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FREFACB

o

In preparing this narvative of the work of my life, I have been
but little influenced by any feeling of vanity or self-seeking. Having
contrary to all reasonable expectations been spared through a long
series of years; having outlived many whose health and strength
were greater and whose future seemed therefore more promising than
my own, I have now arrived at the period at which ordinary worldly
considerations carry with them but little weight.

I have been an active worker, investigator and writer for little
short of sixty years; the investigations have embraced a considerable
variety of subjects; their results have appeared in a great many
different publications, some no longer accessible, exeept in our public
libraries, some of them so long since indeed, that they had either
heen forgotten or only a dim recollection remained of them, even in
the mind of their author. Added to these considerations was the
desire to review the whole of my labours, to take stock of them and
0 to obtain a clearer insight into their extent and nature.

This review has now been made and one result arvived at which
I did not anticipate. In bringing together the chief events and
incidents of my life, as far as scientific work has been concerned, I
have in a measure lived that life over again, and in some respects
more pleasantly than at first, because the cares and anxieties which
attended some of my labours no longer existed and weresmore or
less forgotten and thus only the more agreeable feelings and results
were recalled.

Should this narvative fall into the hands of any student and
seeker after knowledge and should it in any way stimulate and
encourage him in its pursuit, this effect will in itself be an additional
gratification. The biography ut all events shows how munch may
be accomplished by the diligent nse of time and opportunities, even
i the face of many adverse cirenmstances, such as serious and



repeated illness, many cares and much strietly professional work. It
should be borne in mind, that out of more than seventy years over
which this narrative extends, during fifty I have been and happily
still am occupied in medical practice, this indeed being of necessity
the main object and purpose of my life; the periods devoted to natural
history, chemistry and other kindred subjects, were for the most
part interludes.

The great and foremost pleasure of my life has consisted in
my work, selected for the most part because of its.congenial charaeter,
in my natural history, microscopical and chemical investigations.
From other sonrces I have derived in comparison but little enjoyment;
I have cared but little and have given but little time to the ordinary
pursuits and ocenpations to which so many people devote most of
their lives and energies, to general society with its balls, parties,
theatres and other entertainments. Neither have I devoted much time
and attention to money getting; sufficient has come to me in the
ordinary course of my professional work to satisfy most of my very
moderate needs and requirements, though when I have possessed
more than was wanted for immediate purposes, the surplus has been
usually spent in books, or apparatus, or some object connected with
my enquiries. Nor have I been in any sense ambitious beyond the
desire that my scientific work should be well received.

I have here again to acknowledge, as on previous occasions,
the help I have received from my wife in the revision of the M. S.
and proof sheets, also for translations from [talian and German
works and writings.

In .conelusion it should be remarked, that this narrative is not
simply a review of the work of a life now almost past, but an
endeavour has been made throughout to convey in a simple and
intelligible form as much information of a nseful and interesting
character as was permitted by the nature of the subjects treated.

San Remo, September 1893,
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FAMILY HISTORY. g

Hill my father and mother had anarrow escape of being killed as they
were one day out driving. They were about to be attacked under
the idea that they were protestants, but the rebels seeing that my
mother was wearing a green veil, came to the conclusion that they
must belong to the Catholic party and hence their lives were spared.
To form any iden of the cruelties and horrors perpetrated at that
time, it is necessary to read an authentic history of the Rebellion
of 1798. ~

My father some years afterwards resided at Teddington,
practising his profession in that village, Hampton Court, Kingston
and the neighbourhood. The Duke of (lavence with the Misses
Fitz-Clarence were residing at Bushey Park at that time and on the
suicide of His Royal Highness's resident medical attendant, my
father in the absence of the Duke, was hurriedly summoned to
(larence House by Miss Fitz-Clarence. The Misses Fitz-Clarence
were pleased with my father and he was for a time in attendance;
they were most kind and condescending to him. A ecarriage was
daily sent for him, as he was himself not well, and occasionally he
was asked to afternoon tea. The use of tea in England was then only
heginning and it was a novelty and a rarity. My father happened
to remark on one occasion, that “the tea had done him more good
than all the medicines of the Pharmacopeeia’; shortly afterwards the
Misses Fitz-Clarence left Bushey Park temporarily and forwarded
him before leaving a bag of the same tea, which he said had done
him o much good. Miss Fitz-Clarence also intimated to my father
that she would secure for him the appointment of medical attendant
to the Household and that she would at once speak to the Duke on
his return; this she did, but His Royal Highness, not knowing that
my father had been called in during his absence and had been in
attendance, expressed his regret and stated that he had only the
evening before promised the Duchess of Kent the vacancy for a
friend of hers; another illustration being thus added to the many
showing the truth of the adage, “there’s many a slip between the
cup and the lip”’. The recipient of the appointment was Mr. after-
wards Sir Herbert Taylor. Disappointed at the failure of her ap-
plication Miss Fitz-Clarence expressed her wish to be of service
to my father and hoped that if she could be of use he would
make it known to her. Years subsequently when Miss Fitz-Clarence
had become Lady Sidney, my father once set out from Kew, ac-
companied by myself, who must then have been very young, to
see her Ladyship who was at the time residing in London, he,
after much pressure very reluctantly consenting to ask a favour;



4 FAMILY HISTORY,

the day turned out to be very stormy and my father was not BOTTY
to have an excuse for abandoning the journey, though at the time
we had actually started. He conld never afterwards be induced to
make a second attempt.

It was during my father's residence at Teddington that T was
born on the 13th day of December 1817, my mother dying three
days after my birth; so that I never had the happiness and advan-
tage of a mother’s love and care. My two dear, good elder sisters,
Eliza and Ann, long since removed from this world, did their utmost
to supply her place. My parents had five childven, three sons and
two daughters; the eldest son, being of an adventurous disposition,
chose the sea, went out in a merchant sailing ship and never
returned: the captain reported that he had deserted his ship and
was drowned in the attempt to reach another vessel. The account
given was so unsatisfactory that my father was fully persuaded there
had been foul play, though of this he could never get clear and
conclusive evidence. In those days great eruelties were often prac-
tised on board merchant vessels. My second brother Richard, did
not till somewhat later, adopt any profession; in fact, owing to my
father’s then very narrow resources he was unable to do so, but my
brother was nevertheless determined to make an independent position
for himself. To that end he taught himself astronomy and chemistry
and prepared a course of lectures on these subjects adapted for schools ;.
these he delivered for some years at different establishments, gaining:
much approbation, and at length realizing sufficient funds to enable
him to purchase the business of a Pharmaceutist at Cheshunt in Hert-
fordshire; this under his management prospered, so that he next
determined to quality as a medical practitioner. He used to start on
horseback at 5 o’elock in the morning from Cheshunt for the Charing
Cross Hospital, in the medical school of which he became a pupil,
returning in the evening in the same way. These journeys were
kept up for some years and were of course very fatiguing. What
would many modern workmen, who are so senselessly clamouring
for a legal eight hours’ work day, say to such days of labour as
these! In due course my brother obtained the diploma of the Royal
College of Surgeons of England and the extra-license of the Royal
College of Physicians of London. He then started in practice in
Richmond, Surrey, where our family had resided for some years.
and was well known; after working, almost slaving, for a quarter
of a century and having gained one of the best and most lucrative
general practices in the kingdom, he retired, having been able to
amass an ample fortune for his family. '




EARLY EDUCATION. h

These few preliminary particulars bring me to the more lmme-
diate subject of this biography.

EARLY EDUCATION.

My early education commenced at a small and very primitive
day school, kept by an elderly matron whose name 1 forget. The
instruction was limited to the three Rs, and not much of these even
was taught; at least T can affirm that the knowledge of them
acquired by me was very little. The school was for the more
respectable younger children of the then unpretentious village of
Teddington: it was sitnated in the main street, along which most of
the inhabitants passed more than once each day; the schoolroom
abutted on this street, the door being generally open, so that anybody
passing could look in and see the children on their forms; now
although the instruction given was not very extensive, the matron
had adopted tolerably effectual methods of keeping her pupils in
order. One was to place the refractory subject at the open door with
a tall fool's cap on his head, so that all the passers by might see
him. I fear I was but a bad boy and I well remember that 1 often
had to be carried to the school every inch of the way in the arms
of a stout domestic, kicking and yelling till I was deposited at the
door. On one occasion when I had been misbehaving, I was placed
in this unenviable and undignified position, adorned with the usual
fool’s cap, when to my great consternation I saw my father coming
along the street; I need scarcely say that I quickly knocked off the
cap and withdrew behind the door. Another punishment which in
the case of some children was even more effective, was to detain
them after school hours, during which time the mistress occupied
herself in frying or otherwise preparing her dinner, the savoury
and appetising smell of which was a great trial and sometimes
brought tears into the eyes of the hungry child.

After a while, I went as a boarder to a school at Knapp Hill
in Surrey, an out of the way, primitive and sparsely peopled distriet
about three miles from the market town of Woking. I well remember
the day I was taken there. I was driven over in a sort of market
cart and as the way was long, the driver, a countryman of those
parts kindly offered me some of his own refreshment in the shape
of a black pudding or sausage. I did not like its look, but as I was
hungry and boys in general are not over particular about their food
I ate it and found the sausage much hetter than I had expected.
Afterwards T learned that these puddings are made with blood. This
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was a case in which ignorance was bliss. I never again regaled
myselt on black pudding,

The school at Knapp Hill was kept by a worthy and kind hearted
man, a Mr. Parker; the pupils consisted of the strong healthy boys
and youths of the few tradesmen and farmers of the district and the
education was of a vestricted chavacter. The surroundings of the
house were free and open; the sitnation cold and bracing, the school-
room large, with at one end a lofty pulpit, from which prayers
were read and a sermon preached on Sundays, as the schoolroom
did duty as a chapel for the few inhabitants of the neizhbourhood.
The chiet corporal punishment in this establishment consisted in
the boxing of the ears of any mishehaving boy; but such boxes, not
to be forgotten, administered by an enormous hand and strong arm.
On one occasion I was the offender; the box on the left ear threw
my head over to the right side and into the left hand already in
position to receive it and the blow was repeated. One could not
stand many such blows; one or two of them was sufficient to sud-
denly confuse and stun the senses, so that for a while the recipient
did not know whether he was standing on his head or his heels.
Mr. Parker had even in those days some loose, but as I dare say,
some of our sanitary and funeral reformers would teach, correct and
advanced notions on the subject of burials, He held the usual mode
of interment in little regard and said he would like to be buried at
the foot of an apple tree, “so as to ensure a good erop of fruit.” I do
not think his wish was gratified.

On my father’s retirement from practice at Teddington we went
to reside at Richmond in Surrey, where we remained for many years
and I was then sent as a day scholar to a school well known at
that time on Richmond Green. The master, whose name I withhold,
was a striet disciplinarian and held a high opinion of the virtues of
the rod; he was in fact a tyrant and a most unmerciful beater. On
one occasion two boys, unable to endure his harshness, ran away,
as boys sometimes will and were not captured for some days: they
were placed in a room and fastened by the waist to a heavy weight,
were kept thus for at least a day and night and cruelly beaten at
short intervals; there was much excitement in the school, the master’s
danghters interceded and at last the punishment came to an end.
Were any schoolmaster in these days to attempt anything of the
kind, great would he the outery and severe would be his own
punishment, but at the time I refer to cruel flogging was commonly
practised, even grown up youths being subjected to the same brutal
treatment; indeed corporal chastisement was considered to be abso-
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lutely necessary to the efficient control of the pupils and the I}IE'LEi'ITl
thoroughly acted up to, was: “Spare the rod, spoil the child™,

My next school experience wasof a milder and more fayourable
character. I became a day pupil at a large school kept by a Mr.
Gibbons. This gentleman I never saw, a8 he was very ill at the
time, but the school was, so0 far as the teaching was concerned,
mainly in the charge of a Mr. John George, a Welshman, as 18
evident from the name; a man of very high attainments as will
presently appear. He did his duty most effectively and yet kindly,
indeed he exerted himself beyond his strength and to the lasting
injury of his health; he ased often to harangue the boys in very
emphatic language, entreating them earnestly to study and to make
the most of their educational opportunities. When any of the boys
were careless or stupid and his strength in addressing them was
nearly at an end, he would wind up his harangue by exclaiming,
with one hand on his side, “One need have lungs of iron and bones
of brass to teach yon boys’.

Shortly after Mxr. Gibbons® death the school was given up, but
Mr. George remained at Richmond and received a few pupils on his
own account, I being one of them. Now, Mr. George was not only
a very earnest and conscientious teacher, but he was a man of very
remarkable acquirements. He was equally accomplished as a mathe-
matician and as a linguist; his memory was marvellous; he could
yepeat verbatim any chapter of the Bible on reading it over once
only ; he could read and write eighteen languages and he continued
to add to this number; he stated that from the knowledge already
“aequired, aided by his memory, he could master some languages
sufficiently to read and write them in six weeks. Had Mr. George
been attached to any of our Universities, he would have acquired a
great reputation and would have been honoured and rewarded: as
it was, his attainments were only known to a few and by still fewer
were they appreciated. The end of if all was that after some years
of tuition, “the lungs of iron and bones of brass” failed him and he
died of an affection of the organs of respiration at a comparatively
early age. I have retained through life the warmest affection and
the most sincere regard for the teacher to whom I was indebted for
any love of books and for any scholarly knowledge I ever possessed,
This was never very great for I was not a bright or ready learner;
hence thongh I was diligent and painstaking, on the whole my
education left much to be desired and it terminated earlier than usual
from need of funds and just as I was beginning to take an interest
in acquiring knowledge for its own sake.



LIFE IN IRELAND AND MEDICAL STUDIES,

The questions soon arose, what was to be done with me? how
was I to earn my living? what calling was I to follow ? these questions
were soon settled by my uncle, Sir James Murray M.D. of Dublin 3
who had married my mother's sister, offering to take me into his
house and to give me the indentuyes of apprenticeship which in those
days were necessary. This generous offer relieved my father of a
great deal of anxiety and much expense on my account. Accordingly
in the autumn of the year 1834, I left the Thames in the S, S,
Shannon for Dublin, there being no railway to Liverpool at that
time. The passage oceupied five or six days, the ship on the way
putting in at Falmouth and PI ymouth. Thisvoyage was subsequently
repeated several times and being a good sailor, I enjoyed these trips
immensely. The last I heard of the Shannon was that she bad been
totally wrecked on one of her Journeys. On one occasion I remember
I went to Liverpool with a cousin, Mr. John Murray on the outside
of the Tally Ho! coach: the journey extended over 24 hours, that is
a day and a night; the cold at night was intense and I thought 1
should have died, as it was my cousin was laid up in Liverpool with
pneumonia brought on by the exposure. Such occurrences in the
coaching days must have been common.

Mr. Murray was the author of some political novels and of a
pamphlet bearing the siriking title “The Court Doctor dissected”,
having reference to the sad case of Lady Flora Hastings.

Arrived in DMerrion Sguare [ was most kindly received by
my uncle and aunt; soon occupation was found me and I quickly -
became aware that the business of my life, with for me its great
events and issues, had commenced in earnest,

My uncle, Sir James Murray, was an energetic self-reliant,
thoughtful and indeed, clever man; his earlier years were passed
in Belfast, where as a chemist he flourished and made a fortune,
Eventually he removed to Dublin and when I arrived he was living
in Merrion Square practising as a physician. He was physician to
the then Lord Lientenant of Ireland, the Marquis of Anglesea, who
Was a martyr to neuralgia. Sir James was enabled to afford him
considerable relief and received at his hands the honour of knight-
hood. My uncle was the author, amongst other publications, of an
original work on the use of compressed and rarefied air, applied by
means of certain ingenious mechanical arrangements to the surface
of the body for the treatment of various morbid conditions and
symptoms. There can be no doubt of the value of some of the sug-
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gestions made therein, although the book itself is now forgotten and
the methods deseribed in it but rarely put into practice.

Sir James being a good practical chemist, perceived at a very
early period the objections to be urged against the administration f:»l‘
the but little soluble preparations of magnesia and he succeeded in
making an agrecable effervescent solution. He was the first to devise
this preparation, which has now for a great many years been known
as “Murray’s Magnesia”. The solution possessing many advantages,
was and still is in considerable demand and it has yielded for a long
period a handsome revenue.

Amongst other appointments held by Sir James was that of
Inspector of Anatomy for Dublin. In that city the bodies of all
persons who had died in public hospitals, infirmaries and such like
institutions, if not claimed within forty eight hours of death, were
delivered over to the different medieal colleges and schools for dis-
section. The chief duties of the office, were to receive notice of the
unclaimed and to determine to which medieal school or college each
body should be sent, the removal and distribution being carried out
by the Inspector’s staff. In the discharge of these duties difficulties
and unpleasantness sometimes arose, occasioned chiefly by relatives
turning up and eclaiming the bodies after the expiration of the
statutory limit. After a time some of these duties were entrusted to
me and I had to see that the distribution of the subjects was im-
partially and disereetly carried out. It was necessary that I shonld
occasionally visit the different dissecting rooms to ascertain that the
directions given were duly executed and these inspections in those
early days of my medical career were by no means pleasant and I
naturally shrank from the awful sights of poor dead humanity,
emaciated and disfigured by disease, and made still more hideous,
necessarily and unavoidably, by the anatomist’s scalpel. Indeed
Madame Tussaud’s Chamber of Horrors is far less trying to view
than a large dissecting room with several bodies, each on a separate
table, often more or less decomposed and in various stages of dis-
section. Here I will relate, in a few words, a curions incident which
occurred in connection with the distribution of the bodies or “subjects’’,
as they were usually called. The chief of the men employed to
convey the unclaimed bodies to the schools was a man named Bowman,
a remarkably civil and obliging fellow, fond though he was of a
drop of the “cratur”. It appeared he had a dread, that some day
or other he might himself be extended full length upon one of the
usnal tables; this fear I afterwards learned was not unfounded, as
his body actually was conveyed to one of the schools; some of the
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pupils recognizing the man and knowing of this dread, clubbed
together and had him decently buried.

Soon my professional studies commenced and my uncle gave
me some introductory works to read as a preparation for the lectures
which were to follow. The fivst course of lectures T attended was
delivered in the medical session of 1834-35 and this was followed
by other courses in the four following winters, and in one or two
summer sessions, but usnally I returned to England in the summer.

At the period to which I refer, the Dublin School of Medicine,
ranking always high, stood at its highest: there was a erowd of
able men in the profession, including both teachers and practitioners.
Amongst the former may be mentioned Harrvison, Apjohn, Hilles,
Hayden, Ellis, Ireland and Bellingham; while amongst those who
were devoted more particularly to medical and surgical practice,
Colles, Carmichael, Stokes, Graves, Crampton, Corrigan, Marsh,
may be enumerated. Some of these were world renowned men, and
even in these days they are well remembered names and high aun-
thorities on the subjects to which their talents were specially devoted.
The celebrity of the Dublin School and the greater moderation of
the charges for attendance on lectures at the hospitals attracted many
students from England.

The schools which I chiefly attended were those of Peter's
Street, Digges Street and Trinity College; the Hospitals, the Jervis
Street and Mercers’ Hospitals and the Netterville Dispensary ; this last
had only a small number of beds and was founded by Sir James
Murray. I was more than diligent, made fair progress and gained some
prizes, including one for Botany of which through life I have always
been fond.

Sir James Murray, from his influential position was enabled
to obtain for me free admissions to the whole of the requisite conrses
of lectures and to the Hospitals; this was of the utmost consequence,
as my father’s resources, he having retired from practice long before,
would not allow of his furnishing the necessary funds, indeed but
for this great help I should not in all probability have been enabled
to enter the medical profession. I have therefore ever rested under
the deepest obligations to my uncle for this, as well as on other
accounts.

On first going to Ireland I resided at Merrion Square with my
uncle ; subsequently I removed to a well known first class boarding
house in Harcourt Street, and afterwards, as all my time was now
required for my studies, I took a very cheap and humble apartment,
being now entirely on my own resources. These were very limited
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and I was anxious to save expense as far as possible. The lodging I
_occupied was a sparsely furnished bedroom on the third floor of a
house in Digges Street, where for such slight attendance as was
needed I was waited on by a red legged and bare footed peasant
girl. I now diligently devoted myself to my studies; most of my
reading was done in the early mornings and evenings. I used to
get up at five and six o’clock in the dark wintry mornings and read
by the aid of a rush light, and my breakfast consisted of a sugar-
loss decoction of cocoa nibs and dry butterless bread; the other meals
not being on a very liberal scale. This was not so much that funds
were deficient, as that any small sum I could save out of my allow-
ance was spent in books or on an occasional treat to the gallery or
pit of the theatre, sometimes accompanied by my cousin, Edward
Murray. At the time, the great attraction was that inimitable master
of melodrama, Power, who it will be remembered was lost years ago
on his way to New York, when every soul on board the vessel
perished, not one being left to tell the tale of this great catastrophe.

