. If it is impossible now for Toffanas, Locustas, and other
specimens of a depraved humanity to carry on their crimes without
detection; if poison is the very last form of death feared by eminent
political persons; it is not so much owing to a different state of society,
as to the more exact scientific knowledge which is applied during life to
the discrimination of symptoms, distinguishing between those resulting
from disease and those due to injurious substances, and after death to a
highly developed pathology, which has learned, by multiplied observa-
tions, all the normal and abnormal signs in tissues and organs; and,
finally, to an ever-advancing chemistry, which is able in many instances
to separate and detect the hurtful and noxious thing-, although hid for
months deep in the ground.

II.—Growth and Development of the Modern Methods of
Chernieally Detecting* Poisons.

§ 8. The history of the detection of poisons has gone through several
phases. The first phase has already been incidentally touched upon—
i.e., detection by antecedent and surrounding circumstances, aided some-
times by experiments on animals. If the death was sudden, if the post-
mortem decomposition was rapid, poison was indicated: sometimes a
portion of the food last eaten, or the suspected thing, would be given
to an animal ; if the animal also died, such accumulation of proof would
render the matter beyond doubt. The modern toxicologists are more
sceptical, for even the last test is not of itself satisfactory. It is now

* Fronde's History qf England, vol. iii. p. 262.
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known that meat may become filled with bacilli and produce rapid death,
and jet no poison, as such, has been added.

In the next phase, the doctors were permitted to dissect, and to
familiarise themselves with pathological appearances. This was a great
step gained: the apoplexies, heart diseases, perforations of the stomach,
and fatal internal hsemorrhages could no longer be ascribed to poison.
If popular clamour made a false accusation, there was more chance of
a correct judgment. It was not until the end of the eighteenth and
the beginning of the last century, however, that chemistry was far
enough advanced to test for the more common mineral poisons; the
modern phase was then entered on, and toxicology took a new departure.

§ 9. From the treatise of Barthe*lemy d7 Anglais * in the thirteenth
century (in which he noticed the poisonous properties of quicksilver
vapour), up to the end of the fifteenth century, there are numerous
treatises upon poison, most of which are mere learned compilations, and
scarcely repay perusal. In the sixteenth century, there are a few works,
such, for example, as Porta, which partook of the general advancement of
science, and left behind the stereotyped doctrine of the old classical
schools, f

In the seventeenth century the Honourable Robert Boyle made some
shrewd observations, bearing on toxicology, in his work on The Useful-
ness of Natural Philosophy, etc.: Oxford, 1654. Nicolas I/Emery also
wrote a Gours de GJiimie—quite an epitome of the chemical science of
the time. J

In the eighteenth century still further advances were made. Eichard
Mead published his ingenious Mechanical Theory of Poisons. Great
chemists arose—Stahl, Marggraf, Brandt, Bergmann, Scheele, Berthollet,
Priestley, and lastly, Lavoisier—and chemistry, as a science, was born.
Of the chemists quoted, Scheele, in relation to toxicology, stands chief.
It was Scheele who discovered prussic acid,§ without, however, noting
its poisonous properties; the same chemist separated oxalic acid from
sorrel,|| and made the important discovery that arsenic united with
hydrogen, forming a foetid gas, and, moreover, that this gas could be

* De ReruTn Proprietaribus.
t la the sixteenth century it was not considered proper to write upon poisons.

Jerome Cardan declared a poisoner worse than a brigand, " and that is why I have
refused not only to teach or experiment on such things, but even to know them."
«/. Cardm: De SuUilitate. Basel, 1558.

X Cours de Chimie, contenami la manitre de faire les operations qui sont en usage
daihs la Mididne. Paris, 1675.

§ Opuscula Chemica, vol. ii. pp. 148-174.
|| De Terra JRhubarM et Acido Acetosellce. Nova Aeta Acad. Vey. Sued. Anni

1784. Opuscula Chemica, vol. ii. pp. 187-195.
Bergmann first described oxalic acid as obtained by the oxidation of saccharine

bodies ; but Scheele recognised its identity with the acid contained in sorrel.
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decomposed by heat.* From this observation, a delicate test for arsenic
was afterwards elaborated, which for the first time rendered the most
tasteless and easily administered poison in the whole world at once the
easiest of detection. The further history of what is now called " Marsh's
Test" is as follows :—

§ 10. Proust t observed that a very foetid hydrogen gas was disengaged
when arsenical tin was dissolved in hydrochloric acid, and that arsenic
was deposited from the inflamed gas on cold surfaces which the flame
touched. Trommsdorff next announced, in 1803, that when arsenical
zinc was introduced into an ordinary flask with water and sulphuric
acid, an arsenical hydrogen was disengaged; and if the tube was
sufficiently long, arsenic was deposited on its walls. $ Stromeyer, Gay-
Lussac, Thenard, Gehlen, and Davy later studied this gas, and Serullas
in 1821 proposed this reaction as a toxicological test. Lastly, in 1836,
Marsh published his Memoir.% He constructed a special apparatus
of great simplicity, developed hydrogen by means of zinc and sulphuric
acid, inflamed the issuing gas, and obtained any arsenic present as a
metal, which could be afterwards converted into arsenious acid, etc.

This brief history of the so-called " Marsh's Test" amply shows
that Marsh was not the discoverer of the test. Like many other useful
processes, it seems to have been evolved by a combination of many
minds. It may, however, be truly said that Marsh was the first who
perfected the test and brought it prominently forward.

§ 11. Matthieu Joseph Bonaventura Orfila must be considered the
father of modern toxicology. His great work, Traite de Toxicologie,
was first published in 1814, and went through many editions. Orfila's
chief merit was the discovery that poisons were absorbed and accumu-
lated in certain tissues—a discovery which bore immediate fruit, and
greatly extended the means of seeking poisons. Before the time of
Orfila, a chemist not finding anything in the stomach would not have
troubled to examine the liver, the kidney, the brain, or the blood. The
immense number of experiments which Orfila undertook is simply
marvellous. Some are of little value, and teach nothing accurately
as to the action of poisons—as, for example, many of those in which he
tied the gullet in order to prevent vomiting, for such are experiments
under entirely unnatural conditions; but there are still a large number
which form the very basis of our pathological knowledge.

Orfila's method of experiment was usually to take weighed or

* Mdmoiresde Scheele, t. i., 1775.
t Proust, Annales de Chimie, t. xxviii., 1798.
$ Nicholson's Journal, vol. vi.
§ " Description of a New Process of Separating Small Quantities of Arsenic from

Substances with which it is mixed." Ed. New. Phil. Journal, 1836.
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measured quantities of poisoa, to administer them to animals, and then
after death first carefully noting the changes in the tissues and organs

to attempt to recover by chemical means the poison administered.
In this way he detected and recovered nearly all the organic and
inorganic poisons then known; and most of his processes are, with
modifications and improvements, in use at the present time.*

§ 12. The discovery of the alkaloids at the commencement of the
nineteenth century certainly gave the poisoner new weapons ; jet the
same processes (slightly modified) which separated the alkaloids from
plants also served to separate them from the human body. In 1803
Eerosne discovered narcotine and morphine, hut he neither recognised
the difference between these two substances, nor their basic properties.
Sertiirner from 1805 devoted himself to the study of opium, and made
a series of discoveries. Eobiquet, in 1807, recognised the basic characters
of narcotine. In 1818 Pelletier and Caventou separated strychnine ;
in 1819, brucine; and in the same year delphinine was discovered
simultaneously by Brande, Lassaigne, and Feneuille. Coniine was
recognised by Giesecke in 1827, and in the following year, 1828,
nicotine was separated by Beirnann and Posselt. In 1832 Robiquet
discovered codeine; and in 1833 atropine, aconitine, and hyoscyamine
were distinguished by Geiger and Hesse. Since then, every year has
been marked by the separation of some new alkaloid, from either
animal or vegetable substances. So many workers in different countries
now began to study and improve toxicology, that it would exceed the
limits and be foreign to the scope of this treatise to give even a brief
resume of their labours. It may, notwithstanding, be useful to append
a short bibliography of the chief works on toxicology of the last
century.

§ 13.— BIBLIOGRAPHY OF THE CHIEF WORKS ON TOXICOLOGY
(NINETEENTH CESTTTJEY).
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Physiques qua les Cadmres eprouvent en se jpourrissant. 2 torn. Paris, 1831.
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L—Definition of Poison.

§ 14. The term "Poison" may be considered first in its legal, as
distinct from its scientific, aspect.

The legal definition of "poison" is to be gathered from the various
statute-books of civilised nations.

The English law enacts that: " Whoever shall administer, or cause to
be administered to, or taken by any person, any poison or other destruc-
tive thing, with intent to commit murder, shall be guilty of felony."

Further, by the Criminal Consolidation Act, 1861: " Whosoever
shall, by any other means other than those specified in any of the
preceding sections of this Act, attempt to commit murder, shall be
guilty of felony."

It is therefore evident that, by implication, the English law defines
a poison to be a destructive thing administered to, or taken by, a person,
and it must necessarily include, not only poisons which act on account
of their inherent chemical and other properties after absorption into the
blood, but mechanical irritants, and also specifically-tainted fluids.
Should, for example, a person give to another milk, or other fluid,
knowing, at the same time, that such fluid is contaminated by the
specific poison of scarlet fever, typhoid, or any serious malady capable
of being thus conveyed, we believe that such an offence could be brought
under the first of the sections quoted. In fine, the words " destructive
thing " are widely applicable, and may be extended to any substance,
gaseous, liquid, or solid, living or dead, which, if capable at all of being
taken within the body, may injure or destroy life. According to this
view, the legal idea of " poison " would include such matters as boiling
water, molten lead, specifically-infected fluids, the flesh of animals dying
of diseases which may be communicable to man, powdered glass, diamond
dust, etc. Evidence must, however, be given of guilty intent.

The words, " administered to or taken by," imply obviously, that the
framers of the older statute considered the mouth as the only portal of
entrance for criminal poisoning, but the present law effectually guards
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against any attempt to commit murder, no matter by what means
There is thus ample provision for all the strange ways by which poison
has been introduced into the system, whether it be by the ear nose
brain, rectum, vagina, or any other conceivable way, so that, to borrow
the words of Mr. Graves {Notes on Criminal Law Consolidation), " the
malicious may rest satisfied that every attempt to murder which, their
perverted ingenuity may devise, or their fiendish malignity suggest,
will fall within some clause of this Act, and may be visited with penal
servitude for life."

Since poisou is often exhibited, not for the purpose of taking life,
but from various motives, and to accomplish various ends as for
example, to narcotise the robber's victim (this especially in the East),
to quiet children, to create love in the opposite sex (love philters), to
detect the secret sipper by suitably preparing the wine, to expel the
inconvenient fruit of illicit affection, to cure inebriety by polluting the
drunkard's drink with antimony, and, finally, to satisfy an aimless spirit
of mere wantonness and wickedness, the English law enacts "that whoso-
ever shall unlawfully or maliciously administer to, or cause to be taken
by, any other person, any poison or other destructive or noxious thing, so
as thereby to endanger the life of such person, or so as thereby to inflict
upon such person any grievous bodily harm, shall be guilty of felony."

There is also a special provision, framed, evidently, with reference to
volatile and stupefying poisons, such as chloroform, tetrachloride of
carbon, etc.:—

" Whoever shall unlawfully apply, or administer to, or cause to be
taken by any person, any chloroform, laudanum, or other stupefying or
overpowering drug, matter, or thing, with intent, in any such case,
thereby to enable himself or any other person to commit, or with intent,
etc., to assist any other person in committing, any indictable offence,
shall be guilty of felony."

§ 15. The German statute, as with successive amendments it now
stands, enacts as follows : *—

" Whoever wilfully administers (peibringt) to a person, for the

& t«y(ev vorsatzlich einem Andern, urn dessen Gesundheit zu beschaedigen, Gift
oder andere Stoffe beibringt, welche die Gesundheit zu zerstoreii geeignet sind, wird
rait Znchtliaus von zwei bis zu zehn Jahren bestraft.

' ' 1st durch die Handlung erne sclrwere Kbrpeiverletzung yerursacht worden, so
ist auf Zuchthaus nicht unter fiinf Jahren, und wenn durch die Handltmg der Tod
verursacht worden, auf Zuchthaus nicht unter zehn Jahren oder auf lebenslangliehes
Zuchthaus zu erkennen.

"1st die vorsiitzliche rechtswidrige Handlung des Gift—etc.,—Beibringens auf
das 'To'dten' geiichtet, soil also durcli dieselbe gewollter Weise der Tod ernes Andereu
lierbeigefiihit werden, so kommt in betracht: "Wer vorsiitzlich einen Menscliea tbdtet,
wird, wenn er die Todtimg mit Ueberlegung ausgefiihrt hat, wegen M or des mit dem
Tode bestraft."
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purpose of injuring health, poison, or any other substance having the
property of injuring health, will be punished by from two to ten years'
imprisonment.

"If by such act a serious bodily injury is caused, the imprisonment
is not to be less than five years; if death is the result, the imprisonment
is to be not under ten years or for life.

"If the death is wilfully caused by poison, it comes under the
general law : ' Whoever wilfully kills a man, and if the killing is pre-
meditated, is on account of murder punishable with death.'"

The French law runs thus (Art. 301, Penal Code):—" Every attempt
on the life of a person, by the effect of substances which may cause
death, more or less suddenly, in whatever manner these substances may
have been employed or administered, and whatever may have been the
results, is called poisoning." *

There is also a penalty provided against any one who " shall have
occasioned the illness or incapacity for personal work of another, by the
voluntary administration, in any manner whatever, of substances which,
without being of a nature to cause death, are injurious to health."!

§16. Scientific Definition of a Poison.—A true scientific definition
of a poison must exclude all those substances which act mechanically
—the physical influences of heat, light, and electricity; and parasitic
diseases, whether caused by the growth of fungus, or the invasion of an
organism by animal parasites, as, for example, " trichinosis," which are
not, so far as we know, associated with any poisonous product excreted
by the parasite;—on the other hand, it is now recognised that
pathogenic micro-organisms develop poisons, and the symptoms of all
true infections are but the effects of "toxines." The definition of
poison, in a scientific sense, should be broad enough to comprehend not
only the human race, but the dual world of life, both animal and
vegetable.

Husemann and Robert are almost the only writers on poisons who
have attempted, with more or less success, to define poison by a
generalisation., keeping in view the exclusion of the matters enumerated.
Husemann says:—" We define poisons as such inorganic, or organic
substances as are in part capable of artificial preparation, in part existing,
ready-formed, in the animal or vegetable kingdom, which, without being

* " Est qualifie empoisonnetnent—tout attentat a la vied'une personne par l'effet
de substances qui peuvent donner la mort plus on moins promptement, de quelque
maniere que ces substances aient ete employees ou administre'es, et quelles qu'en
aient e"te les suites."—Art. 301, Penal Code.

f "Celui qui aura occasionne a autrui une maladie ou incapacity de travail
personnel en lui adniinistrant volontairement, de quelque maniere que ce soit, des
substances qui, sans etre de nature a donner la mort, sont nuisibles a la sant6."—
Art. 317, Penal Code.
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able to reproduce themselves, through the chemical nature of their
molecules under certain conditions, change in the healthy organism the
form and general relationship of the organic parts, and, through anni-
hilation of organs, or destruction of their functions, injure health, or,
under certain conditions, destroy life." Kobert says :—" Poisons are
organic or inorganic unorganised substances originating in the organism
itself, or introduced into the organism, either artificially prepared, or
ready formed in nature, which through their chemical properties,
under certain conditions, so influence the organs of living beings,
that the health of these beings is seriously influenced temporarily or
permanently."

In the first edition of this work an attempt was made to define a
poison : the definition slightly abbreviated is thus :—A substance may
be called a poison if it is capable of being taken into any living
organism, and causes, by its own inherent chemical nature, impairment or
destruction of function. We prefer this definition to Robert's, and
believe that it fairly agrees with what we know of poisons.

II.—Classification of Poisons.

§ 17. At some future time, with a more intimate knowledge of the
way in which each poison acts upon the various forms of animal and
vegetable life, it may be possible to give a truly scientific and philoso-
phical classification of poisons—one based neither upon symptoms, upon
local effects, nor upon chemical structure, but upon a collation and com-
parison of all the properties of a poison, whether chemical, physical, or
physiological. No perfect systematic arrangement is at present attain-
able : we are either compelled to omit all classification, or else to arrange
poisons with a view to practical utility merely.

From the latter point of view, an arrangement simply according to
the most prominent symptoms is a good one, and, without doubt, an
assistance to the medical man summoned in haste to a case of real or
suspected poisoning. Indeed, under such circumstances, a scheme some-
what similar to the following probably occurs to every one versed in
toxicology :—

A. POISONS CAUSING DEATH IMMEDIATELY, OR IN A FEW MINUTES.

There are but few poisons which destroy life in a few minutes.
Omitting the strong mineral acids, carbon monoxide, carbon dioxide,
with the irrespirable gases—Prussia acid, the cyanides, oxalic acid, and
occasionally strychnine, are the chief poisons coming under this head.
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B. IRRITANT POISONS (symptoms mainly pain, vomiting, and purging).

Arsenic, antimony, phosphorus, cantharides, savin, ergot, digitalis,
colchicum, zinc, mercury, lead, copper, silver, iron, baryta, chrome, yew,
laburnum, and putrid animal substances.

C. IRRITANT AND NARCOTIC POISONS (symptoms those of an irritant

nature, with the addition of more or less pronounced cerebral
indications).

To this class more especially belong oxalic acid and the oxdlates,
with several poisons belonging to the purely narcotic class, but which
produce occasionally irritant effects.

D. POISONS MORE ESPECIALLY AFFECTING THE NERVOUS SYSTEM.

1. NARCOTICS (chief symptom insensibility, which may be preceded
by more or less cerebral excitement): Opium, Chloral, Chloroform.

2. DBLIRIANTS (delirium for the most part a prominent symptom):
Belladonna, hyoscyamus, stramonium, with others of the Solanacece,
to which may be added—poisonous fungi, Indian hemp, Lolium temulen-
tum, CEnanthe crocata, and camphor.

3. CONVULSIVES.—Almost every poison has been known to produce
convulsive effects, but the only true convulsive poisons are the alkaloids
of the strychnos class.

4. COMPLEX NERVOUS PHENOMENA: Aconite, digitalis, hemlock,

calabar bean, tobacco, Lobelia inflata, and curara.

§ 18. ROBERT'S CLASSIFICATION. — Kobert has classified poisons
according to the following scheme:—

I. POISONS WHICH CAUSE COARSE ANATOMICAL CHANGES OF THE
ORGANS.

A. Those which specially irritate the part to which they are applied.
1. Acids.
2. Caustic alkalies.
3. Caustic salts, especially those of the heavy metals.
4. Locally irritating organic substances which neither can be classified as

corrosive acids nor alkalies, nor as corrosive salts ; such are :—canthari-
dinCj phrynine, and others in the animal kingdom, croton oil and savin
in the vegetable kingdom. Locally irritating colours, such as the aniline
dyes.

5. Gases and vapours which cause local irritation when breathed, such as
ammonia, chlorine, iodine, oromine, and sulphur dioxide.

B. Those which have but little effect locally, but change anatomically other
parts of the body ; such as lead, phosphorus, and others.
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II. BLOOD POISONS.
1. Blood poisons interfering with the circulation in a purely physical manner,

such as peroxide of hydrogen., ricine, abrine.
2. Poisons which have the property of dissolving the red blood corpuscle,

such as the saponins.
3. Poisons which, with or without primary solution of the red blood cor-

puscles, produce in the blood methsemoglobin ; such as potassic chlorate,
hydrazine, nitrobenzene, aniline, picric acid, carbon disulphide.

4. Poisons having a peculiar action on the colouring matter of the blood, or on
its decomposition products, such as hydric sulphide, hydric cyanide, and
the cyanides and carbon monoxide.

III. POISONS WHICH KILL WITHOUT THE PRODUCTION OF OOAKSE
ANATOMICAL CHANGE.

1. Poisons affecting the cerebro -spinal system ; such as chloroform, ether,
nitrous oxide, alcohol, chloral, cocaine, alropine, morphine, nicotine,
coniine, aconitine, strychnine^ curarine, and others.

2. Heart Poisons ; such as, digitalis, hclleborin, muscarine.

IV. POISONOUS PRODUCTS OF TISSUE CHANGE.
1. Poisonous albumin.
2. Poisons developed in food.
3. Auto-poisoning, e.g., uraemia, glycosuria, oxaluria.
4. The more important products of tissue change ; such as, fatty acids, oxy-

acids, amido-fatty adds, amines, diamines, and ptomaines.

§19. In this work the arrangement is one which, as far as
possible, follows the order in which a chemical expert would search for
an unknown poison—hence an arrangement partly chemical and partly
symptomatic. First the chief gases which figure in the mortality-
statistics are treated, and then follow in order other poisons.

A chemist, given a liquid to examine, would naturally test first its
reaction, and, if strongly alkaline or strongly acid, would at once direct
his attention to the mineral acids or to the alkalies. In other cases, he
would proceed to separate volatile matters from those that were fixed,
lest substances such as prussic acid, chloroform, alcohol, and phosphorus
be dissipated or destroyed by his subsequent operations.

Distillation over, the alkaloids, glucosides, and their allies would
next be naturally sought, since they can be extracted by alcoholic and
ethereal solvents in such a manner as in no way to interfere with an
a/7ter-search for metals.

The metals are last in the list, because by suitable treatment, after
all organic substances are destroyed, either by actual fire or powerful
chemical agencies, even the volatile metals may be recovered. The
metals are arranged very nearly in the same order as that in which they
would be separated from a solution—viz., according to their behaviour
to hydric and ammonium sulphides.
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There are a few poisons, of course, such as the oxalates of the
alkalies, which might be overlooked, unless sought for specially; but it
is hoped that this is no valid objection to the arrangement suggested,
which, in greater detail, is as follows :—

A.-POISONOUS GASES.

Carbon monoxide.
Chlorine.
Hydric sulphide.

B.—ACIDS AND ALKALIES.

1. Sulphuric acid.
2. Hydrochloric acid.
3. Nitric acid.
4. Potash.
5. Soda.
6. Ammonia.
7. Neutral sodium, potassium, and ammonium salts.

In nearly all cases of death from any of the above, the analyst, from
the symptoms observed during life, from the surrounding circumstances,
and from the pathological appearances and evident chemical reactions
of the fluids submitted, is put at once on the right track, and has no
difficulty in obtaining decided results.

C—POISONOUS SUBSTANCES CAPABLE OF BEING SEPAR-
ATED BY DISTILLATION FROM EITHER NEUTRAL OR
ACID LIQUIDS.

1. Hydrocarbons.
2. Camphor.
3. Alcohols.
4. Amyl-nitrite.
5. Chloroform and other anaesthetics.
6. Carbon disulphide.
7. Carbolic acid.
8. Nitrobenzene.
9. Prussic acid.

10. Phosphorus.

The volatile alkaloids, which may also be readily distilled by strongly
alkalising the fluid, because they admit of a rather different mode of
treatment, are not included in this class.
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D.—ALKALOIDS AND POISONOUS VEGETABLE PRINCIPLES
SEPARATED FOR THE MOST PART BY ALCOHOLIC
SOLVENTS.

DIVISION I.—VEGETABLE ALKALOIDS.

1. Liquid volatile alkaloids, alkaloids of hemlock, nicotine,
piturie, sparteine, aniline.

2. The opium group of alkaloids.
3. The strychnine or tetanic group of alkaloids—strychnine,

brucine, igasurine.
4. The aconite group of alkaloids.
5. The mydriatic group of alkaloids—atropine, hyoscyamine,

solanin, cytisine.
6. The alkaloids of the veratrines.
7. Physostigmine.
8. Pilocarpine.
9. Taxine.

10. Curarine.
11. Colohicin.
12. Muscarine and the active principles of certain fungi.

There would, perhaps, have been an advantage in arranging several
of the individual members somewhat differently—e.g., a group might
be made of poisons which, like pilocarpine and muscarine, are antago-
nistic to atropine; and another group suggests itself, the physiological
action of which is the opposite of the strychnos class; solanin (although
classed as a mydriatic, and put near to atropine) has much of the
nature of a glucoside, and the same may be said of colchicin; so that,
if the classification were made solely on chemical grounds, solanin
would have followed colchicin, and thus have marked the transition
from the alkaloids to the glucosides.

DIVISION II.—GLUCOSIDES.

1. The digitalis group.
2. Other poisonous glucosides acting on the heart.
3. Saponin.

The glucosides, when fairly pure, are easily recognised; they are
destitute of nitrogen, neutral in reaction, and split up into sugar and
other compounds when submitted to the action of saponifying agents,
such as boiling with dilute mineral acids.
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DIVISION III.—VARIOUS VEGETABLE POISONOUS PRINCIPLES NOT

READILY ADMITTING OF CLASSIFICATION IN THE PREVIOUS

DIVISIONS.

1. Santonin. 2. Mezerein.

It is probable that this class will in a few years be extended, for
several other organic anitrogenous poisons exist, which, when better
known, will most likely prove to be anhydrides.

Ergot, picrotoxin, Tutin, the poison of Illicium religiosum, picric acid,
cicutoxin, JEthusa cynapiwn, (Enanthe crocata, croton oil, savin oil, the
toxalbumins of castor oil and Abrus, Ictrogen, Lathyrus sativus, arum,
and others.

The above division groups together various miscellaneous toxic
principles, none of which can at present be satisfactorily classified.

E.-POISONS DERIVED FROM LIVING OR DEAD
ANIMAL SUBSTANCES.

DIVISION I.—POISONS SECRETED BY THE LIVING.

1. Poisonous amphibia.
2. Poison of the scorpion.
3. Poisonous fish.
4. Poisonous insects—spiders, wasps, bees, beetles, etc.
5. Snake poison.
6. Mammalian poison. Epinephrin.

DIVISION II.—POISONS FORMED IN DEAD ANIMAL MATTERS.

1. Ptomaines.
2. Poisoning by putrid or changed foods—sausage poisoning.

F.—THE OXALIC ACID GROUP.

(GL—INORGANIC POISONS.

DIVISION I.—PRECIPITATED FROM A HYDROCHLORIC ACID SOLUTION

BY HYDRIC SULPHIDE—PRECIPITATE, YELLOW OR ORANGE.

Arsenic, antimony, cadmium.

DIVISION II.—PRECIPITATED BY HYDRIC SULPHIDE IN HYDRO-
CHLORIC ACID SOLUTION—BLACK.

Lead, copper, bismuth, silver, mercury.
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DIVISION III.—PRECIPITATED FEOM A NEUTRAL SOLUTION BY
HYDRIC SULPHIDE.

Zinc, nickel, cobalt.

DIVISION IY.—PRECIPITATED BY AMMONim^g^L^i^DijJTUTi. ^

Iron, chromium, thallium, aluminium. / ^ ^

DIVISION Y.—ALKALINE E A | \ T A ^ ! B R A R Y

Barium. \ :

III.—Statistics.

§ 20. The number of deaths from poison (whether accidental,
suicidal, or homicidal), as compared with other forms of violent, as
well as natural deaths, possesses no small interest; and this is more
especially true when the statistics are studied in a comparative manner,
and town is compared with town, country with country.

The greater the development of commercial industries (especially
those necessitating the use or manufacture of powerful chemical
agencies), the more likely are accidents from poisons to occur. It may
also he stated, further, that the higher the mental development of a
nation, the more likely are its homicides to be caused by subtle poison
—its suicides by the euthanasia of chloral, morphine, or hemlock.

Other influences causing local diversity in the kind and frequency
of poisoning are those of race, of religion, of age and sex, and the
mental stress concomitant with sudden political and social changes.

§ 21. During the ten years ending December 1903 there hare died
from poisons and poisonous vapours 11,035 persons. The following list
deals only with those poisons which are definite and fairly common, and
accounts for 8544, or over 77 per cent, of the whole. The balance is
made up of deaths from the following among others : coal gas, sul-
phuretted hydrogen, sewer gas, carbon dioxide, carbon monoxide,
arseniuretted hydrogen, various so-called "fumes from kilns," "from
coke," etc.; there are also a few deaths recorded under each of the
following heads: tobacco, yew leaves or berries, poisonous berries,
ergot, castor-oil seeds, oil of cloves, parsnip wine, cantharides, bryony,
opodeldoc, sheep dip, weed killer, fungus, water hemlock, colchicum
wine, quinine, Gregory's powder, antifebrin, buttercup, sulpholine, and
vague things such as overdose of medicine, liniment, ptomaines,
poisonous fish, and, generally, bad or changed food.
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DEATHS FROM POISON IN ENGLAND AND WALES DURING THE TEN
YEARS ENDING DECEMBER 1903.

METALS.

Arsenic,

Copper, . . . . .
Lead,
Silver Nitrate, . . . .
Zinc Chloride or Sulphate, .
Mercury, Salts of, . . .
Chromic Acid or Preparations of")

Chromium, /
Iron Perchloride,

ALKALINE EARTHS.

Barium Chloride, . . . .
Lime,

THE ALKALIES AND THEIR SALTS.

Caustic Potash, . . . .
Potassium Chlorate,

,, Nitrate,
,, Bromide,
,, Bichromate,.

Caustic Soda. . . . .
Ammonia, . . . . .

ACIDS.

(a) Mineral,

Acid, Sulphuric, . . . .
,, Nitric,
,, Hydrochloric,
,, Hydrofluoric,

(b) Organic.

Acid, Carbolic, . . . .
,, Acetic, . . . .
,, Oxalic, . . . .

ELEMENTS.

Phosphorus, . . . . .
Iodine . .

Carry forward,

Accident or
Negligence.

M.

58
9
2

754
1
7

14
8

1

6

2
7
6

60

34
13
91
1

184
1

27

29
2

1310

F.

107
3

165

2
17
6
1

1

4

1

4
7

63

9
8

33

153
5

28

38

655

Suicide.

M.

32
2
2
6
1
2

48
1

22

39

30
46

204

796
2

65

21
1

1320

F.

14
2
1
1
1
9

18
1

4

54

22
23

165

826
6

49

60
1

1257

Murder.

M.

1

2

2

*2

7

F.

i

3

4

Total.

M.

90
4
4

760
2
9

62
9

1

6

2
29
6

100

59
295

1

982
3

94

50
3

2637

F.

121
6
1

166
1

11
35
7
1

i

4

1

*8
7

117

31
31

198

982
11
77

98
1

1916



21.] STATISTICS.

DEATHS FROM POISON IN ENGLAND AND WALES DURING THE TEN
YEARS ENDING DECEMBER 1903—continued.

Brought forward,

VOLATILE LIQUIDS.

Paraffin (Petroleum),
Benzoline,
Mtrobenzol, . . . .
Ether,
Chloroform,
Chloroform and Ether, .
Alcohol, Chloroform, and Ether, .
Turpentine,
Sweet Nitre, . . . .
Methyl Alcohol, . . . .
Nitrous Oxide, . . . .
Alcohol, . . . . .
Fusel Oil, . . .
Spirit of Camphor,
Brandy,
Paraldehyde, . . . .
Coal Naphtha, . . . .
Anaesthetic (kind not stated),

OPIATES OR NARCOTICS.

Opium, Laudanum, . . )
Morphine, \
Soothing Syrup, . . . .
Chlorodyne,
Chloral, . . . . .
Sulphonal, . . . . .
Cocaine,

,, and Ether,
,, Atropine,

Belladonna and Opium,
Belladonna, )
Atropine, . . . . \
Henbane,
Narcotic (kind not stated), .

CYANIDES.

Prussic Acid and Oil of Almonds, .
Potassic Cyanide, . . . .
Ammonium Sulpho-Cyanide,

STRYCHNINE AND SOME OTHER
ORGANIC POISONS.

Strychnine and Nux Yomica,
Aconite, . . . . .
Digitalis,

Total,

Total poisonous su'bstances, includ-
ing gases and various other poisons,

Accident or
Negligence.

M.
1310

19
4
1

38
520

6
6
1

"9
56

1

117

536
6

6Q
66
2
5
3
1
1

33

16

30
17

43
22
3

2938

3880

F,
655

33
292

6
4
4
1
1
6

26

3
4
1

59

346
3

36
16
5
6

33
1

13

3
2

24
3

1586

2078

Suicide.

M.
1320

9

3

3

432

36
12

' l

12

3

1 272
166

2

79
14

2364

2923

F.
257

4
1

8

1

2
1

1

189

3
2
1

1
17

5

22
21

92
6

1634

2128

Murder.

M.
7

...

...

4

11

14

F.
4

1

2

1
1

2

11

12

Total.

M.
2637

19
4
1

38
529

6
6
4

9
59

1

117

968
6

102
78
2
6
3
1
1

45

19

302
183

2

126
36
3

5313

6817v-
11

F.
1916

4
1

33
301

6
4
5
1
1
6

28
1

3
4
2

59

537
3

39
18
6
6

1
50
1

18

26
24

118
9

3231

4218

^035^
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§ 22. Although so large a number of substances destroy life by accident
or design, yet there are in the list only about 26 which kill about 2 persons
or above each year. It must at the same time be confessed that several
of the 26 are not simple substances, so that the statement underrates
the actual facts. The 26 substances arranged in the inverse order of
their fatality are as follows:—

Number of deaths
in ten years.

Antimony, 10
Potash, 10
Soda, 13
Acetic acid, 14
Nitrous oxide, 15
Cocaine, either alone or with other substances, . . 16
Zinc salts (chloride and sulphate), . . . . . 20
Paraffin, 23
Aconite, . . . . . . . . . . 45
Chromic acid and preparations of bichromate of potash, . 53
Ether, 71
Alcohol, 87
Belladonna preparations, including atropine, . . . 95
Chloral, 96
Mercuric salts, . . . . . . . . . 97
Phosphorus, 148
Oxalic acid, 171
Arsenic, . . . . . . . . . . 211
Ammonia, 217
Strychnine, . . . . . . . . . 244:
Prussic acid and cyanides, 535
Mineral acids, 680
Chloroform, 852
Lead, 926
Opiates, including laudanum, soothing syrup, morphine, . 1655
Carbolic acid, 1964

IV.—The Connection between Toxie Action and Chemical
Composition.

§ 23. Considerable advance has been made of late years in the study
of the connection which exists between the chemical structure of the
molecule of organic substances and physiological effect. The results
obtained, though important, are as yet too fragmentary to justify any
great generalisation; the problem is a complicated one, and as Lauder
Brunton justly observes:—

"The physiological action of a drug does not depend entirely on its
chemical composition, nor yet on its chemical structure, so far as that
can be indicated even by graphic formula, but upon conditions of solu-
bility, instability, and molecular relations, which we may hope to discover
in the future, but with which we are as yet imperfectly acquainted." *

* Introduction to Modern Therapeutics, Lond., 1892. 136.
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The occurrence of hydroxyl, whether the substance belong to the
simpler chain carbon series or to the aromatic carbon compounds, appears
to usually endow the substance with more or less active and frequently
poisonous properties, as, for example, in the alcohols, and as in hydro-
xylamine. It is also found that among the aromatic bodies the toxic
action is likely to increase with the number of hydroxyls : thus phenol
has one hydroxyl, resorcin two, and phloroglucin three; and the toxic
power is strictly in the same order; for, of the three, phenol is least and
phloroglucin most poisonous.

Replacing hydrogen by a halogen, especially by chlorine, in the fatty
acids mostly produces substances of narcotic properties, as, for instance,
monochloracetic acid. In the sulphur compounds, the entrance of
chlorine modifies the physiological action and intensifies toxicity: thus
ethyl sulphide (C2H5)9S is a weak poison, monochlorethyl sulphide
C2H5C2H4C1S a strong poison, and dichlorethyl sulphide C4HSC12S
a very strong poison : the vapour kills rabbits within a short time, and
a trace of the oil applied to the ear produces intense inflammation of
both the eyes and the ear.*

The weight of the molecule has an influence in the alcohols and acids
of the fatty series; for instance, ethyl, propyl, butyl, and amyl alcohols
show as they increase in carbon a regular increase in toxic power; the
narcotic actions of sodium propionate, butyrate, and valerianate also
increase with the rising carbon. Nitrogen in the triad condition in
the amines is far less poisonous than in the pentad condition.

Bamberger t distinguishes two classes of hydrogenised bases derived
from a and ft naphthylamine, by the terms "acylic" and " aromatic."
The acylic contains the four added hydrogens in the amidogen nucleus,
the aromatic in the other nuclexis, thus—

CH
CH CH

CH°CH
a Naphthylamine.

CH OH
CNH,

OH CH
CH / \ / \ CNHa

C H \ / 0 \ / C H

CH u CH
£ Naphthylamine.

CH3 CH
CH3 -

/ N \ ' / ^ CNHo

CH°CH2

Acylic tetrahydro-
a ^aphthylamine.

V. Meyer, Ber. cl. diem. Gas., xx. 1725.

CH,2 v G v
CH,U OH

CH

Aromatic tetrahydro-
£ Naphthylamine.

t 2fcn,xxii. 777-778.
3
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The acylic/3 te trahydro-naphthykmine, the /3 tetralvy droethylnaphthy-
lamine, and the fi tetrahydromethjlnaphthylaniine all cause dilatation of
the pupil and produce symptoms of excitation of t r i e cervical sympa-
thetic nerve; the other members of the group are inactive.

§ 24. The result of replacing hydrogen by alkyls i n aromatic bodies
has been studied by Schmiedeberg and others ; replacing the hydrogen of
the amidogen by ethyl or methyl, usually results i n a body having a
more or less pronounced narcotic action. The rule is that methyl is
stronger than ethyl, but it does not always hold good ; ortho-amido-
phenol is not in itself poisonous, but when two hydrogens of the
amidogen group are replaced by two methyls thus—

the resulting body has a weak narcotic action.
It would naturally "be inferred that the replacement of the H in the

hydroxyl by a third methyl would increase this narcotic action, but this
is not so: on the other hand, if there are three ethyl groups in the same
situation a decidedly narcotic body is produced.

The influence of position of an alkyl in the aromatic bodies is well
shown in ortho-, para-, and meta-derivatives. Thus the senior author
proved some years ago that with regard to gerniicidal properties, ortho-
cresol was more powerful than meta-; rneta-cresol m o r e powerful than
para-; so again ortho-aceto-toluid is poisonous, causing acute nephritis;
meta-aceto-toluid has but feeble toxic actions b u t is useful as an
antipyretic; and para-aceto-toluid is inactive.

In the trioxybenzenes, in which there are three hydronyls, the toxic
actioa is greater when the hydroxyls are consecutive, as in pyrogallol,
than when they are symmetrical, as in phloroglucin.

OH OH
OH

OH HO N OK

Pyrogallol. Phloroglucin.

The introduction of methyl into the complicated molecule of an
alkaloid often gives curious results: thus methyl strychnine and methyl
brucine instead of producing tetanus have an action o n -voluntary muscle
like curare.

Benzoyl-ecgonine has no local anaesthetic aotion, b u t the introduction
of methyl into the molecule endows it with a power of deadening the
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sensation of the skin locally; on the other hand, cocethyl produces no
effect of this kind.

Drs. Cram Brown and Fraser * have suggested that there is some
relation between toxicity and the saturated and non-saturated condition
of the molecule.

Hinsberg and Treupel have studied the physiological effect of sub-
stituting various alkyls for the hydrogen of the hydroxyl group in para-
aceto-amido-phenol.

Para-aceto-amido-phenol when given to dogs in doses of 0*5 grni. for
every kilogr. of body weight causes slight narcotic symptoms, with slight
paralysis; there is cyanosis and in the blood much methsenioglobin.

In men doses of half a gramme (7*7 grains) act as an antipyretic,
relieve neuralgia, and have weak narcotic effects.

The following is the result of substituting certain alkyls for H in
the HO group.

(1) Methyl.—The narcotic action is strengthened and the antipyretic
action unaffected. The methaemoglobin in the blood is somewhat less.

(2) Ethyl.—Action very similar, but much less methsemoglobin is
produced.

(3) Propyl.—Antipyretic action a little weaker. Methsemoglobin
in the blood smaller than in para-aceto-amido-phenol, "but more than
when the methyl or ethyl compound is administered.

(4) Amyl.—Antipyretic action decreased.
The smallest amount of toxicity is in the ethyl substitution; while

the maximum antipyretic and antineuralgic action belongs to the methyl
substitution.

"Next substitution was tried in the Imid group. It was found that
substituting ethyl for H in the imid group annihilated the narcotic and
antipyretic properties. No methaemoglobin could be recognised in the
blood.

Lastly, simultaneous substitution of the H of the HO group by ethyl
and the substitution of an alkyl for the H in the NH group gave the
following results: —

Methyl.—In dogs the narcotic action was strengthened, the niethse-
mog'lobin in the blood diminished. In men the narcotic action was also
more marked as well as the anti-neural action. The stomach and kid-
neys were also stimulated.

Ethyl.—In dogs the narcotic action was much strengthened, while
the methsemoglobin was diminished. In men the antipyretic and anti-
neural actions were unaffected.

Propyl.—In dogs the narcotic action was feebler than with methyl
or ethyl, and in men there was diminished antipyretic action.

* Jowm. Aoicd. and Phys.s vol. ii. 224.
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Amyl.—In dogs the narcotic action was much smaller.
From this latter series the conclusion is drawn that the maximum

of narcotic action is obtained by the introduction of methyl, and the
maximum antipyretic action by the introduction of methyl or ethyl.
The ethyl substitution is, as before, the less toxic.*

The effect of the entrance of an alkyl into the molecule of a substance
is not constant; sometimes the action of the poison is weakened, some-
times strengthened. Thus, according to Stolnikow, dimethyl resorcin,
C6H4(OCHg)o, is more poisonous than, resorcin, 06H4(OH)2. Anisol
C6H5OCH3, according to Loew, is more poisonous to alga, bacteria, and
infusoria than phenol, C6H5OH. On the other hand, the replacement
by methyl of an atom of hydrogen in the aromatic oxyacids weakens

X>.CH3
their action: methyl salicylic acid CGH4\ is weaker than

XIOOH
>OH

salicylic acid CJH4\
XJOOH.

Arsen-methyl chloride, As(CH3)Cl2, is strongly poisonous, but the
introduction of a second methyl As (CH3)2 Cl makes a comparatively
weak poison.

These results admit, however, of a different interpretation, for
Overtoil's t researches show that the effect of narcotic substances depends
on their greater or smaller power of penetrating into the nerve or other,
cells, and that this penetrating power has a direct relationship to the
solubility of the substance in oil: those substances that are not soluble
in oil do not enter into the nerve cells, those that are soluble easily
penetrate. In the living cells there are not only oily matters, but
also lecithin and cholesterin and their derivatives. The brain cells
are especially rich in such; to the fatty mixtures in the brain cells the
name of brain lipoids has been given (Wos = fat). Alcohol or chloroform,
after absorption by the blood, are practically in aqueous solution ; and
when this aqueous solution is carried to the brain lipoids there is a
partition of the alcohol between the lipoids and the serum, the value of

which is capable of being expressed by the coefficient ——, the degree
water

of penetration being dependent on the magnitude of the resulting figure,
which is obviously the larger the more soluble the substance is in oil.

* Uel&r die pliysiologiscJie Wirkimg des p-amido-phsnol u. einiger Derivate
desselben. 0. Hinsberg u. G. Treupel, Archivf. exp. JPathoL u. P/iavrm., xxxiii. 216.

t Overton, Studien, ilber die NarJcose, Jena, 1901.
H. Meyer, " Zm theorie der Alcohol Narkose," Arch. /. exper. JPharmaa, xlii.
H. Meyer, Der Mnfiuss wcchsehider Temperature ccuf WirkwngstarJce ic. Teihmgs*

coefficient, 0$. cit. xlvi.
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Limit of concentration
necessary to produce Partition coefficientnarcosis m A-molecules olive oilper litre.

Trional, 0*0018 4-̂ 3
Tetronal, 0*0013 4-04
Butyl chloral hydrate, . . . . 0*002 1*59
Triacetin, 0*010 0'30
Diacetin, 0*015 0-23
Chloral hydrate, . . . . . 0*02 0*22
Ae thy 1-ur ethane, . . . . 0*025 0*14
Monacetin, 0*0125 0"06
Methyl urethane, . . . . . 0*40 0*04

With a trifling exception, which future research may explain, the
greater the solubility in oil of the above substances, the greater the
narcotic effect; thus trional, with a coefficient of 4*46, is active in a
concentration of 1*8 mgrrn. (molecules) per litre, while methyl urethane
with a coefficient of only 0*04 must be dissolved in the proportion of
400 mgrms. per litre.

By the same process Meyer has shown that in the alkyl substitutions
it is not, as formerly held, the ethyl group which is the specific carrier
of narcotic properties, but that the activity is strictly parallel to the
partition coefficient.

Coefficient.
Dimethyl-sulphon dimethyl-methane (CH:>)2- C - (S0aCH.j).2

very weak, . . . . . . . . . 0*106
Diethyl-sulphon-methane CH3(SO2C2H0)2 very weak, . . 0*1514
Tertiary butylal (CH3)30OH weak, . ~ . . . . 0*176

„ amylal (CHjL
>COH strong, 1*0

Siilphonal(CHo,)2-C-(S02C2H5)2strong3 . . . . 1-115
Tetronal (CoHr)).2-C-(S02C2H5).2 muck stronger than

sul phonal, 4*039
Trional 0H\,v

^C(SO2C2H5)2 much stronger than sulphonal, . 4*458

H. Meyer lays down the following deductions from the various
experiments on narcotics :—

(1) All chemical indifferent matters which are soluble in fat and
fatty bodies must act as narcotics on living protoplasm so far as they
enter into the same.

(2) The action will be the stronger and the earlier on those cells
in which, the fatty components are essential to the function of the cell.

(3) The proportionate activity of such narcotic must be dependent,
on the one hand, to the chemical activity of the fat-like substance; 011
the other, to the remaining constituents of the body, especially water.
The activity has, therefore, a direct relation to the partition coefficient
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which determines the distribution of the substance between water and
the fatty substance.

The action of a pure narcotic is, therefore, not chemical; it forms no
definite chemical compound with the cell, nor does it alter its structure;
it simply interferes for the time being with its function. If the amount
of narcotic in the serum diminishes, the partition coefficient alters its
value; and if ever new narcotic free serum leaves the "brain cells, the
narcotic dialyses out and the cell resumes its function : e.g. ethyl-alcohol
is soluble in oil and in water, and 2 per cent, narcotises tadpoles in water
in a few minutes; but if the tadpoles are now transferred to 1 per cent,
alcohol, within five minutes their vivacity is restored, as the alcohol has
dialysed out of the nerve cells.

The partition coefficient can be estimated chemically or physiologically
by the following simple methods.

(a) Fon-volatile solid substances soluble in water.—Dissolve 1 grm. in
50 c.c. of water; add an equal bulk of olive oil; shake; then allow the
oil to separate, and take of the aqueous solution a known volume, say
10 c.c, and evaporate to dryness; weigh the residue.

If the original strength of the aqueous solution be designated as
a, and after shaking with oil the concentration be represented as b,

then the partition coefficient is equal to —-—

Example.-—A. solution had a strength of 2 per cent, before shaking
1 *8and of 0*2 per cent, after shaking; partition coefficient equals — = 9.

(b) Solid substances more soluble in oil than in water.—In this case
only 1 volume of oil is taken to 10, 50, or 100 of water, the ultimate
result being multiplied accordingly.

(c) Fluid substances soluble in oil and in water, and not too volatile.—
10 c.c. of the fluid are shaken with 50 c.c. of oil and water in a
graduated burette and the increase in volume of the oil noted. The
volume of the water is noted; the increase of volume of the oil divided

by that of the water gives the coefficient ——
water

(d) Physiological method.—Tadpoles as compared with leeches or
species of worms belonging to the genus Nais are used. As a rule, a
leech requires double the dose necessary to narcotise a tadpole. An
aqueous solution of the substance-is made of such strength that it will
just narcotise tadpoles =• f3; another which will narcotise leeches, say
2/3. If the original concentration of the liquid equals a, and after
shaking with oil = b; if this b solution narcotises tadpoles but does
not narcotise leeches, the concentration evidently lies between f3 and 2/3;
the solution is now diluted with a measured quantity of distilled water
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until the tadpoles show signs of recovery. From the amount of added
water the concentration b is calculated, and the partition coefficient
obtained. That the narcotic action to a great extent is parallel with
the solubility in oil is well shown by a research of H. Meyer on tadpoles,
in which the coefficient of each of the substances experimented with
was also ascertained.

§ 25. In some cases the increase of CO groups weakens the action
of a poison; thus, in allantoin there are three carbonyl (CO) groups;
this substance does not produce excitation of the spinal cord, but it
heightens muscular irritability and causes, like xanthin, muscular
rigidity; alloxantiii, with a similar structure but containing six car-
bonyl groups, does riot possess this action.

KH—CH—NH NH-CO CO-HN

CO CO CO C ^ ^ ^ ^ C C(CO

NTH— CO NH2 NH—CO CO—H^T
Allantoin. A.lloxantin.

§ 26. A theory of general applicat ion has been p u t forward a n d

supported 'with g r e a t abil i ty b y Oscar Loew * which explains t h e a c t i o n

of poisons b y p r e s u m i n g t h a t l iv ing has a different composit ion to d e a d

a l b u m i n ; t he a lbumin of the chemist is a dead body of a def ini te

composition and has a stable c h a r a c t e r ; living a lbumin, such, as c i rcu-

lates in the blood or forms the pro toplasm of t h e t issues, is no t " s t a b l e "

b u t " l ab i l e . " Loew s a y s : — " I f t h e old idea is accepted t h a t l i v i n g

albumin is chemically t h e same subs tance as t h a t wh ich is dead ,

numerous toxic phenomena are inexplicable. I t is impossible, for

instance, to expla in how it is t h a t diamide N 2 H 4 and h y d r o x y l a m i n e

JNTH2OH are toxic, even with grea t dilution, on all l iving a n i m a l s ; w h i l s t

ne i ther of those substances have t h e smallest action on dead p lasma or

the ordinary dissolved passive a lbumin , the re m u s t therefore b e p r e s e n t

in t he a lbumin of t h e living plasma a grouping of a toms in a c labile'

condition (Atomgruppirungen labiler Art) which are capable of e n t e r i n g

into react ions ; such, according to ou r present knowledge, can o n l y

be t h e aldehyde a n d the ketone groups . The first ment ioned g r o u p s

are more labile a n d react in far g rea te r di lut ion t h a n t h e l a t t e r

groups."

Loew considers t h a t all subs tances which enter into combina t ion

with aldehyde or ke tone groups m u s t be poisonous t o life gene ra l ly .

For instance, hydroxylamine , d i amide and its derivatives, p h e n y l h y -

drazine, free ammonia, phenol, prussic acid, hydric su lphide , s u l p h u r

dioxide and t h e acid sulphi tes a l l enter in to combinat ion h

aldehyde.

* Jjfcn nahirliches System der Qijt-wirkungen, Munch en, 1893.
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So again the formation of imide groups in the aromatic ring increases
any poisonous properties the original substance possesses, because the
imide group easily enters into combination with aldehyde : thus piperi-
dine (CH2)5NH is more poisonous than pyridine (CH)5N; coniine Nil
(CH2)4CH-CH2-CH2OH8 is more poisonous than collidine N(CH)4

C - CH - (CH3)2; pyrrol (CH)4NH than pyridine (0H)5N ;
CflH6-CH—NHv

arid amarin * | J>CH - C6Hr than hydrobenzamide
C H C N /

C 6 H 5 C H = K
>CH - C0H5.