SERIOUS ILLNESS,

What with hard study, poor food, and imsanitary surroun-
dings after a while I fell ill. For a time I struggled aganst the
illness, but one day, when more from habit than anything else,
I had made my way to the dissecting room and not being able to
work, perched myself on one of the high stools usually found in
similar places, I became speedily worse and was compelled to go to
my room and to bed; before leaving the dissecting room I gave
one of my English fellow students some money to buy leeches and
I asked him to apply them to my temples; the remedy was one
which in these days would not be generally approved for a severe
case of typhoid fever, but before they were detached I became in-
sensible. Sir James Murray was sent for and he, with oceasionally Dr.,
afterwards Sir Domenic Corrigan, attended me throughout a very
long and dangerous illness, during part of which I was delirious and
worried about my studies. The united skill and care of these physi-
cians brought me through the erisis and after some weeks, 1 had so
far recovered, as to be able to be removed into the country. Through
the agency of friends, Mr. and Mrs, Alder, to whom I became ever-
lastingly indebted for kindnesses innumerable, continued over a long
series of years, 1 was transferred to a scrupulously clean and bright
apartment at Monkstown. I can only give but feeble expression to the
feelings I experienced on the journey into the country from the
darkness of Digges Street; it was like a resunrrection. How sweet
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and pleasant was the sense of partially restored health, to feel the
cool fresh, outer air once more on one’s cheek, to bask in the bright
warm sun, to see the trees and flowers once again and as the city
was left behind to look upon the glorious sea and the beautiful Ba-y
of Dublin! Such sights and feelings were powerful aids, united to
youth and hope, to a speedy recovery and so in my sunny bedroom,
in‘full view of the sea, with good food and the. kindest of friends
my health and strength were soon restored. All my life I was never
so happy as when out in the air, in the fields or woods; no matter
how mentally disturbed or irritated, I soon experienced a feeling of
peace and rest, The winter session now being over and the spring far
advanced, 1 was enabled to look forward to a period of leisure and
freedom from care: soon my thoughts turned to other than strictly
medical and professional studies.

EARLY NATURAL HISTORY PREDILECTIONS.

I had from my earliest years a great admiration for all that
was beauntiful in nature, and very early in boyhood I began to
study botany and to collect plants and hence became very fond of
gardening. When my father and his family were all living in Kew
Footroad, Richmond, we had a large gavden attached to the house:
it was one of those nice old gardens, now not often seen in con-
nection with any modern house; a long strip with a brick wall
on one side on which peach, apricot, nectarine, plum and greengage
trees were trained, while numerous apple and pear trees were
scattered over the ground; it was indeed a very fruitful and pro-
ductive garden, and in this my brother Richard and I used to work,
digging, wheeling, weeding under the direction of an old soldier
who had fought at Waterloo and who was a great favourite with
my father and indeed with us all. The next house and garden to
ours, separated only by a paling was that in which Mr. Gibbons
had his large boys’ school, but which at a later period became a
school for young ladies under the management and authority of
Mrs, Gibbons. It was a very prosperous school and I who had been
a pupil under Mr, Gibbons, was regarded as a privileged person,
being allowed sometimes to join in the evening amusements and
always permitted to keep the pupils’ little plots of garden in order.
This was a real pleasure to me. I used frequently to be up, even in
cold wintry mornings at 6 o’clock working away at these plots.
Sometimes the frost at this early hour greatly affected me, numbing
my hands and feet and as a reaction from the exercise ensued a
deathlike feeling of oppression and faintness, ending in a profuse

e
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perspiration, would set in. This occupation was continued for a
considerable period, till at length it was thonght that I was getting
too big a boy to have the run of the school and I was in a measure
hanished ; this was a great mortification. Some time after, my father
migrated to another house in Richmond, in the Vineyard; indeed
during my father’s lifetime we changed our residence from one place
to another every three or four years, he being somewhat restless and
changeful. Here also we had a large but not so fruitful a garden
and T took to rearing orange, lemon and tamarind trees from the
pips and stones and was very proud of my success. I formed a little
hot or foreing bed with the grass mown from the lawn, and used
to take our visitors to see my orange plants, now and again bestowing
one on any favourite friend or visitor.

STUDY AND COLLECTION OF ZOOPHYTES.

But to resume and return to Ireland. Placed as I was under
such favourable circumstances, close to the sea, with its mixed rocky
and sandy shore, my old love of nature and natural objects returned
with increased force. I soon began to pay almost daily visits to
different parts of the neighbouring coast, chiefly between Monkstown
and Bray Head. As the tide receded, especially when the sea was
very rough, mixed and many coloured sea weeds, corallines and a -
variety of other productions were left stranded. The sea weeds
I collected and dried; the zoophytes or corallines I not merely
gathered up, but took home to study, ascertain their names, character-
istics and organization. Now the zoophytes, especially the corallines
constitute one of the most interesting and graceful of organisms
in the whole range of Natural History. The class may be described
in a general and popular way as divisible into Anemones, Corallines,
and Corals; the first division consists of soft bodied, naked, mostly
single animals; the second possesses a flexible skeleton or poly-
pidom composed of a semi-transparent horny substance, usually in
the form of thread-like hollow tubes, simple or variously branched;
along the sides of these hollow filaments a multitude of small cup-
like cells are vanged; these tubes ave filled with living threads of
animal matter which terminate in each cell in a beautiful little bell-
shaped animal, furnished with tentacles disposed in circles. This
disposition gives some of the species a vegetable or plant-like ap-
pearance ; these little creatures are extremely sensitive and on the
least alarm, movement, or noise, withdraw themselves at once into
the shelter of their protecting cells. A very curious fact in regard
to these corallines, is, that although each little polype is perfect in
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itself and capable of acting independently and has a separate life,
yet they are all united the one with the other by means of the rami-
fying threads, so that the impressions made on any of the polypes
are communicated to the whole body or colony of them and they
then act together according to the nature of the stimulus, either
expanding their feelers ready to eateh their prey or food, or to retive
in a body to their cells. The third division comprises the corals
proper; these have hard and non-flexible calcareous polypidoms or
skeletons, and there are but few species of this division to be found
on the coasts of the British Isles,

It was with the second division, the corallines, that I was
chiefly concerned. For their more complete stady a microscope was
employed; this was especially necessary for determining the character
of the little inhabitants of the polypidoms. At the time to which my
observations refer, the horny skeletons chiefly were regarded and
thus the knowledge obtained was very imperfect and errors were often
fallen into, which would otherwise have been avoided, while the
most beantiful and distinetive feature of the entire organisation, the
living animal, was frequently overlooked.

In time I made a considerable collection of Irish Zoophytes,
many of these being new to the British and Irish fauna; while others
had not been before observed, though described in some foreign
works; the results of my findings and investigations were published
i a series of papers which appeared in the Annals of Natural History
in the years 1841-2-3. These papers were illustrated by numerous
drawings from the microscope, for which I was indebted to the
painstaking penecil of Miss Hunter, a sister of Mrs. Alder.

I afterwards presented a collection of the Zoophytes I had
gathered to the Dublin Natural History Society, where they were
preserved for many years. I also published in the Annals a list of
the Invertebrata found in Dublin Bay and its vicinity. See List of
Publications.

But I was not content to limit my searches to the sea shore, so in
the hope of obtaining some rare and new species, I used to go into the
sea itselt: for this purpose I provided myself with a special costume,
this allowed of my turning over the loose pieces of rock which were
under the water, but still near the shore and which had in great abun-
dance been placed there as a barrvier against the encroachments of the
sea; this proceeding yielded a rich reward; I thus secured a number of
new or rare species, including several belonging to the genus Lepralia,
which form living inerustations upon any suitable surfaces; one of
these was named after me by Dr. Johnston, Lepralia Hassallii.
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In this way a variety of other curious and interesting creafures were
brought tuvli;_:ht. [ usually started on these expeditions early in the
morning in the winter when the water was frequently very cold,
eausing my hands and feet to become benumbed; from this at first
I felt no inconvenience, but after a time, as reaction took place and
warmth was beginning to refurn, the distressing deathlike famtness
was experienced, to which reference has already been made. I now
know that the attacks were dangerous and I have never met with
any one who suffered in the same way.

DEEP SEA TRAWLING.

Encouwraged by the results just rvecorded, 1 next determined
that T would see what was to be obtained from the deep sea itself.
At the period to which 1 allude the chief fishing and trawling on the
Trish coast were in the hands of a number of fishermen or trawlers
from Devonshire: these men had good boats, they were steady and
experienced and mostly teetotallers. I therefore arranged to accom-
pany them on one of their trawling expeditions. The erew consisted
of three men, all strangers to me.

We started from Kingstown Harbour one bitterly cold after-
noon in November; a fresh breeze was blowing and the hoat pitched
about so much that 1 found it necessary to sit down and catch fast
hold of the taffrail to prevent myself, as it seemed to me, from being
thrown bodily into the sea. I had not been in this position very
long before I heard the crash of broken bottles; this was occasioned
by an accident to the hamper of good things in the way of food and
drink I had brought with me and which had been abundantly
provided by my ever kind friends the Alders, with whom 1 was
staying at the time. We started somewhat late in the afternoon, so
that is was soon mnight; the boat was strongly built, with a large
deck and a eabin with fonr berths: but these were filled with different
kinds of gear and tackle and it was obvious that they were never
used; one of the berths was cleared out for me; it was very dirty
and had only a thin hard mattress, however I soon turned in, but
at first not to sleep; the surroundings and situation were so new
and strange and then the incessant tramping of the men on deck
in their heavy hoots, the clanking of chains, the noise of the sea
and wind effectually prevented sleep the first night.

Somewhat late, two of the men descended from the deck and
at once lay down, fully extended on the bare boards at the bottom
of the cabin in their immense jack boots and tarpaulin hats and
soon they were fast asleep, as was plainly manifested by their loud
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snoring which was even more disturbing than the noise of the Re 3
they were not allowed to sleep very long at a time as the calls to
duty in the night were pretty frequent. Of conrse at first [ deplored
the loss of my hamper, but afterwards not at all; although I was an
exceptionally good sailor I found I had little appetite for ordinary
food and caved still less for stimulants. The crew of the trawler
lived principally on fish, chiefly soles and plaice, baked before the
fire and on soup made with a little meat or fish, mixed vegetables
and an abundance of salt. I found this kind of food so nice and
appetising that I partook of the same meals as the fishermen; the
contents of the hamper were not wholly lost and some meat, fowls
and whiskey remained; these I offered the men, but the whiskey
they would not touch. We used to travel backwards and forwards
some miles from the shore along the Morne Mountains between
Kingstown and Belfast, making several trips during the week.

The trawl or net is heavily weighted and sinks readily in the
sea, scraping the bottom as it is drawn along, catching any fish
which may come in its way and at the same time gathering up any
corallines, shells, starfish and other curious inhabitants of the deep.
I noticed particularly that very few sea weeds were brought up by
the trawl, but chiefly corallines, the very things I was in search
of; the comparative absence of sea weeds is explained by the fact,
that they require move light than is to be found at the depth at
which the trawling was carried on. The trawl is usually down some
six or eight hours, being dragged along by the boat with its sails set; -
it is raised by means of the capstan and windlass, the labour of this
being somewhat hard and the time vequired considerable; the trawl
itself is heavy and the weight is increased by its being swayed about
in a rough sea by the waves; and the sea was very rough during the
week we were out. As the trawl nears the surface of the water,
the efforts of the men increase and as soon as it is hauled into the
boat, the net is opened and a sight revealed, which if the haul is as
large and suceessful as it usually is, must be seen to be fully
realized.

The contents of the net fall out with a rush and spread them-
selves over the deck; fish of all sorts and sizes, flat fish and long
fish, turbot, plaice, soles, brill, hake, ling, cod, haddock and a Im:ft
of other kinds, some common, others rare and interesting princi-
pally to the naturalist; intermingled with these fish are sometimes
lobsters, *crabs, shells and starfish, besides a whole crowd of other
creatures and for my purpose the most important, numberless coral-
lines. Some of the fish when the net is opened are found to be alive
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and leap about, others are dead., Among the fish caught there are
some which the fishermen dislike and even hate, for they are very
superstitious; some they dislike because they are said to prey upon
the other more valuable fish, others they regard as of bad omen,
and to both these kinds they arve often very cruel, tearing them
up and casting them back into the sea, not without sundry impre-
cations; indeed the susceptibilities of fishermen in this particular
are not very keen and some of them think very little of cutting up
live skate, as in crimping.

Now the work of sorting commences, a number of hampers
are produced, the turbot and brill are packed in one hamper, the
soles in another and so on, little regard being paid to whether the
fish are alive or dead. When a sufficient number of baskets have
bheen filled, they are taken ashore at some convenient place and
dispatched to their destination.

PHOSPHORESCENCE OF ZOOPHYTES AND OF .Tl-[E AHEA.

The raising of the trawl and opening of the net even in the
daytime is always interesting and instructive, but at night, the sight
is brilliant and beautiful in the extreme. As the trawl nears the sur-
face and is swayed to and fro by the waves and the motion of the
boat, great flashes of phosphorescent fire and light are evoked; these
become more frequent and conspicuous as the surface of the water
is reached and as the trawl by the aid of the winch and all hands
is brought alongside and raised over the bulwark, the spectacle is
one of rarve brilliancy; the meshes of the capacious net shine out and
are outlined as it were and beset with myriads of richly coloured
diamonds. A close examination shows that this phesphorescence is
mainly due to the numberless corallines raked up from the bottom
of the sea and entangled in the net in great profusion. This spec-
tacle is not evanescent, but lasts for a long time and is always
much inereased by any movement or agitation of the net or sea. If
the corallines are collected in a hamper and this is put aside for
some three or four days, they are still capable of giving forth their
phosphorescent light when briskly shaken.

The corallines and different objects of interest brought up were
of course carefully examined at the time, but afterwards more tho-
ronghly and a selection made from them on my return to land.

Another beautiful phenomenon which I had an unusually favour-
able opportunity of witnessing while on board the trawler, was
that of the phosphorescence of the sea itself, of which I gave a des-

; I
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cription at the time in the Annals of Natural History. The vessel
impelled onwards by the force of its sails cleaved a passage through
the rolling waters which fell from its sides and from the rudder
in a broadening line. On looking over the boat it was seen that the
sea fell from it in never ceasing drops, flashes and wavelets of
colour, bright and varied as that emitted by the diamond, while
trom the rudder a long stream of phosphorescent light followed
in the wake of the vessel. Altogether the sight was one not to be
forgotten; the sea seemed all aglow, as if on fire. Although this
phenomenon was not produced by corallines, as in the case previonsly
described, it was yet due to a similar cause; namely, the presence
in the water of myriads of minute gelatinons organisms, which when
the water was agitated freely gave forth their living fire.

Having been at sea for about a week in the coldest and roughest
weather of the month of November we returned to Kingstown, I laden
with a goodly assortment of the treasures of the deep. T shook hands,
most cordially and not without regret, with my hardy, adventurous
and kind companions. When we started they were entirely unknown
to me or my friends. I neither knew their names or characters, nor
even the name of their boat and it oceurred to me afterwards that
under other circumstances the trip might not have been free from
danger. I might have been tossed overboard in the dead of the night
and there would have been no one to tell the tale.

On landing and walking from Kingstown to Blackrock, the
road seemed to be thrown into undulations and to heave up and
down like the sea and my sight thus deceiving me I could not help
kicking the ground as I walked along the road, although it was per-
fectly level. On presenting myself at the house of my friends I was
received with a burst of langhter which at first surprised me. During
the whole week I had neither washed, nor shaved, no other water
than the spray of the sea had touched my skin and I was so be-
grimed as to be scarcely recognizable. A warm bath soon set this
all right. I recounted my experiences and adventures and when
the evening set in I had the lights removed from the room, produced
my hamper and displayed to the wondering eyes of my friends the
beautiful phenomenon of the phosphorescence of corallines when
fresh and living. Of course pretty and striking as was the sight, it
was not to be compared in brilliancy to that which was seen on the
hauling up of the trawl.

Very early in my collection and study of marine zoophytes,
T entered upon a correspondence with Dr. George Johnston of Berwick
on Tweed, who was the great authority at that time on the subject

T
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and who had published a most important and charming work entitled,
«A History of the British Zooph ytes”. From him I derived much
help and encouragement and for a considerable time a frequent cor-
respondence was kept up. I much regret that his letters have not
been preserved. He was at the period to which I refer, en gaged in
the preparation of a second edition of his book on zoophytes. Perhaps
I may here be excused for quoting a short paragraph from the
preface of another work of his, an illustrated volume on “The
British Sponges”, a kindved subject. “Mr. Arthur H. Hassall, whom
I claim asmy pupil in zoophytology and likely ere long to surpass his
master therein, also sent me several sponges from Dublin Bay
and other localities.”

This 204 gdition was published in due conrse many years since
and consisted of two volumes, one entively devoted to illustrations.
This work, strange to say I have never even seen, but T have just
learned through my ever kind and obliging friend Mr. Clayton, that
it contains numerous references to my investigations and writings
on the zoophytes; in fact that it embraces the chief and more inferest-
ing results at which T had arrived and which had been recorded in
my publications on the subject. Space will only allow reference to
one point out of many which are dealt with by Dr. Johnston in his
beautiful work.

There is frequently encountered on shells cast upon the sea
shore a spinous incrustation, the nature of which was for a long time
undetermined and had given rise to much speculation. At length
I discovered from the examination of fresh specimens, dregded up
from deep water, that the inerustation was really the work of a
zoophyte and that it constituted a new genus on which I bestowed
the name of Eehinocorium clavigerum, This conclusion was warmly
combated by Professor Edward Forbes, a distinguished naturalist,
who maintained that the polype to which I attributed the inerustation
had really no conneetion therewith and that its presence was merely
accidental. He even went so far as to name the zoophyte after myself,
Coryne Hassallii, as this he considered was really a new species.

In reference to this point I cannot do better than quote a
paragraph from Dr. Johnston's new edition. “It was long believed
that the connection between this muricated crnst and the soft polype,
was only aceidental. In this country Mr. Hassall was the first to affirm
the contrary. His observations appeared to be insufficient to prove
their constant and organical connection and Professor E. Forbes
f*.mltumled strongly for the older view. It is now unnecessary to enter
into the discussion for the corvectness of Mr. Hassall's conelusion is
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proved by the prior observations of van Beneden and by the more
recent reseaches of Philippi and M. de Quatrefages’ . #

L have had but few opportunities of examining English zoophytes .
but my cousin Mr. John Coppin, many years since brought me some
he had found for my examination. Amongst these were two new
species, one of which ranked as a new genus and I named it Coppinia,
a genus which has been accepted by subsequent writers.

At the same time that I was studying and collecting zoophytes
and sponges I also made a collection of marine shells, for which
purpose I had to pay frequent visits to the splendid sands of Clon-
tarf, so well known to the conchologist for the variety, rarity and
beauty of some of the shells which are frequently to be obtained
there, with the living animals or mollusks still in occupation of their
houses.

Amongst the students with whom I was brought into contact,
was Mr. George Allman, who like myself had a strovg fondness for
natural history generally. He also used to colleet marine objects
and study them afterwards in the evenings at his own lodgings.
These evenings we sometimes spent together; we compared notes and
described what each had found. The evenings thus spent were
very pleasant to me and I have cherished a lively recollection of
them through these long years. Allman afterwards became a distin-
guished naturalist, he published some masterly memoirs on Freshwater
Zoophytes and held for a time the Chair of Botany in the University
of Edinburgh. _ -

The above brief record closes the story of my natural history
proceedings in Ireland. It was somewhat fortunate, that my illness
fell upon me towards the close of the winter medical session so that
this was not really lost but counted in the currieulnm of my medical
studies; it was however a sad disappointment to me as I had been
reading hard and preparing to go in for certain modest prizes, of
books chiefly; there were no great pecuniary rewards in those days,
such as now are given in most medical schools and colleges, to
stimulate study and help the impecunious but diligent student on his
uphill way; howewver the disappointment was in a subsequent session
made up by the prize for Botany being awarded me.