C 6 H 5 - C H = N /

If the theory is true, then substances with "labile" amido groups,
on the one hand, must increase in toxic activity if a second amido group
is introduced ; and, on the other, their toxic qualities must be diminished
if the amido group is changed into an imido group by the substitution
of an atom of hydrogen for an alkyl.

Observation has shown that both of these requirements are satisfied;
phenylenediamine is more poisonous than aniline; toluylenediamine
more poisonous than toluidine. Again, if an atom of hydrogen in the
amido (N"H2) group in aniline be replaced by an alkyl, e.g. methyl or
ethyl, the resulting substance does not produce muscular spasm ; but if
the same alkyl is substituted for an atom of hydrogen in the benzene
nucleus, the convulsive action remains unaffected.

If an acidyl, as for example the radical of acetic acid, enter into the
amido group, then the toxic action is notably weakened; thus, acetani-
lide is weaker than aniline, and acetylphenylhydrazine is weaker than
phenylhydrazine. If the hydrogen of the imido group be replaced by
an alkyl or an acid radical, and therefore tertiary bound nitrogen
restored, the poisonous action is also weakened.

In xanthin there are three imido groups; the hydrogen of two of
these groups is replaced by methyl in theobromine; and in caffeine the
three hydrogens of the three imido groups are replaced by three methyls,
thus:—

NH—CH ff . CH3—OH N". CH3—CH
I II I II | II

CO C-N"H CO C—£T. CH3 CO C—N. CH3

i y°° i i y°° i i y°°
N tfHCF N C H C S r

i y i i y i i y
—C=N tfH C=F N.CH3~C=Sr
Xanthine. Theobromine. Caffeine.

* Th. "Weyl [Lehrhcch der organischeti Ohemie) states (p. 385) that amarin. is not
poisonous, but Baccheti (Jahr. cl. Chemie, 1855) has shown that 250 nigrins. of the
acetate will kill a dog, 80 mgrrns. a guinea-pig; and that it is poisonous to fishes,
birds, and frogs: hydrobenzamide in the same doses has no effect.
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—and experiment has shown that theobromine is weaker than xanthine,
and caffeine still weaker than theobromine.*

Loewf makes the following generalisations :—
1. Entrance of the carboxyl or sulpho groups weakens toxic

action.
2. Entrance of a chlorine atom exalts the toxic character of the

catalytic poisons (Loew's catalytic poisons are alcohols, ether, chloroform,
chloral, carbon tetrachloride, methylal, carbon disulphide and volatile
hydrocarbons).

3. Entrance of hydroxyl groups in the catalytic poisons of the
fatty series weakens toxic character; on the other hand, it exalts the
toxicity of the substituting poisons. (Examples of Loew's class of
"substituting" poisons are hydroxylamine, phenylhydrazine, hydric
cyanide, hydric sulphide, aldehyde, and the phenols.)

4. A. substance increases in poisonous character through every
influence which increases its power of reaction with aldehyde or arnido
groups. If, for example, an amido or imido group in the poison
molecule he made more "labile/' or if thrice linked nitrogen is converted
into nitrogen connected by two bands, whether through addition of
water or transposition (umlagerung), or if a second amido group enters,
the poisonous quality is increased. Presence of a negative group may
modify the action.

5. Entrance of a nitro group strengthens the poisonous character.
If a carboxyl or a sulpho group is present in the molecule, or if, in
passing through the animal body, negative groups combine with the
poison molecule, or carboxyl groups are formed in the said molecule; in
such cases the poisonous character of the nitro group may not be
apparent.

6. Substances with double carbon linkings are more poisonous than
the corresponding saturated substances. Thus neurine with the double
linking of the carbon of CH2 is more poisonous than choline;
vinylamine than ethylamine.

* "V. Lusini (Uorsosi, 1898, xxi. 257) gives the following lethal doses for frogs per
100 grms. body weight :—

M on omethylxan thine, . . - . . . • 0*03
Theobromine, 0*02
Caffeine, 0'012

—successive introduction of methyl groups being accompanied by an increased toxic
action.

J. T. Cash and W. K. Dunstan (Proc. Boy. Soc, xviii. 384, 1901) have sliown
that withdrawal of the acetyl group both in pyraconitine and in benzaeonine almost
destroys their toxicity ; by substituting methyl for aeetyl in aconitine there is also a
reduction of toxicity.

t Bin naturliches System der Qift-wirhmge% Munchen, 1893.
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I2—CH2OH

Neurine. Choline.
CH2 CH3

CH.NTIa CH2.NH2

Yinylamine. Ethylamine.
§ 27. M. Ch. Michet * has investigated the comparative toxicity of

the metals by experiments on fish, using species of Serranus, Grenolabrus,
and Julim. The chloride of the metal was dissolved in water and
diluted until just that strength was attained in which the fish would
live 48 hours; this, when expressed in grammes per litre, he called
"the limit of toxidty"

The following is the main result of the inquiry, by which it will be
seen that no relation was found between "the limit of toxicity " and the
atomic weight.

TABLE SHOWING- THE RESULTS OF EXPERIMENTS ON FISH.
Limit of
Toxicity.
'00029
-0033
-0084
-014
-017
-064
'10
-126
-126
-3
'30
78

1-5
2*2
2-4

24*17

No. of•eriments.
20.
7.

20.
10.
7.
6.
7.

10.
9.

11.
20.
6.
4.

20.
5.
6.

Metal.
Mercury,
Copper,
Zinc,
Iron,
Cadmium,
Ammonium, .
Potassium, .
Nickel, .
Cobalt,.
Lithium,
Manganese, .
Barium,
Magnesium, .
Strontium,
Calcium,
Sodium.

V.—Life-Tests: The Action of Poisons on the Lower
Forms of Life.

§ 28. The progress of synthetic chemistry places annually a large
number of more or less toxic substances in commerce, and it may often
be necessary to ascertain whether a given extract is poisonous at all, and
if so, what is its action. Similarly, the action .of poison on life forms
generally will assist the toxicological chemist in the identification of- a
substance.

* *' De la Toxicite" compare des difffrejits M6taux." Note de M. Ch. Michet
Compt. Rend., t. xciii. p. 649, 1881.
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The chief methods of experiment are the following:—

(1) Action on the red blood corpuscles.
(2) Action on unicellular organisms.
(3) Cephalopoda.
(4) Insects.
(5) Effect of poisons on the heart of cold-blooded animals.

(1) Action on the red blood corpuscles (erythrocytes).
Any blood may be used, but Heinz"* has proposed that rabbit's blood

should he taken as a standard.
The blood is defibrinatedaiid several test tubes are charged, each with

10 drops of the defibrinated blood. A solution of the substance in
various strengths is now added to the blood, adding also common salt to
each solution so as to bring the concentration equal to 0*9 per cent, of
common salt; such a solution, with, regard to rabbit's blood, is osmotic.

If the red blood corpuscles dissolve, it shows the substance has a
haemolytic poisonous action on the red blood corpuscles.

Examples of poisons which dissolve the red blood corpuscles are—
arseniuretted hydrogen, the poison of the bee, snake poison generally,
saponin, phallin.

(2) Action on Infusoria.—The infusoria are extremely sensitive to
the poisonous alkaloids and other chemical agents. Strong doses of the
alkaloids cause a contraction of the cell contents, and somewhat rapid
disintegration of the whole body; moderate doses at -first quicken the
movements, then the "body gets perceptibly larger, and finally, as in the
first case, there is disintegration of the animal substance.

The most suitable for the research are the larger kinds, such as
paraoiaecia: these are easily obtained hy steeping hay in water and
incubating at blood heat for about 24 hours. Among a number of species
will he observed several p&ramsecia, such as Paramwci%m caudatum
and others. Still more suitable organisms are, however, the opalinse.

Opaliiia rcmarwn.—The opalinse are ciliated organisms which are
found in the rectum of almost evQiy frog at all times of the year.
They are oval, can just be seen with unaided sight as white points, con-
tain a number of clear nuclei, and are capable of active movement by
reason of the mimbers of cilia which clothe the surface.

They are usually obtained from the frog by first paralysing the
brain so as to destroy sensibility to pain, cutting out the intestine and
the lower part of the csecurn, and slitting it up while immersed in a 0*6
per cent, solution of common salt.

The inner lining may now be stroked by means of a camel's hair
brush and the opalinse thus detached. Two drops of water containing

* Ifandbuch der cxyperirnentelle Pccthdoc/ie u. JPhai-maAologie, Jena, 1904.
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opalinse substances are added in aqueous solution of known but varying
strength, and the behaviour of the organisms observed as compared with
one or more " controls " contained in watch-glasses or shallow dishes. A
weak magnifying power is alone required. The chief changes are either
swelling or shrinking, alterations in form, and often the appearance of
several vacuoles; sometimes, again, the contents become granular.

Rossbach * gives the following intimations of the proportion of the
toxic principle necessary to cause death:—Strychnine 1 part dissolved
in 1500 of water; veratrine 1 in 8000; quinine 1 in 5000; atropine 1
in 1000; the mineral acids 1 in 400-600; salts 1 in 200-300.

(3) Cephalopoda.—The action of a few poisons on the cephalopoda
has been investigated by M. E. Yung.f Curara placed on the skin had
no effect, but on the branchiae led to general paralysis. If given in even
fifteen times a greater dose than necessary to kill a rabbit, it was not
always fatal. Strychnine, dissolved in sea-water, in the proportion of
1 to 30,000, causes most marked symptoms. The first sign is relaxation
of the chromafcaphore muscle and the closing of the chromataphores;
the animal pales, the respiratory movements become more powerful,
and at the end of a notable augmentation in their number, they fall
rapidly from the normal number of 25 to 5 a minute. Then "tetanus
commences after a time, varying with the dose of the poison ; the arm
stiffens and extends in fan-like form, the entire body is convulsed, the
respiration is in jerks, the animal empties his pouch, and at the end of
a few minutes is dead, in a state of great muscular rigidity. If at this
moment it is opened, the venous heart is found still beating. Nicotine
and other poisons were experimented with, and the cephalopoda were
found to be generally sensitive to the active alkaloids, and to exhibit
more or less marked symptoms.

(4) Insects.—The symptoms which may be distinguished in poisoned
flies are dulness or vivacity of movement, loss of power of progression,
paralysis of legs or wings or both, protrusion of the fleshy proboscis,
disorderly movements, and so forth.

Flies are caught without injury by swiftly placing over them a
watch-glass on the window-pane; a card is then inserted under the watch-
glass and the fly or flies transferred to a table in a good light. Powders,
extracts, liquids can now be easily introduced into the watch-glass, or
the first watch-glass may be placed on another; in either case, owing to
the confined space, the insect becomes soiled with the substances placed
under the watch-glass, and also usually sucks some up in the efforts to
cleanse itself.

As controls may be used a fly untreated and one submitted to a

* N. J. Rossbach, Tharm. Zeitschr. fiir Russland, xix. 628.
t Comjtt. Rend., t. xci. p. 306.
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little of the powder of the Pyrethrum rosea, one of the'most powerful of
the insecticides.

In the presence of pyrethrum powder, within four minutes there is
much excitement, in from two to three minutes longer, disordered move-
ments, loss of balancing power, paralysis of the wings occur, and the fly
generally lies on its back, death taking place in from two to three hours.

In poisoning by sausages, bad meat, curarine, and in obscure cases
generally, in the present state of science, experiments on living animals
are absolutely necessary. In this, and in this way only, in very many
instances, can the expert prove the presence of zymotic, or show the
absence of chemical poison.

The Vivisection Act, however, effectually precludes the use of life-
tests in England save in licensed institutions. Hence the "methods'3 of
applying life-tests described in former editions will be omitted.

§ 29. Effect of poisons on the heart of Cold-blooded AnimaLs.—The Vivisection
Act does not, however, interfere with
the use of certain living tests, such,
for instance, as the testing of the
action of poisons upon the recently
extirpated hearts of cold - blooded
animals.

The' heart of the frog, of the
turtle, of the tortoise, and of the
shark will heat regularly for a bug
time after removal from the body, if
supplied with a regular stream of
nutrient fluid. The fluids used for
this purpose are the blood of the
heibivora diluted with common salt
solution, or a serum albumin solution,
or a 2 per cent, solution of gum aiubic
in which red "blood corpuscles are sus-
pended. The simplest apparatus to
use is that known as ''Williams'."
"Williams' apparatus consists of two
glass bulbs (see diagram), the one, P,
containing nutrient fluid to which a
known quantity of the poison has been
added ; the other, 1ST, containing the
same fluid but to which no poison has
"been added ; these bulbs are connected
by caoutchouc tubing to a three-way
tube, T, and each piece of caoutchouc
tubing has a pressure screw clip, "V'
and V; the three-way tube is con-
nected with a. wider tube containing a Williams' Apparatus,
yalve float, J1, which gives free passage
of fluid in one direction only, that is,
in the direction of the arrow; this last wide tube is connected with a, Y piece
of tubing, which again is connected with the aorta* of the heart under examination,
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the other leg of the Y tube is connected with another wide tube, X., having a float
valve, F2: the float containing a drop of mercury and permitting (like the float valve
F) passage in one direction only of fluid, it is obvious that if the clip communicating
with N" is opened and the clip communicating with P is closed, the normal fluid
will circulate alone through the heart; if, on the other hand, the P clip is open
and the N" clip closed, the poisoned blood will alone feed the heart. It is also clear
that by raising or depressing the bulbs, the circulating fluid can be delivered at any
pressure, high or low. Should a bubble of air get into the tubes, it can he got rid of
by removing the cork at S and bringing the fluid up to the level of the top of the
aperture. The observation is made by first ascertaining the number and character of
the heats when the normal fluid is circulating, and then afterwards when the normal
is replaced by the poisoned fluid. A simpler hut less accurate process is to pith two
frogs, excise their respective hearts, and place the hearts in watch-glasses contain-
ing either serum or a solution of common salt (strength 075 per cent.); to the one
heart is now added a solution of the poison under examination, and the difference in
the behaviour and character of the beats noted.

The phenomena to be specially looked for are the following :—
1. The heart at the height of the poisoning is arrested in diastole.
2. The heart at the height of the poisoning is arrested in systole.

Arrest in diastole.—The arrest may be preceded by the contractions becoming
weaker and weaker, or after the so-called heart peristalsis ; or it may be preceded by
a condition in which the auricle shows a different frequency to the ventricle.

The final diastole may be the diastole of paralysis or the diastole of irritation.
The diastole of irritation is produced by a stimulus of the inhibitory ganglia, and

only occurs after poisoning by the musoarine group of poisons. This condition'may
be recognised by the fact that contraction may be excited by mechanical and electrical
stimuli or by the application of atropine solution ; the latter paralyses the inhibitory
nervous centres, and therefore sets the mechanism going again. The diastole of para-
lysis is the most frequent form of death. It may readily be distinguished from the
muscarine diastole; for in muscarine diastole the heart is full of blood and larger
than normal, but in the paralytic form the heart is not fully extended, besides which,
although, if normal blood replace that which is poisoned, the beats may be restored
for a short time, the response is incomplete, and the end is the same ; besides which
atropine does not restore the beats. The diastole of paralysis may depend on para-
lysis of the so-called excito-motor ganglia (as with iodal), or from paralysis of the
muscular structure (as with copper).

The heart at the height of the poisoning stops in systole.
2. Arrest in systole.—The systole preceding the arrest is far stronger than

normal, the ventricle often contracting up into a little lump. Contraction of this
kind is specially to be seen in poisoning by digitalis. In poisoning by digitalis the
ventricle is arrested before the auricle; in muscarine poisoning the auricle stops
before the ventricle. If the reservoir of Williams' apparatus is raised so as to
increase the pressure within the ventricle the beat may be restored for a time to
again cease. '

A frog's heart under the influence of any poison may be finally divided into
pieces so as to ascertain if any parts still contract; the significance of this is that
the particular ganglion supplying that portion of the heart has. not been affected • the
chief ganglia to he looked for are Remak's, on the boundary of the sinus and auricle ;
Ludwig's, on the auricle and the septum of the auricle; Bidder's, on the atrioventri-
cular border, especially in the valves ; and Dogiel's ganglion, between the muscular
fibres. According to Dogiel, poisons acting like muscarine affect every portion of the
heart, and atropine restores the contractile power of every portion

Jacobi'sapparatus.-Glass canulas are introduced into the "left vena cava and
aorta respectively, the other big vessels being ligatured ; the arrangement is as in the
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figure. The one canula is connected with an india-rubber tube a, attached to Mar-
riott's flasks by means of a Y-piece ; the other to a T-piece T, connected on the one
side to a small mercury manometer ; the limb of the manometer nearest the T-piece
is connected with a pressure tube S ; the other limb of the manometer is, as shown,
provided with a recording apparatus which draws a curve in the revolving cylinder G ;
the other side of the T-piece consists of a tube, connected with a wider tube "W ; into
this fits a glass rod, which can be pushed in and out; the glass rod is so arranged as
to leave a fine capillary slit; the farther this rod is pulled out the easier the fluid
drops into Y, the farther it is pushed in the slower the liquid drops, and therefore
the greater the pressure. The tube with the glass rod is horizontal, and a few mms.
higher than the level of the fluid in R ; the zero point of the manometer is carefully
adjusted to this level. If, in the manner stated, the pressure is raised, the pressure
tube S begins to fill with the nutrient fluid, and the heart is compelled to work at a
gradually increasing pressure, and this pressure may be registered on the kymograph
by comparison of the tracing with that of the '' time curve " Z.

Jacobi's Apparatus.

Jacobi has experimented with the pressures in the aorta and* the auricle of large
frogs, and has been able to nearly imitate the natural pressure in the isolated heart.
If the latter works with a difference in level of 10-20 mm. the ventricle drives the
fluid into the pressure tube 50-66 cm. and the fluid drops into the little syphon V
regularly with each systole, two or three drops escaping, that is, with ten pulsations
from l'0-l*5 grms., which with a height of 50 cm. corresponds to work of 50-75
grms.

Jacobi ingeniously registers graphically the amount of fluid flowing in relation
to time, pressure, and pulse as follows :—Around the little glass rod is wound a moist
shred of wool, leading the liquid into a small glass vessel syphon shaped, V, which is
balanced at one end of a slender rod g, equilibrium being obtained by a counterpoise ;
the little vessel when full rapidly empties itself by syphon action, and hence is in
intermittent vibration ; these vibrations are recorded graphically by breaking and
making contact at p with a galvanic battery arrangement, and by means of the
magnet at M the attached marker draws a line on the revolving cylinder O, at the
same moment lines are drawn by the markers A and Z. By means of this instrument
either normal or poisoned fluid may be put into the isolated heart, and the effects
thus graphically registered.
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§ 30. The effect of poisons on the iris.—Several poisons affect the pupil, causing
either contraction or dilatation. The most suitahle animal is the cat, the pupil of
the cat readily showing either state.

Toxic myosis, or toxic contraction of the pupil.—There are two forms of toxic
myosis, one of which is central in its origin. In this "form, should the poison he
applied to the eye itself, no marked contraction follows ;* the poison must be swallowed
or injected subcutaneously to produce an effect. The contraction remains until
death.

The contraction in such a case is considered to he due to a paralysis of the dilata-
tion centre; it is a " myosis paralyiiccc centralism the best example of this is the
contraction of the pupil caused by morphine.

In the second case the poison, whether applied direct to the eye or entering the
circulation by subcutaneous injection, contracts the pupil ; the contraction persists if
the eye is extirpated, but in all cases the contraction may be changed into dilatation
by the use of atropine. An example of this kind of myosis is the action of muscarine.
It is dependent on the stimulation of the ends of the nerves which contract the pupil,
especially the ends of the nervus oculomotorlus supplying the sphincter iridis; this
form of myosis is called myosis spasticaperiphera. A variety of this form is the myosis
spastica muscularis, depending on stimulation of the muse, sphincter iridis, seen in
poisoning by physostigmine. This causes strong contraction of the pupil when locally
applied ; the contraction is not influenced by small local applications of atropine, but
it may be changed to dilatation by high doses. Subcutaneous injection of small doses
of physostigmine does not alter the pupil, but large poisonous doses contract the pupil
in a marked manner.

Toxic mydriasis, or toxic dilatation of the pupil.—The following varieties are
to be noticed:—

1. Toxic doses taken by the mouth or given by subcutaneous injection give rise
to strong dilatation ; this vanishes before death, giving place to moderate contraction.
This form is due to stimulation of the dilatation centre, later passing into paralysis.
An example is found in the action of aconite.

2. After subcutaneous or local application, a dilatation neutralised by physostig-
mine in moderate doses. This is characteristic of j8-tetrahydronaphthylamine.

3. After subcutaneous injection, or if applied locally in very small doses, dilatation
occurs persisting to death. Large doses of physostigmine neutralise the dilatation, but
it is not influenced by muscarine or pilocarpine: this form is characteristic of atropine,
and it has been called mydriasis pciralytica pcripliera.

VI.—General Method of Procedure in Searching
for Poison.

§ 31. Mineral substances, or liquids containing only inorganic
matters, can cause no possible difficulty to any one who is practised
in analytical investigation; but it is otherwise with, organic fluids or
solids.

The first thing to be done is to note accurately the manner in which
the samples have been packed., whether the seals have been tampered
with, whether the vessels or wrappers themselves are likely to have
contaminated the article sent; and then to make a very careful observa-
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tion of the appearance, smell, colour, and reaction of the matters, not
forgetting to take the weight, if solid—the volume, if liquid. All these
are obvious precautions, requiring no particular directions.

If the object of research is the stomach and its contents, the contents
should be carefully transferred to a tall conical glass; the organ cut
open, spread, out on a sheet of glass, and examined minutely by a lens,
picking out any suspicious-looking substance for closer observation.
The mucous membrane should now be well cleansed "by the aid of a
wash-bottle, and if there is any necessity for destroying the stomach, it
may be essential in important cases to have it photographed. The
washings having been added to the contents of the stomach, the sedi-
ment is separated and submitted to inspection, for it must be remembered
that, irrespective of the discovery of poison, a knowledge of the nature
of the food last eaten by the deceased may be of extreme value.

If the death has really taken place from disease, and not from
poison, or if it has been caused by poison, and yet no definite hint of the
particular poison can be obtained either by the symptoms or by the
attendant circumstances, the analyst has the difficult task of endeavour-
ing to initiate a process of analysis which will be likely to discover any
poison in the animal, vegetable, or mineral kingdom. For this purpose
the following process has been devised, which differs from those published
at an earlier date mainly in the prominence given to operations in a
high vacuum, and the utilisation of biological experiment as a matter of
routine. Taking one of the most difficult cases that can occur—viz.,
one in which a small quantity only of an organic solid or fluid is available
—the best method of procedure is the following :—

1. Distillation in a vacuum at a low temperature.
2. Collecting the volatile products.
3. Dehydrating the organic substances.
4. Dissolving out from the dry mass fatty matters and alkaloids,

ghicosides, etc., by ethereal and alcoholic solvents.
5. Destroying organic matter and searching for metals.
A small portion is reserved and examined microscopically, and, if

thought desirable, submitted to various "cultivation" experiments.
The greater portion is at once examined for volatile matters, and having
been placed in a strong flask, and, if neutral or alkaline, feebly acidulated
with tartaric acid, connected with a second or receiving flask by glass
tubing and caoutchouc corks. The caoutchouc cork of the receiving-
flask has a double perforation, so as.to be able, by a second bit of angle
tubing, to be connected with the mercury-pump described in the author's
work on "Poods," the figure of which is here repeated (see the
accompanying figure). "With a good water-pump having a sufficient
length of fail-tube, &• vacuum may be also obtained that for practical

4
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purposes is as efficient as one caused by mercury; if the fall-tube
delivers outside the laboratory over a drain, no offensive odour is

Reservoir^

\—Mercury Gauge

Drying Tube
filled with
fused calcic
cHloride

e x p e r i e n c e d w h e n d e a l i n g w i t h p u t r i d , s t i n k i n g l i q u i d s . A v a c u u m

h a v i n g b e e n o b t a i n e d , a n d t h e rece iv ing- f lask s u r r o u n d e d w i t h ice, a

d i s t i l l a t e for p r e l i m i n a r y t e s t i n g m a y b e g e n e r a l l y g o t w i t h o u t t h e
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action of any external heat; but if this is too slow, the flask containing
the substances or liquid under examination may be gently heated by a
water-bath : water, volatile oils, a variety of volatile substances, such as
prussic acid, hydrochloric acid, phosphorus, etc., if present, will distil
over. It will be well to free in this way the substance, as much as
possible, from volatile matters and water. When no more will come
over, the distillate may be carefully examined by redistillation and the
various appropriate tests.

The next step is to dry the sample thoroughly. This is best effected
also in a vacuum by the use of the same apparatus, only this time the
receiving-flask is to be half filled with strong sulphuric acid. By now
applying very gentle heat to the first flask, and cooling the sulphuric
acid receiver, even such substances as the liver in twenty-four hours
may be obtained dry enough to powder.

Having by these means obtained a nearly dry
friable mass, it is reduced to a coarse powder, and
extracted with petroleum ether, and treated as under
the special section for Alkaloids and Glucosides (see
Index).

It must also be remembered that there are a few
metallic compounds (as, for example, corrosive sub- This figure is from
limate) which are soluble in alcohol and ethereal " Foods." B is a

i J. i ±. x -U i i J bell-jar, which can
solvents, and must not be overlooked. be adapted by a cork

The residue, after being thus acted upon suoces- to a condenser; Ris
i i i i T I T ni ,i - i i i made of iron: the

sively by petroleum, by alcohol, and by ether, is both r i m of the bell-jar is
water-free and fat-free, and also devoid of all organic immersed in mer-
poisonous bases and principles, and it only remains grooveVreceiveK ^
to treat it for metals, various processes for which are
as follows. These processes have been devised chiefly for the detection
of arsenic and antimony, but evidently may be used, with obvious
limitations, for most mineral matters.