My natural history pursuits and exertions occasionally led me
into positions of some danger. One of these was when I passed rather
late in the evening, round Bray Head, a steep and rocky headland
separating Killiney and Dublin Bays. At no time of the tide does

* “The genus Hassallin of Berkeley is the reward of his services
to geience.” Johnston.
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the water leave the rocks, a fact of which I was not aware when [
started with the intention of passing from Killiney to the Dublin
side of the headland. As I was not able to swim and evening was
closing in, I had at some risk to take to the water and with con-
siderable difficulty, to clamber over some awlkward boulders and
rocks.

On another occasion I was staying at North Shields with
relatives; the family consisted of my cousin Mrs. Coppin who was a
Miss Hassall, her son and my life-long friend, Mr.John Coppin, to
whom I have referred on the previous page, and my aunt, Mrs.
Sanderson, a sister of my father. I was in the habit of paying
occasional visits to Cullercoats near Tynemouth, in search of zoo-
phytes and shells. One day I was busily at work on a ridge of rocks
called the Bear's Back, bare at low water, but covered when the
tide was at the full with some feet of water. While intent on this
ridge with hammer and chisel m cutting out some boring shells, or
Pholades, I heard cries and shouts, but not thinking they had
anything to do with me, I paid no heed, but soon they grew louder
evidently denoting alarm and my attention was now attracted. 1
looked up from my kneeling posture and saw to my dismay I was
surrounded with water and that the “Bear's Back” was very
nearly covered; the shouts were intended to warn me and pro-
ceeded from a crowd on the sea shore. Of course, I lost not a moment
in making for the land, leaving no doubt, hammer and pholades
on the rocks. I took to the water alveady some feet deep in places,
floundered and fell over sundry impeding boulders and finally reached
the shore half drowned and quite exhausted. I took care however
not to land in the midst of the crowd, but at a little distance from
it as I was rather ashamed of my stupidity and dripping wet as I
was, I ran all the way to Shields.

Having mentioned the name of Mrs. Sanderson, a very old lady
who was at the time quite blind I will narrate an amusing little
incident, In one of my rambles I had come across a toad and had
put it in my pocket, intending later on to study its ways and habits.
Forgetting the toad I was sitting on the sofa beside my aunt, when
suddenly there arose a ery of alarm. It appeared that the toad had
escaped from my pocket on to the sofa and that my aunt’s hand had
come into contact with its soft body. The toad was afterwards placed
in the garden where he made himself a suitable habitation in the
ground, maintained himself for a long time, and aided the gardener

in freeing the garden from injurious insects and such other inimical
ereatures,
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COMPLETION OF MEDICAL STUDIES,

It[_}w medical studies were now far advanced and I had but one
more winter session to complete the curriculum necessary to enable
me to undergo the requisite examinations,

One such ordeal I had already passed in 1837, that for the
Diploma in Midwifery. At a very early period of my studies, I was
required to attend lectures on Midwifery and the Diseases of Women
and afterwards to attend cases at the Anglesea Lying-in-Hospital.

Certain students were told off in turn to be on duty at this
Hospital, some by day, others at night, they being also liable to be
called to confinements within a certain radius around the Hospital.
Of these duties I had my share, young as I was, indeed so youthful
was I both in appearance and reality, that I was called “the boy
doctor”, whose services nevertheless were in frequent request,

I could relate some curious experiences during my attendance
at this Hospital; the district surrounding it was extremely poor
and wretched and some of the patients to whom I was summoned
were in the most abject poverty. I have seen them in the hour of
their need lying on straw on the floor, in a room without furniture;
without food, not even the ordinary gruel, fire or light. Under
such circumstances the first thing to be done was to provide these
requisites. Often the rooms were inconveniently crowded with num-
bers of sympathetic friends, as well as occasionally a drunken
husband, who had to be turned out; an operation not always easy
to accomplish. T remember well one frosty night in mid-winter heing
called out to attend a poor woman who was suddenly taken ill in
the street. I found her lying in the middle of the bare, frost-hound
and sparkling road, with no other attendant than an old watehman
with his dull and dismal lamp. The woman and her infant were
conveyed to the Hospital, where the mother made quite as good a
recovery and the child thrived as well as if they had been born to
the purple and surrounded by every comfort and luxury. The above
ineident occurred shortly before the inauguration of the new police
or Peelers, between whom, on their first appearance and the medical
students, a fierce war was carried on for some time with snow balls
flying in all directions.

My last medical session having come to an end, I had once
more to think with the greatest regret of quitting Ireland and
of returning to England, my permanent home. I was ever most
kindly treated in Ireland; I was under great obligations to my
uncle and his family and I had to part with many kind friends,
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especially Mr. and Mrs. Alder. My pleasant natural history pursuits
in Ireland being brought to an end I paid a last, if not a final
favewell to the beautiful Bay of Dublin and its picturesque coast
scenery, the Hill of Howth, Killiney Bay, Bray Head, Wicklow,
with its sungar loat mountains, the Dargle, the Devil's Dyke, the
Meeting of the Waters, the Vale of Avoca and other lovely spots
and places within easy veach of Dublin. I may mention here, that
I did once return to Ireland for a few days shortly after the
Dublin Exhibition, but though the place was the same, the people
with whom I was formerly sssociated were gone, for the most part;
some to their last resting places, while others were scattered in
different directions. The scenery was of course as beautiful as ever
and there were surprising evidences of advancement and prosperity ;
houses and villas had multiplied everywhere, but especially about
Killiney Bay with its charming marine promenade.

RETURN TO ENGLAND.

Returned to England for a permanency and having still some
leisure before undergoing the examinations necessary, in order to
hecome a fully qualified medical man, and being onee again in Rich-
mond my thoughts turned to my favourite natural history pursuits.
1 now directed my attention to the study of structural and physio-
logical botany. In the study of the minute structure of the vegetable
tissues I found that the microscope rendered the greatest possible
service, indeed it was indispensable; 1 had no thought at the time ot
the important practical uses to which this knowledge was to be
applied. In those days people often said to me, “Ah! the microscope
is all very well as an amusement, but of what practical use is it
in life?” these people little dreaming of the many and vastly im-
portant facts which in the future were to be brought to light by its
instrumentality ; indeed I myself at that time had no adequate con-
ception of the capabilities of the microscope and to what striking
results it would lead; it was sufficient for me that it revealed things
eurious and beautiful, the beholding of which afforded infinite pleasure
and some instruction. This knowledge was to come afterwards.

BOTANICAL ENQUIRIES AND INVESTIGATIONS.

Being at Richmond and in the neighbourhood of the Royal
But_ﬂ.nit:al Gardens at Kew, I had now the most favourable oppor-
tunities of acquiring a further knowledge of botany. Sir William
Hooker, the then director of the gardens and Mr. Smith were both
most kind to me and granted every needful facility: to the latter |
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had constantly to apply for mformation, which from his great know-
ledge and experience he was always able to furnish and althongh
some of my questions were doubtless very elementary he was ever
ready to impart the needed help. ,

One of the subjects to which I gave some attention was the
form and structure of the Stigmata of Flowers and the disposition of
the minute prolongations or hairs with which these are frequently
clothed, The chief purpose of the hairs was obviously to arrest the
tall of the: pollen cells and to aid in keeping them in contact with
the stigmata until fertilization was complete. A stigma thus laden
with pollen grains, forms a very beautiful microscopical object.*

At the same time my attention was directed to the structure
of the Pollen itself, a powdery substance discharged often in great
abundance from the anthers of flowering plants. This pollen under
the microscope is seen to consist of innumerable little cells or utricles
of various sizes and shapes and some of complicated strncture, the
different kinds also forming very beautiful objects. The surface of
these utricles is usnally moist, is coated with an adhesive material
and in many cases is covered with a number of short pointed spikes
whereby they are the better able to retain their hold on the stigmata.
The outer envelope of all the grains is furnished with a variable
number of slits or apertures which when the grains are in contact
with the moist stigma open and from these openings issue the tubes
which penetrate the stigma and so enter the ovary. The object of all
these contrivances is the same; namely, to aid in keeping the pollen in
contact with the stigma. Another curious fact in connéction with
the pollen is, that certain families and genera ave characterized by
pollen of special and characteristie forms and structure, so that it is
often possible to divine the family or genus of plants and even
oceasionally the species from which the pollen is derived.

BEES AND HONEY,

The above fact is illustrated in a very interesting manner hy
Honey. The bees in collecting, carry away with them, mixed up
with the saccharine secretion itself, more or less of the pollen of
the plants from which this is obtained, so that if we carefully
examine with the microscope a sample of honey we shall find it to
contain several diffevent kinds of pollen, by the characters of which
we arc often able to declare whether the honey has been gathered
from the heath, the mountain, or the garden, The colonr of honey
also affords in some cases an indication of the source from which it

* Annals of Natural History Vol 8. 1842,
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has been derived; thus, my friend, Mr. Austin ot Lucerne informs
me, that honey from cherry blossom is very pale, almost colourless,
while that gathered from pine trees has a more or less dark hue,
in some cases being, when in bulk almost black; the cause of the
darkening being due, I believe to the formation of a minute quantity
of tammate of iron, In Switzerland of course, with its pine forests
and abundance and variety of wild flowers, the bees obtain large
quantities of honey; but it must not be su pposed that what is placed
on the breakfast tables of nearly every pension and hotel, 1s pure
honey; it is designated “Tafel Honig"”, table honey, and pure honey
enters into its composition in but small proportion, in some cases
forming not more than one fifth of the article, therest being a kind
of non-crystalizable sugar, termed glucose, which is frequently made
by the action of sulphuric acid on potatoe or some other kind of
cheap farvina or starchy substance. It is commonly supposed that
bees gather or collect the honey ready made from flowers, but this
is a mistake; they simply gather up the saccharine material which
they convert and elaborate into honey. One proof of this is, that when
bees are largely fed on a syrup of sugar, as is frequently done
in the winter, the product is still honey, though one would then be
scarcely able to do that which in the case of good genuine honey it
is stated can readily be done; namely, “faste the flowers”. '

This brings me to refer to another very curious particular, illus-
trating the evidence of intelligence shown by bees in collecting honey. I
observed a great many years since, certainly more than forty, and
published the fact at the time, that the corollas of a great many
flowers are pierced by a small hole on the upper surface and near
the base of the flower, just over the position of the anthers. The
idea at once oceurred to me, that these apertures must be the work
of bees. I found that the flowers, thus piereced were nearly always
long and tubular, too long for the probosecis to reach the pollen by
the ordinary channel so that the bees were thus enabled to extract
the honey from outside the flower. On further examination I found
that nearly every mature blossom was thus penetrated, even in the
case of mountains covered with heather. I have myself frequently
seen the bhees oo from flower to flower and make these holes. When
from the visits of previous bees these apertures alveady existed, other
bees would often pass these blossoms by and confine their attention
only to the newer and untouched blossoms, though sometimes a bee
would put his proboseis through an old hole, as if to make sure
whether any more honey conld be obtained,

Another instance of apparent intelligence on the part of a
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large black bee, Zolocopa violacea, in the collection of lhioney may
here be related. This ereature is of considerable size, shining, very
active and vigorous and a great rifler of flowers; it is somewhat
common in the gardens of the Riviera and it is often very interesting
to watch its proceedings. Should there be any anterrhinums, or “Snap
dragons”, in flower he will visit the blossoms in succession; it will
be remembered that the corollas of these plants arve of a peculiar
shape, they are two lipped, with a wide mouth, which although
naturally closed is capable of being opened. This bee seems to know
well what he is about; he settles upon the lower segment of each
blossom, which has the effect of depressing the segment and of
thus opening wide the mouth of the flower; he now bundles in
and 1s more or less hidden from view, but he soon backs out again,
his shining dark coat being covered with the golden pollen.*

Mr. Austin finds that bees are very susceptible to changes of
weather. When this is bad, they become irritable and angry so that
it is not prudent to interfere with them or their hives. On signs of
approaching change, especially a thunder storm, they perceive
whether the signs will culminate in bad weather, or will pass away;
it the former they show their anger, if the latter they manifest no
concern; Mr. Austin states that the bees are never mistaken and
after observing them on doubtful days, he is always able to advise
his friends accordingly.

MEDICAL EXAMINATIONS.

Although my medical studies, so far as lectures and “walking’’
the hospitals, were concerned, were nearly at an end, yet much re-
mained to be done before I could claim to be a duly gualified me-
dical man. There were two serious examinations to undergo and two
diplomas to be obtained.

In England the dual system of medical education and practice
still exists, that is to say the medical profession is divided into two
branches, the surgical and the medical. For each of these a some-
what different course of study and two separate diplomas were for-
merly required ; for Surgery that of the College of Surgeons of
England and for Medicine, that of the Apothecaries” Company. The
one qualifies for surgical and the other for medical practice; but in
order to legally hold certain appointments in the Army and Navy,
in the Poor law service and in many other public offices, it is neces-
sary to possess the double qualification. Nor is this all; if one
desires to qualify in the higher branches of the profession other

#Bee Illustrated Memoir on Pollen. 1842, Annals.
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examinations and diplomas have to be procured. The two diplomas
named do not give the right to practise as a physician nor to put
the words M.D. after the name; for authority to do the former one
has to apply to a College of Physicians and for the latter to some
duly qualified University. These remarks apply for the most part
to England; in Scotland and Ireland somewhat diffevent regula-
tions exist.

Abroad and in most foreign countries the medical profession
is regarded as a whole, medicine and surgery are not divorced and
generally only one diploma is needed.

Now this multiplication of examinations and diplomas in England
is fraught with evils and disadvantages; the system is wasteful of time
and money, it inereases immensely the mental strain, labour and
anxiety, augments the risk of rejection, is harassing and exhaust-
ing to the last degree. For this state of things there is no real
necessity; it has grown up partly from want of sufficient considera-
tion, but more from selfishness and the desire to secure exclusive
benefits by some of the medical corporations. But I have not yet
enumerated all the trials of this system or rather want of system;
take the example of the College of Physicians of London; there are
no less than three orders of medical practitioners in that body; licen-
tiates, members and fellows. With all this, the College of Phy-
sicians is not able to confer the degree of M.D. which is the pro-
vince of a university to give and the obtaining of this title requires
in most cases two other stringent examinations, more money and
two other diplomas, that for the M.B. and the M.D. Of the three
srades, two only confer the status of a Physician.

Before presenting oneself for examination for any of the
diplomas it is usual, to ensuve fuller preparation and to lessen the
risk of rejection, to have recourse for a few months fo a special
teacher, vulgarly known as a “grinder”; nearly all candidates avail
themselves of the services of these gentlemen and it is very ne-
cessary that they should do so, no matter how diligent they may
have been or how well they have prepared themselves. In my day
it was well known that several of the examiners of the Royal College
of Surgeons held on certain subjects, special and sometimes peculiar
and crotchety views, with which the grinder was fully conversant.
If the candidate were unaware of these, his chances of rejection were
increased ; again, the teacher would test thoroughly his pupils’ know-
!Terlge,, especially with a view to ascertain whether he was prepared
in all subjeets or whether there was any one in which he was more
or less deficient. The two chief teachers in London at the time to
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which I refer were Mr. and Dr. Power, both clever men, admirably
fitted for their duties: the work of teaching several hours daily was
very exhausting and only strong men could for long periods endure
the fatigue and strain. In the classes of these two gentlemen I met
with several students who afterwards became famons in the pro-
tession of medicine.

EXAMINATION AT THE COLLEGE OF SURGEONS.

It was as far back at the year 1839 that I presented myself
for examination as the College of Surgeons of England. I remember
well most of the incidents of the day. It was late in the afternoon
that the candidates were ushered into a by no means imposing
waiting room, which was vulgarly, but very appropriately named
the *funking room™ and the anxiety of the hour or so passed there
before being called before the examiners was trying indeed. It was
curious to note the different ways in which the anxiety manifested
itself; some were depressed and silent, their faces bearing evidence
of their mental condition; others were unduly excited, but none
were at their ease and on all the strain and suspense were manifest,
One man was very talkative and promised if he passed, he would
treat us all to the theatre and afterwards to a supper to celebrate
the event. At length we were marshalled into the examining room.
In this were four small tables, well separated from each other, and
at each were two examiners, the candidate passing from one table
to the other in succession after being questioned at each for about
twenty minutes. The examination was conducted principally by one
of the two gentlemen who also took notes of the replies; these were
passed on afterwards to the examiners at the next table. In these
notes usually some opinion was expressed as to the manner in which
the questions, which were wholly vive voce, had been answered, a
proceeding which eould not fail to exert a considerable influence
on the final result, good or bad as the case might be. At the first
table Mr. Anthony White was the chief examiner; he was a friend
of my father and [ was myself acquainted with himy this served to
put me more at my ease and all went well, but at the next table
I was not so fortunate and a difficnlty arose as to some point in
anatomy, a speciality of the examiner; at the third table nothing
very particular oceurred. At the fourth table Sir Astley Cooper and
Mr. Samuel Cooper presided. I had always entertained a feeling
of admiration and almost of veneration for Sir Astley and I was
somew hat taken aback when I found his manner disconraging and
caleulated to upset the equanimity of a nervous man. I remember
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one of the questions he asked me was: “What in a case of amputation
of the foreleg would determine you as to the place where you would
make your first incision?” 1 replied ; “the position in life of the
patient.” “What! Sir”" he exclaimed in angry tones, “do you mean to
tell me you would operate differently in the ease of a poor and a
rich man 27 I said “yes’’, not immediately following this up with any
sxplanation, as 1 was somewhat disquieted. Mr. Samuel Cooper
then most kindly came to the rescue. “You mean to imply perhaps
that you would have regard to the man’s means of getting his living
afterwards? “Yes” I said, “that is exactly what I did mean. In the
case of a rich man [ should have more regard to his appearance and
needs and should so operate as to allow of his wearing an artificial
limb whereas in the case of the poor man I should think more of
giving him a sound stump to which a wooden leg might be attached,
<o that he would be able to trudge about and earn a livelihood.™
« AR Sir Astley then said, “that answer will be accepted.” T left
the table vexed and disappointed, for [ had always heard that this
great surgeon was remarkable for his urbanity. The answer really
required had reference to whether the patient’s leg was thin and
wasted or stout and muscular; it the former the incision would have
to be somewhat higher up than in the latter case, so as to allow of
a sufficient covering for the bones. The net result of the examination
was that at two of the tables I had acquitted myself well and at the
other two less successfully.

At the end of the examination we were once more ushered into
the “funking room’’, some of us relieved in a measure only of our
anxiety. While thus waiting, the examiners were conferring together
and deciding upon our fate. The first called out and this was thought
to be rather a bad omen and conducted back to the examining room,
was our generous fellow student who had promised us tickets for the
theatre and a supper afterwards, in case he passed. In a few
minutes he rushed back to us exclaiming “I am plucked™’; he seized
his hat, rapidly disappeared and that was the last we ever saw of him.

In due conrse we were called collectively before the President
of the College, Sir Astley Cooper, and the other examiners and
members of the board. Sir Astley, whose grand presence and dig-
nified bearing were so conspicuous, then addressed a few suitable
remarks to us; we subseribed our names to the usual conditions of
fealty &e. and left the College as fully qualified members; once more
free and for a time relieved of such a load of care and anxiety as
only those can realize who have undergone a similar ordeal. This
diploma was granted in 1839, just fifty four years ago.
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THE EXAMINATION AT THE APOTHECARIES' COMPANY.

But as yet only one professional portal was open to me, since
as member a of the College of Surgeons I was legally qualified
simply to practise surgery, In pursmnance therefore of the old dual
system it now became necessary to prepare for a second examination,
that of the Apothecaries’ Company. For this PUrpose recourse was
again had to the very useful but somewhat abused “grinder”. After
due preparation I found myself before the examiners of the Company.
Of one incident of this ordeal I have a clear recollection. I was
asked to give an illustration of the rapidity and force of the growth
of vegetable cells and tissues. I cited the case of fungi, some species
of which I said, had been known in the course of a single night, to
raise up and disarrange even heavy flag stones. “Ah indeed!” ex-
claimed the examiner; he beckoned to two or three of the other
gentlemen present and related to them what I had stated ; they all
seemed incredulous and I was getting uneasy, as it seemed to me
that the gathering round of several examiners portended no good.
At length he said, “you have told us a pretty tale, pray Sir, where
did you get it from?"” I replied “you will find it related in Gilbert
Burnett's “Outlines of Botany, a voluminous and noted work not
often in the hands of a medical student. The manner of the examiners
changed and in the end I came off with flying colours and was com-
plimented. The Diploma of this Society was obtained in 1841. I
was now a full fledged medical man and duly qualified to hold most
public medical appointments.