A very fair and complete analysis may be made from a small amount
of material. The process is, however, somewhat faulty in reference to
phosphorus, and also to oxalic acid and the oxalates; these poisons, if
suspected, should be specially searched for in the manner to be more
particularly described in the sections treating of them. In most cases
there is sufficient material to allow of division into three parts—one for
organic poisons generally, one for inorganic, and a third for reserve in
case of accident. When such is the case, although, for organic principles,
the process of vacuum distillation just described still holds good, it will
be very much the most convenient way not to use that portion for
metals, but to operate on the portion reserved for the inorganic poisons
as follows, by destruction of the organic matter.
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METHODS OF DESTROYING OR&ANTC MATTER WHEN
SEARCHING FOE MINERAL POISONS (ESPECIALLY
ARSENIC).

§ 3-2. (A) Destruction by heat.—Of all methods, destroying by heat
alone or in a current of oxygen is the most perfect; always provided
that the apparatus is so arranged that volatile metallic vapours can be
condensed or otherwise recovered.

G. Bertrand,* in researches on the presence of arsenic in the animal
tissues, burns the organic matter by means of compressed oxygen in
Berthelot's calorimetric bomb. From 1-2 grins, of the substance,
previously dried, is placed in the bomb; and the combustion is initiated
by a very small shred of fulminating cotton in a platinum loop, through
which is passed an electric current.

Where necessary, the product of several combustions is accumulated
in the same bomb. The bomb is then washed out with water. The
water contains traces of nitric acid produced in the combustion, which
it is usually best to evaporate off.

The objection to the process is the expense of the apparatus, the
cheaper enamelled bombs in commerce, according to Bertrand, always
containing traces of arsenic; besides which, only a very small quantity
of the substance can be dealt with at one operation. On the other hand,
the advantages are obvious. The combustion is complete, and a solution
can be readily obtained suitable for treatment by hydric sulphide or by
Marsh's apparatus.

Yerryken f places 5—10 grins, of the previously dried organic matter
in a combustion tube, into which is led dry oxygen by three small tubes
of different length, in order to distribute the gas equally; the tube is
connected with a series of bulbs charged with water. The tube is very
carefully heated to a dull red heat on each side of the substance; then
the substance itself is heated very carefully, in such a way as to
avoid brisk inflammation of the mass; on cooling, the tube is washed
out with hot nitric acid, the water ia the bulbs added, and thus a nitric
acid solution obtained.

In the method of Woehler and Siebold, the matters, suitably divided,
are heated in a porcelain dish with, their weight of nitric acid until
an homogeneous mass has been obtained, then the acid is neutralised,
by soda, potash, ammonia, or lime, and evaporated to dryness. The
product is now cast in small portions at a time into a porcelain crucible
brought to a dull red heat. The ultimate mass, which should be of a

* Gr. Bertrand, "Umploide la bornbe calorimetriqxie pour demoiitrer l'existence
de 1'arsenic dans Porganisme," Conzptes Rend., 1903.

f Journ* clepharm. d'Anvers, 1872.
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pure white colour, is then dissolved in boiling water and a solution
obtained absolutely free from organic matter. According to A. G-autier
this method should not "be used in researches on arsenic, the loss of
arsenic being considerable.

Basic method.—In this method the organic matters, intimately mixed
-with half their weight of pure lime or pure magnesia, are burned up in
a muffle, and the product treated with ni trie or hydrochloric acid until
dissolved. The process has been used in researches on malt and on
coal, and it is stated no arsenic is lost; but it has not been used in
other toxicological investigations.

/. Ogier's method*—The organic matter (viscera, e.g.) is finely
divided and made into a soupy mass by the addition of water, and
introduced into a large flask ; about ^ of the weight of the organic
substance of potassic chlorate is added. Hydrochloric acid gas produced
by the action of pure sulphuric acid on pure hydrochloric acid is passed
through the liquid, the gas finally escaping being led through a little
water to arrest possible traces of arsenic chloride. As soon as yellow
vapours are seen above the liquid the current of gas is stopped, the
process of destruction going on now without farther assistance. The
end of the reaction is indicated by the yellow colour of the liquid. The
insoluble matters are filtered off, and, if desired, may be treated by one
or other of the dry mebhods; but it can be shown that, as a rule, they
are destitute of poisonous metals. The destruction is rapid, 500 to
1OO0 grrns. of organic matter being destroyed within the hour.

A. Villiers9 f method.—Yilliers uses the salts of manganese. The
substances, made into the consistence of porridge "by the addition of
hydrochloric acid diluted with from 2-3 times its volume of water, are
introduced into a suitable flask, which has a cork carrying a funnel
provided with a stopcock and a tube, the end of which dips into water.
Through the funnel is gradually introduced a solution of a manganese
salt and a little nitric acid, a regulated heat "being at the same time
applied; the gases evolved are nitrogen and ca-rbon dioxide, hence the
products are without odour; the process is even more rapid than that
of Ogier. In researches for arsenic it is obviously necessary to take
accurately weighed or measured quantities of the reagents, and, if arsenic
is found, to make with equal quantities of the reagents a blank
experiment for the purpose of ascertaining their freedoin from arsenic.

Process of Arrnantl Qautie,r\%—Gautier has revived the old process
of destruction of organic matter hy sulphuric and nitric acids, with
improvements in detail.

* TraiU de cMmie toxicoZogiqsie, Paris, 1899.
t Cornptes JRendus, 1896.
£ A. Grautier, Bull. Soc, chim., 1903.
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Four grms. of pure sulphuric acid and 40 grms. of nitric acid
(1*42 sp. gr.) are added to 100 grms. of the organic matter in a
porcelain dish. This is carefully heated until the entire mass assumes
a chocolate colour; 30 additional grms. of nitric acid are added little
by little, taking care that before the addition of a fresh quantity the
matters have a brown tint; after the addition of the final quantity,
the heat is continued until the contents are almost black, with
commencing carbonisation.

Isrext, 12 more grms. of nitric acid, three successive times are added,
after each addition pushing the carbonisation still farther. The operation
is finished when no more fumes are evolved and the carbon detaches itself
from the dish. The mass is now rubbed to a powder in the dish itself
by means of a pestle, and exhausted with from 250 to 300 c.c. of boiling
water. This, after being filtered, contains the metals ; some sulphurous
acid is added, and the whole is submitted to a current of SH2 for 3
hours, first at a temperature of 100°C. and then at ordinary temperatures.
100 grms. of muscle leave from 2*5 to 3 grms. of carbon. The quantity
of acid used in ordinary cases is therefore 4 grms. of sulphuric acid
and 106 of nitric acid ; but should the matters be very fatty, more
nitric acid is recommended.

According to Gautier, the nitric acid acts on the chlorides,
forming a nitro-hydrochloric acid, very poor in the latter (hydro-
chloric) acid, so that the chlorine is expelled with the nitrous
products without a trace of arsenic chloride being formed. The
excess of nitric acid also effectually prevents the formation of
arsenic sulphide.

PageVs process.—The older processes in which arsenic is distilled
over as chloride of arsenic, according to the researches of Gautier, do
not yield good results. Schlagdenkaufen and Pagel have, however,
elaborated a process in which they state that in all cases the total
amount of arsenic may be recovered in the form of chloride.

The suspected organic matters are placed in a tubulated retort
with a mixture of two parts of pure sodium chloride and one part of
potassium bichromate; by means of a funnel tube provided with stopcock,
pure sulphuric acid is allowed to drop little by little on to the mixture.
A violent reaction occurs, chromous chloride (CrO2Cl2) gas being pro-
duced; the vapours are caused to pass first into a flask cooled with
water, then through bulbs or other apparatus, the final portion of which
is charged with a weak solution of potash. The action is aided by
heat; the addition of sulphuric acid is continued until no more yellow
vapours are produced and the carbon disappears. The gas is decom-
posed by the first washing of water into hydrochloric acid and chromic
acid, CrO2Cl2 + H2O = CrO3 + 2HC1. The heat being continued, sulphur
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dioxide is produced, which, in its turn, reduces the chromic acid. The
final green solution, with the various washing waters, are freed from
sulphur dioxide and suhrnitted to hydric sulphide, while the non-
volatile metals are tested for in the residue remaining in the flask,
the residue for this purpose being exhausted with hot water, and the
solution filtered.

In all cases the amount of acidity of the solution of the inorganic
salts should he ascertained by titrating with normal soda an aliquot
part of the same.

The liquid is now saturated with a current of gaseous sulphuretted
hydrogen until it smells strongly of the gas. The flask should now he
corked and set aside for at least twelve hours, any precipitate is filtered
off, the liquid is shaken and warmed to expel the excess of sulphuretted
hydrogen. Sodic acetate is now added in slight excess of the acidity,
as determined by the titration above mentioned, so as to replace the
mineral acid by acetic aeid. For every 10 c.c. of normal soda T36
grm. of sodic acetate in theory would exactly replace the mineral acid.
For example, supposing that the original liquid measured 510 c.c.,
10 c.c. of which was neutralised by 5 c.c. of normal soda, then the
proper, quantity to add of sodic acetate to the 500 c.c. m>uld he 34
grais. to exactly replace the acid, and an extra couple of grms. so as to
ensure an excess: in all 36 grms. The liquid is now again saturated
with sulphuretted hydrogen in order to throw down any zinc as
sulphide.

Should a precipitate occur, this is filtered off, and the filtrate
saturated with ammonium sulphide.

(a) Precipitate from add JB2S solution.—From the acid solution,
the sulphide of a large number of substances may theoretical^ be
present in the precipitate, e.g. arsenic, antimony, tin, germanium,
molybdenum, selenium, tellurium, gold, platinum,, iridium, silver,
mercury, lead, bismuth, copper, cadmium, palladium, osmium, rhodium,
and ruthenium; but it is obvious that many of the above substances
are not likely to occur in a routine toxicological investigation. These
sulphides are treated with ammonium sulphide, which dissolves the
members of the above group up to and including indium, and leaves
insoluble the remainder., which may be searched for in the ordinary
manner (see Lead, Mercury, etc.).

With regard to the sulphides soluble in ammonium sulphide, we
need only here consider tin, antimony, and arsenic, and these are best
separated by Carnot's method.* The ammonium sulphide solution is
made acid by means of HC1, and the dissolved sulphides (^vith sulphur)
are thrown down; these are collected on a niter, and dissolved by

* TraiU d? analyse dies substances min^rales, Paris, 1898,
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means of either HCl and potassic chlorate or HCl with a little nitric
acid; to the solution is added ammonium oxalate and ammonia, but
not in sufficient quantity to form a precipitate. The clear solution is
neated to ebullition and a solution of sodic hyposulphite added; this
throws down (with sulphur) the red sulphide of antimony, should
antimony be present. On separating the precipitate by filtration the
filtrate is made acid by hydrochloric acid, and a current of hydric
sulphide passed through, and well boiled to get rid of sulphur dioxide ;
any arsenic is precipitated as yellow sulphide, and any tin remains in
solution; the latter may be separated as bisulphide by saturating the
filtrate with ammonia, then adding ammonium sulphide, and after a few
minutes, acetic acid.

(b) Precipitate from acetic H2S solution. See Zinc.
(c) Precipitate from ammonium sulphide. See Chromium, Nickel,

Cobalt, etc.
(d) Examine the nitrate for alkalies and alkaline earths. Any

residue remaining after destroying organic matter and dissolving in
acids may be specially treated for the detection of silver and barium
salts, should these be present in an insoluble form.

The residue is dried and intimately mixed with three times its
weight of a mixture containing two parts of sodic nitrate and one part
of sodium hydrate. This is placed, little by little, in a red-hot porcelain
crucible and melted. The melted mass is cooled, dissolved in a little
water, a current of CO2 passed through the solution to convert
any caustic soda into carbonate, and the solution boiled. The
insoluble portion consists of carbonates of lead and baryta, and
of metallic silver. The mixture is filtered; the insoluble residue on
the filter is warmed for some time with dilute nitric acid; the solution
of nitrates of silver, lead and barium are concentrated on the water-
bath nearly to dryness so as to get rid of any excess of acid, and the
nitrates dissolved in water; then the silver is precipitated by hydro-
chloric acid, the lead by SH2, and the barium by sulphuric acid.

VII.—The Spectroscope as an Aid to the Identification
of certain Poisons.

§ 33. The spectra of many of the metals, of phosphine, of arsine,
and of several other inorganic substances, are characteristic and easily
obtained.

It is, however, from the employment of the micro-spectroscope that
the toxicologist is likely to get most assistance.
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Oscar Brasch * has within the last few years studied spectroscopy in
relation to the alkaloids and organic poisons. Some of these, when
mixed with Froehde's reagent, or with sulphuric acid, or with sulphuric
acid and potassic dichromate, or with nitric acid, give characteristic
colours, and the resulting solutions, when examined by a spectroscope,
for the most part show absorption bands; these bands may, occasion-
ally, assist materially in the identification of a poison. By far the best
apparatus is a micro-spectroscope of the Sorby and Browning type, to
which is added an apparatus for measuring the position on a scale of
the lines and bands. Seibert and Kraft of "Wetzlar make an excellent

'instrument, in which a small bright triangle is projected on the
spectrum; this can be moved by a screw, so that the apex may be
brought exactly in the centre of any line or band, and its position
read on an outside scale. The first
thing to be done with such an instru-
ment is to determine the position on
the scale of the chief Fraunhofer
lines, or of the more characteristic
lines of the alkalies and alkaline
earths,! the wave lengths of which
are accurately known. If, now, the
scale divisions are set out as abscissae,
and the wave lengths in millionths of
a millimetre are made the ordinates
of a diagram, and an equable curve
plotted out, as fully explained in the
author's work on "Foods," it is easy
to convert the numbers on the scale

into wave lengths, and so make the readings applicable to any spectro-
scope. For the purpose of graphical illustration the curve method is
convenient, and is adopted in the preceding diagrams, all taken from
Oscar Brasch's monograph. Where the curve is highest, the absorption
band is thickest; where the curve is lowest, there the band is weak.
The fluid to be examined is simply placed in a watch-glass, the watch-
glass resting on the microscope stand.

* Ueber Verwendbctrkeit der Spectroscojpie zur UhterscJieidung der Farbenreac-
tionen der Gifte im Interesse der forensischen Chemie, Dorpat, 1890.

t The alkalies and earths used for this purpose, with their wave lengths, are as
follows: KC1, a line in the red \ 770, in the violet \ 404. Lithium chloride, red
line, 670*5 ; sodium chloride, yellow, 589 ; strontium chloride, line in the blue, 461.
It is also useful to measure the green line of thallium chloride = 535.

Collie, Proc. Roy. Soc, lxxi. 25, 1902, recommends a vacuum tube charged with
hydrogen, helium, and mercury vapour; this gives no less than 15 lines from the red
He (706-53) to H in the violet (434*1).



CURVES INDICATING THE POSITION OF ABSORPTION BANDS
ON TREATING CERTAIN ALKALOIDS WITH REAGENTS.

H G F bE D CB A H G P IB D OB A

13

10.
11
12.
13.
14.
15.
16.
17.
18.

19.
20.
21.
22.
23.
24.
25.

H G F bE D OB A H G F t)E D OB A
NOTES TO CURVES INDICATING ABSORPTION BANDS.

Strychnine, treated with sulphuric acid and potasssic dichromate (violet).
Brucine, treated with potassic nitrate and sulphuric acid (clear red).
Quebrachine, treated with vanadium sulphate (dark blue).
Quinine, Vogel's reaction (red).
Caffeine, Murexid reaction (violet-red).
Delphinoidin, Froehde's reagent (cherry-red).
Veratrine, treated with sulphuric acid (straw-yellow).

,, ,, (cherry-red).
,, ,, ,, (carmine-red).

Veratrine, Furfurol reaction (blue-violet).
Sabadillin, treated with sulphuric acid (red).
Veratroidine, ,, ,, (brown-red).
Jervine, Furfurol reaction (blue).
Sabadine ,, ,, (blue).
Sabadine, treated with sulphuric acid (cherry-red).
Physostigmine, ,, ,, (grass-green).
Morphine, treated with Froehde's reagent and sugar (dark green).
Narcotine, treated with a mixture of sulphuric acid and nitric acid (30 drops of

sulphuric to 1 drop of nitric), (red).
Codeine, treated with Froehde's reagent and sugar (dark violet).
Papaverine, treated with Froehde's reagent (green-blue).
Sanguinarin, ,, ,, (violet-red).
Chelidonin,
Solanin,
Digitalin,
Aniline,

sulphate of vanadium (dark green).
sulphuric acid and allowed to stand 4 hours (brown-red).
Erdmann's reagent (red).
sulphuric acid and potassic dichromate (blue).
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The wave lengths corresponding to the numbers on the scale in the
diagram are as follows:—

0
1
2
3

W.L.
732
656

. . . 589-2

549*8

4
5 .

6
7

•W.L.

510-2
4S0'0

458
438

E x a m i n a t i o n o f B l o o d , o r o f B l o o d - S t a i n s .

§ M . Spots, supposed to be "blood—whether on l i n e n , walls , or

weapons—should , i n any i m p o r t a n t case, "be p h o t o g r a p h e d before a n y

chemical or microscopical examinat ion is unde r t aken . Blood-spots ,

according to the n a t u r e of t h e mater ia l to which t h e y a r e a d h e r e n t ,

have cer tain naked-eye peculiari t ies—e.g. blood on fabr ics , if dry , has

a t first a clear carmine-red colour, and p a r t of i t soaks i n t o t h e t issue.

If, however, t h e t issue h a s been worn some t ime, or w a s or ig ina l ly

soiled, e i ther from perspirat ion, grease, or filth, t he co lou r m a y no t be

obvious or ve ry d is t inguishable from other s t a i n s ; n e v e r t h e l e s s , t h e

s ta ins always i m p a r t a cer ta in stiffness, a s from s tarch, t o t h e t issue.

If t h e blood has fallen on such subs tances as wood or m e t a l , t h e spot is

black, has a b r i g h t g l i s ten ing surface, and, if obse rved b y a lens,

exhibi ts rad ia t ing fissures and a sort of pa t t e rn , which, a c c o r d i n g t o

some, is pecul iar t o each species ; so t h a t a skilled o b s e r v e r m i g h t

identify occasionally, from the pa t t e rn alone, t h e a n i m a l w h e n c e t h e

blood was der ived. T h e blood is d r y and br i t t l e , and c a n often b e

detached, or a sp l in te r of i t , as i t were, obtained. T h e e d g e s of t h e

spl inter , if s u b m i t t e d to t r ansmi t t ed l ight , a re observed t o be red.

Blood upon iron is f requent ly very in t imate ly a d h e r e n t ; t h i s i s specially

the case if t h e stain is upon rus ty iron, for hsernatin forms a compound

with iron oxide. Blood m a y also have to be recovered f r o m wa te r in

which soiled ar t ic les have been washed, or from walls, or f r o r n t he soil,

etc. In such cases the spot is scraped off from walls, p l a s t e r , o r masonry ,

wi th as l i t t le of t h e foreign m a t t e r s as m a y be. I t is a l so poss ib le to

obta in the colour ing-mat ter of blood from i t s solution i n -water, and

presen t i t for fa r ther examinat ion in a concentra ted form, b y t h e use of

cer ta in p rec ip i t a t ing agents .

I n the following scheme for t he examinat ion of b lood- s t a in s , i t is

p resumed t h a t only a few spots of blood, or, in any case, a s m a l l q u a n t i t y ,

is at t h e analys t ' s disposal.

(1) The dr ied spot is submi t t ed to t h e action of a c o l d s a t u r a t e d

solut ion of borax. This m e d i u m (recommended b y D r a g e n d o r f f ) *

* Untersuchungen von £lutspure?i in Maschka's Handbuch, Bd. i . Half band 2.
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does certainly dissolve out of linen and cloth blood-colouring matter
with great facility. The best way to steep the spots in the solution is
to scrape the spot off the fabric, and to digest it in about a cubic
centimetre of the borax solution, which must not exceed 40°; the
coloured solution may be placed in a little glass cell, with parallel walls,
*5 centimetre broad and '1 deep, and submitted to spectroscopic
examination, either by the ordinary spectroscope or by the micro-
spectroscope ; if the latter is used, a very minute quantity can be
examined, even a single drop. A better solvent is Eiegler's reagent,
to be described later. In order to interpret the results of this examina-
tion properly, it will be necessary to be intimately acquainted with the
spectroscopic appearances of both ancient and fresh blood.

§ 35. Spectroscopic Appearances of Blood.—Fresh blood denbrin-
ated, filtered, and examined in a test tube or in a suitable absorption
cell by a prism spectroscope shows, when diluted sufficiently with water,
two absorption bands, the one near the sodium line well denned, the
maximum shadow being at wave length 578*1; the other in the green
with somewhat fluffy edges, therefore less definite in the green, the
centre of the band being at 541*7; this two-banded spectrum is that
of oxyhsemoglobin. The spectrum is graphically represented in fig. 1,
taken from J. Eormanek's paper. *

On exposure of the same solution to air, new bands make their
appearance; these new bands are those of methaemoglobin; the older
the solution, the more the bands of methsemoglobin tend to intensify,
the more those of oxyheemoglobin fade. The spectrum is, however,
with blood weeks or even months old, always a mixture of oxyhaemo-
globin and methsemoglobin; the wave lengths of the two methaemo-
globin bands centres are respectively 634, and a weak band in the
green 500*8 (see fig. 2).

By adding ammonium sulphide to blood the spectrum of haemoglobin
(fig. 3) is obtained; it shows a weak absorption band (619*8) and a
broad, somewhat diffuse band (554*7).

Oxyhsemoglobin solutions treated with alkalies suffer change; the
oxyheemoglobin is separated into haematin and an albuminous body.
The hsematin is soluble in strong soda lye, and shows a single band in
alcoholic solution, which is situated about X. 598*8 (see fig. 6). If this
alkaline solution of hsematin is now treated with a reducing substance, a
third colouring substance makes its appearance, called by Hoppe-Seyler,
who discovered it, by the name of haemochromogen; this shows two
absorption bands very similar to haemoglobin, but both bands are shifted
towards the violet end of the spectrum (X 559*1 and X 529*2) (fig. 7).

* "Ueber die Absorption Spectra des Blutfarbstoffe," Zeit. f. anal. Chemie,
1901, 505.
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By utilising the properties of hydrazin, which dissolves the red
blood corpuscles, and at the same time is a powerful reducing agent,
Riegler "* has suggested the best general test for blood at present known.

Riegler's reagent is prepared as follows : 10 grins, of sodium hydroxide
are dissolved in 100 c.c. of water; to this 5 grms. of hydrazin are
added, and the whole shaken: lastly, alcohol of 96-97 per cent, is
added in equal volume, the mixture shaken, allowed to stand for two
hours and filtered; the filtrate is used as the reagent.
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The r eagen t can be added to one or two drops of blood in a t e s t

tube , or be used as a solvent for s ta ins on wood, iron, and so for th.

I t may also be used as a reagent for blood in ur ine , milk, and o the r

fluids, if t h e blood is small in quan t i ty . I n non-albuminous fluids, i t

is advisable to add a l i t t le a lbumin, acidify with acet ic acid, hea t to

boiling, a n d t r ea t the separa ted coagulum with the reagent .

The solut ion is of a fine purple-red colour ; and whe ther t he colouring

* ' ' Ein neues Reagens zum Nachweis der verschiedenen Blutfarbstoffe oder der
Zersetzungsprodukte derselben," Zeit f. ancdytische Ohemie, 1904, 539.
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matter be derived from blood, oxyhsemoglobin, methaemoglobin, or
h^einatin, the two bands of haemocliromogen can be seen in the suitably
diluted solution; if the solution is shaken up with air, the spectrum
changes into the one-banded alkaline hsematin (fig. 6), as seen in an
alcoholic solution, but on standing the two-banded spectrum of hsemo-
chromogen slowly comes back; these changes can be traced with the
naked eye, for the red solution, on shaking with air, takes a greenish
tint, and then slowly returns back into purple-red. There is no dye
which possesses similar properties, hence this naked-eye change is
almost sufficient to identify a red organic substance as blood. Hsemato-
porphyrin (figs. 8 and 9) is obtained by heating blood carefully for a
short time with sulphuric acid of a certain concentration.

Sulphsemoglobin (fig. 10) is obtained by treating diluted blood with
sulphuretted hydrogen in the presence of air; it gives a very definite
band (619*8); at the same time the oxyhaemoglobin bands fade; this
is the appearance which may be seen in the blood of persons poisoned
by hydric sulphide.

The spectrum of carbon monoxide haemoglobin (fig. 11) is that of
oxyhsemoglobin with the bands slightly displaced towards the violet
end.

Formanekj in researches on guinea-pigs, has shown that the maximum
displacement only occurs when the blood has attained a certain amount
of saturation with the gas.

In four animals the blood was examined during life, when the
convulsions began, and after death, with the following results :—

In convulsive stage. After death.
Centre of Centre of Centre of Centre of
chief band. subsidiary chief band. subsidiary

band. band.
(1) A 576 A 540 A 572-5 A 538-3
(2) A 576 A 540 A 572-7 A 538*5
(3) A 576 A 540 A 573-0 \538'7
(4) ... ... A572-7 A 538*5

The blood in CO poisoning has also other characteristics. It is of a
peculiar florid vermilion colour, a colour that is very persistent, lasting
for days and even weeks.

Normal blood mixed with 30 per cent, potash solution forms greenish
streaky clots, while blood charged with CO forms red streaky clots.