REMOVAL TO CHESHUNT.

During the time of preparation for the two examinations my
father was residing at Upper Bedford Place, Kensington. Shortly
afterwards we all removed to Cheshunt in Hertfordshire, to be with
and help my brother Richard in establishing himself there; in tlis
he was, as already explained, very successful.

THE BRITISH FRESHWATER ALG.,

Not having at the time any clear views as to the future, I had
now a period of comparative rest and leisure, which however did
not last very long. Hertfordshire as is well known, is on the whole
a damp county, abounding in little streams, dykes, ditches, and
ponds, some perennial. In my walks about in search of freshwater
and land shells and other interesting organisms, I was struck with
the green, olive coloured, or yellow scums often seen, either floating
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in clond-like masses on the surface of ponds, or diffused through
the water below the surface, causing it to present varying hues of
green, blue, or yellow. It occurred to me, that these growths would
form very interesting and instructive objects for the mieroscope,
which had already revealed to me so much that was curions and new.
In this expectation I was not disappointed and soon became deeply
engaged in the study of the order of productions to which these
apparent scnms appertained.

They are of a vegetable nature, the freshwater types of the
sea weeds or alge. At this time comparatively little was known of
the Freshwater algme; there was no separate work treating of the
subject ; even the Marine alge had only been partially collected and
described in the beautifully illustrated work of Dawson Turner and
‘n the more recent book of Harvey: so here was a field for investi-
gation which promised a rich harvest to the diligent seeker.

The Freshwater Alge are divisible into three distinct groups;
the Diatomaeew, characterized by their siliceous shells or skeletons
which render them so indestructible and by their brown or yellow
colour; the Desmidiacewr, which are green, soft, non siliceons, and
many genera and species of which are distinguished by their geo-
metrical forms, and thixdly the true Confervacee, filamentous or
thread-like plants, the freshwater alge proper. The two groups first
named had been studied at an earlier period than the filamentous
confervee to which my attention was more particularly directed.

The filaments, of which the majority of the freshwater contervie
proper consist, are composed of unbranched rootless threads, floating
freely npon or in the waters in which they are found; but there
ave also many kinds which ave dranched, and which like the coral-
lines are furnished with roots. As might be anticipated the rootless
species are met with in still and even stagnant and impure waters,
in perennial ponds or in sheets of water which dry up in the
summer, in tanks and cisternsj while those provided with roots grow
in and inhabit running waters, streams, rivers, waterfalls and
fountains.

The growth of the rootless kinds is often very rapid and so
extensive that large sheets of water sometimes become covered and
even filled with them; their vitality is also very considerable; thus,
if from the summer heat, or want of rain a pond becomes dried up,
and the confervee arve apparently destroyed, they will yet often quickly
reappear and their growth be renewed on the descent of rain and
the refilling of the pond with water.

At the period at which T commenced the study of the Algw,
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over fitty years since, but little was known of their modes of growth
and propagation; the mode of growth is very simple, namely, by
the elongation and division of the thousands of cells of which each
thread is composed, a method by which a very rapid inerease in
length is effected.

The simplest method of propagation is by the separation of the
component cells, as in the vibriones, bacilli and spirilla; the mode
of multiplication of many of the simple unbranched conferva: as some
Spirogyra is most interesting. The threads of these, when undisturbed,
usually lie more or less parallel the one to the other; between every
two adjacent threads a curious and even a marvellous attraction
exists, by which they are made to approach each other and range
themselves longitudinally side by side; soon a series of nipple-like
prolongations become developed on each thread, a nipple proceeding
from a cell of both threads, these blind and closed prolongations
at length coalesce and a free passage is established between the cells
on either side; next, it is seen that the contents of one of the two
cells has passed into the other cell with which it is united, the two
thus becoming mingled ; these mixed contents next become concentrated
into round or oval masses or bodies covered ultimately by protecting
envelopes, the formation of the spores, being then completed. The
conferva now soon dies and breaks up, the spores thus become
liberated and from these, at the proper time another generation of
the same species of conferva is developed. A second fact equally
curious is, that in some species, this mingling of the contents of two
cells takes place in the two adjoining cells of the same single thread
and without the protrusion of any nipple-like prolongation. Thus it
would appear that even this low order of vegetable productions
exhibits some of the phenomena of sexnality.

The enveloping membranes of the spores protect and preserve
their granular contents, until snch time as the season and other
conditions are favourable to the growth of the confervee; in dry
weather, or in winter they remain for months quiescent, as though
dead, but on the return of spring, the spores burst and from them
issue the rudimentary threads which rapidly become developed into
new and perfect confervee.

Now since in damp, low lying districts these confervee abound
and often occur in vast quantities, forming variously coloured frothy
scums upon the surface of considerable bodies of water, we may be
sure that they perform some highly important function in ereation:
What this is may now be considered.

The algee and particularly the freshwater confervie, like in
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fact all vegetable productions, must respire; their respiration consists
mainly in the absorption of carhonic acid and the giving out of
oxygen, this being to some extent a reversal of the process which ob-
tains in the case of animals. The evidences of this respiration are
very obvious, If on a sunny day we examine a portion of any floating
scum we shall see that innumerable bubbles of a gas are entangled
in its threads; so abundant ave these that sometimes the mass will
erackle under the pressure of the fingers. The same thing may be
seen in a different form; if we put a portion of one of the scums in
a tumbler of water and place it in the sun, bubbles of gas will be
seen to appear gradually, some frequently rising to the surface of the
water and there bursting. :

The conferves it is obvious have need of food for their growth
and nourishment; one of the constituents which enters very “largely
into the composition of vegetable organisms is carbon; this they
obtain by the fixation of the earbon of the carbonic acid present
both in the water and in the atmosphere; but they also absorb from
the water much of the albumen, a nitrogenous substance, present in
solution; as also other hodies of a more or less analogous composition.
But the most salutary result of these processes of respiration and
nutrition is, that the conferve are water purifiers of the most scien-
tific order by preventing decomposition and the formation of noxions
compounds. Of the vast quantity of this class of productions in some
districts and of the benefit which they confer by their purifying action,
few persons have even a faint notion and it is to be further observed,
that they most abound where they are most needed, that is to say in
stagnant and impure waters. But for these useful seavengers, who
ecan say what diseases might not arise?

Not only are they purifiers of stagnant and pollnted waters,
but they afford food and shelter to myriads of animal organisms.

These confervee therefore, simply constituted as they arve, but
little attractive to the uneducated eye and conveying rather the
impression that they are merely seums of impurity and slime, really
fulfil very important purposes in creation and they are also among the
most beantiful of minute ohjects when viewed under the microscope.

It has been stated that the single unbranched and rootless
confervee are found chiefly in still waters, the reason why they are
not furnished with roots is therefore obvious; they do not require
them, they would only be a disadvantage and a hindrance; their
functions are better fulfilled by their freedom from any attachment;
they can thus be wafted by gentle breezes or strong winds from
one part of a pond or little lake to another and they ean rise or sink
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in the water in obedience to temperature and the sun. If the weather
is dull and sunless they sink; if warm and sunny they rise to the
surface, borne upwards by the countless bubbles of gas entangled
in their meshes.

With the branched confervee the case is different; these inhabit
for the most part, pure running waters; some kinds are to be found
in rapid streams and even cascades; hence with them, as with the
zoophytes of the ever restless sea, roots become a necessity and the
way in which their attachment is effected is very interesting, There
is no obvious conjugation of the filaments as in the branchless con-
fervee, the spores or rather zoospores are simply enclosed in the
cells; but strange to say when they escape from these, they are
furnished with little lashes or tentacles, like those of many fresh-
water Animalcule, by which they are enabled to move about freely
and rapidly and so to go in search of a suitable habitation to which
they can fasten themselves, grow, flourish and perpetuate the species.
Thus it might be said of such confervee, that in their early embryonie
life, they are of an animal nature, since they have in a marked
degree the most notable characteristic of animals, special organs of
locomotion.

The colouration of large bodies and sheets of water by means
of confervee is remarkable. A notable instance of this was presented
by the Serpentine many years since and attracted much attention.
I was commissioned by the then President of the General Board of
Health, to investigate the subject. The water of the Serpentine was
observed to have turned suddenly of a bright green colour. T found
that the appearance of the water and the distribution of the colour
changed almost from day to day; it would be light or deep green
or even blue; sometimes the whole body of the water would be
affected, at others the colour would be partial only and confined to
one or the other end of the Lake, according to the direction of the
wind ; again, occasionally it would disappear altogether. These various
appearances excited a good deal of wonder and speculation and were
not without effect in diminishing the number of bathers. The mi-
croscope soon enabled me to declave, that the cause of the colour
and of all the strange changes was to be attributed to the presence
in the water of vast numbers of a very minute confervoid organism,
a species of Spivillum; this was wafted hither and thither by the
wind and it sunk or rose according to weather and the temperature
of the water and thus simply was the changeful character of the
phenomena accounted for. My original report will no doubt to
found among the records of the Board of Health of that time.




HISTORY. OF THE FRESHWATER ALG.E. ab

My investigations of the Freshwater Alge, commenced in 1840,
will be found detailed in a series of illustrated papers and articles
in volumes X, XI and XII of the Annals of Natural History for the
years 1842-3. :

Later on the whole of these articles, and the results of further
researches and studies were collected and incorporated in two volumes,
one of text and one of plates, in a work entitled: “A History of the
British Freshwater Alge. This was published by Longmans in
1845: it was dedicated to James Scott Bowerbank F.R.S., a great
and deserved authority in those days on microscopical subjects, and
whose weekly gatherings, at that time I frequently attended.

Fifty years have elapsed since the investigations were made
on which this work was based. I refer to this remote date because
looking back now by the light of the present day, no one can be
more conseious than myself of the many defects of these volumes,
both of the text and the illustrations. The instrument with which
I first worked was a primitive, not perfectly acromatic compound
microscope, very trying to the sight. The one hundred and three
plates were all executed by myself, both the drawings and the en-
gravings. If I could have had the opportunity of investigating the
subject again and bringing out a new work, what a very different
affair I should be able to make of it, with modern instruments and
other advantages now attainable!

I may here, in taking leave of this subject, refer to rather an
amusing ineident in connection with my “History of the Freshwater
Alg®”. I happened one day to stray into an auction room in the
neighbourhood of Covent Garden where the sale of the hooks of the
deceased naturalist Mr. Yarrell, so well known for his illustrated
works on British Fishes and Birds, was in progress. I had not
been in the room more than a few minutes, when a copy of my Algee
was announced for sale by the aunctioneer. The bidding was brisk
and was still proceeding, when somebody called out; “Why that is
much more than the price at which the work was published!” This
little incident was of conrse gratifying in a small way, but I believe
that at the time the book was out of print.

My search for freshwater alge led me to all sorts of low-
lying, damp, marshy and wet places, to ditches, dykes, ponds, pools,
lakes, reservoirs, rivers, and cascades; indeed wherever water or
even hnmidity was to be found, as damp walls and buildings, within
a radins of several miles around Cheshunt. On many of these occa-
sions I became very wet; indeed I seldom returned home without
wet feet, as at times it was necessary to go into the water. The
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result was I suffered from most painful attacks of neuralgia. One
of these was so bad that a neighbouring medical man was called in;
he preseribed calomel freely and a generally lowering treatment
under which I became much worse. I vemember on one occasion it
was 80 agonizing, the pain being unendurable, that I rushed frantically
out of the house and across the fields till I nearly dropped, but this
exertion gave me temporary ease. The treatment was now changed,
tonics and plenty of nourishment being substituted; under this re-
gimen as was to be expected, I soon recovered.

DECAY OF LIVING FRUITS AND VEGETABLES CAUSED BY FUNGI.

While T was engaged on the Alge, my attention was also
directed to the subject of the Decay of Fruits and some kinds of
Vegetables. Attached to our house at Cheshunt was a large garden,
with many fruit trees and a long high brick wall covered with peach,
nectarine, apricot and other trained fruit trees; such a garden as is
still sometimes found in connection with the older country houses.
I had thus abundant materials for my observations.

I soon noticed that most fruits were subject to two very different
kinds of decay or destruction; one was the ordinary kind, occurring
in over-ripe fruits which had so far passed their maturity that they
could scarcely be said to be living, but were to be regarded rather
as dead matter and therefore subject to ordinary decomposition and
decay. The other kind of decay was of a totally different character.
It was observed to attack fruits in different stages of growth and of
diverse strueture and consisteney; some ripe, some green, unripe and
immature; some hard, green and fresh; the latter being less prone
to suffer than the softer and more mature kinds.

Next it was noticed that this second kind of decay began as a
spot only; if the fruit attacked were an apple or a pear, it would be
seen that this spot increased in size somewhat rapidly, that is to say
in the course of a day or two, or even in a few hours, according to
the consistency of the frnit. The spot was usnally of a brown
colour, which spread as the decay extended.

Between the affected and unaffected portions of the fruit, say
an apple, there is always a well marked boundary line, usually
of a circular form, the part immediately outside the eircle retaining
its normal green colour and consistency. This brown or discolonred
part is softer than the vest of the frmit and the decay gradually
extending, soon involves the whole fruit and reduces it to a state of
rottenness.

These several characters and appearances are so unlike those
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which take place in an ordinary case of decay, that I was led fo
seek for another explanation. I therefore had recourse to my fayour-
ite instrument, the microscope, and proceeded to examine both the
sound and the unsound portions of the fruit; the former presented
all the minute structural characteristics of sound fruit, in the latter
the component cells or utricles, of which sucoulent fruits mostly
consist, were separated and dislocated by the penetration and inter-
lacing of the branched voot-like threads or thallus of a species of
fungus, the portion of fruit thus attacked becoming thoroughly dis-
organized and in this way brought under the influence of the ordinary
laws of decomposition and decay.

In order to confirm this view and to test the power of the
thallus to effect the destruetion of many kinds of fruit, I proceeded
to innoculate sound recently gathered fruits of several sorts with
the thallus and in all cases in which the innoculation had been
successfully performed, this peeuliar and artificial form of decay
ensued.

[ next experimented on apples, pears, peaches and several other
kinds of fruit, while still growing on the trees; here again the same
results followed though somewhat more slowly, especially in those
cases in which the consistency was great and the froit hard.

Many other deseriptions of fruits, in fact nearly all I found were
subject to a like decay. I may name one in particular, the orange.
If we divide an orange thus affected, so that the knife passes through
both the sound and the unsounds parts, the difference between the
two will be plainly perceptible and if the limited decayed part be
cut away, as is often done, the sound part may be eaten with
impunity. With a fruit decayed in the ordinary and natural way,
this conld not be done, because of its disagreeable taste.

But living fruits may be innoculated in a manner other than
by the introduction beneath the skin or epidermis of the root-like
part or thallus of a fungus, Many fungi of simple organization
develope an aevial fructification and produce a multitude of spores
which form the blue, green, red and yellow moulds, so often seen on
diseased or decayed fruit and other organic substances; these spores
are so small and light that a puff of air is sufficient to scatter them
far and wide and they are so minute, that they readily enter the
frnit through any broken surface. *

The decay of fruits through the growth of fungi within them,
is only one instance amongst many, of the destruction of various
living organic substances by the same agency. Some time antecedent

* Transactions of Miscroscopical Society 1842,
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to the observations and experiments just recorded relative to fruit,
my attention was directed to the Potatoe Disease, about which thl::re
had been much discussion and many ideas and opinions broached as
to its cause, some of them very wide of the mark.

Tt struck me from what I read and observed at the time, that
this disease might be the work of a fungus. There are some pumt&
in common between the decay in frnits and in the potatoe tuber,
namely ; the contrast between the affected and sound parts of the tuber
the marked discolouration and the gradual extension of the mthhmf
from a small spot to the greater part or even the whole of the tuber.

I submitted minute portions and sections of sound and diseased
potatoes to the microscope and soon succeeded in demonstrating the
presence of the fungus, known as Peronospora infestans.

In the case of potatoes the progress of the malady is much
slower than in many fruits, owing to the denser nature of the tuber
and in consequence the greater resistance presented to the growth
of the fungus. It was as far back as 1841 that I published the fact
in some of the daily papers and elsewhere, that the potatoe disease
was occasioned by the growth in the tuber of the thallus of a fungus
and so far as I am aware, I was the first to demonstrate the fact.

But it is not only fruits and tubers which suceumb to attacks of
fungi; many Vegetables are thus destroyed; to one in particular I

I confine these remarks, the Lettuce. This vegetable even when
at its full growth, apparently flourishing andin good health sometimes
becomes infected, the leaves however still keeping green for a time;
it we examine a plant thus attacked we shall find that the stem near
the ground is more or less discoloured, softened and decayed; it may
be that one side of the stem only is thus affected, while the other is
white, firm and sound. On placing a morsel of the unsound stem in
the field of the microscope, the branched filaments of the fungus
will be clearly recognized. It is not contended of course that these
several results are all brought about by the same fungus, since
no doubt a considerable variety of analogous species are capable of
producing similar effects in the case of many fruits and vegetables.®

Now the foregoing innoculation experiments were at the time
and still are, alike of practical importance and seientific interest.
They were made as long ago as 1841-2 and taken in conjunction
with some further observations of mine to be detailed later on, they
are of special significance in relation to the more recent and precise
investigations and discoveries which have thrown such aflood of light
on the diseases of both the vegetable and animal world, including

* Amnals of Natural History, Vole X, XI, XIL
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oven those of man himself. In the case of fruit, they showed the
reasons for the adoption of certain precautions which experience had
in part proved to be necessary to its preservation; the avoidance of
broising and injury to the epidermis in gathering and packing, the
disposal of the fruit in single layers, the separation of one fruit from
the other and finally the speedy and regular removal of the affected
from the sound fruit, even when only a small discoloured spot had
hecome visible. Now, not only is it known that such precantions
are requisite, but the precise reasons for their adoption are rendered
plain and convineing.

MY START IN LIFE.

Of course during the time I was engaged on the natural
history enquiries and publications above referred to, the question
was raised and considered as to my start in life and how I was to
furn my professional qualifications to the purpose of achieving an
independence. There was no money forthcommg to buy a practice,
and to become an assistant to another medical man was distasteful
to me; hitherto I had pursued much my own way, I was free
and my own master and I was disinclined to subject myself to the
authority of another. At length Dr. Burnes, brother of Sir Alexander
Burnes of Indian reputation, became interested in me and gave me
an introduction to Sir William Burnett, the then Medical Director
General of the Navy and the inventor of Burnett’s Disinfecting
Liguid. Sir William received me most kindly, directed me to send
in my diplomas and certificates and said that I should be appointed
naturalist to the “Samarang’’, under the command of Sir Edward
Belcher, a great martinet, and which vessel was about to start on a
scientific expedition. I was rejoiced at the prospect, as this appoint-
ment seemed the very thing for me. I was a good sailor and had
some knowledge of marine productions, which for me possessed a
great charm. I was kept in suspense a few days only, when a letter
arrived requesting me to send in another certificate for six months
Hospital attendance, as one of those already forwarded could not be
received, that of the Netterville Hospital and Dispensary, an institu-
tion of which Sir James Murray, my uncle, was the founder, owing
to its not having the requisite number of beds. This second certifi-
cate 1T was unable to supply and thus the matter fell through, to my
great disappointment, This incident shows upon what comparative
trifles a man’s whole career may depend. On my informing my kind
friend Dr. Burnes of what had oceurred, he wrote congratulating
me on what he termed my “lucky escape’. He said the ships command-
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ed by Sir E. Belcher were nicknamed “hells afloat” and that in
all probability I shounld not have been on blue water an hour before
my eyes and limbs would have been, — shall T say, not blessed?
This information lessened my regret, as under such provocation,
I might have got into trouble.

But the difficulty as to my start in life became settled very
shortly afterwards in this way. My brother Richard being about
to commence practice in Richmond, there was no longer any necessity
for our remaining longer at Cheshunt; it was therefore determined
that my father, my sister Eliza and I should remove to some likely
new suburb of London, take a small house there and that T should
commence practice. This plan was carried out. A corner house was
secured in Addison Road Novth, on the Norland Estate, Notting Hill.
Here I succeeded in obtaining a fair general practice and on the
death of my father at the age of 73, T removed to a larger villa in
the same road.

THE MICROSCOPIC ANATOMY OF THE HUMAN BODY.

As soon as I was settled in my new home, my love of investi-
gation returned in strong force and now recognizing tully from
my past experience of the microscope, its great capabilities in the
determination and elucidation of the minute strueture of all organized
animal and vegetable substances, invisible to the unaided sight,
L determined this time to apply it to some subject of more profes-
sional interest and of wider and more general importance. I there-
tore commenced the examination of some of the tissues of the human
hody and being charmed and fascinated with what I saw, resolved
to microstopically examine systematically all the fluids, tissues and
organs of the body; a task of no common labour, one which would
oceupy much time, years perhaps and which had not hitherto heen
accomplished in its entirety; certainly not in this country.

To carry out this design effectnally, it was necessary that I
should make constant visits to the post-mortem room of a Hospital
and shonld engage a competent avtist. I was therefore present at a
great many autopsies at St. George’s Hospital and I engaged the
services of a Mr. Miller, as microscopical draughtsman. He was a
most intelligent young man and he rapidly became, aided by his
natural ability and constant employment, exceedingly proficient.

In this way I examined all the structures and organs of the
body and ultimately resolved to bring out a separate work on the
subject.

The results of this application of the microscope eulminated in




SRRIOUS ILLNESS, 41

the publication of certain papers in The Lancet in the years 1848-49,
the names of which will be found in the List of Publications and in
1852 in the production of a work, in two volumes, entitled: “The
Microscopic Anatomy of the Human Body’'. One volume consisted
of text, the other of plates, mostly coloured by hand, or printed in
colour, embracing upwards of four hundred illustrations all drawn
by Mr. Miller from my preparations; many of these were engraved
by him on stone and others by Mr. Lens Aldous and Mr.S. W, Leonard,
both very skilful microscopical artists.

The prime purpose of this work was to give faithful illustrations
of the minute structures found in the liquids and solids of the body
as revealed by the mieroscope; it did not pretend to trace the origin
and development of the several tissues and structures, but was mainly
limited to the one purpose named; even with this limitation, looking
back over its pages [ am conscious it contains some errors and omis-
sions, but the plates are, as a whole, 1 believe unrivalled even to
this day, though forty years have passed since their publication.
My work was the first complete book in the Engiish language de-
voted to this subject and though so long out of print, so far as I am
aware no work of similar extent has yet appeared in this country, but
German and American editions of my “Microscopic Anatomy” were
afterwards published.

SERIOUS ILLNESS AT NOTTING HILL.

I continued to practise at Notting Hill till about the end of
1849, when an event oceurred which changed the whole of my
future life. My practice was somewhat harassing; the patients were
of two classes, well-to-do people, the oceupants of good houses and
villas, and workmen with their families, living chiefly in the Latymer
Road and in the notorious and insanitary Potteries. I had much mid-
wifery and a good deal of night worl; besides the locality was
bad and did not suit my health, the soil was of elay and the situation
low and damp. Walking home from one of the London theatres
[ got wet through, pleurisy followed, my life was in danger and
on my partial recovery, I determined to part with my practice and
make a fresh start elsewhere. I ultimately sold the practice to
Mr. Hemming, by whom it was continued for many years. Here
I may narrate an incident of my illness. Being in great pain from the
plenrisy and breathing with difficalty, I summoned my assistant,
Mr. Collins, in the middle of the night and directed him fo bleed
me from the arm. [ saw that he was very pale and his hand trembled,
probably he was nervous from inexperience, so I took the lancet
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from him and by the light of a candle bled myselt’ with marked
and immediate benefit and relief,

This reminds me of another incident of m y practice which may
be recorded. T was in attendance on an elderly retived physician;
it was a very severe case of erisypelas of the head and tace; the
attack not progressing favourably, he expressed a wish to see an
old friend, a distinguished London surgeon. He ordered a copious
bleeding from a full stream and this order was repeated several
times, chiefly on the ground that the blood abstracted after being:
set aside for some time exhibited the contracted or “cupped” surface
and the “buffy” coat of which in those days one heard so much.
I had my own scruples as to these repeated bleedings, but being by
far the junior I felt constrained to obey orders. Formerly bleeding
was in many cases no doubt carried too far, now it is not as fre-

quently resorted to as it should be. The relief afforded in suitable

cases 1s immediate and well marked and no equally effective sub-
stitute for the practice has yet been devised.

SANITARY CONDITION OF THE POTTERIES,

It was while at Notting Hill that I published a pamphlet on
the Sanitary Condition of the Norland District, Shepherd’s Bush and
the Potteries.®

The Potteries at that time were very notorious and were in
close proximity to the best part of the Norland District; the site
had formerly been a brickfield, the numerous excavations made
never having been filled np and hence there were many collections
of foul and stagnant water. The population was of a very low class
and included pig keepers, soap boilers, gypsies, tramps, beggars &c.;
the place abounded in piggeries and being without drainage, was
in 80 insanitary a condition that it was rife with disease and was
a constant danger to the neighbourhood. I drew up a full report
on its condition and this contained a curious illustrative map, in
which each of the many stagnant pools and ponds, ditches and other
sources of danger were delineated. This was my first effort as a
Sanitary Reformer; but it was not destined to be my last by many.

At that time my work on mieroscopic anatomy was practically
finished, though it was not published I believe in a separate form
till 1852.

REMOVAL TO LONDON.

I removed in 1850 from Notting Hill to Park Street, Grosvenor

Square and from thence sometime afterwards to Bennet Street

* Samuel Highley. Fleet Street. 1849,
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Qt. James's, a most convenient and central gitnation, where L re-
cided for some years; I here fitted up a commodious laboratory,
adapted alike for chemical and microscopical research.

I had now a little time to look about me, to reflect upon and
determine my future course of action. In my journeyings through
some of the streets of London, my attention was often directed to
the various articles of consumption and to the explanatory placards
exhibited in many shop windows. I was not long in coming to the
conclusion, that there was much amiss in the appearance of some
of the articles and in the statements made in respect to them, more-
over I saw in the newspapers frequent complaints of the bad
quality of the ground coffee sold and many doubts expressed as to
its genuineness. At length 1 proceeded tolook into the matter myself.

THE ADULTERATION OF FOOD.

It was in 1850 that I first directed my attention to Coffee. I
commenced by examining microscopically sections of the whole coftee
berry, unroasted and roasted, and then the roasted berry after being
ground. In the same way I examined the raw and roasted chicory
root. T had now some valuable data to proceed upon. I found that
the roasting and partial charing and blackening by no means destroyed
the beautiful minute structures and tissues entering into the com-
position of the coffee berry and chicory root. This being so, I knew
that 1 had already found the key to the detection of a variety of
adulterations and admixtures of vegetable substances possessing
organisation visible under the microscope and I rejoiced accordingly.

I now purchased a number of samples of roasted coffee at
different shops and submitted them to rigid scrutiny and embodied
the results in a communication which was forwarded through the
then secretary, Mr. Dennes to the Botanical Society of London.
These results showed that nearly all the samples were adulterated
most extensively in a variety of ways, some consisted of little else
than chicory, which was the most frequent adulterant, though in
many cases roasted wheat, rye, beans, peas, burnt sugar &e. were
also detected in considerable amounts. These spurious admixtures
were sold under the most grandiloquent names and with statements
absolutely false. An abstract of this communication was sent by
the Secretary of the Society to the press and was inserted in most
of the newspapers, followed in some cases by leading articles.

Thus encouraged T next commenced the examination of Brown
Sugar, As this is a erystalline and not an organized substance, the
results were different, but still very interesting. While they showed
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that the popular statement as to the sanding of sugar was not correct
and that the grocer was probably libelled, who is reported to have
summoned his assistant from the cellar somewhat after this fashion
“Have you watered the treacle and sanded the sagary”’ “yes "
“Then come up to prayers”; yet they brought to light the fact that
most of the brown sugar of that date which had not been submitted
to purification by filtration and a second crystallization, abounded
with living and dead acari, louse-like creatures, in all stages of
growth and development, from the ova upwards to the perfect
parasite and further, that this acarus was the cause of the malady
to which grocer’s assistants were specially liable, namely, “Grocer’s
Ltch™. This paper was also communicated to the Botanical Soeiety
and abstracts in like manner were inserted in the Journals.

I' come now to mention a very curious episode in connection
with the adulteration of coffee. So numerous and persistent were
the complaints of the adulteration of that article, that a Chemical
Commission was appointed by the Government to examine and report
upon this subject. In due conrse their report was furnished and in
reply to enquiries by certain members of the House of Commons,
the then Chancellor of the Exchequer, Sir Charles Wood said, “I
hold in my hand the veport of three of the most distinguished
chemists of the day who state that neither by chemistry nor in any
other way, can the admixture of coffee with chicory be detected.”
When the above announcement was made, an abstract of my com-
munication fo the Botanical Society had already appeared and of
course no time was lost in contradicting this statement and in
affirming that nothing was more simple and certain than the detection
of the admixture in question by means of the microscope.

The next event to record was the receipt of a summons from
the late Mr. Thomas Wakley, the Founder and Editor of The Lancet
and then M. P. for Finsbury. He said “I have observed what you
have been doing, but you will never effect any lasting good until you
are able to publish the names and addresses of the parties of whom
the articles were purchased, giving the results of the examination
i all cases whether good or bad. Do you think it would be possible to
do this without an amount of risk which might be ruinous?” I replied
“yes, I believe it might be done. Of course the utmost care, caution
and serupulous exactitude would be necessary.” Then Mr. Wakley
asked me to put my views in writing and to draw up a definite and
working scheme. This after a little time I did and it was ultimately
arranged, that a series of articles on the adulteration of food should
be regularly published in The Lancet under the title devised by Mr.
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Wakley of “The Analytical Sanitary Commission’’, these articles
to be illustrated, each to contain a number of analyses of samples
actually purchased i London in the ordinary way of business, the
names and addresses of those from whom the articles were obtained
being given in full in all cases, whether the samples were genuine
or adulterated.

In the ordinary sense there was no commission; every thing
was in my hands, the purchase of the samples, the composition and
writing of the reports, their order and selection; while for the
drawings and illustrations I employed Mr. Miller the artist, to whom
reference has been already made and who was educated and exclus-
ively employed by me for many years and up to the period of his
death. No one was associated with me in this work, but I was at.
liberty to consult and to obtain the help of any others T might select
as oceasion might require. My name was not to appear at first, but
I expressly retained the absolute right to publish at a subsequent
time at my own expense the whole of the Reports in my own name.
These particulars are now matters of ancient history, but it is as
well that they should be here repeated, as the details of events long
passed are apt to be forgotten or only imperfectly remembered.

It is obvious that such an undertaking involved considerable
sisk on both sides. The risk to Mr. Wakley as the proprietor of
The Lancet, was very great: there was the serious risk of being
involved in grave litigation and possibly of heavy, if not ruinous
costs. On my part I risked all I possessed; namely ; my scientific and
professional reputation. I was taking upon myself an amount ot
labour and responsibility under which many aman would have broken
down; had I failed in accuracy and had I not been able to safeguard
Mr. Wakley, he and The Lancet would have been seriously damaged,
while my scientific career would have come to a sudden and disas-
trous ending.

The exact mode of proceeding adopted in the case of each Report
was as follows: selecting some suitable locality Mr. Miller and 1.
used to sally out from time to time, usually in the evening, often
on Saturday nights, in all weathers and at all seasons of the year;
we were provided with a bag to receive the samples, paper and ink.
Sometimes we entered the shop together, but more often I told M.
Miller what to buy and he made the actual purchase, while I was
watching closely all that took place, so that T might be, if needed,
a competent witness. On leaving the shop, the name of the vendor,
the date and cost of the purchase, together with our initials were
at once inseribed in ink on the wrappers of the packages and it was
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the fixed rule, that no second purchase should ever be made until
all these formalities had been carried out.

_ Now these nocturnal excursions brought us into many curious
parts of London and gave us a wonderful insight into the habits
and ways of life of the people in the poorer districts: in summer they
were pleasant and interesting enough, but in winter most trying
and wearisome, waiting and hanging about we became chilled to
the bone, sometimes not arriving home till near midnight.

The next morning betimes, the samples were duly arranged
and classified and their examination commenced, a series of samples
of the same article heing taken for each report. But before any
satisfactory examination of the samples could be made, it was
necessary that the structure and microscopical characters of the
vegetable substances themselves in their pure state, both as a whole
and when ground and reduced to powder, should be studied and
delineated; that they should be submitted if necessary to chemical ana-
lysis and that the probable adulterants of each article should be in
succession subjected to similar serutiny and analysis. Thus it was,
that the foundation was laid, on which the defermination of the
question of the purity or otherwise of the articles to be reported
upon, could be safely and surely based.

The composition of the series of samples having now been
determined, the illustrative figures drawn with the aid of the camera
Incida, and the wood engravings prepared, the next and final proceed-
g was to write the report.

All this labour was gone through regularly, often week after
week for the first two years and afterwards for another two years
less frequently. The first report was published in The Lancet in
January 18513 others quickly followed and were continued to De-
cember 1854. During this period upwards of 2500 samples of food
were examined and reported upon, with, in all cases the names and
addresses of the vendors, retail and wholesale. The reports embraced
all the principal articles of consumption, both solids and liguids,
as well as some other articles as, tobacco and snuff.

Their publication was of course not unattended with some
remonstrances, a few lawyer’s letters were received and in one or two
cases actions were commenced, but one only went as far as the deli-
very of the declaration. This circumstance alone sufficiently establishes
the fact of the remarkable acenracy of the scientific work of these
reports. One incident may here be alluded to in proof of the exactness
and power of the microscope in detecting many admixtures and
adulterations: a mustard manufacturer sent The Lancet a sample of
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what he deseribed as gennine mustard, an article, which at that date
did not exist, all mustard then manufactured consisting of a mixture
of mustard, wheat flour and turmeric, the flour greatly predominating
in inferior samples. I examined this sample and in the next number
of The Lancet the following notice appeared. “Onr correspondent is
deceived, the article he has sent us is not a specimen of pure brown
mustard, as it contains a small quantity of turmeric.” This called
forth a rejoinder from the sender, who acknowledging the correctness
of the statement, affirmed that the small addition of turmerie, 1 in
448 parts, was made simply to improve the colour.

It was to the microscope, that the sucecess of these investigations
was due; but for this novel application of that instrumént, the mul-
titndinons adulterations practised on nearly every article of con-
sumption could never have been discovered and exposed. The
microscope therefore was the great and chief means of detection.
(hemistry rendered doubtless important aid; it was capable of de-
tecting most of the chemical adulterations, but it was powerless to
discover the innumerable organic admixtures to which most articles
of consumption were subjected and which constituted the great
majority of the adulterations which were vife as the period to which
I refer.

The only time in the course of the investigations when I had
occasion to consult any microscopist, was in the case of a threatened
action, which after some correspondence between the lawyers ou
both sides, went as far as the delivery of a declaration; in this case
[ sent portions of the disputed sample to Mr. Bowerbank and
Mr. Edwin Quickett, for the purpose of corroboration and without
giving any particulars; from both of them in due course | received
confirmatory testimony and their evidence would have been torth-
coming, had the case gone into Court.

The general result of these enquiries and investigations showed
that the adulteration of articles of consumption had been reduced
to a system, to an art, and almost to a science; that it was uni-
versally practised; that adulteration was the rule and purity the
exception, that everything that could be cheapened by admixture was
so and that the articles thus debased were sold as genuine and
often under the most high-flown names and with assertions of un-
blushing falsehood.

[t must not be supposed, that my scientific work in connection
with the detection of adulteration of food and drink was limited to
the application and employment of the microscope; such a conelusion
would be very erroneous and unjust. I also made use of Chemistry to
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a large extent, as in the case of bread for alum, of powdered chicory
and cocoa for reddle and other ferruginous substances; of cayenne
for iron, lead and mercury; of pickles, bottled fruits and vegetables
for copper, of sauces, potted meats and fish for Venetian red, Bole
Armenian and lead; of sugar confectionery for the many poisonous
metallic pigments employed in their colouration, including various
preparations of iron, lead, mercury and arsenic; of spirits, wines
and beers for salt, cayenne and sulphate of iron, as also for strych-
nine, the search for which in itself was no little or easy matter, and
80 011,

It was in the analysis of tobacco, snuff and opium that I chiefly
consulted and employed Dr. Letheby, the analysis of these being
more complicated and difficult; but these articles, it will be obser-
ved are drugs rather than foods, I refer to this matter, because of
some misapprehension which existed and an exaggerated claim which
was put forward some years since; this however was disposed of by
the production of the original letters and account. See “Adultera-
tions in Food and Medicine”. Longmans 1857.

In September 1855 I read a paper at the Meeting of the British
Association in Glasgow “On the chemistry of the Adulteration of
- Food”. In this the chemical sophistications were described and the
chemical aspects of the subject dealt with more particularly; the
dangerous and poisonous character of many of the substances
employed being specially dwelt upon. It was at this meeting that
the important discussion took place between Professor, afterwards
Baron Liebig and Dr. Gilbert. The Baron taught and showed, that
the fertility and productivness of a soil depended very much on the
mineral constituents contained in it, that these varied in different
vegetable foods and feeding plants and hence that the land should
be dressed in each case with the special mineral substance or salt it
needed. This view, founded on actual analysis, was no doubt in the
main correct; it was however contraverted and guestioned in some
particulars.

The discussion was most interesting: it was carried on with
very great spirit and ability on hoth sides, but the impression
created was, that the practical agriculturalist earried off the honours
of the day.

In the same year, 1855, I gave evidence hefore the Parlia-
mentary Committee on Public Houses of which the Rt. Hon. C. P.
Villiers M. P. was the very able and earnest chairman, a veteran
reformer of more than half a century. That evidence of course had
reference to the adulteration of beer and other malt beverages and of
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the various kinds of spirits sold, including gin and brandy, which
in those days were so often vendered fiery and burning, to the
destruction of the stomach and liver, by the addition of cayenne
and sulphurie acid.

THE ADULTERATION OF DRUGS AND MEDICINES.

Further, my investigations were not by any means confined to
the adulteration of articles of food and drink, but they extended to
Drugs, under which head, tobacco and snuff were included; thus
not only were articles successively prepared on these but also on
opium, scammony, jalep, rhubarb, colocynth, ipecacuanha, liquorice,
annatto, and sweet spirits of nitre. The reports on these did not
form any part of the food enquiry, though some of them appeared
in The Lancet, while others were published for the first time in
the two editions of “Adulterations detected in Food and Medicine™
brought out me in 1857 and 1861. Again, other articles on adul-
teration appeared in a still later work of mine: “Foodj its Adul-
terations and the Methods for their Detection”. In many of the
newer processes given in the last work I had the help of Mr. Otto
Hehner F.C.S. In the preparation of the articles on drugs the
same method of enquiry and investigation as in the reports on food
was pursued; the vegetable substance or drug itself was first studied
and its structural peculiarities determined ; then drawings and engrav-
ings were made in illustration of that structure, as also of some
of its principal adulterants.

It is well known that there were at the time some scientific
men, analytical chemists and pharmacentists, who took a lenient
view of certain admixtures and adulterations. Professor Redwood
of the Pharmaceutical Society of Great Britain used very properly
to draw a distinction between impurities and adulterations, while
some actual adulterations he regarded as simply conventional. But
these views were carried to an excessive length. On one occasion
at a meeting of the Pharmacentical Society at which I was present,
Mr. Redwood denied that annatto, a vegetable dye, much used to
colonr milk, cheese and other articles, was adulterated.

This denial surprised me and I there and then offered to read
a paper on the subject at an early meeting of the Society, in which
I would undertake to prove it was adulterated. The offer was
accepted. In the communication in question I produced overwhelm-
ing evidence that annatto was most grossly adulterated; in fact 1
proved that there was scarcely another article in the whole range

v
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of food and medicine, which was sophisticated and debased, both in
kind and quantity, to the same extent,

At the reading of the paper I found that, the challenge having
become known, the rooms of the Society and even the staircase were
densely crowded. Mr. Redwood made a clever and fluent defence,
but it was that of a sophist. He urged pleas, rather than reasons,
for several of the practices described; either that they were improve-
ments or imparted qualities which otherwise the article wonld not
possess; but the more flagrant adulterations he simply ignored. While
the oratorical honours were his, the facts were mine. The paper
itself describing the adulterations of this article will be found in the
Pharmacentical Journal of 1855-6.