Normal blood diluted to 50 times its volume of water, and then
treated successively with yellow amnaonium sulphide in the proportion
of 2 to 25 c.c. of blood, followed by 3 drops of acetic acid, gives a
grey colour, while CO blood remains bright red. CO blood shaken with
4 times its volume of lead acetate remains red, but normal blood becomes
brown.*

* M. Rubner, Arch. J£yg., x. 397.
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Solutions of platinum chloride or zinc chloride give a bright red
colour with. CO blood; normal blood is coloured brown or very dark
brown.

Phospho-molybdic acid or 5 per cent, phenol gives a carmine-coloured
precipitate with CO blood, but a reddish-brown precipitate with normal
blood (sensitive to 16 per cent.).

A. mixture of 2 c.c. of dilute acetic acid and 15 c.c. of 20 per cent,
potassic ferrocyanide solution added to 10 c.c. of CO blood produces an
intense bright red ; normal blood becomes dark brown.

Four parts of CO blood, diluted with 4 parts of water and shaken
with 3 vols. of 1 per cent, tannin solution, become at first bright red
with a bluish tinge, and remain so persistently. Normal blood, on the
other hand, also strikes bright red at first, but with a yellowish tinge •
at the end of 1 hour it becomes brownish, and finally in 24 hours grey.
This is stated to be delicate enough to detect 0-0023 per cent, in air.

If blood be diluted with 40 times its volume of water, and 5 drops
of phenylhydrazin solution be a-dded., CO blood strikes rose-red ; normal
blood grey-Tiolet.*

Gustave Piotrowskif has experimented on the length of time blood
retains CO. The blood of dogs poisoned by this agent was kept in
flasks, and then the gas pumped out by means of a mercury-pump on
the following dates:—

Content of gas in CO.
24'7 percent.
235
222
20-3
155
10*2
6-3
46
1-2

Date.
Jan.

Feb.

12, 1892,
20, ,
28, ,
8, ,

26̂  ',
March 3, ,

14, ,
22, ,

The same dog was buried on the 12th of January, and exhumed on
March 28th, and the gas pumped out from some of the blood; this gas
gave 11'7 per cent, of CO ; hence it is clear that burial preserves CO
blood from change to a certain extent.

N. Grehant J treated the poisoned blood of a dog with acetic acid,
and found it evolved 14*4 c.c. CO from 100 c.c. of blood.

Stevenson, in one of the cases detailed at p. 72, found the blood in
the right auricle to contain 0*03 per cent, by weight of CO.

(2) Preparation of Hsematia Crystals—(Teichniann's crystals).—A

* A. Welzel, Centr. ined. Wiss., xxvii. 732-734.
t Compt. Emd. Soc. deMoL, v. 433.
t ComjpL Rend., cvi. 289.



64 POISONS: THEIR EFFECTS AND DETECTION. [§ 35.

portion of the borax solution is diluted with 5 or 6 parts of water, and
one or more drops of a 5 or 6 per cent, solution of zinc acetate added,
so long as a brownish-coloured precipitate is thrown down. The
precipitate is filtered off by means of a miniature filter, and then
removed on to a watch-glass. The precipitate may now be dissolved
in 1 or 2 c.c. of acetic acid, and examined by the spectroscope it will
show the spectrum of haernatin. A minute crystal of sodium chloride
being then added to the acetic acid solution, it is allowed to evaporate
to dryness at the ordinary temperature, and crystals of hsematin hydro-
chlorate result. There are other methods of obtaining the crystals.
When a drop of fresh blood is simply boiled with glacial acetic acid,
on evaporation, prismatic crystals are obtained.

Hsematin is insoluble in water, alcohol, chloroform, and in cold dilute
acetic and hydrochloric acids. It may, however, be dissolved in an
alcoholic solution of potassic carbonate, in solutions of the caustic

alkalies, in boiling acetic and hydro-
chloric acids, and in Riegler's re-
agent. Hoppe-Seyler ascribes to
the crystals the formula C68H.roN8

Fe2O102HCl. Thudichum considers
that the pure crystals contain no
chlorine, and are therefore those of
hsematin. It is the resistance of
the hsematin to decomposition and
to ordinary solvents that renders it
possible to identify a certain stain

to be that of blood, after long periods of time. Dr. Tidy seems to have
been able to obtain blood reactions from a stain which was supposed to
be 100 years old. The crystals are of a dark red colour, and present
themselves in three forms, of which that of the rhombic prism is the
most common (see fig.). But crystals like b, having six sides, also
occur, and also crystals similar to c.

If the spot under examination has been scraped off an iron implement
the haeniatin is not so easily extracted; but Dragendorff states that borax
solution at 50° dissolves it, and separates it from the iron. Felletar has
also extracted blood in combination with iron rust, by means of warm
solution of caustic potash, and, after neutralisation with acetic acid, has
precipitated the hsmin by means of tannin, and obtained from the
tannin precipitate, by means of acetic acid, Teichmann's crystals. A
little of the rust may also be placed in a test tube, powdered ammonium
chloride added, also a little strong ammonia, and after a time filtered ;
a small quantity of the nitrate is placed on a slide with a crystal of
sodium chloride and evaporated at a gentle heat, then glacial acetic acid
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added and allowed to cool; in this way haemin crystals have been
obtained from a crowbar fifty days after having been blood-stained.*

(3) Gruaiacum Test.—This test depends upon the fact that a solution
of haemoglobin develops a beautiful blue colour if brought into contact
with fresh tincture of guaiacum and peroxide of hydrogen. The simplest
way to obtain this reaction is to moisten the suspected stain with distilled
water; after allowing sufficient time for the water to dissolve out some
of the blood constituents, moisten a bit of filter-paper with the weak
solution thus obtained; drop on to the moist space a single drop of
tincture of guaiacum which has been prepared by digesting the inner
portions of guaiacum resin in alcohol, and which has been already tested
on known blood, so as to ascertain that it is really good and efficient for
the purpose; and, lastly, a few drops of peroxide of hydrogen. Dragen-
dorff uses his borax solution, and, after a little dilution with water, adds
the tincture and then Heunefeld's turpentine solution, which is composed
of equal parts of absolute alcohol, chloroform, and French turpentine,
to which one part of acetic acid has been added. The chloroform
separates, and, if blood was present, is of a blue colour.

§ 36. To prove by chemical and physical methods that a certain
stain, is that of blood is often only one step in the inquiry, the next
question being whether the blood is that of man or of animals. The
blood corpuscles of man are larger than those of any domestic animal
inhabiting Europe. The diameter of the average red blood corpuscle is
about the Y^-%- of a millimetre, or 7*9 fju.f The corpuscles of man and
of mammals, generally speaking, are round, those of birds and reptiles
oval, so that there can be no confusion between man and birds, fishes
or reptiles; if the corpuscles are circular in shape the blood will be
that of a mammal. By careful measurements, Dr. Richardson, of
Pennsylvania, affirms that it is quite possible to distinguish human
blood from that of all common animals. He maintains, and it is true,
that, by using very high magnifying powers and taking much trouble,
an expert can satisfactorily identify human blood if he has some half-
dozen drops of blood from different animals—such as the sheep, goat,
horse, dog, cat, etc., all fresh at hand for comparison, and if the human
blood is normal. However, when we come to the blood of persons
suffering from disease, there are changes in the diameter and even the
form of the corpuscles which much complicate the matter; while, in
blood-stains of any age, the blood corpuscles, even with the most
artfully-contrived solvent, are so distorted in shape that he would be a
bold man who should venture on any definite conclusion as to whether

* Brit. Med. Joimi., Feb. 17, 1894.
t inrVff of an inch; the Greek letter ^ is the micro-millimetre, or 1000th of a

millimetre, '00003937 inch.
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the blood was certainly human, more especially if h e had to give evi-
dence in a criminal case.

Neumann affirms that the pattern which the f ibr in or coagulum of
the blood forms is peculiar to each animal, and D r . Day, of Geelong,
has independently confirmed his researches : t h i s very interesting
observation perhaps has not received the attention i t merits.

When there is sufficient of the blood present to o b t a i n a few milligrms.
of ash, it may be possible to distinguish human blood from that of other
common mammals by estimating the relative a m o u n t s of potassium
and sodium in the blood. In the blood of the cow, sheep, fowl, pig,
and horse, the sodium very much exceeds the potassium in the ash;
thus the proportion of potassium oxide to that of sod ium oxide in the
blood of the sheep is as K2O: Na2O: : 1 : 6 ; in that of the cow, as 1:8;
in that of the domestic fowl, as 1:16 ; while the same substances in
human blood are sometimes equal, and vary f rom 1 ; 1 to 1:4 as
extremes, the mean numbers "being as 1:2-2. T h e potassium is
greater in quantity in the blood corpuscles than i n the blood serum;
but, even in blood serum, the same marked differences between the
blood of man and that of many animals is appa ren t . Thus, the pro-
portion of potash to soda being as 1 :10 in human blood, the proportion
in sheep's blood is 1 to 157; in horse's serum as 1 t o 16*4; and in the
ox as 1 to 17. Since blood, when burnt, leaves from 6 to 7 per
thousand of ash, it follows that a quantitative analysis of the relative
amounts of potassium and sodium can only be satisfactorily effected
when sufficient of the blood is at the analyst's disposal to give a weigh-
able quantity of mineral matter. On the other hand, much work
requires to be done before this method of determining that the blood is
either human, or, at all events, not that of an herbivorous animal, can
be relied on. We know but little as to the effect of the ingestion of
sodium or potassium salts on either man or animals, and it is possible—
nay, probable—that a more or less entire subst i tut ion of the one for
the other may, on certain diets, take place. Bixnge seems in some
experiments to have found no sodium in the blood of either the cat or
the dog.

The source from which the blood has emanated m a y , in a few cases,
be conjectured from the discoyery, by microscopical examination, of
hair, or of buccal, nasal, or vaginal epithelium, e t c . , mixed with the
blood-stain.

Biological Test for Human Blood.—A test for distinguishing human
from animal blood has been devised by Jules O g i e r and Herscher.*
The blood-spot is dissolved in water, and two or t h r e e cubic centimetres
of the solution are placed in test tubes 10 to 12 c m . long and 4 to 5

* Ann. CMm. Anal, 1902, vii. 241.



§ 36.] SPECTROSCOPIC APPEARANCES OF BLOOD. 67

cm. diameter. In similar tabes is placed the same quantity of control
solutions of human, pigs, oxen, dogs, or other animals' blood, of
approximately the same strength.

To each tube is now added 10 drops of serum from rabbits which
have been repeatedly subcutaneously injected with human blood.

The tubes are placed in water at 37-40° C.; after 10 minutes
human blood will show a precipitate, which will be copious after half an
hour. A slight precipitate may be neglected. This test may be also
applied to old blood-stains. A precipitate is also said to be ohtained
with blood from monkeys. Care should be taken to neutralise the blood
if it be acid, as it will, if acid, always give a precipitate. When blood
has been dried on certain materials, such for instance as thick polished
yellow leather, it has been found impossible to get the reaction.



PART III—POISONOUS GASES : CARBON MONOXIDE-
CHLORINE—HYDRIC SULPHIDE.

I. Carbon Monoxide.

§ 37. Carbon monoxide, CO, is a.colourless, odour less gas of 0'96709
sp. gravity. A litre weighs 1*25133 grin. It is practically insoluble
in water. It unites with many metals, forming gaseous or volatile
compounds, e.g. nickel carbon oxide, Ni(CO^), is a, fluid volatilising
at 40°. These compounds have, so far as is i n o w n , the same effects
as CO.

Whenever carbon is burned with an insufficient; supply of air, CO
in a certain quantity is produced. It is always p r e s e n t in ordinary
domestic products of combustion, and must b e exhaled from the
various chimneys of a large city in considerable v o l u m e s . A "smoky"
chimney or a defective flue will therefore in t roduce carbon monoxide
into living-rooms. The vapour from burning colve or burning char-
coal is rich in carbon monoxide. It is always a constituent of coal
gas; in England the carbon monoxide in coal ga,s amounts to about
8 per cent. Poisoning by coal gas is practically poisoning by carbon
monoxide. Carbon monoxide is also the chief poisonous constituent
in water gas.

Carbon monoxide poisoning occurs far more frequently in France
and Germany than in England; in those countries t r i e vapour evolved
from burning charcoal is a favourite method of sixlcide, on account of
the supposed painlessness of. the death. It has a l s o occasionally been
used as an instrument of murder. In this c o u n t r y carbon monoxide
poisoning mainly takes place accidentally as the e f f ec t of breathing coal
gas; possibly it is the secret and undetected cause of ill-health where
chimneys " smoke": and it may have something1 t o do with the sore
throats and debility so often noticed when p e r s o n s breathe for long
periods air contaminated by small leakages of coal g a s .

The large gas-burners (geysers) emit in burn ing -under certain con-
ditions much carbon monoxide. It has been proved, by Grehant * that

* Corrupt. Mend. Soc. de JBiol., ix. 77S—78O.
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ahunsen burner "lit below" also evolves large quantities of the
poisonous gas.*

§38. Symptoms.—Nearly all the experience with regard to the
symptoms produced by carhon monoxide is derived from breathing not
the pure gas, but the gas diluted by air, by hydrogen or by carburetted
hydrogen, as in coal gas, or mixed with large quantities of carbon
dioxide. Two assistants of Christison breathed the pure gas: the one
took from two to three inhalations; he immediately became <nddy,
shivered, had headache, and then became unconscious. The second
took a bigger dose, for, after emptying his lungs as much as possible,
he took from three to four inhalations; he fell back paralysed, became
unconscious, and remained half an hour insensible and had the appear-
ance of death, the pulse being almost extinguished. He -was treated
with inhalations of oxygen, but he remained for the rest of the day
extremely ill; he had convulsive muscular movements,stupor, headache,
and quick irregular pulse; on this passing away he still suffered from
nausea, giddiness, alternate feeling of heat and chilliness, with some
fever, and in the night had a restless kind of sleep. The chemist
Chenot was accidentally poisoned by the pure gas, and is stated to have
fell as if struck by lightning after a single inspiration, and remained
for a quarter of an hour unconscious. Other recorded cases have shown
very similar symptoms.

The pulse is at the onset large, full and frequent; it afterwards
becomes small, slow and irregular. The temperature sinks from 1° to 3°
C. The respiration at first slow, later becomes rattling. As vomiting
occurs often when the sufferer is insensible, the vomited matters have
been drawn by inspiration into the trachea and even into the bronchi,
so that death takes place "by suffocation.

The fatal coma may last, even when the person has been removed from
the gas, from hours to days. Coma for three, four and five days from
carbon monoxide has been frequently observed. The longest case on
record is that of a person who was comatose for eight days, and died on
the twelfth day after the fatal inhalation. Consciousness in this case
returned, but the patient again fell into the stupor and died.

The slighter kinds of poisoning by carbon monoxide, as in the
Staffordshire case recorded by Dr. Eeid (p. 73), in which for a long time
a much diluted gas has been breathed, produce pronounced headache
and a feeling of ill-health and malaise, deepening, it may be, into a fatal
slumber unless the person is removed from the deadly atmosphere. To
the headache generally succeeds nausea, a feeling of oppression in the

* Thorpe (/. Che?n. Soc, xxxiii. 318, 1903) has sliown that an ordinary bunsen
burner heating a sand tray evolves about 0 *022 of a cubic foot of carbon monoxide
per hour.
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temples, a noise in the ears, feebleness, anxiety, and a dazed condition
deepening into coma. It is probably true that charcoal vapour is com-
paratively painless, for when larger amounts of the gas are breathed the
insensibility comes on rapidly and the faces of those who have suc-
cumbed as a rule are placid. Vomiting, without being constant, is a
frequent symptom, and in fatal cases the faeces and urine are passed in-
voluntarily. There are occasional deviations from this picture; tetanic
strychnine-like convulsions have been noticed, and a condition of excite-
ment in the non-fatal cases as if from alcohol; in still rarer cases tem-
porary mania has been produced.

In non-fatal but moderately severe cases of poisoning sequelae follow,
which in some respects imitate the sequelae seen on recovery from the
infectious fevers. A weakness of the understanding, incapacity for
rational and connected thought, and even insanity have been noticed.
There is a special liability to local inflammations, which may pass into
gangrene. Various paralyses have been observed. Eruptions of the
skin, such as herpes, pemphigus and others. Sugar in the urine is an
almost constant concomitant of carbon monoxide poisoning.

§ 39. The poisonous action of carbon monoxide is, without doubt,
due to the fact that it is readily absorbed by the blood, entering into a
definite chemical compound with the haemoglobin \ this combination is
more stable than the similar compound with oxygen gas, and is therefore
slow in elimination.

Hence the blood of an animal remaining in an atmosphere containing
carbon monoxide is continually getting poorer in oxygen, richer in carbon
monoxide. Grehant has shown that if an animal breathes for one hour
a mixture of 0*5 carbon monoxide to 1000 oxygen, the blood contains at
the end of that time one-third less oxygen than normal, and contains
152 times more carbon monoxide than in the mixture. An atmosphere
of 10 per cent, carbon monoxide changes the blood so quickly, that
after from 10 to 25 seconds the blood contains 4 per cent, of carbon mon-
oxide, and after from 75 to 90 seconds 18*4 per cent. Breathing even
for half an hour an atmosphere containing from 0*07 to 0*12 per cent,
carbon monoxide renders a fourth part of the red corpuscles of the blood
incapable of uniting with oxygen.

The blood is, however, never saturated with carbon monoxide, for
the animal dies long before this takes place.

The characteristics of the blood and its spectroscopic appearances
are described at p. 62.

Besides the action on the blood there is an action on the nervous
system. Robert,* in relation to this subject, says :—"That CO has a
direct action on the nervous system is shown in a marked manner when

* Lehrbicch der fiitoxieationen, 526.
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an atmosphere of oxygen, with at least 20 per cent, carbon oxide is
breathed; for in the first minute there is acute cramp or total paralysis
of the limbs, when the blood in no way attains the saturation sufficiently
great to account for such symptoms. Geppert has, through a special
research, shown that an animal suffocated by withdrawal of oxygen
increases the number and depth of the respirations; but when the
animal is submitted to CO, in which case there is quite as much a with-
drawal of oxygen as in the former case, yet the animal is not in a condition
to strengthen its respiratory movements; Geppert hence rightly concludes
that CO must have a primary specific injurious action on the nerve
centres. I (Kobert) am inclined to go a step further, and, on the ground
of unpublished researches, to maintain that CO not only affects in-
juriously the ganglion cells of the brain, but also the peripheral nerves
(e.g. the phrenic), as well as divers other tissues, as muscles and glands,
and that it causes so rapidly such a high degree of degeneration as not
to be explained through simple slow suffocation; even gangrene may be
caused."

It is this rapid degeneration which is the cause of the enormous
increase of the products of the decomposition of albumin, found experi-
mentally in animals.

§ 40. Post-mortem Appearances.—The face, neck, chest, abdomen
are frequently covered with patches of irregular form and of clear rose-
red or bluish-red colour ; these patches are not noticed on the back, and
thus do not depend upon the gravitation of the blood to the lower or
most dependent part of the body; similar red patches have been noticed
in poisoning by prussic acid; the cause of this phenomenon is ascribed
to the paralysis of the small arteries of the skin, which, therefore,
become injected with the changed, blood. The blood throughout is
generally fluid, and of a fine peculiar red colour, with a bluish tinge.
The face is mostly calm, pale, and there is seldom any foam about the
lips. Putrefaction is mostly remarkably retarded. There is nearly
always a congestion of some of the internal organs ; sometimes, and
indeed usually, the membranes of the brain are strongly injected;
sometimes the congestion is mainly in the lungs, which may be
oedematous with effusion; and in a third class of cases fife congestion is
most marked in the abdominal cavity.

The right heart is commonly filled with blood, and the left side
contains only a little blood.

A rabbit that Kionka poisoned twelve times in as many days with
carbon monoxide, and through artificial respiration restored, was two
days later killed and examined : there were haemorrhages in both lungs
occlusion of vessels and hsemorrhagic infarcti in the intestines, and
haemorrhages in the liver. In some cases there have been noticed,
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small areas of softening in the human brain in cases of CO poisoning :
these may be explained by the light of the appearances just described
as caused by small thrombi in the brain vessels.

Poisoning by a small dose of carbon monoxide may produce but few
striking changes, and then it is only by a careful examination of the
blood that evidence of the real nature of the case will be obtained.

§ 41. Mass poisonings by Carbon Monoxide.—An interesting series
of cases of poisoning by water gas occurred at Leeds in 1889, and have
been recorded by Dr. Thos. Stevenson.*

Water gas is made by placing coke in a vertical cylinder and heating
the coke to a red heat. Through the red-hot coke, air is forced up
from below for ten minutes; then the air is shut off and steam passes
from abo^e downwards for four minutes; the gas passes through a
scrubber, and then through a ferric oxide purifier to remove SH2. It
contains about 50 per cent, of hydrogen and 40 per cent, of carbon
monoxide, that is, about five times more carbon monoxide than coal
gas.

On November 20, 1889, two men, R French and H. Fen wick, both
intemperate men, occupied a cabin at the Leeds Forge Works; the
cabin was 540 c. feet in capacity, and was lighted by two burners, each
burning 5*5 c. feet of water gas per hour ; the cabin was warmed by a
cooking stove, also burning water gas, the products of combustion
escaping into the cabin. Both men went into the cabin after breakfast
(8.30 A.M.). French was seen often going to and fro, and Fen wick was
seen outside at 10.30 A.M. At 11.30 the foreman accompanied French
to the cabin, and found Fenwick asleep, as he thought. At 12.30 P.M.
French's son took the men their dinner, which was afterwards found
uneaten. At that time French also appeared to be asleep ; he was
shaken by his son, upon which he nodded to his son to leave. The
door of the cabin appears to have been shut, and all through the morn-
ing the lights kept burning ; no smell was experienced. At 2.30 P.M.
both the men were discovered dead. It was subsequently found that
the stove was unlighted, and the water gas supply turned on.

What attracted most attention to this case was the strange incident
at the post-mortem examination. The autopsies were begun two days
after the death, November 22, in a room of 39,000 c. feet capacity.
There were present Mr. T. Scattergood (senior), Mr. Arthur Scattergood
(junior), Mr. Hargreaves, three local surgeons, Messrs. Brown, Loe and
Jessop, and two assistants, Pugh and Spray. Arthur Scattergood first
fainted; Mr. Scattergood, senior, also had some peculiar sensations, viz.,
tingling in the head and slight giddiness ; then Mr. Pugh became faint
and staggered; and Mr. Loe, Mr. Brown, and Mr. Spray all complained.

* Guy's Hospital Reports, 1889.
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These symptoms were not produced, as was at first thought, by some
volatile gas or vapour emanating from the bodies of the poisoned men,
but, as subsequently discovered, admitted of a very simple explanation ;
eight burners in the room were turned partiy on and not lighted, and
each of the eight burners poured water gas into the room.

In 1891 occurred some cases of poisoning * by CO which are probably-
unique. The cases in question happened in January in a family at
Darlaston. The first sign of anything unusual having happened to the
family most affected was the fact that up to 9 A.M., Sunday morning",
January 18, none of the family had been seen about. The house was
broken into by the neighbours ; and the father, mother, and three
children were found in bed apparently asleep, and all efforts to rouse
them utterly failed. The medical men summoned arrived about 10 A.M.
and found the father and mother in a state of complete unconsciousness,
and two of the children, aged 11 and 14 years, suffering from pain and
sickness and diarrhoea; the third child had by this time been removed
to a neighbouring cottage.

Dr. Partridge, who was in attendance, remained with the patients three
hours, when he also began to suffer from headache; while others, who
remained in the house longer, suffered more severely and complained of
an indefinite feeling of exhaustion. These symptoms pointed to some
exciting cause associated with the surroundings of the cottage; conse-
quently, in the afternoon the two children were removed to another
cottage, and later on the father and mother also. All the patients, with
the exception of the mother, who was still four days afterwards suffering
from the effects of an acute attack, had completely recovered. The
opinion that the illness was owing to some local cause was subsequently
strengthened by the fact that two canaries and a cat had died in the
night in the kitchen of the cottage ; the former in a cage and the latter
in a cupboard, the door of which was open. Also in a house on the
opposite side of the same road, the occupants of which had for some time
suffered from headache and depression, two birds were found dead in
their cage in the kitchen. It is important to notice that all these animals
died in the respective kitchens of the cottages, and, therefore, 011 the
ground floor, while the families occupied the first floor.

The father stated that for a fortnight or three weeks previous to the
serious illness, he and the whole family had complained of severe frontal
headache and a feeling of general depression. This feeling was continuous
day and night in the case of the rest of the family, but in his case,
during the day, after leaving the house for his work, it gradually passed

* " Notes on cases of poisoning by the inhalation, of carbon monoxide," by Dr.
George Reid, Medical Officer of Health, County of Stafford. Public JTealth, vol. iii.
364.
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off, to return again during the night. The headaches were so intense
that the whole family regularly applied vinegar rags to their heads, on
going to bed each night during this period, for about three weeks.
About 2 o'clock on Sunday morning the headaches became so severe
that the mother got out of bed and renewed the application of vinegar
and water all round, after which they all fell asleep, and, so far as the
father and mother were concerned, remained completely unconscious
until Monday morning.

A man who occupied the house opposite the house tenanted by the
last-mentioned family informed the narrator (Dr. Eeid) that on Sunday
morning the family, consisting of four, were taken seriously ill with a
feeling of sickness and depression accompanied by headache ; and he
also stated that for some time they had smelt what he termed a "fire
stink " issuing from the cellar.

The cottage in which the family lived that had suffered so severely
was situated about 20 or 30 yards from the shaft of a disused coal mine,
and was the end house of a row of cottages. It had a cellar opening
into the outer air, but this opening was usually covered over by means of
a piece of wood. The adjoining house to this, the occupants of which
had for some time suffered from headache, although to a less extent, had
a cellar with a similar opening, but supplied with an ill-fitting cover.
The house on the opposite side of the road, in which the two birds were
found dead, had a cellar opening both at the front and the back; but
both these openings, until a little before the occurrence detailed, had
been kept closed. The cellars in all cases communicated with the houses
by means of doors opening into the kitchens. According to the general
account of the occupants, the cellars had smelled of " fire stink/7 which,
in their opinion, proceeded from the adjoining mine.

The shaft of the disused mine communicated with a mine in working
order, and, to encourage the ventilation in this mine, a furnace had for
some weeks been lit and suspended in the shaft. This furnace had set
fire to the coal in the disused mine and smoke had been issuing from
the shaft for four weeks previously. Two days previous to the inquiry
the opening of the shaft had been closed over with a view to extinguish
the fire.

Dr. Reid considered, from the symptoms and all the circumstances of
the case, that the illness was due to carbon monoxide gas penetrating into
the cellars from the mine, and from thence to the living and sleeping
rooms. A sample of the air yielded 0*015 per cent, of carbon monoxide,
although the sample had been taken after the cellar windows had been
open for twenty-four hours.

§ 42. Penetration of Carbon Monoxide.—It is not always sufficient
to detect carbon monoxide in the blood to establish death from that
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gas, for circumstances may arise under which a corpse is exposed to
either coal gas or carbon monoxide gas. Wachholz and Leinberger *
placed the bodies of still-born infants in glass vessels and passed CO
through the vessels; in half an hour the blue cadaverous spots became
bright red, and the blood exhibited the spectrum of carbon monoxide
haemoglobin.

Domenic Mirto made some experiments of a like nature and
concluded—

(1) That in post-rnortem ftusion the anterior part of the liver
was rich in carbon monoxide^ but in poisoning the gas is
equally diffused.

(2) In post-mortem diffusion the pia mater scarcely ever contains
carbon monoxide, the choroid plexus never.

(3) The deeip parts of the "body contain less than the superficial in
the case of diffusion, the reverse is the case in poisoning.

Sfcraussmann and Schulz, in a research on seven adult bodies, fairly
well agree with Mirto, sa,ve that they believe that, given sufficient
time, there is no part of the "body into which carbon monoxide will not
penetrate.

§ 43. Detection of Carbon Monoxide.—It may often be necessary to
detect carbon monoxide in air and to estimate its amount. The detection
in air, if the carbon monoxide is in any quantity, is easy enough ; "but
traces of ca.rbon monoxide are difficult. Where amounts of carbon
monoxide in air from half a per cent, upwards are reasonably presumed to
exist, the air is measured in a gas measuring apparatus and passed into an
absorption pipette charged with alkaline pyrogallic acid, and when all the
oxygen has "been abstracted, then the residual nitrogen and gases are
submitted to an ammoniacal solution of cuprous chloride.

The solution of cuprous chloride is prepared by dissolving 10*3 grms.
of copper oxide in 150 c.c. of strong hydrochloric acid and filling the flask
with copper turnings ; the copper reduces the cupric chloride to cuprous
chloride; the end of the reduction is known by the solution becoming
colourless. The colourless acid solution is poured into some 1500 c.c. of
water, and the cuprous chloride settles to the bottom as a precipitate.
The supernatant fluid is poured off as completely as possible and the
precipitate washed into a quarter litre flask, with 100 to 150 c.c. of dis-
tilled water and ammonia led into the solution until it becomes of a pale
blue colour. The solution is made up to 200 c.c. so as to contain about
7*3 grms. per cent, of cuprous chloride.

Such a solution is an absorbent of carbon monoxide j it also absorbs
ethylene and acetylene.

* "De la penetration de l'oxyde de Carton," Ann. d? Hygiene publiquc, 4eme

ser.j iii. 175.
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A solution of cuprous chloride which has absorbed CO gives it up on
being treated with potassic bichromate and acid. It has been proposed.
by Wanklyn to deprive large quantities of air of oxygen, then to absorb
any carbon monoxide present with cuprous chloride, and, lastly, to
free the cuprous chloride from the last gas by treatment with acid
bichromate, so as to be able to study the properties of a small quantity
of pure gas.

A more reliable method to detect small quantities of carbon monoxide
is, however, as proposed by Hempel, to absorb it in the lungs of a living
animal.

A mouse is placed between two funnels joined together at their
mouths by a band of thin rubber; one of the ends of the double funnel
is connected with an aspirator, and the air thus sucked through, say for
half an hour or more; the mouse is then killed by drowning, and a
control mouse, which has not been exposed to a CO atmosphere, is also
drowned; the bodies of both mice are cut in two in the region of the
heart, and the blood collected. Each sample of blood is diluted in the
same proportion and spectroscopically examined in the manner detailed
at p. 60. The limit of the test lies at about 0*03 per cent, when large
volumes of the gas are used.

A more delicate reaction, and one which may be used for the estima-
tion of CO, is that of Nicloux and Gautier. The gas to be examined is
freed from unsaturated hydrocarbon by shaking with fuming sulphuric
acid, and from carbon dioxide by passing over soda-lime; it is then
passed over iodine pentoxide heated by means of an oil-bath to a
temperature of from 150°-200°. The iodine pentoxide is decomposed in
accordance with the equation I2O5 + 5CO = L> + 5CO9, the liberated iodine
is caught in 10 per cent, potassium iodide, and may be determined by

N
=-—- sodium thiosulphate. Thorpe,* using this method, has obtained

good results with as little as '0025 per cent, of carbon monoxide.

II.—Chlorine.

§44. Chlorine is a yellow-green gas, which may, by cold and pressure,
be condensed into a liquid. Its specific gravity is, as compared with
hydrogen,' 35*37; as compared with air, 2*45; a litre under standard
conditions weighs 3167 grms. It is soluble in water.

The usual method of preparation is the addition of hydrochloric acid
to bleaching powder, which latter substance is hypochlorite of lime
mixed with calcic chloride and, it may be, a little caustic lime. Another

* «/.(?.£., lxxxiii. 318, 1903.
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method is to treat manganese dioxide with hydrochloric acid or to act
on manganese dioxide and common salt with sulphuric acid.

Accidents are liable to occur with chlorine gas from its extensive use
as a disinfectant and also in its manufacture. In the " Weldon " process
of manufacturing bleaching powder, a thick layer of lime is placed on
the floor of special chambers; chlorine gas is passed into these chambers
for about four days; then, the gas is turned off; the unabsorbed gas is
drawn off by an exhaust or absorbed by a lime distributor and the doors
opened. Two hours afterwards the men go in to pack the powder.
The packers, in order to be able to work in the chambers, wear a
respirator consisting of about thirty folds of damp flannel; this is tightly
bound round the mouth with the nostrils free and resting upon it. The
men are obliged to inhale the breath through the flannel and exhale
through the nostril, otherwise they would, in technical jargon, be
"gassed." Some also wear goggles to protect their eyes. Notwith-
standing these precautions they suffer generally from chest complaints.

§45. Effects.—Free chlorine, in the proportion of 0*04 to 0'06 per-
thousand, taken into the lungs is dangerous to life, since directly
chlorine attacks a moist mucous membrane, hydrochloric acid is formed.
The effects of chlorine can hardly be differentiated from hydrochloric
acid gas, and Lehmann found that 1 *5 per thousand of this latter gas
affected animals, causing at once uneasiness, evidence of pain with great
dyspnoea, and, later, coma. The eyes and the mucous membrane of the
nose were attacked. Anatomical changes took place in the cornea, as
evidenced by a white opacity.

In cases that recovered, a purulent discharge came from the nostrils
with occasional necrosis of the mucous membrane. The symptoms in
man are similar ; there is great tightness of the breath, irritation of the
nose and eyes, cough and, with small repeated doses, bronchitis with all
its attendant evils. Bleaching powder taken by the mouth is not so
deadly. Hertwig has given 1000 grins, to horses, 30 grms. to sheep and
goats, and 15 grms. to dogs without producing death. The symptoms
in these cases were quickening of the pulse and respiration, increased
peristaltic action of the bowels, and a stimulation of the kidney secretion.
The urine smelt of chlorine.

Post-mortem Appearances.—Hyperaernia of the lungs, with ecchy-
rnoses and pneumonic patches, with increased secretion of the bronchial
tubes. In the mucous membrane of the stomach, ecchymoses. The
alkalescence of the blood is diminished and there may be external signs
of bleaching. Only exceptionally has any chlorine smell been perceived
in the internal organs.

§ 46. Detection of Fr6e Chlorine.—The usual method of detection is
to prepare a solution of iodide of potassium and starch and to soak strips
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of filter-paper in this solution. Such a strip, when moistened and
submitted to a chlorine atmosphere, is at once turned blue, because
chlorine displaces iodine from its combination with potassium. Litmus-
paper, indigo blue or other vegetable colours are at once bleached.

To estimate the amount of chlorine, a known volume of the air is
drawn through a solution of potassium iodide, and the amount of iodine
set free determined by titration with sodic hyposulphite, as detailed
at p. SO.

III.—Hydrie Sulphide (Sulphuretted Hydrogen).

§ 47. Hydrie sulphide, SH2, is a colourless transparent gas of sp.
gravity 1*178. It burns with a blue flame, forming water and sulphur
dioxide, and is soluble in water; water absorbing about three volumes
at ordinary temperatures. It is decomposed by either chlorine gas or
sulphur dioxide.

It is a common gas as a constituent of the air of sewers or cesspools,
and emanates from moist slag or moist earth containing pyrites or
metallic sulphides; it also occurs whenever albuminous matter putre-
fies ; hence it is a common constituent of the emanations from corpses of
either man or animals. It has a peculiar and intense odour, generally
compared to that of rotten eggs; this is really not a good comparison,
for it is comparing the gas with itself, rotten eggs always producing
SH0; it is often associated with ammonium sulphide.

§ 48. Effects.—Pure hydrie sulphide is never met with out of the
chemist's laboratory, in which it is a common reagent either as a gas or
in solution; so that the few cases of poisoning by the pure gas, or
rather the pure gas mixed with ordinary air, have been confined to
laboratories.

The greater number of cases have occurred accidentally to men
working in sewers, or cleaning out cesspools and the like. In small
quantities it is always present in the air of towns, as shown by the
blackening of any silver ornament not kept bright by frequent use.
In the construction of a graving dock at Hebburn-on-Tyne, July 1902,
three workmen lost their lives through breathing SH2. They had to
enter a large iron caisson, the excavation at the bottom of which had
reached some old alkali waste, and the water, as subsequent analysis
showed, contained 12*2 volumes per cent, of SH2. The first workman
had been in twenty minutes when screams were heard; a second man
went to his assistance, shouted and fell to the bottom; the same fate
befell a third. The post-mortem examination showed the heart normal,
right side flaccid and empty, left hard and firmly contracted. No
odour of hydrie sulphide in the body. Lungs pale and cedematous.
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Liver dark. Blood dark and liquid. The spectroscope showed 110
carbon monoxide bands.*

It is distinctly a blood poison, the gas uniting with the alkali of the
blood, and the sulphide thus produced partly decomposing again in the
lung and breathed out as SH2. In one sense it acts as a reducing
agent, for it robs cells of loosely bound 0, and therefore kills them by
deprivation of oxygen ; it also attacks labile groups, as it substitutes in
the aldehyde group sulphur.

It is a poison for all organisms, even the "bacteria of putrefaction
only bearing up to -J per cent. Lehrnannf has studied the effects on
animals; an atmosphere containing from 1 to 3 per thousand of SH2

kills rahbits and cats within ten minutes; the symptoms are mainly
convulsions and great dyspnoea. An atmosphere containing from 0*4 to
0*8 per thousand produces a local irritating action on the mucous mem-
branes of the respiratory tract, and death follows from an inflammatory
oedema of the lung preceded by convulsions; there is also a paralysis of
the nervous centres. Lehmann has recorded the case of three men who
breathed 0*2 per thousand of SH2: within from five to eight minutes
there was intense irritation of the eyes, nose, and throat, and after
thirty minutes they were unahle to bear the atmosphere any longer.
Air containing 0*5 per thousand of SH2 is, according to Lehmann, the
utmost amount that can be breathed; this amount causes in half an
hour smarting of the eyes, nasal catarrh, dyspnoea, cough, palpitation,
shivering, great muscular weakness, headache and faintness with cold
sweats. 0*7 to 0*8 per thousand is dangerous to human life, and from
1 to 1*5 per thousand destroys life rapidly. The symptoms may occur
some little time after the withdrawal of the person from the poisonous
atmosphere ; for example, Cahn records the case of a student who pre-
pared SH2 in a laboratory and ŵas exposed to the gas for two hours ;
he then went home to dinner and the symptoms first commenced in
more than an hour after the first breathing of pure air. Taylor j re-
cords an unusual case of poisoning in 1857 at Cleator Moor. Some
cottages had been built upon iron slag, the slag contained sulphides of
calcium and iron; a heavy storrn of rain washed through the slag and
considerable volumes of SH2 with, no doubt, other gases diffused dur-
ing the night through the cottages and killed three adults and three
children.

§ 49. Post-mortem Appearances.—The so-called apoplectic form of
SH2 poisoning, in which the sufferer dies within a minute or two, shows

* " Fatalities to workmen breathing sulphuretted hydrogen," by Thos. Oliver,
M.D., Lancet, Jan. 26, 1903.

t K. B. Lehmann, Arch. f. HygUiie, xiv., 1892, 135.
X Principles and Practice of Medl. JtcHsp., vol. ii. 122.
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no special change. The most frequent change in slower poisoning is,
according to Lehmann, oedema of the lungs. A .green colour of the
face and of the whole body is sometimes present, but not constant. A
spectroscopic examination of the blood may also not lead to any con-
clusion, the more especially as the spectrum of sulphur methsemogloTDin
may occur in any putrid blood. The pupils in some cases have been
found dilated; in others not so.

Chronic poisoning.—Chronic poisoning by SH2 is of considerable
interest in a public health point of view. The symptoms appear to be
conjunctivitis, headache, dyspepsia and anaemia. A predisposition to
boils has also been noted.

§ 50. Detection.—Both ammonium and hydric sulphides blacken
silver and.filter-paper moistened with acetate of lead solution. To test
for hydric sulphide in air, a known quantity may be aspirated through a
little solution of lead acetate. To estimate the quantity a decinorrnal
solution of iodine in potassium iodide "* solution is used, and its exact
strength determined by d.n. sodic hyposulphite solution; t the hypo-
sulphite is run in from a burette into a known volume, e.g. 50 c.c, of
the d.n. iodine solution, until the yellow colour is almost gone; then a
drop or two of fresh starch solution is added and the hyposulphite run
in carefully, drop by drop, until the blue colour of the starch dis-
appears. If now a known volume of air is drawn through 50 c.c. of the
d.n. iodine solution, the reaction I2 + SH2= 2HI-H S will take place, and
for every 127 parts of iodine which have been converted into hydiiodic
acid 17 parts by weight of SH2 will be necessary; hence on titrating
the 50 c.c. of d.n. iodine solution, through which, air containing SH2 has
been passed, less hyposulphite will be used than on the previous occa-
sion, each c.c. of the hyposulphite solution being equal to 1*11 c.c. or
to l'7rngrm. of SH2.

* 12*7 gnus, of iodine, 16*6 gnus, of potassium iodide, dissolved in a litre of
water.

t 24*8 grins, of sodic hyposulphite, dissolved in a litre of water.



PART IV.-ACIDS AND ALKALIES.

SULPHURIC ACID—HYDROCHLOEIC ACID—XITEIC A C I D -
ACETIC ACID—AMMONIA.—POTASH—SODA—NEUTRAL
SODIUM, POTASSIUM, A^D AMMONIUM SALTS.

I.—Sulphuric Acid.

§ 51. Sulphuric acid (hjdric sulphate, oil of vitriol, H2SO4) occurs
in commerce in varying degrees of strength or dilation; the strong sul-
phuric acid of the manufacturer, containing 100 per cent, of real acid
(H2SO4), has a specific gravity of 1 '850. The ordinary brown acid of
commerce, coloured by organic matter and holding- in solution metallic
impurities, chiefly lead and arsenic, has a specific gravity of about
1*750 ; and contains 67'95 of anhydrous SO3 = 85*42 of hydric sulphate.

There are also weaker acids used in commerce, particularly in manu-
factories in which sulphuric acid is made, for special purposes without
rectification. The British Pharmacopoeia sulphuric acid is directed
to be of 1*843 specific gravity, which corresponds to 78*6 per cenfc.
sulphuric anhydride, or 98*8 per cent, of hydric sulphate. The dilute
sulphuric acid of the Pharmacopeia should have a specific gravity of
1-094, and is usually said to correspond to 1014 per cent, of anhydrous
sulphuric acid ; out according to the tahles of lunge and Isler this
density corresponds to 11*05 percent. SO3.

The general characters of sulphuric acid are as follows:—When
pure, it is a colourless, or, when impure, a dark brown to black, oily
liquid, without odour at common temperatures, of an exceedingly acid
taste, charring most organic tissues rapidly, and, if mixed with water,
evolving much heat. If 4 parts of the strong" acid are mixed with 1
part of water at 0°, the mixture rises to a heat of 100"; a still greater
heat is evolyed lay mixing 75 parts of acid with 27 of water.

Sulphuric acid is powerfully hygroscopic—3 parts will, in an
ordinary atmosphere, increase to nearly 4 in twenty-four hours: in

8i 6
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common with all acids, it reddens litmus, yellows cochineal, and changes
all vegetable colours. There is another form of sulphuric acid, ex-
tensively used in the arts, known under the name of " Nordhausen
sulphuric acid," " fuming acid," formula H2S2O4. This acid is produced
by the distillation of dry ferrous sulphate, at a nearly white heat—
either in earthenware or in green glass retorts ; the distillate is received
in sulphuric acid. As thus manufactured, it is a dark fuming liquid,
of 1*9 specific gravity, and boiling at 53°. When artificially cooled
down to 0°, the acid gradually deposits crystals, which consist of a
definite compound of 2 atoms of anhydrous sulphuric acid and 1 atom
of water. There is some doubt as to the molecular composition of
Nordhausen acid; it is usually considered as hydric- sulphate saturated
with sulphur dioxide. This acid is manufactured chiefly in Bohemia,
and is used, on a large scale, as a solvent for alizarine.

§ 52. Sulphur Trioxide, or Sulphuric Anhydride (SO3), itself may
be met with, in scientific laboratories, but is not in commerce. Sulphur
trioxide forms thin needle-shaped crystals, arranged in feathery groups.
Seen in mass, it is white, and has something the appearance of asbestos.
It fuses to a liquid at about 18°, boils at 35°, but, after this operation
has been performed, the substance assumes an allotropic condition, and
then remains solid up to 100°; above 100° it melts, volatilises, and
returns to its normal condition. Sulphuric anhydride hisses when it
is thrown into water 3 chemical combination taking place and sulphuric
acid being formed. Sulphur trioxide is excessively corrosive and
poisonous.

Besides the above forms of acid, there is an officinal preparation
called " Aromatic Sulphuric Acid," made by digesting sulphuric acid,
rectified spirit, ginger, and cinnamon together. It contains 10*19 per
cent, of S03, alcohol, and principles extracted from cinnamon and
ginger.

§ 53. Sulphuric acid, in the free state, may not infrequently be found
in nature. The senior author has had under examination an effluent
water from, a Devonshire mine, which contained more than one grain
of free sulphuric acid per gallon, and was accused, with justice, of
destroying the fish, in a river. It also exists in large quantities in
Tolcanic springs. In a torrent flowing from the volcano of Parce*, in
the Andes, Boussingault calculated that 15,000 tons of sulphuric acid
and 11,000 tons of hydrochloric acid were yearly carried down. In the
animal and vegetable kingdom, sulphuric acid exists, as a rule, in
combination with bases, but there is an exception in the saliva of the
Dolium galea, a Sicilian mollusc.

§ 54. Statistics.—When something like 900,000 tons of sulphuric
acid are produced annually in England alone, and when it is considered
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that sulphuric acid is used in the manufacture of most other acids, in
the alkali trade, in the manufacture of indigo, in the soap trade, in the
manufacture of artificial manure, and in a number of technical processes,
there is no cause for surprise that it should be the annual cause of
many deaths.

The number of deaths from sulphuric acid will vary, other things
being equal, in each country, according to the manufactures in that
country employing sulphuric acid. The number of cases of poisoning
in England and Wales for the ten years ending 1903 was as follows :—

DEATHS FROM SULPHURIC ACID IN ENGLAND AND WALES FOR
THE TEN YEARS ENDING 1903.

AccrDENT OB NEGLIGENCE.

Males, 34
Females, 9

Total, . 43

SUTCIDE.

Males, 30
Females, 22

Total, . 52

Daring the ten years, two cases of murder through sulphuric acid
are on record; hence the total deaths, as detailed in the tables, amount
to 97, or nearly 10 a year.

Falck,"* in comparing different countries, considers the pnst statistics
to show that in France sulphuric acid has been the cause of 4*5 to 5 5
per cent, of the total deaths from poison, and in England 5*9 per cent.
In England, France, and Denmark, taken together, 10*8, Prussia 10*6;
while in certain cities, as Eerlin and Vienna, the percentages are much
higher—"Vienna showing 43*3 per cent., Berlin 90 per cent.

§ 55. Accidental, Suicidal, and Criminal Poisoning.—Deaths from
sulphuric acid are, for the most part, accidental or suicidal, rarely
criminal. In 53 out of 113 cases collected by Bohm, in which the
cause of the poisoning could, with fair accuracy, be ascertained, 45*3
per cent, were due to accident, 30*2 were suicidal, and 24*5 per cent,
were cases of criminal poisoning, the victims being children.

The cause of the comparatively rare use of sulphuric acid by the
poisoner is obvious. First of all, the acid can never be mixed with food
without entirely changing its aspect; next, it is only in cases of
insensibility or paralysis that it could be administered to an adult,
unless given by force, or under very exceptional circumstances; and
lastly, the stains on the mouth and garments would at once betray, even
to uneducated persons, the presence of something wrong. As an agent
of murder, then, sulphuric acid is confined in its use to young children,
more especially to the newly born.

* Zehrbuch der jpraMischen Toxicologie, p. 54.
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There is a remarkable case related by Haagan,* in which an adult
man, in full possession of his faculties, neither paralysed nor helpless,
was murdered by sulphuric acid. The wife of a day-labourer gave her
husband drops of sulphuric acid on sugar, instead of his medicine, and
finally finished the work by administering a spoonful of the acid. The
spoon was carried well to the back of the throat, so that the man took
the acid at a gulp. 11 grms. (171 grains) of sulphuric acid, partly in
combination with soda and potash, were separated from his stomach.

Accidental poisoning is most common among children. The oily,
syrupy-looking sulphuric acid, when pure, may be mistaken for glycerine
or for syrup • and the dark commercial acid might, by a careless person,
be confounded with porter or any dark-looking medicine.

Serious and fatal mistakes have not unfrequently arisen from the use
of injections. Deutsch t relates how a midwife, in error, administered
to mother and child a sulphuric acid clyster ; but little of the fluid could
in either case have actually reached the rectum, for the mother recovered
in eight days, and in a little time the infant was also restored to health.
Sulphuric acid has caused death by injections into the vagina. H. C.
Lombard J observed a case of this kind, in which a woman, aged 30,
injected half a litre of sulphuric acid into the vagina, for the purpose of'
procuring abortion. The result was not immediately fata], but the sub-
sequent inflammation and its results so occluded the natural passage
that the birth became impossible, and a Csesarean section extracted a
dead child, the mother also dying.

An army physician prescribed for a patient an emollient clyster.
Since it was late at night, and the apothecary in bed, he prepared it
himself; but not finding linseed oil, woke the apothecary, who took a
bottle out of one of the recesses and placed it on the table. The bottle
contained sulphuric acid; a soldier noticed a peculiar odour and effer-
vescence when the syringe was charged, but this was unheeded by the
doctor. The patient immediately after the operation suffered the most
acute agony, and died the following day ; before his death, the bed-
clothes were found corroded by the acid, and a portion of the bowel
itself came away. §

§ 56. Fatal Dose.—The amount necessary to kill an adult man is
not strictly known ; fatality so much depends on the concentration of
the acid and the condition of the- person, more especially whether the
stomach is full or empty, that it will be impossible ever to arrive at an

* Gross: Die StrafrecMspflege in Deutschland, 4, 1861, Heft i. S. 181.
t Preuss. Med. Vereins-Zeihmg, 1848, No. 13.
X Journ. de Chim. M6d., torn, vii., 1831.
§ Masehka's Handbuch, p. 86 ; Journal de Chimie Midicalc, t. i. No. 8, 405,

1835.
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accurate estimate. Christison's case, in which 3-8 grms. (60 grains) of
concentrated acid killed an adult, is the smallest lethal dose on record.
Supposing that the man weighed 68£ kilo. (150 lbs.), this would he in
the proportion of *05 gran, per •kilo. There is also the case of a child of
one year, recorded by Taylor, in which 20 drops caused death. If,
however, it were asked in a court of law what dose of concentrated
sulphuric acid would be dangerous, the proper answer would he: so
small a quantity as from % to 3 drops of the strong undiluted acid
nought cause death, more especially if conveyed to the back of the throat;
for if it is improbable that on such a supposition death would be sudden,
yet there is a possibility of permanent injury to the gullet, with the
result of subsequent contraction, and the usual long and painful
malnutrition thereby induced. I t may be laid down, therefore, that all
quantities, even the smallest, of the strong wulilided acid come under
the head of hurtful, noxious, and injurious.

§57. Local Action of Sulphuric Acid.—The action of the acid on
living animal tissues has been studied by C. Ph. Falck and L. Vietor."*
Concentrated acid precipitates albumen, and then redissolves i t ; fibrin
swells and becomes gelatinous; but if the acid is weak {e.g. 4= to 6 per
cent.) it is scarcely changed. Muscular fibre is at first coloured amber-
yellow, swells to a jelly, and then dissolves to a red-brown turbid fluid.
When applied to the mucous membrane of the stoinach, the mucous
tissue and the muscular layer beneath are coloured white, swell, and
become an oily mass.