When we consider that many of the articles reported upon, as
tea, coffee, cocoa, wines, spirits, tobacco; &c. were exciseable; and
that from the duties levied thereon a large revenue was derived, and
that a special scientific Board was in existence for the detection of
their adulteration, furnished with a laboratory provided with miscros-
copes and every needful requirement, it is indeed extraordinary that
the state of things deseribed should so long have been permitted to
exist. The sums which were lost to the Revenue in past years must
have been enormous. It is right to state however, that the incom-
petence which then prevailed has, since the exposures were made
nearly ceased to exist and the present authorities are now for the
most part equal to the requirements of their position. One circum-
stance may here be referred to in excuse for the lamentable deficiency
of the Excise Chemists of that time; namely, that there were no
microscopists attached to the Board possessing the requisite know-
ledge and skill and it may be further urged it was no part of their
duty to ascertain whether non-exciseable articles were pure or not;
nor again was it their duty, even in the case of exeiseable commodities,
to determine whether any of the adulterations they discovered were
injurious to health. In the two last particulars their sphere of action
afforded no protection and still fails to afford any to the publie. Their
position was and still chiefly is, to protect the revenue.

THE ANALYTICAL SANITARY COMMISSION.

The Lancet reports as they appeared one after the other, were
quoted and commented upon by nearly the whole of the scientific
journals and the daily press; notices also frequently found their way
into the foreign papers and the attention and interest which the
revelations excited were deep and extended. In the case of coffee and
some other articles, even the wholesale market prices were affected by
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the exposure. The startling effect produced by the revelations made
was thus graphically and happily described in the “Quarterly Review"
for March 1855 in an article on my work entitled “Food and its
Adulterations”. “A gun suddenly fired into a rookery could not
cause a greater commotion than did this publication of the names
of dishonest tradesmen, nor does the daylight, when you lift a stone,
startle ugly and loathsome things more quickly than the pencil of light
streaming throngh a quarter inch lens, surprised in their native ngli-
ness the thousand and one illegal substances which enter more or less .
into every description of food which it will pay to adulterate. Nay,
to such a pitch of refinement has the art of fabrication of alimentary
substances reached, that the very articles used to adulterate are them-
selves adulterated; and while one tradesman is picking the pockets
of his customers, a still more cunning rogue is, unknown to himself,
deep in his own’'.

The labour attending the preparation of the Reports of the
Analytical Commission and the anxiety and responsibility entailed
thereby weighed heavily on me and my health suffered oreatly.
Mr.Wakley observing this, said in a jocular way on one occasion that
he would give me “just six weeks to live”’. But the reports entailed
also a very grave and serious responsibility on Mr. Wakley; they
might have involved heayy pecuniary loss and lasting injury to the
reputation of the Journal. Fortunately no such results followed,
but as was natural they brought additional fame. The Lancet’s cir-
culation and advertisement department were greatly increased, a
very just and well earned reward; and here it is well, that I should
quote some sentences from my introduction to “Food and its
Adulterations”, which in great part consisted of a reprint of the
Reports of the Commission. “It is quite impossible to speak in too
high terms of the great moral courage evinced by Mr. Wakley in
his determination to publish in all cases the results of the investi-
gations and to give to the world the names and addresses of all
the persons concerned. The responsibility incurred was immense
and had the confidence veposed not heen justified and had not the
greatest thought and caution been exercised most disastrous would
have been the consequences. Great therefore is the debt of the
public to Mr.Wakley in this matter. The author fully believes
that there is not another editor to be found who would have ven-
tured upon so bold and so unprecedented a step. Lastly, the author
desires it shonld be known that in conducting these enquiries he
possessed the greatest possible freedom of actionj that Mr. Wakley
never interfered with him in the slightest manner; no suggestions
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were at any time made as to the neighbourhood in which the pur-
chases should be made and that in no single instance, since the
enquiries began, did Mr. Wakley suggest that any one name should
be either added to or omitted from the lists that were published.
In fact nothing could be more strictly impartial and disinterested
than the conduct of Mr. Wakley throughout, in reference to the
publication of these Reports’.

PRESENTATION OF A TESTIMONIAL,

In the early part of the year 1856, it occurred to some well
wishers, who were cognisant of and appreciated what I had done,
to present me with a testimonial. Accordingly, on the 15th May
1556 at a public dinner at the Freemason's Tavern a very elegant
statuette, a real work of art, weighing some 400 ounces was pre-
sented to me. The figure represents the Angel Ithuriel, clad in
armour, touching with his spear Satan, who having assumed the
shape of a toad, sits close by the ear of Eve tempting her. The
subject is taken from Milton’s Paradise Lost and the pedestal bears
these words from the same source:

“Him thus intent Ithuriel with his spear
Touched lightly: for no falsehood can endure
Touch of celestial temper; but returns

Of force to its own likeness: up he starts
Discovered and surprised.”

Placed underneath is the following inseription: “In recognition
of Public Benefits conferred by his Rare Secientific Skill and In-
defatigable labour in the Detection and Exposure of a Pernicious
and Systematic Adulteration of Food and Drink™.

Lord William Lennox, in the absence through illness of Viscount
Ebrington M. P. occupied the Chair; Mr. Wakley was present and
of conrse spoke on the occasion. He remarked, it was well known
that there had been a difference between Dr, Hassall and himself,
but turning to the ladies, who where present on the dais, he said “it
was a mere lover's qnarrel and that we are now greater friends
than ever’” and he proceeded to express his full satisfaction and
approbation of the manner in which I had performed my scientific
part of the work.

On my part I bore my testimony and this in all truthfulness,
to the entire conscientiousness and uprightness which throughout
these reports characterized Mr. Wakley's action. Never as I have
already stated, did he suggest the insertion in the reports of a




Mr. WAKLEY'S TESTIMONY. 53

single name, or the omission of one therefrom, nor did he ever sereen
any offender.

That Mr.Wakley should at one time have felt some disappoint-
ment, is not surprising under the circumstances. His part in the
publication of the reports and his unexampled courage in the promul-
gation of all the names and addresses, of the vendors of the articles
examined, whether genuine or adulterated, and they were mostly
the latter, he rightly thought well deserved some special public
recognition. The sole merit of this daring proceeding rested with
Mr.Wakley; my claim was of a totally different kind; on myself
restod the actual work of the Commission, the scientific methods
pursued and the results attained thereby. The two claims had but
little in common; there was no need of the slightest antagonism
between Mr. Wakley and myself. For a long series of years, I was
on the staff of The Lancet, both before and after the publication of
the reports; during this period, with the single temporary estrange-
ment to which allusion has been made, the most kindly feeling
prevailed and continned up to Mr.Wakley's departure for Madeira.
A similar feeling existed on the part of Dr.James Wakley, who
succeeded his father in the Editorship of The Lancet. In proof of
this the following paragraph may be quoted from the obituary notice
which appeared on his death in that journal in 1886. “He (Dr.Wakley)
was also anxious, that tribute should be borne to the work done by
Dr. Arthur Hill Hassall when The Lancet exposed the adulteration
of the food of the people.”

Mr, Wakley in an editorial article in The Lancet in 1854 at
the time when my labours were approaching their termination,
thus expressed himself: “We consider the time has now come, when
the name of Dr. Arthur Hassall should be mentionned, on whom
these enquiries have almost exclusively devolved and to whom
belongs the credit of having brought to light practices in relation
to the adulteration of food of the highest importance and of the
extent and nature of which no one previously entertained any
adequate conception. It is impossible to over estimate the impor-
tance of these labours either in a pecuniary or samitary point of
view, both as regards the public and the medical profession. To
Dr. Hassall then we would say, belongs the merit of having esta-
blished in this country a new and distinet department of public
hygiene', and again in his evidence given before the Parliamentary
Ef:nm‘xittee on Adulteration, Mr.Wakley bore the following testimony ;

[ think I ought to say, that the investigations must have been made
with the utmost care and the greatest ability by Dr. Hassall and
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the gentlemen whom he consulted, or it is quite impossible I could
have escaped ruin, but I had the greatest reliance on his integrity
and I must say I had no reason whatever to mistrust him in any
act he did. On the contrary I believe the whole of the enquiries
were carried out with the greatest possible fidelity and all the
purchases and examinations made with the most strict integrity’’.

Then a little later, on the republication of the Reports under
the title of “Food and its Adulterations”, The Lancet in reviewing
this work, wrote as follows: “But deeply impressed as we are with
immense importance to the public health of the researches, the
results of which are brought together in the hook before us, we feel
at the same time, that we are relieved from the task of entering
at any length into a description of its object and contents which are
widely known to the scientific and commercial world or praising
that which has already received the meed of universal approbation.”

“lt is however but a tribute of justice to the extraordinary
scientific merit and energy of the author, that we, leaving to others,
as we may now fgirly do, on the occasion of the separate publication
of these admirable reports, to comment upon the part we have borne
in this production, should express our opinion of the general merits
of the work.”

“It is the great and original merit of Dr. Hassall to have
applied the mieroscope to important uses in inquiries of this nature
and to have shewn by its use, not only many things previously
considered impossible to shew, but many things not previously
suspected to exist.”

In an able article on the whole subject of adulteration, which
appeared in the “Quarterly Review' based on the same work, the
following remarks appeared. “It is in the application of the mi-
croscope, that consists Dr, Hassall’s advantage over all previous in-
vestigators in the same field. The precision with which he is enabled
to state the results of his labours leaves no appeal.”

“We cannot avoid stating, that the community is under the
greatest obligation to both Dr. Hassall and the Editor of The Lanecet;
to the one for the energy with which he pursued his subject and to
the other for his singular boldness in rendering himself liable for
the many actions which the publication of the names of evil doers
was likely to bring upon his journal, a liability which Dr. Hassall
has since taken upon himself by the reprint of the Reports under
his own name.”

The “Dublin Review” wrote as follows: “The secret of Dr.
Hassall's success has been, that in addition to chemical analysis,
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he has used the microscope in his enquiries; and his merit not only
consists in the able manner in which he has employed the instrument,
but in his being the first to use it practically and to such an extent
for this purpose.”

These quotations are here introduced, not from any feeling of
vanity, but to show the opinion entertained of the importance of
the investigations undertaken and that the confidence reposed in
my ability to carry them out to a successful issue, was not misplaced.

The extended investigations made then, not merely proved
that a wide spread, ingenious and nefarious system of adulteration
prevailed in nearly every article of consumption; that the solid
articles were mixed with cheap materials to add to their bulk and
weight; that the liquids were diluted with water to increase their.
measure; that foreign colouring matters were added to hide the 1m-
poverishment and dilution thus oceasioned and that the articles thus
debased were sold as genuine, but the investigations accomplished
much more.

Thus while they exposed the evil, they went far to provide -
the remedy; they supplied new methods for the discovery of adul-
teration and they effected so great a reduction in the practice that
soon it became difficult to obtain a sufficient number of adulterated
samples of any one article to make the investigations and reports
any longer of the same interest as betore.

PARLIAMENTARY COMMITTEE OF INQUIRY.

In the end, the disclosures made led to the appointment of a
Parliamentary Committee of Inquiry in 1854 and this was followed
by legislation. Of the Committee, Mr. Scholefield M. P. for Birmin rham
was the Chairman, than whom there could not have been a better.
The enquiry was of a searching and practical character. Of course, 1
was examined, indeed one of the chief objects of the Committee was
to test the accuracy of the statements contained in the reports of
The Lancet Commission. A great number and variety of witnesses
were called, amongst whom were some who were known to take
a very lenient view of adulteration and who were ready to urge
pleas on behalf of some of the practices revealed, manufacturers,
merchants and traders in nearly every article. After myself, one of
the first witnesses examined was Mr. Thomas Blackwell of the well
known firm of Crosse and Blackwell, and his evidence produced a
great effect on the Committee, it was so straight forward; he acknow-
ledged frankly, that the practices I had described as to the greening
with copper of many jams, preserved fruits and vegetables, the colonr-
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ing of red sauces and potted meats with bole Armenian and other
ferruginous substances were common and that their firm had them-
selves adopted them to some extent, not knowing they were so ob-
jectionable, and they being at the time almost universal.

In this way a mass of very valuable information was obtained,
the result of which not only established the fact of the great prevalence
of adulteration and confirmed the statements advanced by me as to
many specific practices, but the inquiry brought to light many other
adulterations of food in addition to those I have enumerated. Again,
the Committee did not confine its enquiries to food only, but extended
them to medicines. On this subject I also gave a good deal of
evidence, founded on my own investigations, while much information
was furnished by other witnesses, some being wholesale druggists,
scientific and pharmaceutical chemists.

Mr. Scholefield was an admirable, earnest and hardworking
Chairman, whose early and unexpected death was a great loss. The
report of the Committee was an able document: it stated, that “the
Committee cannot aveid the conmclusion that adulteration widely
prevails and that not only is the public health thus exposed to
danger and pecuniary fraud committed on the whole community,
but the public morality is tainted and the high commercial cha-
racter of the country seriously lowered hoth at home and in the
eyes of foreign countries.”

The Times commenting on the evidence given before the Com-
mittee and on the prevalence of systematic adulteration in articles
of daily use and of the first necessity wrote thus: “But how, the
reader may ask, has the discovery at this particular period been
made or certified? Partly through material improvements effected
in the means of detection, but mainly by the skill and perseverance
of Dr. Hassall, who by devoting to this subject the energies of a
scientific mind and pursuing it with that steady zeal which its
importance justified, has thus become a public benefactor of no
common order. If gratitude is due to those who discover antidotes
to disease, or invent appliances for relieving pain, the same obliga-
tion must undoubtedly he admitted to the man whose researches,
by detecting the hidden seeds of sickness, must dirvectly tend to
prolong life and increase its comforts.”

CONSEQUENT LEGISLATION.

In due course, as the outcome of the exposures made and of
the evidence given before this Committee, the draft of a Bill was
prepared and a measure ultimately passed the House of Commons,
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having for its objects the suppression of adulteration and the punish-
ment of the adulterator.

The measure, though valuable, proved not so effective as it should
have been and after some years experience, a second Act was passed
to remedy some of the short comings of the first Bill.

It is now rendered imperative, that mixed articles should be
labelled as mixtures, but it is not stipulated that the names of the
several ingredients entering into the composition of the mixtures
should be stated, nor is it required that the proportions of the in-
gredients shonld be given. In any tfurther legislation on the adul-
teration of alimentary substances these omissions and some other
defects will have to be remedied. Till this is done mixtures will
still be sold either as genuine articles, or mixed to such an extent,
as in the case of coffee, cocoa and mustard, that even if labelled as
mixtures, the proportions of the added ingredients will in many cases,
be far in excess of the articles under the names of which they aresold.
Excluding mixtures, the articles now most frequently adulterated
are, coffee with chicory, butter with margarine, milk, beer and
spirits with water. The beer of other days, the produet solely of malt,
hops and pure water is now seldom met with; it consists for the
most part of a compound infusion, the spirit being derived, not from
malt, but from various saccharine materials specially manufactured
for the purpose, and the bitter flavour, from quassia, gentian and
other substances euphoniously and pleasantly called “Hop substitutes™.
About the substitution there can be no dounbt.

It will also be requisite, that for certain articles of consumption,
as milk and all spirituous liquids particularly, there should be au-
thorized and “legal standards’ of purity.

The punishments for adulteration now in force are either not
severe enongh, or they are not properly enforced. One of the most
effective penalties provided by the first Act, that of the 6™ August
1860, is the publication for second convictions, of the name and
address of the offender “in such newspaper or in such other manner
as to such justices shall seem desirable.”” This penalty is however
rarely enforced in this country; if it had been, there would have
been a still greater reduction in the number of cases of adulteration.

The passing of Acts of Parliament against adulteration and the
institution of penalties for the infringement of such acts, entailed
the necessity for the appointment of Analysts, skilled in the examin-
ation and analysis of articles of food. As the Adulteration Acts
were the direct vesult of the investigations in The Lancet, so the
appointment of a body of analysts was another result. Soon, the food
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analysts, already a numerons body, found it adviseable to enrol
themselves into a society for the more effective study of the subject,,
for comparison of results and for mutual protection. Of this Society

I was appointed, naturally enough perhaps, the first President, but.

here I have to acknowledge I was a very bad and neglectful
president, for I never once took the chair during the year of office.
How this came about I cannot fully remember or explain. For one
thing I looked upon the appointment as merely honorary and com-
plimentary and intended as a recognition of what I had done in the
past; then I scarcely regarded myself as a permanent and profes-
sional analyst. I became one rather by accident than design, my
profession having always been that of medicine.

MEDICAL PRACTICE.

I began to practise as early as 1842; I have continued to do
s0 during a long life and am thankful to be enabled to state that I
am still daily oceupied in the discharge of the practical duties of a
physician. Of course, for a period, my connection with the subject
of adulteration brought me much special analytical work, but I still
continued to practise all the same.

QUALITY OF THE WATER SUPPLIED TO LONDON.

On coming to reside in London my attention was early directed
to the quality of the water used for drinking purposes and especially
of that supplied to a city numbering its inhabitants by millions;
this subject, was much discussed and considered at that time, as it
is at the present after the lapse of more than forty years.

The quality of a drinking water is usually determined by the
amounts of mineral and organicmatters which it contains, Both these
are liable to vary considerably in different waters, and even in the
same water under certain circumstances. The mineral matters in an
Imperial gallon of 70,000 grains may range from almost nothing,
as in Loch Katrine water, to some twenty grains as in Thames.
water, fifty grains in some hard chalk and still more in some pol-
Iuted waters, The organic matter in like manner may vary in the
same quantity of water, namely one gallon, from a trace only, to
one, two or even more grains in very bad waters.

But it must be borne in mind, that the wholesomeness or even
the safety of a water cannot be determined by the mere quantity
of the organic matter present; since there are cases in which the
amount is almost infinitesimal and yet the water has proved to be
highly dangerons and death-dealing in its effects. It is not so much
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the quantity, as the quality and nature of the organic matter which
constitute the danger; waters when contaminated with such a mere
trace of the excreta of certain diseases, as typhoid fever, and cholera
as to escape detection by chemistry and sometimes even h_y the mi-
eroscope, may still be capable of giving rise to these diseases in persons
who partake of those waters. Hence the practical lesson and con-
clusion is, where there is any reason for doubt, not to trust implicitly
to even the most complete examination and analysis of water, but
to insist that it shall be obtained from the purest possible source.
Chemical analysis does indeed afford much valuable information,
the microscope still more, and the results obtained by these means
often serve as useful and frequently sufficient guides as to the purity
or otherwise of a drinking water; at the same time all the circum-
stances regarding any supply must be taken into consideration.

Although waters cannot be pronounced absolutely safe to drink
bhecanse of the small amount of organic matter present, yet when this
is in considerable excess, such waters must be condemned, since this
excess can ouly proceed from a contaminated source and hence the
history of the water becomes necessary. .

London and its vicinity were formerly supplied by ten water
companies; five of these supplied water from the Thames, and the
other five from the River Lea, the Ravensbourne, the New River,
the Hampstead ponds, and deep wells in the chalk near Plumstead,
respectively. :

The names of the Companies drawing water from the Thames
were, The Grand Junction, The West Middlesex, The Chelsea, The
Southwark and Vauxhall and The Lambeth; from the Lea, The East
London, and from the Ravenshourne, a small stream near Bromley,
The Kent Company. ;

Of the five Companies which took their supplies from the river
Thames the intake of one was at Kew Bridge, one at Hammersmith,
two at Battersea and one at Lambeth, that is to say from the most
polluted portions of the river,

The River Lea, like the Thames, was subject to great pollution;
the Ravensbourne was also very impure; the impurity of the Hamp-
stead ponds was very considerable, though somewhat different in
kind. The New River can scarcely be called a river at all, but is
rather an open canal, having its source in certain springs near
Hertford, but consisting in part of river water and running for
many miles uncovered and exposed to light and air, these being the
conditions which most promote the growth and development especially
of the lower orders of vegetable and animal organisms: still the
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water supplied by thisicompany was superior and in marked contrast
to that of the Thames Companies. The water from the deep wells
near Plumstead contained much carbonate of lime and hence it was
very hard, but it was very free from the more serious organic
impurities, while the hardness was in great part removed by means
of Clark’s softening process.

In the case of all these companies the water was turned on
each day fora short time only; this is called the infermaittent system
and it necessitates the storage of the water in eisterns or other
receptacles. : .

Against the intermittent system of supply serious objections
exist. For the greater part of every twenty four hours the distri-
buting house pipes contain no water and since a vacuum ecannot be
maintained in these, they become filled with any gas which is able
to find an entrance; this may be simply air, but it sometimes consists
of sewer gas, or coal gas, or emanations from the closets, these gases
being in part discharged into the houses on the return of the water
cach day; but an equally serious objection is the necessity which
it creates for the separate storage of water in the cistern of each
tenement. By the constant system these disadvantages and dangers
are obviated. The pipes are always kept full, so that gas cannot
find an entrance, water can be obtained at all hours and there is no
need of cisterns or other receptacles.

From what has been stated as to the sources of supply, it is
apparvent that the water of all the companies derived from the
Thames, the Lea, the Ravensbourne and the Hampstead ponds at the
period referred to could not be otherwise than thoroughly bad, through
not equally so. '

[t was assumed, that the water as delivered by the companies
to the consumers, had undergone an efficient process of purification,
cither by preeipitation in special reservoirs, or by filtration, or by
both processes combined; we shall see presently how far the puri-
fication extended.

So imperfectly were the processes of subsidence and filtration
carried out, that the water of most of the companies, as delivered
tor use and consumption was more or less opalescent and discoloured
and when set aside for some hours, a deposit visible to the naked
eye and sometimes considerable in amount, consisting of mixed
organic and mineral matter, always subsided. In the case of the
East London Company it was a frequent practice of the occupants of
the houses, to tie over the draw-off pipes, pieces of muslin, rag, stock-
ings, or any material at hand capable of acting as a rough kind of filter.
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Then the cisterns for the storage of the water were often placed
‘1 most inaccessible situations, so as to render cleaning almost an
impossibility, some even near water closets and thus the water
became liable to further contamination. Again, in the frequent absence
of cisterns, vessels of all kinds were used as receptacles, as barrels,
tubs, in fact anything which would hold water; the cisterns them-
selves were rarely cleansed, sometimes never; they were frequently
unprovided with covers and exposed to light, air and the sun, indeed
to the very conditions best caleulated to promote the growth of the
living productions which they contained in such abundance. Hence
in inspecting cisterns to ascertain their condition, it was no uncommon
thing to find that large quantities of conferve as well as hosts of
infusoria, many water fleas and minute worms were present in them
indeed I have met with organisms in cisterns which 1 have not
encountered elsewhere; one in particular, a very beautiful diatom,
on which I long since bestowed the name of Asterionella formosa.
In a few cases zoophytes have been found in both cisterns and the
supply pipes, even to the extent of almost blocking up the latter.

The cistern being rarely cleaned out, the impurities contained
in the water, as this was laid on daily, gradually accumulated.

Then the action of the sun raised the temperature of the water
and expelled its contained air, thus causing it to lose its refreshing
coolness and become mawkish and insipid.

THE MICROSCOPE IN THE EXAMINATION OF WATER.

Such briefly, was the condition of things which existed when
I commenced my investigations. At that time in most chemical
analyses of water the organic matter was included under such
words and expressions as these: “traces”, “amount inconsiderable”,
“rather mueh”, “very much’ and even in the instances in which
it was quantatively determined, little or no indication of its compo-
sition was given; indeed chemistry at that period was not able to
deal effectively with this subject: T am now referring to a time
dating back fully forty years. A little later on, the nitrogen and
carbon in the organic matter were more frequently estimated, as
also the amounts of the nitric and nitrous acids, if present, and the
ammonia, but the determination of these particulars involved and
still require the expenditure of much time and not a little money.
No precise information was given as to the kind of organic matter,
whether vegetable or animal, dead or living; if vegetable, of its
exact nature; if animal, of what exactly did this consist, all points
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of the greatest comsequence in the analysis of water and in the
determination of the question of its wholesomeness and even safety.
It was in this dearth of definite and necessary information that my
opportunity presented itself. I felt sure that much valuable infor-
mation would result from the application of the microscope to the
determination of the composition of the various kinds of organic
matters contained in waters used for drinking, eulinary and other
domestic purposes,

My examinations were directed first to the condition of the
several waters furnished to the inhabitants of London as obtained
from the sources of supply. Samples of the water of the Thames
were taken in the course of the river from Kew in the one direction,
to London Bridge in the other, also from the mains of the different
companies and from the supply pipes and ecisterns of various houses
supplied by each of the companies,

A certain quantity of each of the samples was set aside in
suitable vessels to allow any solid matter which they might contain
to subside; after some hours these residues were subjected to a
searching microscopical examination. The Thames waters of that
period were all, whether taken from the river itself, or from the
supply pipes or from the cisterns of the houses, found to contain
much organic matter in a variety of forms and conditions.

The “traces” of the chemists were resolved into dead and
living organic matter, both vegetable and animal; the dead vegetable
was also divisible into two kinds, one being derived from the plants
and other aguatic productions contained in the water more or less
broken up and decayed as the vessels, cells and other vegetable
tissues entering into the structure of the plants; the other and the
more significant kind of vegetable matter obvionsly had its source
in the sewage poured into the river: the living vegetable organisms
were many and varied; they consisted of numerous examples, some
dead but the majority living, of the diatomacew, which have been
already described in another part ofthis narrative, of a great variety
of freshwater alge or confervee and of many threads and sporules
of fungi; the living animal contents also abounded and were of many
kinds and forms especially animalcules or infusoria, many of which
were in active movememt darting across the field of vision of the
microscope with great rapidity, Many hundred figures would be
required to portray all the forms observed; while to deseribe them
a volume would scarcely suffice; but among the animal organisms
found in most samples of Thames water were several species of
Annelide or worms and their ova, many Entomostraces or water fleas
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with their ova and amongst the small organisms various bacilli, either
single or in groups, but which in those days were not Ele:;nriminate:d
and studied to the extent they now are and the real importance of
which was completely overlooked. However I did not fail to perceive
them and to record their presence.

Now it should be clearly understood that the presence of living
organisms in water is by no means necessary or L'ﬂnﬁifmlt; when
found, they are to be regarded as evidences of impurity uud. a8
showing that the water contains constituents on which they can feed
and grow; this material consists for the most part of organic matter
in solution and this is usually present in proportion to the impurity
of the water. Thus living productions are not contained in the
very purest and best waters, as in the water of Artesian and other
deep wells and springs; in the water of shallow wells, if this be
exposed to light and air, they will be found, but if those agencies
are excluded they will for the most part be absent: it is in river,
reseryoir, and pond waters that they most abound, but from all
these waters they may be almost entirely removed by efficient
filtration.

It is astonishing what a change efficient filtration on a large
seale, such as that now practised by most water companies, effects
in the condition of even a very bad and especially a river water;
it removes nearly the whole of the matters in suspension in the
water and even lessens the amount of that which is in solution. The
mechanical and other contrivances and conditions required to bring
about this result, are of a very costly deseription. Furthermore they
do not afford absolute security at any time. The organisms not
wholly abstracted by filtration are just those from which danger
is to be apprehended, the vibriones, bacecilli and other allied living
entities and their germs. Hence filtration even when carried out in
a very complete manner does not afford anything like absolute pro-
tection. That this is so, is well shown by the cultivation proceedings
which are now usunally resorted to in the examination of waters
used for drinking with a view to determine their purity; thus some
of these waters even when found by the microscope to be free from
all visible organic productions will not stand the ordeal of these
culture tests, but will, if not absolutely free from germs, freely de-
velope various species of baceilli. Most of the filtered waters now
supplied by the water companies to the inhabitants of London, when
examined by this method fail to yield satisfactory results. Absolute
security for which I have contended, for now more than forty years,
is only to be secured by the use, for drinking purposes, of a water
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pure at the source to begin with and the purity of which is care-
fully maintained till it reaches the consumer.

The filtration of water on @ small seale, that is to say by
means of table and house filters, thongh very useful in some cases
1s a very uncertain means of purification; thus some of these filters
are, even when new and perfectly clean, very inefficient and permit
various impurities to pass through, while others thongh acting fairly
well at first, soon lose their power. The reason of this is very
obvious. The action of the generality of filters is for the most part
mechanical, but some also exert chemical effects, chiefly by means of
oxidation. The result of such filtration principally consists in the
removal of most of the solid matters in suspension in the water, but
these are still retained in the filters. When the filters are in
constant use, these matters undergo a daily increase in amount until
at last the filtering media become fouled; the same result occurs
in the case of the organic matters in solution to some extent; some
of this is oxidized, part passes through the filter and a portion is
retained.

Thus the several impurities go on augmenting till at last the
filter, in place of acting as a purifier gives up a portion of its ac-
cumulated impurities and so renders the water more polluted than
it was at first. Of course this state of things may be remedied some-
what by periodical eleanings, but this is troublesome and is rarely
practised in a regular manner. Indeed it is questionable whether on
the whole more harm than good does not result from the use of
most household filters.

But I have not yet alluded to those organic matters which were
present in some of the Thames waters, derived from the sewage
poured into the river daily, in such vast quantities in the course
of the Thames from Battersea to London Bridge, these consisted
chiefly of the fibves of coflon and wool, the hairs of aniinals, por-
tions of the structures, membranes, and hairs of the husk of wheat,
cells of potatoe and other vegetables, starch gramules and last
but not least, bile-stained and partially digested fibres of the meat
consumed, in some of which the characteristic transverse strie of
the musenlar tissue conld be clearly traced. It was not in all the
waters taken from the Thames, that the whole of these evidences
of sewage pollution were found, but more particularly in those of
the companies which drew their supply from the river between the
bridges of the Metropolitan area, as the Southwark and Vauxhall

and Lambeth Companies, : .
In ovder to demonstrate the presence of the organized animal
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and vegetable matters contained in water, the plan I pursued was
as follows: About a pint of each water was placed in a conical
olass and left to stand at rest for some hours to allow of the sub-
sidence of any solid matters which might be present; the sediment
was then collected and a portion of it microscopically examined;
this contained of course the bulk of the solid impurities present, but
if there were many infusoria in the water, these being in constant
motion would be more or less distributed throughout the water, some
being found in nearly every drop, if the water were much polluted.

Let us reflect for a moment on the horrible significance of
these revelations, which demonstrated not only that the sources
from which the Thames Water Companies derived their supplies
were polluted with sewagé, but that some of the waters, as delivered
to the houses of the inhabitants and as taken from the cisterns
and supply pipes themselves, were polluted in the same way. This
was notably the case with the water of the two companies named
above. Thus in some instances the consumer imbibed a portion, if only
a fraction, of his own exereta. Could any thing be more disgusting
or more dangerous?

But it is now known, that danger arises in other ways from
the drinking of highly contaminated waters, such as those with which
London was formerly supplied. :

Thus it has been conclusively proved, that the spread of certain
diseases, as typhoid fever and cholera and doubtless some other
maladies, is due to the reception into the body through the water
drank, of a portion, it matters not how small, of the excreta of any
person already infected with either of the diseases in guestion, the
infection arising from the presence of certain specific organisms or -
baeilli.

The special examination of water for the detection and identi-
fication of these minute organisms has therefore been rendered most
NEeCessary.

The following particulars will show the nature and importance
of the bacillary test. A water may be apparently entirely free from
living organic productions and yet be a dangerous water for drinking
purposes, since it may contain certain germs, as those of baeilli,
which under favourable circumstances may be developed and their
presence thus become revealed. In order to determine whether any
such germs are present in any given water it is necessary to subject
the water to the conditions most favourable to the development
and growth of bacilli. The two principal of these are, suitable
nourishment and a warm, even temperature, maintained for a certain

v
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time. Under these cireumstances if germs be present the baeilli
become developed and the numbers found in 1 cubic eentimeter of
water =— 15.43 grains, may now be counted. In the purest waters
either none or very few will be present, If the number does not
exceed 100 per cubic centimeter and the kinds of baeilli developed
belong to harmless species, the water, it is stated may be pronounced
safe for drinking; but if more than one hundred be detected, then
it is to be regarded as impure in proportion to the number of baecilli,
this in some cases reaching to hundreds and even thousands in a
single centimeter; thus, in the highly contaminated water of the
Elbe at Hamburg, Koch counted no less than 2500 bacilli in 1 centi-
meter of water.

Now bacilli may be divided into the harmless and these oceur
in most impure waters, and the hurtful, as those of typhoid and
cholera. When therefore a water is condemned on account of the
number of harmless baeilli, it is so not because any injurious conse-
quences are to be apprehended from the bacilli themselves, but they
are to be regarded as an evidence of the contamination of the water
in which they are found. With a view to ascertain whether any
dangerous and disease producing bacilli are present, plate eultivations
must be made and if any hurtful bacilli are identified, even in the
smallest number, the use of this water must be immediately aban-
doned: it would be dangerous in such cases to trust to filtration,
however efficiently carried out.

It must be understood however, that the microscope or che-
mistry, either singly or combined, is fully equal, in most cases, to
the determination of the question whether a water is bad or impure
or not, without having recourse to bacteriological research.

Further, the application of the microscope to the enquiry showed
that some impure waters contained the ova of several species of worms
and hence a ready explanation was afforded of the occurrence of
intestinal worms in the human subject.

The employment of the mieroscope, in the determination of the
composition of the “organic matter’’ in water has been fruitful in
important results. These were first made known by me in an article
in The Lancet for March 1850 and also about the same time in a
work entitled; “The Microscopical Examination of the Water supplied
to the inhabitants of London and the Suburban districts” published,
by Samuel Highley and illustrated by carefully executed coloured
plates. Like all my earlier works, it has been long out of print,
I have not a copy of it myself and know not where one is to be
procured, except in the library of the British Museum.
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Now the discovery by means of the microscope of the many
organized bodies in water, as supplied for drinking purposes, was
also of importance in connection with the subject of adulteration,
since in milk, beer, and spirits the chief adulterant employed in
London was Thames or some other impure water, and thus in many
such cases this admixture could be demonstrated in the most
conclusive manner.

Subsequently in 1851, I prepared and published other articles
relative to the quality of the water used for drinking; one was of
a more general and extended character. In this, first the impurities
of water were described and considered, the mineral and organie,
the dead and the living; the circumstances which favour the growth
and development of the latter; the action of water on lead and iron;
the gases present in water ; the purification of water; the diseases
due to impure water; the different kinds of water, soft and hard
waters; the advantages of soft water; sources of London water sup-
plies, the condition of the water of the several companies and the
defects of the existing supplies; the constant and the intermittent
systems; the disadvantages and dangers of the latter and the evils of
cisterns. This report was published in The Lancet in February
and March 1851, the various vegetable and animal organisms met
with were portrayed in a series of exceedingly well executed engra-
vings and the report was afterwards incorporated with the others
in my work on “Food aund its adulterations.

These microscopical examinations of water in fact laid the
foundation of other more minute and searching investigations which
have been instituted in recent years in the same direction; thus the
testing of drinking water by the growth and cultivation of any
bacilli or germs which they may contain, is now a recognised method
of examination and analysis.

Of the companies drawing their water from the Thames I have
stated, that the water supplied by the Southwark and Vanxhall and
the Lambeth Companies was the worst, even as taken from the cisterns
of houses supplied by them, and in this T have often demonstrated
the presence of half digested muscular fibre and other evidences
of the presence of sewage. I remember well one special oceasion
on which I did so was after a dinner I gave when residing in Bennet
Street 8t.James’s, at which Dr. Farr, Dr. Dundas Thomson and other
well known sanitary authorities of the day were present.

The water of the East London Water Company was nearly as
bad as the worst of the Thames Companies; that of the Kent Com-
pany was purer, asalso that of the New River Company although this
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contained a great many living vegetable and animal productions,
such as are found in nearly all river waters which have not heen
subjected to efficient filtration; the water of the Hampstead ponds
as delivered to houses, also abounded in living productions. The only
Company near London which supplied really pure water was the
Plumstead, Charlton and Woolwich Company. This water was derived
trom deep wells, was very hard from the presence of much lime,
but this was removed by Clark’s softening process, which at the same
time abstracted the greater part of any organic matter the water
contained.

These revelations and researches greatly intensified the dissatis-
faction entertained of the then existing water supply and prepared
the way for future legislation as will shortly appear.

Mr. Edwin Chadwick was in 1850 the Chairman of the General
Board of Health, he sent for me and wrote down my evidence at
some length: especially that relative to the organie impurities and
contaminations in the waters supplied by the Metropolitan Companies.
This evidence will be found in Appendix I1I of the Board of Health.
Mr. Chadwick was greatly pleased with the results I detailed of the
microscopical examinations of water and stated that my evidence
was just what he had been seeking, as the chemical details relative
to the organic matter rendered so little help in determining the
question of the purity and wholesomeness of water and the production
of disease through the drinking of impure waters.

The Board of Health was at that time greatly oceupied with
the question of the Metropolitan water supply and much valuable
evidence and information was collected in relation thereto, which is
recorded in the Appendix to which I have already referred. While
condemning the then supplies of the Metropolis, the Board recom-
mended a new source, namely, the Bagshot Sands, as the collecting
ground for the rainfall. 1t was shown that this water would be very
soft and it was contended, that it would be nearly free from organic
matter, more especially of animal origin and therefore that it would
be remarkably pure and wholesome, The water moreover was to be
delivered on the constant system whereby cisterns and other storage
vessels with all their attendant evils, would be abolished. The
large storage reservoirs were to be covered, a measure I had always
strongly advocated, and in some cases with success. It was pro-
posed to place one of these reservoirs on Wimbledon Cnmmun{ a
position sufficiently elevated to allow of one half of London being
supplied with a high pressure service. "

Of course this proposal encountered fierce opposition on the




EVIDENCE BEFORE PARLIAMENTARY COMMITTEE. 69

part of the Water Companies and hence the Ministry of the day
were led to appoint three Commissioners, Professors Grabam, Miller
and Hoffman to make a separate and independent examination and
to report on the subject.

PARLIAMENTARY ENQUIRY AND LEGISLATION.

The disclosures made of the condition of the London waters,
as supplied to the houses of the inhabitants, and revealed by the
microscope, greatly angmented the dissatisfaction of the public and
forced the Government to take action in the matter and to appoint in
1851 a Parliamentary Committee of Inquiry to consider the question
anew. Of this Committee Sir James Graham was Chairman.

Mr. Phinn Q. C. acted for the Government; while an imposing
array of bewigged and begowned legal gentlemen were engaged
to look after and protect the interests of the Water Companies.

Before this Committee I was summoned on the part of the
Government: all was in readiness for the day's proceedings, the
witnesses and counsel being assembled. I was sitting quietly near
Mr. Phinn, when one of the opposing counsel crossed over from his
side and addressing Mr, Phinn asked him whom he was going to
take first, “Are you going to examine that humbug, Dr. Hassall”?
This of course brought me to my feet and when I told him who
I was and requested an explanation, he was not a little taken aback,
apologised, begged I would not take his remark seriously and said
that it was meant as mere banter between counsel, as I was a hostile
witness. Mr. Phinn essayed to quiet the storm and to throw oil on
the troubled waters. I did not receive the explanation very gra-
ciously, nor did it improve my frame of mind for the subsequent
examination. I afterwards learned that the barrister in question
was Mr. Macauley.

After the examination-in-chief was finished, Mr. Sergeant
Bellasis proceeded to cross-examine me. I will remark at the outset,
that his manner and the wording of some of the questions put to me
were such as ought not to have been adopted towards a scientific
witness, present at the inguiry in the discharge of a public duty
and whose desire was to speak the truth only. It was a manner,
which seemed intended to discredit and intimidate. The first question
put was: “Where do you live?" luckily, my address was a good
one, or the inference might have been unfavourable. Mr. Bellasis
was very particular in his enquiries as to the bottles in which the
samples were collected, “were they clean ?”" “how did I know they
were clean?’” “did I wash them myself?”” and on my replying that



T0 THE COLLEGE OF PHYSICIANS,

[ doubtless did so if necessary, he said: “yon are a bottle washer,
then!” The idea that all the creatnres found in samples of impure
water could possibly be derived from the bottles used, whether clean
or dirty, was of course in itself absurd. However, Mr. Bellasis made
the most of his case and exerted himself zealously on behalf of his
clients. It was evident, that he had studied my hook on “The Micros-
copical Examination of the Water supplied to the Inhabitants of
London™ and had noted the passages which seemed best snited to
his purpose ; he picked out what he deemed its weak points, he put
wrong constructions and drew inferences not fairly justified by the
text and did his very best to damage my evidence. This however
he certainly did not succeed in doing; on the contrary, by his cross-
examination and persistence he confirmed and added force to the
facts telling against the quality of the water supplied to theinhabitants
of London.