When applied to a rabbit's ear,f the parenchyma becomes at first
pale grey and semi-transparent at the back of the ear; opposite the
drop of acid appear spots like grease or fat drops, which soon coalesce.
The epidermis with the hair remains adherent; the blood-vessels are
narrowed in calibre, and the blood, first in the veins, and then in the
arteries, is coloured green and then black, and fully coagulates. If the
drop, with horizontal holding- of the ear, is dried in, an inflammatory
zone surrounds the burnt spot in which the blood circulates ; but there is
complete stasis in the part to which the acid has been applied. If the
point of the ear is dipped in the acid, the cauterised part rolls inwards;
after the lapse of eighteen hours the part is brown and parchment-like,
with scattered points of coagulated blood ; then there is a slight swelling
in the healthy tissues, and a small zone of redness; within fourteen
days a bladder-like greenish-yellow scab is formed, the burnt part it-
self remaining dry. The vessels from the surrounding zone of redness

* DeuUche Klinih, 1864, Mo. 1-32, and Vietor's Inmigur-Dissert, Marburg,
1803.

t Samuel, Entzihnduny u. J3mnd} in Virchows Archivf, Path. A?uU., li. lift.
1 u. 2, S. 41, 1870.
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gradually penetrate towards the cauterised spot, the fluid in the bleb
becomes absorbed, and the destroyed tissues fall off in the form of a
crust.

The changes that sulphuric acid cause in blood are as follows: the
fibrin is at first coagulated and then dissolved, and the colouring matter
becomes of a black colour. These changes do not require the strongest
acid, being seen with an acid of 60 per cent.

§ 58. The action of the acid on various non-living matters is as
follows: poured on all vegetable earth, there is an effervescence, arising
from decomposition of carbonates ; any grass or vegetation growing on
the spot is blackened and dies; an analysis of the layer of earth, on
which the acid is poured, shows an excess of sulphates as compared with
a similar layer adjacent; the earth will only have an acid reaction if
there has been more than sufficient acid to neutralise all alkalies and
alkaline earths.

Wood almost immediately blackens, and the spot remains moist.
Spots on paper become quickly dark, and sometimes exhibit a play

of colours, such as reddish-brown; ultimately the spot becomes very
black, and holes may be formed; even when the acid is dilute, the
course is very similar, for the acid dries in, until it reaches a sufficient
degree of concentration to attack the tissue. Small drops of sulphuric
acid on a Brussels carpet, which had a red pattern on a dark green ground
with light green flowers, were found to act as follows : the spots on the
red at the end of a few hours were of a dark maroon colour, the green
was darkened, and the light green browned ; at the end of twenty-four
hours but little change had taken place, nor could any one have guessed
the cause of the spots without a close examination. Spots of the strong
acid on thin cotton fabrics rapidly blackened, and actual holes were
formed in the course of au hour; the main difference to the naked eye,
between the stains of the acid and those produced by a red-hot body,
lay in the moistness of the spots. Indeed, the great distinction,
without considering chemical evidence, between recent burns of clothing
by sulphuric acid and by heat, is that in the one case—that of the
acid—the hole or spot is very moist; in the other very dry. It is easy
to imagine that this distinction may be of importance in a legal
investigation.

Spots of acid on clothing fall too often under the observation of all
those engaged in practical chemical work. However quickly a spot of
acid is wiped off, unless it is immediately neutralised by ammonia, it
ultimately makes a hole in the cloth; the spot, as a rule, whatever the
colour of the cloth, is of a blotting-paper red.

Sulphuric acid dropped on iron, attacks it, forming a sulphate, which
may be dissolved out by water. If the iron is exposed to the weather
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the rain may wash away all traces of the acid, save the corrosion; but
it would be under those circumstances impossible to say whether the
corrosion was due to oxidation or a solvent.

To sum up briefly: the characters of sulphuric acid spots on organic
matters generally are black, brown, or red-coloured destructions of tissue,
moisture, acid-reaction (often after years), and lastly the chemical evi-
dence of sulphuric acid or sulphates in excess.

Caution necessary in judging of Spots, etc.—An important case,
related by Maschka, shows the necessity of great caution in interpreting
results, unless all the circumstances of a case be carefully collated. A
live coal fell on the bed of a weakly infant, five months old. The child
screamed, and woke the father, who was dozing by the fire; the man, in
terror, poured a large pot of water on the child and burning bed. The
child died the following day.

A post-mortem examination showed a burn on the chest of the infant
2 inches in length. The tongue, pharynx, and gullet were all healthy;
in the stomach a patch of mucous membrane, about half an inch in
extent, was found to be brownish, friable, and very thin. A chemical
examination showed that the portion of the bed adjacent to the burnt
place contained free sulphuric acid. Here, then, was the following
evidence : the sudden death of a helpless infant, a carbonised bed-cover
with free sulphuric acid, and, lastly, an appearance in the stomach
which, it might be said, was not inconsistent with sulphuric acid
poisoning. Yet a careful sifting of the facts convinced the judges that
no crime had been committed, and that the child's death was due to
disease. Afterwards, experiment showed that if a live coal fall on to
any tissue and be drenched with water, free sulphuric acid is constantly
found in the neighbourhood of the burnt place.

§ 59. Symptoms.—The symptoms may be classed in two divisions,
viz.:—1. External effects of the acid. 2. Internal effects and symptoms
arising from its interior administration.

1. External Effects.—Of late years several instances have occurred in
which the acid has been used criminally to cause disfiguring burns of the
face. The offence has in all these cases been committed by women, who,
from motives of revengeful jealousy, have suddenly dashed a quantity of
the acid into the face of the object of their resentment. In such cases,
the phenomena observed are not widely different from those attending
scalds or burns from hot neutral fluids. There is destruction of tissue,
not necessarily deep, for the tacid is almost immediately wiped off; but
if any should reach the eye, inflammation, so acute as to lead to blind-
ness, is the probable consequence. The skin is coloured at first white,
at a later period brown, and part of it may be, as it were, dissolved. If
the tract or skin touched by the acid is extensive, death may result.
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The inflammatory processes in the skin are similar to those noticed by
Falck and Vietor in their experiments, already detailed (p . 85).

Internal Effects of Acids generally.—It may not be out. of place,
before speaking of the internal effects of sulphuric a c i d 3 to make a few
remarks upon the action of acids generally. This a c t i o n differs accord-
itig to the kind of animal; at all events, there is a, great difference
between the action of acids on the herb-eating animals a n d the carnivora ;
the latter bear large doses of acids well, the former i l l . For instance,
the rabbit, if given a dose of any acid not sufficient to produce local
effects, but sufficient to affect its functions, will soon "become paralysed
and lie in a state of stupor, as if dead ; the same dose p e r kilo, will not
affect the dog. The reason for this is that the blood o f the dog is able
to neutralise the acid by ammonia, and that the blood, of the rabbit is
destitute of this property. Man is, in this respect, n e a r e r to the dog
than to the plant-eaters. Stadelmann has shown that a, man is able to
ingest large relative doses of oxybutyric acid, to neutra l i se the acid by
ammonia, and to excrete it by means of the k i d n e y s as ammonium
butyrate.

Acids, however, if given in doses too great to be neutralised, alike
affect plant- and flesh-eaters; death follows in all cases before the blood
becomes acid. Salkowski * has, indeed, shown that t l i e effect of lessen-
ing the alkalinity of the blood by giving a rabbit f o o d from which, it
can extract no alkali produces a similar effect to the a c t u a l dosing with
an acid.

2. Internal Effects of Sulphuric Acid.—When sulphuric acid is
taken internally, the acute and immediate symptom is pain. This,
however, is not constant, since, in a few recorded cases, no complaint of
pain has been made; but these cases are exceptional ; as a rule, there
will be immediate and great suffering. The tongue swells, the throat
is also swollen and inflamed, swallowing of saliva even may be im-
possible. If the acid has been in contact with the epig lo t t i s and vocal
apparatus, there may be spasmodic croup and even f a t a l spasm of the
glottis.

The acid, in its passage down the gullet, attacks energetically the
mucous membrane and also the linitig of the stomaclx ; but the action
does not stop there, for Lesser found in eighteen out o f twenty-six cases
(69 per cent.) that the corrosive action extended as fax- as the duodenum.
There is excessive vomiting and retching; the matters vomited are acid,
bloody, and slimy; great pieces of mucous membrane may be in this
way expelled, and the whole of the lining membrane o f the gullet may
be thrown up entire. The bowels are, as a ru le , constipated, but
exceptionally there has been diarrhoea; the urine is sometimes retained ;

* Virchow's Archiv, lviii. 1.
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it invariably contains an excess of sulphates and often albumen, -with
hyaline casts of the uriniferons tubes. The pulse is small and frequent,
the breathing slow, the skin very cold and covered with sweat; the
countenance expresses great anxiety, and the extremities may be affected
with cramps or convulsions. Death may take place within from twenty-
four to thirty-six hours, and be either preceded by dyspnoea or by con-
vulsions ; consciousness is, as a rule, maintained to the end.

There are also more rapid cases than the above; a large dose of
sulphuric acid taken on an empty stomach may absolutely dissolve it,
and pass into the peritoneum ; in such a case there is really no difference
in the symptoms between sudden perforation of the stomach from
disease, a penetrating wound of the abdomen, and any other sudden
fatal lesion of the organs in the abdominal cavity (for in all these
instances the symptoms are those of pure collapse); the patient is ashen
pale, with pulse quick and weak, and body bathed in cold sweat, and
he rapidly dies, it may be without much complaint of local pain.

If the patient live longer than twenty-four hours, the symptoms are
mainly those of inflammation of the whole mucous tract, from the mouth
to the stomach; and from this inflammation the patient may die in a
variable period, of from three to eleven days, after taking the poison.
In one case the death occurred suddenly, without any immediately pre-
ceding symptoms rendering imminent death probable. If this second
stage is passed, then the loss of substance in the gullet and in the
stomach almost invariably causes impairment of function, leading to a
slow and painful death. The common sequence is stricture of the gullet,
combined with feeble digestion, and in a few instances stricture of the
pylorus. A curious sequel has been recorded by Mannkopf, viz.,
obstinate intercostal neuralgia; it has been observed on the fourth,
seventh, and twenty-second day.

§ 60. Treatment of Acute Poisoning- by the Mineral Acids.—The
immediate indication is the dilution and neutralisation of the acid. For
this purpose, finely-divided chalk, magnesia, or sodic carbonate may be
used, dissolved or suspended in much water. The use of the stomach-
pump is inadvisable, for the mucous membrane of the gullet may be so
corroded by the acid that the passage of the tube down will do injury ;
unless the neutralisation is immediate, but little good is effected; hence
it will often occur that the bystanders, if at all conversant with the
matter, will have to use the first thing which comes to hand, such as the
plaster of a wall, etc.; and lastly, if even these rough antidotes are not
to be had, the best treatment is enormous doses of water, which will
dilute the acid and promote vomiting. The treatment of the after-effects
belongs to the province of ordinary medicine, and is based upon general
principles.
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§ 61. Post-mortem Appearances.*—The general pathological ap-
pearances to be found in the stomach and internal organs differ
according as the death is rapid or slow; if the death takes place
within twenty-four hours, the effects are fairly uniform, the differences
being only in degree; while, on the other hand, in those cases which
terminate fatally from the more remote effects of the acid, there is some
variety. It may be well to select two actual cases as types, the one
patient dying from acute poisoning, the other surviving for a time, and
then dying from ulceration and contraction of the digestive tract.

A hatter, early in the morning, swallowed a large mouthful of
strong sulphuric acid, a preparation which he used in his work—
(whether the draught was taken accidentally or suicidally was never
known). He died within two hours. The whole tongue was sphace-
lated, parts of the mucous membrane being dissolved ; the inner surface
of the gullet, as well as the whole throat, was of a grey-black colour;
the mucous membrane of the stomach was coal-black, and so softened
that it gave way like blotting-paper under the forceps, the contents
escaping into the cavity of the abdomen. The peritoneum was also
blackened as if burnt; probably there had been perforation of the
stomach during life; the mucous membrane of the duodenum was
swollen, hardened, and looked as if it had been boiled; while the
blood was of a cherry-red colour, and of the consistence of a thin syrup,
The rest of the organs were healthy; a chemical research on the fluid
which had been collected from the stomach, gullet, and duodenum
showed that it contained 87 25 grains of free sulphuric acid.f

This is, perhaps, the most extreme case of destruction on record;
the cause of the unusually violent action is referable to the acid acting
on an empty stomach. It is important to note that even with this
extensive destruction of the stomach, life was prolonged for two hours.

The case selected to serve as a type of a chronic but fatal illness
produced from poisoning by sulphuric acid is one related by Oscar
Wyss. A cook, 34 years of age, who had suffered many ailments,
drank, on the 6th of November 1867, by mistake, at 8 o'clock
in the morning, two mouthfuls of a mixture of 1 part of sul-
phuric acid and 4 of water. Pain in the stomach and neck, and
vomiting of black masses, were the immediate symptoms, and two
hours later he was admitted into the hospital in a state of collapse,
with cold extremities, cyanosis of the face, etc. Copious draughts of
milk were given, and the patient vomited much, the vomit still con-

* It has been observed that putrefaction in cases of death from sulphuric aoid is
slow. Casper suggests this may he due to the neutralisation of ammonia; more
probably it is owing to the antiseptic properties all mineral acids possess.

t Casper, vol. ii. case 194.



§ 62.] SULPHURIC ACID. 91

sisting of black pultaceous matters, in which, on a microscopical ex-
amination, could be readily detected columnar epithelium of the
stomach and mucous tissue elements. The urine was of specific gravity
1*033., non-albuminous; on analysis it contained 3*388 grms. of
combined sulphuric acid.

On the second day there was some improvement in the symptoms;
the urine contained 1*276 grm. of combined sulphuric acid; on the
third day 2*665 grms. of combined sulphuric acid; and on the tenth
day the patient vomited up a complete cast of the mucous membrane
of the gullet. The patient remained in the hospital, and became
gradually weaker from stricture of the gullet and impairment of the
digestive powers, and died, two months after taking the poison, on the
5th of January 1868.

The stomach was found small, contracted, with many adhesions to
the pancreas and liver; it was about 12 centimetres long (4*7 inches),
and from 2 to 2*5 centimetres (*7 to '9 inch) broad, contracted to
somewhat the form of a cat's intestine; there were several transverse
rugse; the walls were thickened at the small curvature, measurements
giving 5 mm. (*19 inch) in the middle, and beyond about 2*75 mm.
(•11 inch); in the upper two-thirds the lumen was so contracted as
scarcely to admit the point of the little finger. The inner surface was
covered with a layer of pus, with no trace of mucous tissue, and was
everywhere pale red, uneven, and crossed by cicatricial bands. In
two parts, at the greater curvature, the mucous surface was strongly
injected in a ring-like form, and in the middle of the ring was a deep
funnel-shaped ulcer; a part of the rest of the stomach was strongly
injected and scattered over with numerous punctiform, small, trans-
parent bladders. The gullet was contracted at the upper part (just
below the epiglottis) from 20 to 22 mm. ("78 to %S6 inch) in diameter;
it then gradually widened to measure about 12 mm. ('47 inch) at the
diaphragm; in the neighbourhood of the last contraction the tissue was
scarred, injected, and ulcerated ; there were also small abscesses opening
into this portion of the gullet.

E. Fraenkel and F. Reiche* have studied the effects of sulphuric
acid on the kidney. In rapid cases they find a widespread shedding
of the epithelium in the convoluted and straight urinary canaliculi,
with destruction of the kidney parenchyma, but no inflammation.

§ 62. The museums of the different London hospitals afford excellent
material for the study of the effects of sulphuric acid on the pharynx,
gullet, and stomach ; and it may be a matter of convenience to students
if the more typical examples at these different museums be noticed in
detail, so that the preparations themselves may be referred to.

* Virchow's Archw, cxxxi. 130.
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In St. Bartholomew's Museum, No. 1942, is an example of excessive destruction
of the stomach by sulphuric acid. The stomach is much contracted, and has a large
aperture with ragged edges ; the mucous membrane is thickened, charred, and
"blackened.

No. 1941, in the same museum, is the stomach of a person who died from a large
dose of sulphuric acid. When recent, it is described as of a deep red colour, mottled
with black; appearances which, from long soaking in spirit, are not true at the
present time ; but the rough, shaggy state of the mucous tissue can be traced; the
gullet and the pylorus appear the least affected.

St. George's Hospital} ser. ix. 146, 11 and 43, e.—The pharynx and oesophagus of
a man who was brought into the hospital in a state of collapse, after a large but
unknown dose of sulphuric acid. The lips were much eroded, the mucous membrane
of the stomach, pharynx, and oesophagus show an extraordinary shreddy condition ;
the lining membrane of the stomach is much charred, and the action has extended to
the duodenum ; the muscular coat is not affected.

Guifs Hospital, No. 1799.—A preparation showing the mucous membrane of the
stomach entirely denuded. The organ looks like a piece of thin paper.

No. 179920. The stomach of a woman who poisoned herself by drinking a wine-
glassful of acid before breakfast. She lived eleven days. The main symptoms were
vomiting and purging, but there was no complaint of pain. There is extensive
destruction of mucous membrane along the lesser curvature and towards the pyloric
extremity; a portion of the mucous membrane is floating as a slough.

No. 17 99'25 is the gullet and stomach of a man who took about 3 drachms of
the strong acid. He lived three days without much apparent suffering, and died
unexpectedly. The lining membrane of the oesophagus has the longitudinal wrinkles
or furrows so often, nay, almost constantly, met with in poisoning by the acids. The
mucous tissue of the stomach is mised in cloudy ridges, and blackened.

No. 1799;J5 is a wonderfully entire cast of the gullet from a woman who swal-
lowed an ounce of sulphuric acid, and is said, according to the catalogue, to have
recovered.

University College.—In this museum will be found an exquisite preparation of the
effects of sulphuric acid. The mucous membrane of the oesophagus is divided into
small quadrilateral areas by longitudinal and transverse furrows : the stomach is very
brown and covered with shreddy and filamentous tissue ; the brown colour is without
doubt the remains of extravasated and charred blood.

No. 6201 is a wax cast representing the stomach of a woman who died after taking
a large dose of sulphuric acid. A yellow mass was found in the stomach ; there are
two perforations, and the mucous membrane is entirely destroyed.

§63. Chronic Poisoning by Sulphuric Acid.—Weiske* has experi-
mentally proved that lambs, given for six months small doses of sulphuric
acid, grow thin, and their bones, with the exception of the bones of the
head and the long bones, are poor in lime salts, the muscles also are
poor in the same constituents. Kobert f thinks that drunkards on the
Continent addicted to "Schnaps," commonly a liquid acidified with sul-
phuric acid to give it a sharp taste, often show typical chronic sulphuric
acid poisoning.

* H. Weiske, Jour 11. f. Landwirthsch., 1887, 417.
t Lchrbuch der Intoxicationem, S. 210.
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Detection and Estimation of Free Sulphuric Acid.

§ 64. The general method of separating the mineral acids is as
follows : the tissues, or matters, are soaked in distilled water for some time.
If no free acid is present, the liquid will not redden litmus-paper, or give
an acid reaction with any of the numerous tinctorial agents in use by the
chemist for the purposes of titration. After sufficient digestion in water,
the liquid extract is made up to some definite bulk and allowed to sub-
side. Filtration is unnecessary. A small fractional part (say, for example,
should the whole be 250 c.c, x^-th or 2*5 c.c.) is taken, and using as an
indicator cochineal orphenolphthalein, the total acidity is estimated by a
decinormal solution of soda. By this preliminary operation, some guide
for the conduct of the future more exact operations is obtained. Should
the liquid be very acid, a small quantity of the whole is to be now
taken; but if the acidity is feeble, a larger quantity is necessary, and
sufficient quinine then added to fix the acid—100 parts of sulphuric acid
are saturated by 342 parts of quinine monohydrate. Therefore, on the
supposition that all the free acid is sulphuric, it will be found sufficient
to add 3'5 parts of quinine for every 1 part of acid, estimated as sul-
phuric, found by the preliminary rough titration ; and as it is inconvenient
to deal with large quantities of alkaloid, a fractional portion of the
liquid extract (representing not more than 50 mgrms. of acid) should be
taken, which will require 175 mgrms. of quinine.

On addition of the quinine, the neutralised liquid is evaporated to dry-
ness, or to approaching dryness, and then exhausted by strong alcohol.
The alcoholic extract is, after filtration, dried up, and the quinine sul-
phate, nitrate, or hydrochlorate, as the case may be, filtered off and ex-
tracted by boiling water, and precipitated by ammonia, the end result being
quinine hydrate (which may be filtered off and used again for similar
purposes) and a sulphate, nitrate, or chloride of ammonia in solution.
It therefore remains to determine the nature and quantity of the acids
now combined with ammonia. The solution is made up to a known
bulk, and portions tested for chlorides by nitrate of silver, for nitrates
by the copper or the ferrous sulphate test, and for sulphates by BaCl2
solution. If sulphuric acid is present there will be a precipitate of
barium sulphate, which, from its density and insolubility in nitric or
hydrochloric acids, is very characteristic. For estimating the sulphuric
acid thus found, a known bulk of the same liquid is heated to boiling-
after acidifying by hydrochloric acid, and a sufficient quantity of baric
chloride solution added. Unless this exact process is followed, the
analyst is likely to get a liquid which refuses to filter clear; but if the
sulphate be precipitated from a hot liquid, it usually settles rapidly to
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the bottom of the vessel, and the supernatant fluid can be decanted clear;
the precipitate is washed by decantation, and ultimately collected on a
filter, dried, removed from the filter and burnt up in the usual way.

The sulphate of baryta found, multiplied by '3434, equals the
sulphuric anhydride.

The older process was to dissolve the free sulphuric acid out by alcohol.
As is well known, mineral sulphates are insoluble in, and are precipitated
by, alcohol, whereas sulphuric acid enters into solution. The most valid
objection, as a quantitative process, to the use of alcohol, is the tendency
which all mineral acids have to unite with alcohol in organic combination,
and thus, as it were, to disappear; and, indeed, results are found, by
experiment, to be below the truth when alcohol is used. This objection
does not hold good if either merely qualitative evidence, or a fairly
approximate quantation, is required. In such a case, the vomited matters,
the contents of the stomach, or a watery extract of the tissues, are evapo-
rated to a syrup, and then extracted with strong alcohol and filtered ; a
little phenolphthalein solution is added, and the acid alcohol exactly
neutralised by an alcoholic solution of clear decinormal or normal soda.
According to the acidity of the liquid, the amount used of the decinormal
or normal soda is noted, and then the whole evaporated to dryness, and
finally heated to gentle redness. The alkaline sulphate is next dissolved
in very dilute hydrochloric acid, and the solution precipitated by chloride
of barium in the usual way. The quantitative results, although low,
would, in the great majority of cases, answer the purpose sufficiently.

A test usually enumerated, Hilger's test for mineral acid, may be
mentioned. A liquid, which contains a very minute quantity of mineral
acid, becomes of a blue colour (or, if 1 per cent, or above, of a green) on
the addition of a solution of methyl aniline violet; but this test, although
useful in examining vinegars (see "Foods"), is not of much value in
toxicology, and the quinine method for this purpose meets every conceiv-
able case, both for qualitative and quantitative purposes.

§ 65. The Urine.—Although an excess of sulphates is found constantly
in the urine of persons who have taken large doses of sulphuric acid, the
latter has never been found in that liquid in a free state, so that it will
be useless to search for free acid. It is, therefore, only necessary to add
HOI, to filter the fluid, and precipitate direct with an excess of chloride
of barium. It is better to operate in this manner than to burn the urine
to an ash, for in the latter case part of the sulphates, in the presence of
phosphates, are decomposed, and, on the other hand, any organic sulphur
combinations are liable to be estimated as sulphates.

It may also be well to pass chlorine gas through the same urine which
has been treated with chloride of barium, and from which the sulphate
has been filtered off. The result of this treatment will be a second
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precipitate of sulphate derived from sulphur, in a different form of
combination than that of sulphate.

The greatest amount of sulphuric acid as mineral and organic
sulphate is separated, according to JVTannkopf* and Schultzen,t within
five hours after taking sulphuric acid; after three days the secretion,
so far as total sulphates is concerned, is normal.

The normal amount of sulphuric acid ercreted daily, according to
Thudichum, is from 1*5 to 2-5 grms., and organic sulphur up to '2 grm.
in the twenty-four hours, bub very much more has been excreted by
healthy persons.

Lehniann made some observations on himself, and found that, on an
animal diet, he excreted no less than 10*399 grrns. of sulphuric acid
per day, and on mixed food a little over 7 grins.; as Thudichum
justly observes, this great amount must be referred to individual
peculiarity. The amount of sulphates has a decided relation to diet.
Animal food, although not containing sulphates, yet, from the oxidation
of the sulphur-holding albumen, produces a urine rich in sulphate.
Thus Vogel found that a person, whose daily average was 2*02 grrns.,
yielded 7*3 on a meat diet. The internal use of sulphur, sulphides,
and sulphates, given in an ordinary medicinal way, is traceable in the
urine, increasing the sulphates. In chronic diseases the amount of
sulphates is decreased, in acute increased.

Finally, it would appear that the determination of sulphates in the
urine is not of much value, save when the normal amount that the indi-
vidual secretes is primarily known. On the other hand, a low amount
of sulphates in the urine of a person poisoned by sulphuric acid has not
been observed within three days of the taking of the poison, and one
can imagine cases in which such a low result might have forensic
importance.

The presence of albumen in the urine has been considered by some
a constant result of sulphuric acid poisoning, but although -when looked
for it is usually found, it cannot be considered constant. O. Smoler, J
in eighteen cases of various degrees of sulphuric acid poisoning, found
nothing abnormal in the urine. Wyss§ found in the later stages of a
case indican and pus. E. Ley&enjj and Ph. Munn always found blood
in the urine, as well as albumen, with casts a-nd cellular elements.
MCannkopf IT found albuminuria in three cases out of five ; in two of the
cases there were iibrinous casts; in two the albumen disappeared at the

* "Toxicologie der Schwefelsaure," Wiener vied. Woc/wi., 1862, 3 863.
t Archiv.f. Ancttoin. u. Physiol., 1864.
t Archiv der Keilkunclc, ed. by E. Wagner, 1869, Hft. 2, S. 181.
§ Wiener Medicinccl-Ealle, 1861, Jahr. 6, 3STo. 46.
|| Yirchow's Archiv f. path. Anat., 1861, Bd- zxii. Hft. 3 u. 4, S. 237.
1T Wun, medf Wochenschrzjt, 1862, 3$ro* 35 ; 1863, N"ro. 5,
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end of the second or third day, but in one it continued for more than
twenty days. Bamberger* has observed an increased albuminuria,
with separation of the colouring matter of the blood. In this case it
was ascribed to the action of the acid on the blood.

§ GQ. The Blood.—In Casper's case, No. 193, the vena cava of a
child, who died within an hour after swallowing a large dose of
sulphuric acid, was filled with a cherry-red, strongly acid-reacting blood.
Again, Casper's case, No. 200, is that of a young woman, aged 19, who
died from a poisonous dose of sulphuric acid. At the autopsy, four
days after death, the following peculiarities of the blood were thus
noted:—"The blood had an acid reaction, was dark, and had (as is
usual in these cases) a syrupy consistence, while the blood corpuscles
were quite unchanged. The blood was treated with an excess of
absolute alcohol, filtered, the filtrate concentrated on a water-bath, the
residue exhausted with absolute alcohol, etc. It yielded a small
quantity of sulphuric acid."

Other similar cases might be noted, but it must not for a moment
be supposed that the mass of the blood contains any free sulphuric acid
duringlife. The acidity of the blood in the vena cava may be ascribed
to post-mortem endosmosis, the acid passing through the walls of the
stomach into the large vessel.

§ 67. Sulphates.—If the acid swallowed should have been entirely
neutralised by antidotes, such as chalk, etc., it becomes of the first
importance-to ascertain, as far as possible, by means of a microscopical
examination, the nature of the food remaining in the stomach, and then
to calculate the probable contents in sulphates of the food thus known
to be eaten. It will be found that, with ordinary food, and under
ordinary circumstances, only small percentages of combined sulphuric
acid can be present.

As an example, take the ordinary rations of the soldier, viz.:—12 oz.
of meat, 24 oz. of bread, 16 oz. of potatoes, 8 oz. of other vegetables;
with sugar, salt, tea, coffee, and water. Now, if the whole quantity of
these substances were eaten at a meal, they would not contain more
than from 8 to 10 grains (*5 to '6 grm.) of anhydrous sulphuric acid,
in the form of sulphates.

So far as the contents of the stomach are concerned, we have only
to do with sulphates introduced in the food, but when once the food
passes further along the intestinal canal, circumstances are altered, for
we have sulphur-holding secretions, which, with ordinary chemical
methods, yield sulphuric acid. Thus, even in the newly-born infant,
according to the analyses of Zweifler, the mineral constituents of
meconium are especially sulphate of lime, with a smaller quantity of

* Wien. Med.-IIcdle, 1864, TsTro. 29, 30,
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sulphate of potash. The amount of bile which flows into the whole
tract of the intestinal canal is estimated at about half a litre in the
twenty-four hours; the amount of sulphur found in bile varies from *89
to 3 per cent., so that in 500 c.c. we might, by oxidising the sulphur,
obtain from 2*2 to 7*5 grms. of sulphuric anhydride.

It is therefore certain that large quantities of organic sulphur-
compounds may be found in the human intestinal canal, for with indi-
viduals who suffer from constipation, the residues of the biliary secretion
accumulate for many days. Hence, if the analyst searches for sulphates
in excretal matters, all methods involving destruction of organic sub-
stances, whether by fire or by fluid-oxidising agents, are wrong in
principle, and there is nothing left save to separate soluble sulphates
by dialysis, or to precipitate direct out of an aqueous extract.

Again, sulphate of magnesia is a common medicine, and so is sodic
sulphate; a possible medicinal dose of magnesia sulphate might amount
to 56*7 grms. (2 ozs.), the more usual dose being half that quantity.
Lastly, among the insane there are found patients who will eat plaster-
of-Paris, earth, and similar matters, so that, in special cases, a very
large amount of combined sulphuric acid may be found in the intestinal
tract, without any relation to poisoning by the free acid; but in such
instances it must be rare, indeed, that surrounding circumstances or
pathological evidence will not give a clue to the real state of affairs.

II.—Hydrochloric Acid.

§ 68. General Properties.—Pure hydrochloric acid is a gas, com-
posed of 97*26 per cent, of chlorine and 2*74 per cent, of hydrogen.
Commercial hydrochloric acid, muriatic acid, or spirit of salt is a solution
of this gas, with more or less impurity, in water.

Hydrochloric acid is made on an enormous scale in the United
Kingdom, the production being estimated at about a million tons
annually.

The toxicology of hydrochloric acid is modern, for we have no
evidence that anything was known of it prior to the middle of the
seventeenth century, when Glauber prepared it in solution, and, in
1772, Priestley, by treating common salt with sulphuric acid, isolated
the pure gas.

The common liquid hydrochloric acid of commerce has a specific
gravity of from 1'15 to 1*20, and contains usually less than 40 parts of
hydrochloric acid in 100 parts. The strength of pure samples of
hydrochloric acid can be told by the specific gravity, and a very close
approximation, in default of tables, may be obtained by simply rnulti-

7
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plying the decimal figures of the specific gravity by 200. For example,
an acid of 1*20 gravity would by this rule contain 40 per cent, of real
acid, for-20x200 = 40.

The commercial acid is nearly always a little yellow, from the
presence of iron derived from metallic retorts, and may contain small
quantities of chloride of arsenic,* derived from the sulphuric acid; but
the colourless hydrochloric acid specially made for laboratory and
medicinal use is nearly always pure.

The uses of the liquid acid are mainly in the production of chlorine,
as a solvent for metals, and for medicinal and chemical purposes. Its
properties are briefly as follows :—

It is a colourless or faintly-yellow acid liquid, the absence or other-
wise of colour depending on its purity, and especially its freedom from
iron. The liquid is volatile, and can be separated from fixed matters
and the less volatile acids by distillation; it has a strong attraction for
water, and fumes when exposed to the air, from becoming saturated
with aqueous vapour. If exposed to the vapour of ammonia, extremely
dense clouds arise, due to the formation of the solid ammonium chloride.
The acid, boiled with a small quantity of manganese binoxide, evolves
chlorine. Dioxide of lead has a similar action; the chlorine may be
detected by its bleaching action on a piece of paper dipped in indigo
blue; a little zinc foil immersed in the acid disengages hydrogen.
These two tests—viz., the production of chlorine by the one, and the
production of hydrogen by the other—separate and reveal the con-
stituent parts of the acid. Hydrochloric acid, in common with
chlorides, gives a dense precipitate with silver nitrate. The precipitate
is insoluble in nitric acid, but soluble in ammonia; it melts without
decomposition. Exposed to the light, it becomes of a purple or blackish
colour. Every 100 parts of silver chloride are equal to 25*43 of hydro-
chloric acid, HC1, and to 63*5 parts of the liquid acid of specific gravity
1-20.

The properties of pure hydrochloric acid gas are as follows :—Specific
gravity 1*262, consisting of equal volumes of hydrogen and chlorine,
united withoiit condensation. 100 cubic inches must therefore have a
weight of 39*36 grains. The gas was liquefied by Faraday by means of
a pressure of 40 atmospheres at 10°; it was colourless, and had a smaller
refractive index than water.

Water absorbs the gas with avidity, 100 volumes of water absorbing
* Some samples of hydrochloric acid have been found to contain as much as 4 per

cent, of chloride of arsenic, but this is very unusual. Glenard found as a mean 2*5
grammes, As2 O3 per kilogramme ; but since the mass poisoning by arsenical beer
derived from glucose made by impure sulphuric acid, English manufacturers have
succeeded in putting on the market ordinary sulphuric and hydrochloric acids almost
arsenic-free.
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48,000 volumes of the gas, and becoming 142 volumes*
all the properties of strong hydrochloric acid, specific gravity 1*21. The
dilute hydrochloric acid of the Pharmacopoeia should have a specific
gravity of 1*052, and be equivalent to 10*58 per cent, of HCL

§ 69. Statistics of Poisoning by Hydrochloric Acid.—The following
table gives the deaths and sex distribution due to hydrochloric acid for
ten years ending 1903 :—

DEATHS FROM HYDROCHLORIC ACID IN ENGLAND AND WALES
DURING THE TEN YEARS ENDING 1903.

ACCIDENT OR NEGLIGENCE.

Males, 91
Females, 33

Total, . 124

SUICIDE.

Males, 204
Females, 165

Total, . 369

In 1889 a solitary case of the murder of a child is on record from
hydrochloric acid. The total deaths from hydrochloric acid amount to
493 in the ten years, or about 49 a year.

§ 70. Fatal Dose.—The dose which destroys life is not known with
any accuracy. In two cases, adults have been killed by 14 grms. (half
an ounce) of the commercial acid; but, on the other hand, recovery is
recorded when more than double this quantity has been taken. A girl,
15 years of age, died from drinking a teaspoonful of the acid.*

§ 71. Amount of Free Acid in the Gastric Juice.—Hydrochloric acid
exists in the gastric juice. This was first ascertained by Proutf in 1824;
he separated it by distillation. The observation was afterwards confirmed
by Gf-melin, J Children,§ and Braconnot.|| On the other hand, LehmannU
pointed out that, as the stomach secretion contained, without doubt,
lactic acid, the act of distillation, in the presence of this lactic acid,
would set free hydrochloric acid from any alkaline chlorides. Blondlot
and Cl. Bernard also showed that the gastric juice possessed no acid which
would dissolve oxalate of lime, or develop hydrogen when treated with
iron filings; hence there could not be free hydrochloric acid which, even
in a diluted state, would respond to both these tests. Then followed the
researches of C. Schmidt,** who showed that the gastric secretion of
men, of sheep, and of dogs contained more hydrochloric acid than would

* Brit. Med. Journ., March 1871.
f Philosophical Transactions, 1824, p. 45.
X P. Tiedmann and L. Gmelin, Die Verdauung nach Versuchen, Heidelberg u.

Leipsic, 1826, i.
§ Annals of Philosophy, July 1824.
|| Ann. de Chim., t. lix. p. 348.
11 Journal/, praht. Chemie, Bd. xl. 47.
"** Bidder u. Schmidt, Verdauungs-Sclftc, etc.
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satisfy the bases present; and he propounded the view that the gastric
juice does not contain absolutely free hydrochloric acid, but that it is in
loose combination with the pepsin.

The amount of acid in the stomach varies from moment to
moment, and therefore it is not possible to say what the average
acidity of gastric juice is. It has been shown that in the total
absence of free hydrochloric acid digestion may t a k e place, because
hydrochloric acid forms a compound with pepsin which acts as a
solvent on the food. The amount of physiologically active acid varies
with the food taken; it is smallest when carbohydrates are con-
sumed, greatest with meat. The maximum amount that Jaksch found
in his researches, when meat was ingested, was *09 per cent, of hydro-
chloric acid. It is probable that anything above 0*2 per cent, of
hydrochloric acid is either abnormal or owing to t l i e recent ingestion
of hydrochloric acid.

§ 72. Influence of Hydrochloric Acid on Vegetation.—Hydrochloric
acid fumes, if emitted from works on a large scale, injure vegetation
much. In former years, before any legal obligations were placed
upon manufacturers for the condensing of the volatile products, the
nuisance from this cause was great. In 1823, the duty on salt
"being repealed by the Government, an extraordinary impetus was
given to the manufacture of hydrochloric acid, and since all the
volatile products at that time escaped through sliort chimneys into
the air, a considerable area of land round the works "was rendered
quite unfit for growing plants. The present law on the subject is,
that the maximum quantity of acid escaping shal l not exceed 2
grains per cubic foot of the air, smoke, or chimney gases; and,
according to the reports of the alkali inspectors, t h e condensation by
the improved appliances is well within the Act, a n d about as perfect
as can "be devised.

It appears from the reports of the Eelgian Commission in 1855, when
virtually no precautions were taken, that the gases, are liable to injure
vegetation to the extent of 2000 metres (2187 yards) around any active
works; the more watery vapour the air contains, t l i e quicker is the gas
precipitated and carried to the earth. If the ac t ion of the vapour is
considerable, the leaves of plants dry and wither; the chlorophyll be-
comes modified, and no longer gives the hormsul spectrum, while a
thickening of the rind of trees has also been noticed. The cereals suffer
much; they increase in stalk, but produce little grain. The leguroi-
nosse become spotted, and have an air of dryness a n d want of vigour;
while the potato, among plants utilised for food, appears to have the
strongest resistance. Yines are very sensitive to t h e gas. Among trees,
the alder seems most sensitive; then come fruit-trees, and last, the
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hardy forest-trees—the poplar, the ash, the lime, the elrn, the maple,
the birch, and the oak."*

§ 73. Action upon Cloth and Manufactured Articles.—On black
cloth the acid produces a green stain, which is not moist and shows no
corrosion. On most matters the stain is more or less reddish; after a
little time no free acid may he detected, by simply moistening the spot ;
but if the stain is cut out and boiled with water, there may be some
evidence of free acid. The absence of moisture and corrosion distin-
guishes the stain from that produced by sulphuric acid.

§ 74. Poisonous Effects of Hydrochloric Acid Gas.—Eulenberg f
has studied the effects of the vapour of this acid on rabbits and pigeons.
One of these experiments may be cited in detail. Hydrochloric acid gas,
prepared by heating together common salt and sulphuric acid, Avas passed
into a glass shade supported on a plate, and a rabbit was placed in the
transparent chamber thus formed. On the entrance of the vapour, there
was immediate blinking of the eyes, rubbing of the paws against the
nostrils, and emission of white fumes with the expired breath, while the
respiration was irregular (40 to the minufce). After the lapse of ten
minutes, the gas was again introduced, until the atmosphere was quite
thick; the symptoms were similar to those detailed above, but more
violent i and in fourteen minutes from the commencement, the rabbit
sank down on its right side (respirations 32). When twenty-two minutes
had elapsed, the gas was again allowed to enter. The rabbit now lay
quiet, with closed eyes and laboured respiration, and finally, after half
an. hour of intermittent exposure to the gas, the animal was removed.

The cornea were opalescent, and the eyes filled with water; there was
frequent shaking of the head and working of the forepaws. After three
minutes' exposure to the air, the respirations were found to be 128 per
minute; this quickened respiration lasted for an hour, then gave place to
a shorter and more superficial breathing. On the second day after the
experiment, the rabbit suffered from laboured respiration (28 to the
minute) and pain, and there was a rattling in the bronchial tubes. The
animal died on the third day, death being preceded by slow respiration
(12 to the minute).

The appearances twenty-four hours after death were as follows :—The

* Those who desire to study more closely the effect of acids generally on vegeta-
tion may consult the various papers of the alkali inspectors contained in the Local
Government Reports. See also Schuhartli, Die saueren Gfase, wclchc Schicefelsdure
wid Soda-Fabriken verhreiteii. Verha?idlungen des Vereiiis zur JBef&rcZcrmig des
Gewerbefleisses in Preicssen, 1857, S. 135. Dingler's Journal, Bd. cxlv. S. 374-427.

Christel, Ueber die Einwi-rJuong von Sauren-Dampfcn aufclic Vegetation.
Arch.f. Pharmacie 1871, p. 252.
Vierleljalirsschriftfiii- geric7itliche Median, xvii. S. 404, 1872.
1* Geiverbe Hygiene, Berlin, 1S76, S. 15.
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eyes were coated with a thick slime, and both cornea were opalescent;
there was strong rigidity of the body. The pia mater covering the brain
was everywhere hypercemic, and at the hinder border of both hemi-
spheres appeared a small clot, surrounded by a thin layer of bloody fluid.
The plex. venos. spin, was filled with coagulated blood, and there was also
a thin extravasation of blood covering the medulla and pons. The lungs
were mottled bright brown-red; the middle lobe of the right luog was
dark brown, solid, and sank in water; the lower lobe of the same lung
and the upper lobe of the left lung were nearly in a similar condition,
but the edges were of a bright red. The parenchyma in the darker places
on section did not crepitate. On the cut surface was a little dark fluid,
weakly-acid blood; the tracheal mucous membrane was injected. The
heart was filled with thick coagulated blood; the liver was congested, of
a reddish-brown colour, and rich in dark, fluid blood: in the vena cava
inferior was coagulated blood. The kidneys were not hypersemic ; the
intestines were superficially congested.

There can be little doubt that the symptoms during life, and the
appearances after death, in this case are perfectly consistent with the
following view:—The vapour acts first as a direct irritant, and is capable
of exciting inflammation in the lung and bronchial tissues; but besides
this, there is a secondary effect, only occurring when the gas is in sufficient
quantity, and the action sufficiently prolonged—viz., a direct coagulation
of the blood in certain points of the living vessels of the lungs. The
consequence of this, is a more or less general backward engorgement, the
right side of the heart becomes distended with blood, and the ultimate
cause of death is partly mechanical. The hypersemia of the brain mem-
braneSj and even the haemorrhages, are quite consistent with this view,
and occur in cases where the obstruction to the circulation is of a coarser
and more obvious character, and can therefore be better appreciated.

§ 75. Effects of the Liquid Acid.—There is one distinction between
poisoning by hydrochloric and the other mineral acids—namely, the
absence of corrosion of the skin. Ad. Lesser * has established, by direct
experiment, that it is not possible to make any permanent mark on the
skin by the application even of the strongest commercial acid (40 per
cent.). Hence, in any case of suspected poisoning by acid, should there
be stains on the lips and face as from an acid, the presumption will be
rather against hydrochloric. The symptoms themselves differ very little
from those produced by sulphuric acid. The pathological appearances
also are not essentially different, but hydrochloric is a weaker acid, and
the extensive disorganisation, solution, and perforation of the viscera,
noticed occasionally with sulphuric acid, have never been found in hydro-
chloric acid poisoning. We may quote here the following case:—

* Yivdiow's Archiv f. path. Anal, Bd. xxxiii. Hft. 2, S. 215, 1881.
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A woman, under the influence of great and sudden grief—not unmixed
with passion—drew a bottle from her pocket, and emptied it very
quickly. She immediately uttered a cry, writhed, and vomited a yellow-
green fluid. The abdomen also became enlarged. Milk was given her,
but she could not swallow it, and death took place, in convulsions, two
hours after the drinking of the poison.

The post-mortem appearances were briefly as follows:—Mouth and
tongue free from textural change : much gas in the abdomen, more espe-
cially in the stomach; the membranes of the brain congested; the lungs
filled with blood. The stomach was strongly pressed forward, of a dark
brown-red, and exhibited many irregular blackish spots, varying from
two lines to half an inch in diameter (the spots were drier and harder
than the rest of the stomach); the mucous membrane, internally, was
generally blackened, and changed to a carbonised, shaggy, slimy mass,
while the organ was filled with a blackish homogeneous pulp, which had
no odour. The gullet was also blackened. A considerable quantity of
hydrochloric acid was separated from the stomach.*

The termination in this instance was unusually rapid. In a case
detailed by Casper, f in which a boy drank an unknown quantity of acid,
death took place in seven hours. In Guy's Hospital museum, the duo-
denum and stomach are preserved of a patient who is said to have died
in nine and a half hours from half an ounce of the acid. The same
quantity,, in a case related by Taylor, caused death in eighteen hours.
From these and other instances, it may be presumed that death from
acute poisoning by hydrochloric acid will probably take place within
twenty-four hours. From the secondary effects, of course, death may
take place at a remote period; e.g., in a case recorded by Dr. Duncan
(Lancet, April 12, 1890), a man drank about 1 oz. of HC1 accidentally,
was admitted to Charing Cross Hospital the same day, and treated with
small quantities of sodium carbonate, and fed by the rectum. On the
eighth day he brought up 34 oz. of blood; in a month he left apparently
perfectly well, but was admitted again in about six weeks, and died of
contraction of the stomach and stricture of the pylorus on the ninetj-
fourth day.

§ 76. Post-mortem Appearances.—The pathological appearances are
very similar to those found in the case already detailed; though the
skin of the face may not be eroded in any way by the acid, yet the more
delicate mucous membrane of the mouth, gullet, etc., appears mostly to
be changed, and is usually white or whitish-brown. There is, however,
in the museum of the Royal College of Surgeons the stomach and gullet

* Preuss. Mcd. Vereinszeit. u. Friederichs Blatter f. gerichll. Anthrojpologic, 1858,
Hft. 6, S. 70.

t Case 2Z0.—Gerichtliche Median, 6th ed., Berlin, 1876.
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(No. 2386c.) of an infant 13 months old; the infant drank a teacupful
of strong hydrochloric acid, and died nine hours after the dose. The
pharynx and the upper end of the gullet is quite normal, the corrosive
action commencing at the lower end, so that, although the acid was con-
centrated, not the slightest effect was produced on the delicate mucous
membrane of the throat and upper part of the gullet. The lower end of
the gullet and the whole of the stomach were intensely congested; the
rugae of the latter were ecchymosed and blackened by the action of
the acid. There were also small haemorrhages in the lungs, which were
ascribed to the action of the acid on the blood. Perforation of the
stomach has not been noticed in hydrochloric acid poisoning.

In Guy's Hospital museum (prep. 179910), the stomach and duodenum
of the case mentioned exhibit the mucous membrane considerably
injected, with extravasations of blood, which, at the time when the
preparation was first arranged, were of various hues, but are now some-
what altered, through long keeping in spirit. In St. George's Hospital
museum (ser. x. .43, d. 200) are preserved the stomach and part of the
duodenum of a person who died from hydrochloric acid. The case is
detailed in the Medical Times and Gazette for 1853, vol. ii. p. 513. The
whole inner surface appears to be in a sloughing state, and the larynx
and lung were also inflamed. In St. Bartholomew's Hospital museum
(1946, f. 1899) is preserved the oesophagus and stomach of an infant
aged 1 year who died from hydrochloric acid poisoning. The mucous
membrane of the gullet is white and shrivelled, that of the stomach
covered with large patches of a dark brown colour which represent
altered blood. The effect ceases at the pylorus.

A preparation, presented by Mr. Bowman to King's College Hospital
museum, exhibits the effects of a very large dose of hydrochloric acid.
The gullet has a shrivelled and worm-eaten appearance; the stomach is
injected with black blood, and was filled with an acid, grumous matter.*

Looking at these and other museum preparations illustrating the
effects of sulphuric and hydrochloric acids, it is difficult (in default of
the history of the cases) to distinguish between the two, by the naked-
eye appearances, save in those cases in which the disorganisation was so
excessive as to render hydrochloric acid improbable. On the other hand,
the changes produced by nitric acid are so distinctive, that it is im-
possible to mistake its action for that of any other acid. The nitric
acid pathological preparations may be picked out at a glance.

* A drawing of parts of the gullet and stomach is given in Guy and Ferrier's
Forensic Medicine.



77-] HYDROCHLORIC ACID. 105

Detection and Estimation of Free Hydrochloric Acid.

§ 77. (1) Detection.—A large number of colouring reagents have
been proposed as tests for the presence of free mineral acid. Among the
best is methyl-aniline violet decolorised by a large amount of hydrochloric
acid; the violet turns to green with a moderate quantity, and to blue
with a small quantity.

Tropseolin (00), in the presence of free mineral acid, strikes a ruby-
red to a dark brown-red.

Congo-red is used in the form of paper dyed with the material;
large amounts of free hydrochloric acid strike blue-black, small quan-
tities blue.

Grtinzburg's test is 2 parts phloroglucin and' 1 part vanillin, dissolved
in 100 parts of alcohol. Fine red crystals are precipitated on the
addition of hydrochloric acid. To test the stomach contents for free
hydrochloric acid "by means of this reagent,, equal parts of the fluid and
the test are evaporated to dryness in the water-bath in a porcelain dish.
If free hydrochloric acid be present, the evaporated residue shows a red
colour ; 1 mgrm. of acid can by this test be detected. The reaction is
not interfered with by organic acids, peptones, or album in.

Jaksch speaks highly of benzopurpurin as a test. Pilter-paper is
soaked in a saturated aqueous solution of benzopurpurin 6 B (the variety
1 or 4 B is not so sensitive), and the filter-paper thus prepared allowed
to dry. On testing the contents of the stomach with the reagent, if

N there is more than 4 parts per 1000 of hydrochloric acid the paper is
stained intensely blue-black; but if the colour is brown-black, this is
from butyric or lactic acids, or from a mixture of these acids with
hydrochloric acid. If the paper is washed with pure ether, and the
colour was due only to organic acid, the original hue of the paper is
restored; if the colour produced was due to a mixture of mineral and
organic acids, the brown-black colour is weakened; and, lastly, if due to
hydrochloric acid alone, the colour is not altered by washing with ether.
Acid salts have no action, nor is the test interfered with by large
amounts of albumins and peptones.

A. Yilliers and M. Favolle * have published a sensitive test for
hydrochloric acid. The test consists of a saturated aqueous solution of
colourless aniline, 4 parts; glacial acetic acid, 1 part; 0*1 mgrm. of
hydrochloric acid strikes with this reagent a blue colour, 1 mgrm. a
black colour. The liquid under examination is brought by evaporation,
or by the addition of water, to 10 c.c. and placed in a flask; to this is
added 5 c.c. of a mixture of equal parts of sulphuric acid and water,

* Comptcs Rend., cxviii.