FURTHER MEDICAL QUALIFICATIONS,

I will now revert to strictly professional matters. Desiring
to qualify myself for the higher branches of the medical profession,
although I already possessed the diploma of the Royal College of
Surgeons and the licence of the Apothecaries’ Society, I had still to
obtain the license of the College of Physicians of London and the M. D.
of the University of London. Having been engaged for nearly twelve
years in general practice, some of my book knowledge had more or
less suffered and I had now to read and prepare again for a very
formidable ordeal in the case of the University. I presented myself
in 1851 at the College of Physicians and in due course obtained the
Licence of the College; I have not much recollection of the parti-
culars of the examination, but I remember that the examiners were
very polite and considerate and that this was the only instance in
which 1 had to undergo any classical examination and this was
confined to translating some sentences from the work of a certain
Latin author. In 1851 there were no extra licentiates; these were
of later creation, the original licentiates now being termed members;
but a further change has since taken place, there is a conjoint exa-
mination by the College of Physicians and College of Surgeons; the
single diploma thereby obtained confers the right to practise both
medicine and surgery, and the holder becomes fully qualified to
practise as a general practitioner and is thus saved both time and
needless expense, so far good; this is a step in the much desired
direction of one examination and ome portal of entrance to the

profession,

e
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The College of Physicians, like most of theother medical colleges,
is a somewhat close corporation, consisting of President, Fellows,
Members and Licentiates. Many of the Fellows are good and distin-
cruished men, though none owe their position to examination, nor in
all cases, to their own acquirements, but simply to selection depen-
dent on a variety of causes, not always strictly professional, The
members and licentiates have to undergo stringent examinations and
yet they have no voice in the government of the college; amongst
these are some who are more than the equals intellectually of many
of the fellows and who have contributed in greater proportion to
the increase of professional knowledge.

I allowed myself little more than afew weeks to prepare for the
examinations for the M.B. and the M.D. degrees of the University
of London. As I had been in practice for so many years, I was
permitted by the regulations to undergo the successive examinations
at much shorter intervals than is permissible in the case of ordinary
candidates, the actual examinations being the same in all cases.
There were two examinations for the M.B and after an interval of
three months one for the M.D., both formidable affairs, each
oecupying many hours for several days; the ordeal was much more
searching than I had anticipated or I should have devoted more
time to preparation. WhenIrealized how severewas thetrial [repented
of my rashness and had some fears as to the result; these were
not lessened by my seeing around me each day an increasing number
of empty chairs; their former oceupants had found that more was
required of them than they were prepared for and hence they fled
in despair, thereby avoiding the risk of a much dreaded rejection.
I cannot say that I was free from this fear myself; I was at the time
sreatly overworked, a good deal out of health and my courage at a
lower ebb than usual. I was also a little anxious as to the kind of
examination I should receive from ome of the examiners, between
whom and myself there had been some antagonism. However all’s well
that end’s well and in due course I received the degrees of M. B, and
AL D. and found myself once more a free man, divested of a load of
anxiety.

The diplomas which I now possessed qualified me to hold certain
hospital and other appointments for which otherwise I should have
been ineligible. Ere long, two such appointments came in my way.

MEDICAL APP GIHTM ENTS.

' About this time I was offered the Lectureship on Botany at
t. Thomas's Hospital, an offer which however 1 deeclined, partly
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because I was much pressed with work of one kind and another and
in part, because I considered it would not have helped me in practice,
which of course was the chief goal at which I was necessarily aiming.
In this latter view 1 was possibly mistaken, as the Lectureship would
probably have led to my being placed on the medical staff of the
Hospital. :

In 1853 or thereabouts, through the influence of Mr. Wakley
~ and the late Dr. Marsden, whose will was paramount at that time,
I was appointed one of the Physicians of the Royal Free Hospital;
& position which I held for many years, becoming ultimately the
Senior Physician, This most useful Hospital was founded by Dr.
Marsden and it well deserved its name of “Free”, for its gates were
open to every destitute and disabled person without the necessity
of obtaining a letter of recommendation. It was, I believe the first
and for many years the only really free hospital and it was to this
ecircumstance that its great success was mainly due. At one period
efforts were made by the authorities of the hospital and medieal
staff to establish a Medical School in connection with the hospital.
A fair pathological museum was provided and an operating theatre,
the number of beds was increased and the lecturers appointed, the
lectureship on the Practice of Medicine being allotted to me; pupils
were enrolled and the several courses of lectures were being delivered
when the authorities were informed that the College of Surgeons
declined to ‘accept the certificate for hospital attendance on the plea
that the number of occupied beds was insufficient. The actual number
was, if I remember right, over one hundred, but one hundred and fifty
beds were required; the funds of the hospital did not allow of so
great an extension at that time, and so the school came to an
untimely end.

Another hospital founded by Dr. Marsden was the Cancer
Hospital, which has also been a great success. The late Dr. Alexander
Marsden was a remarkable man, clever, practical and energetic, with
the faculty of interesting people in his work and of making friends.
I ever found him a most kind and loyal colleague.

Somewhere about the same time, I was appointed through
Mr. Hale Thompson, second Medical Referee of the United Kingdom
Life Assurance Company and I held that appointment for a long
period, until the Company was merged into the North British and
Mercantile Insurance Company, to which I was also attached for
many years. [ can now look back with satisfaction to my connection
with both those companies. The latter office on my retirement,
granted me an honorarinm which I received for a long period.

i e
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THE OUTBREAK OF CHOLERA IN 1854,

Shortly after the outbreak of Cholera in London in 1854, Sir
Benjamin Hall, having just been made President of the General Bﬂ:ﬂrd
of Health by Lord Palmerston, I was appointed one of the Iti!edum]
Inspectors under the Board, and T bad two extensive districts to
supervise, Lambeth Parish and Wandsworth Union; these had to
be visited and written reports sent in daily, and an amount of work
was entailed which was both harassing and exhausting. The expe-
rience thus gained of the various insanitary conditions and surround-
ings under which the people in the poorer and denser districts
were living, proved afterwards of much practical value to me. The
particulars of these inspections will be found recorded in the official
reports of the Board of that time. That there should be sudden visita-
tions of infectious diseases after the experience I had gained, no
longer occasioned me surprise.

Sir Benjamin Hall was a most efficient and energetic president;
he quickly formed a Medical Council to advise and assist him, con-
sisting of some of the foremost anthorities of the day. A Scientific
Committee of Investigation was also appointed; this consisted of
Mr. Glaisher for the Meteorological, Dr.R.D.Thomson for the
Chemical and myself for the Microscopieal portions of the work.

My investigations embraced the examination of drinking water;
the rice water discharges of Cholera; the blood; renal excretion, and
the clothes of cholera patients. Upon each of these subjects separate
reports were prepared and afterwards published by order of the
Houses of Parliament, together with all the other documents having
veference to this Cholera visitation.

The Microscopical investigation relative to Water was very
extensive and minute; it embraced the water of all the companies,
taken from the mains and also from houses in which cholera was
actually present, or in which deaths had very recently taken place;
water from shallow wells, in some cases those supplying cholera
stricken houses; from Artesian and other deep wells; water from
the chalk both before and after it had been softened. This report
was largely illustrated by a number of beautifully executed figures.
The drawings were made by my own artist, Mr. Henry Miller, litho-
graphed by Mr, Tuffen West and were coloured by hand. I have
not to this day seen delineations of the organic matters, dead and
living, contained in waters used for drinking purposes equal to
these for fidelity and excellence.

Abundant evidence was produced of mischief arising from the
intermittent system of supply and of the polluting effects of the
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storage of water in cisterns, butts, tubs, pans, jugs &c. In many cases
the cisterns had no lids and in others these were fastened down, so
that the cisterns could not be cleansed.

The results were for the most part confirmatory of those pre-
viously arrived at by me and which it is not necessary to state again
in detail. Of the fact of the occasional admixture of the water of the
Thames in its course between the Metropolitan bridges with the
water of the sea, further proofs were given.

The Microscopical examination of the Rice Water Discharges
of cholera furnished interesting evidence which was really of much
more importance than was at first supposed. In order that no time
should be lost before the examinations were made, my microscope
was placed in readiness in the Abernethy Ward of St. Bartholomew’s
Hospital. The auntopsies necessary were made by myself in the
Wandsworth Mortuary,

From my Report on this subject I will now extract certain
passages, relative to the presence in the rice water discharges of
Vibriones, or as they would now be termed Bacilli.

“Myriads of Vibriones were detected in every drop of each
sample of the rice water discharge hitherto subjected to examination;
Of these Vibriones some formed short threads more or less twisted,
while others were aggregated into masses which presented a dotted
appearance. See figure 26.7 From observations which have been
elsewhere recorded,® it appears that two of the circumstances
necessary to the development of vibriones are a feebly acid or more
usually an alkaline jfluid and organic matter, especially animal,
in a state of decomposition, more or less advanced. Now in the rice
water discharge of cholera both of these conditions are fulfilled.
We have next to enquire what is the origin or source of these
vibriones and what is their relation to cholera? It is possible that
they may obtain entrance into the stomach and bowels by means of
the atmosphere, but it is perfectly certain that they do frequently
gain admission through some of the impure waters consumed in which

+ In this figure are shown the short, straight, single bacillus
with slightly eu{wged ends; the twisted bacillug, on which Koch
has bestowed the distinetive, but somewhat fanciful name of the
“comma’ bacillus, the union of two or more bacilli and the oceasional
extension of these into a more or less twisted thread, indicating
the relation of this bacillus to a species of Spirillum very similar
to that found by me many years since in the waters of the Serpen-
tine, to which reference has already been made, and lastly, the
colonies of baecilli.

* Transactions of the Medico-Chirurgical Society 1853.
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I have not unfrequently detected the presence of vibriones, some-
times in considerable numbers, Once introduced into the alimentary
canal they are brought into contact with conditions highly fnvuurﬂl.}lu
to their development and propagation, both of which take place with
extraordinary rapidity. I made for the sake of comparison some
examinations of healthy evacuations. I found only a small number
of vibriones and those not in all cases and when present, they occurred
in the lower part of the intestinal canal, where in healthy digestion
incipient decomposition first takes place. In cholera cases the vibriones
are met with as high up as in the duodenum.

“Without however at all supposing that there is an essential
or primary connection between these vibriones and cholera, their
oceurrence in such vast numbers in the rice water discharges of that
disease is not without interest and possibly is of importance ; thus their
presence seems to indicate that the fluid thrown out into the intestinal
canal in cholera and especially into the small intestines, is in a state
more than ordinarily prone to pass into decomposition and that the
fluid itself is more than usually alkaline. A condition of undue
alkalinity would assuredly act as a source of irritation to the mucous
membrane of the intestines as alkaline urine does to that of the
bladder.

“The existence of these vibriones in the evacuations may also.
possibly explain in some degree the suceess of sulphuric acid in
checking the diarrhcea. Thus, that acid when freely administered
destroys the conditions essential to the development of the vibriones
and so destroys the vibriones themselves. It checks the tendency to
decomposition and lessens or neutralizes the alkalinity of the fluid
poured out by the intestines.

“The mere presence of such a large amount of decomposing
organic matter in the alimentary canal so high up in the small
intestines, the principal seat of the absorption of the chyle must exert.
a seriously depressing influence upon the system’,

These vibriones, as was to be expected, were also found on the
clothes in many cases and in reference to this point the following
remark oceurs in my report on the Skin and Clothes of cholera
patients. “If these vibriones possess any influence on the production
of cholera, or if the rice water discharges contain any substance or
principle capable of producing that disease, we can readily under-
stand how the cleansing of the clothes might in some cases give rise
to e¢holera in those engaged in washing them’.

Prof. Koch has stated, that in nearly half the cases of cholera

.dejecta submitted to him, a rapid mieroscopical examination has
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enabled him to detect the presence of the cholera bacillus and to set
at rest any doubt which might be otherwise entertained as to the
nature of the case. He was thus often enabled to declare with the
utmost promptitude, even by telegraph, whether the discharges
forwarded to him contained the cholera bacillus and really represented
ccases of cholera or mot. Had those examinations taken place under
the specially favourable conditions in which mine were made, the
presence of the bacilli would doubtless have been discovered in most
‘cases, my observations having been made on the dejecta, usually quite
free from all contamination, of patients actually at the moment in the
full stage of the disease.

[n my examinations the microscope was placed in a Hospital
ward filled with cholera patients, I was thus able to obtain the rice
water discharge in its purest state and to submit it to immediate
serutiny. Some of the bacilli seen, no doubt belonged to more than
one species, but from the characters exhibited and which are fairly
represented in the figure above referred to and from their general
agreement with Koch’s deseription, there is not the smallest doubt
that the cholera bacillus was presentin the discharges innearly every
case and was first seen by me during the Cholera epidemic of 1854,
now nearly 40 years since.

The examination of the Blood failed to furnish any results of
importance; the red and the white corpuscles were of the nsnal form
and size and presented the ordinary appearances,

The Renal Exeretion furnished results of considerable interest
and importance. Albumen was almost constantly present and it
persisted for a considerable period atter the attack had passed away;
fibrinous casts of the renal tubules were also almost always present
in the early samples passed on recovery from an attack of cholera;
these casts were abundant, well defined and often contained different
forms of urinary deposits, as uric acid, urates and dumb-bell erystals
of oxalate of lime, &ec. See figure 27 in the original Report.® Similar
‘deposits were also of frequent occurrence in the first few samples of
water passed, Kept for some days some of the samples underwent
other changes; one of the principal of these was the gradual deve-
lopment upon the surface of the liquid of a blue pellicle; this had been
hefore observed in other cases by Heller, who had bestowed upon
it the name of Uroglauein, but which I have elsewhere shown,
as will presently appear, to consist of Indigo. Again, small guantities
of sugar were met with in nearly every case, as first revealed by the
development in them of the sugar fungus, a most delicate test to

#See List of Publications.
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which reference will again be made later; the specific gravity of
the samples in which it was actually detected, ranged from 1007
to 1018, the average gravities being 1009 and 1011. The occurrence
of sugar in small quantities in urines of low gravity is by no means rare.

GENERAL SANITARY AND ANALYTICAL WORK.

The wide publicity given to the investigations and reports on
adulteration and the reputation attaching thereto, as well as the
attention I had bestowed on sanitary subjects generally,caused me to
be consulted in a great variety of questions relating to the public
health. I was therefore frequently called upon to give evidence in
trials in Law Courts, relative to different sanitary questions, parficu-
larly as to the purity of water, water supplies, articles of food and
other similar questions. It was for the plaintiffs that my evidence
was chiefly sought, rarely for the defendants.

These occupations absorbed a good deal of time and left me
less leisure and opportunity for purely professional work than I
desired, although through all my engagements, with a few compara-
tively short intervals, I had been occupied in practice since 1846,
first at Notting Hill and then in London. As success in my profession
was my chief aim and desire, I now determined to apply myself to
the pursuit of some special department of medicine.

INVESTIGATIONS OF THE RENAL EXCRETION.

I therefore devoted most of the time at my command to the
subject of the Renal Excretion und the Diseases of the Kidneys,
I selected this subject, because at that time it had not heen sufficiently
investigated ; it required some amount of chemical knowledge and
moreover, it was certain, that the microscope here also was capable
of rendering valuable aid.

T had already paid considerable attention to the composition of the
renal exeretion and in the years 1849, 50, 51 and 52, aseries of articles
appeared in The Lancet, under the following title: “On certain impor-
tant points in the Chemistry and Pathology of the Urine’.

A few remarks may now be bestowed upon some of the prin-
eipal of the matters treated of in these articles and in my review of
Dr. Bird’s work on “Urinary Deposits’.

One of the most important of the normal constituents of the
urine is Uric acid, which plays a principal part in gout. This
acid is but sparingly soluble in water, as also in the urine, since
this contains so much water; in consequence of this comparative
msolubility it is readily thrown down and becomes deposited; the
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circumstances under which this is apt to occur, are when the quantity
of acid present is greater than usual, or when the amount of liguid
is lessened and when the temperature of this is reduced from any
cause, as in cold weather; under any one or more of these conditions,
the precipitationis very apt to take place. Then another characteristie
is the proneness of uric acid to assume a crystalline form, the crystals
often assuming the shape of sharp spicule. Now the erystallization
may occur either within or without the body ; it may take place in
the tubules of the kidneys leading to the formation of renal caleuli,
or short of this, the erystals may give rise to much irritation, pain
and even hemorrhage; or they may be deposited after they bave
passed through the kidneys, that is to say in the visica itself, where
also they would set up irritation and if the deposit were persistent
it would in time form a caleulus or stone. '

Now at the time when I was investigating this and similar
matters, the method usually deseribed in medieal works for deter-
mining the amount of uric acid was to place a thousand grains of
urine in a conical glass with a drachm of strong hydrochloric acid
and to set the mixture aside for some hours to allow the uric acid
subside ; this was the method adopted by Golding Bird, Bence Jones
and other writers of that day. I shewed however that by this plan,
part only of the urie acid present was recovered and that the amount
actually contained in the urine was really much greater than was
supposed. I therefore described an improved but by no means a
perfect process; the bulk of the urine taken was considerably reduced
by slow evaporation and the acid then added, a second evaporation
in some cases being advisable. In this way a much larger amount
was obtained and more accurate results secured.®

Now uric acid readily unites with bases to form salts; the only
combination of this acid described by the English authors on urinary
aftections of the time to which I refer, namely, Prout, Golding Bird
and Bence Jones, was Urate.of Ammonia, but I had socon reason
to doubt the accuracy of this view. I therefore subjected some
samples of urates, spontaneously deposited from different urines, to
uantitative analysis with the following results:

1 2 3 4
Binrate of Lime 61 70 18. 37 20.0
. » Potasli Traces None BiT. 12 42.0
5 » Ammonia i3 ) 10.06 19.5
Moisture 19 16 11.74 10.0
Colouring Matter T b 271 8.5

*The Lancet 1849-50.
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A fifth specimen consisted in great part of Urate of Soda,
with a small quantity of Urate of Lime, while in other specimens
Urate of Magnesic was found; these analyses showed that the
composition of the urates varies greatly and that they rarely consist
of a single base, but of two, three, or four in different propor-
tions; their composition in some instances being determined by the
remedies, especially soda and other alkaline waters, so frequently
and freely employed.

These results also conclusively proved that the view so generally
entertained that the urate deposited always consisted of urate of
ammonia was founded on an error, which I exposed in my Review
of Bird’s “Urinary Deposits”” and indeed so far from urate of ammonia
being the only urate formed, no instance could be produced of any
urate consisting entirely of urate of ammonia; further, there is no
doubt, that of the small quantity of ammonia found in deposits of
urates, part is present as an impurity, and is derived from the decom-
position of urea. Now this fact is not only interesting chemically,
but it is of importance pathologically.

Tt should be stated that uric acid forms at least two classes of
compounds, biurates and urates, acid and neutral salts. These salts
have different degrees of solubility according to the gquantity and
the nature of the base, those urates in union with soda or potash
being more soluble than those with earthy bases, as lime and mag-
nesia, and hence the latter are met with as deposits more frequently
than the former; of the soluble urates, that in union with potash is
much more readily dissolved than that with soda, indeed the latter
urate when formed in the body in any quantity in cases of gout is
very prone to become deposited and to form the concretions so
painful and disfignring, known as “chalk stones”. For these forma-
tions the excess of uric acid in the blood and tissues is in the first
degree responsible and in the second the soda so largely and so
generally taken as a remedy in such cases. This alkali ought in
fact to be rigidly abstained from and the preference given to potash
and lithia. When chalk stones are forming, the effects of the soda are
almost as bad as the disease itself.

The urates being much more soluble than uric aecid, they are
far less liable to become deposited in the renal tubules or in the
vesica; indeed so much more soluble are they, especially in the
secretion when first passed, that it is only after this has become
cold that they are rendered visible, but they then appear as a copious
cloud-like, more or less coloured sediment, provided the quantity
present is considerable. Now it is either of uric acid or the urates,
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as might be expected from their sparing solubility, that a very
large proportion of renal and vesical caleuli are composed.

All this shows the necessity for a strict regulation of the diet
in gouty and dyspeptic cases and particularly in regard to its mineral
constituents, as also the even still greater need to take with each
principal meal a sufficiency of water, or some other diluent to hold
the uric acid and the urates in solution. There is no doubt that the
habitual use of a dry diet, or of one in which strong wine only is
drunk to the exclusion of water, is the chief cause of many cases
of stone.

Within the last few years more attention has been paid to the
composition of the urates and other analyses have been made, these
being in general accord with my original analyses, but in no case
have I ever seen the slightest reference to my own long antecedent
observations. The fresh analyses have been regarded and treated
as altogether new. :

Another class of urinary constituents which claimed my notice
were the Phosphates; these are divisible into alkaline and earthy
phosphates, that is, like the urates, into those which are soluble and
those which are comparatively insoluble., Hence the latter also, like
the urates, when in combination with magnesia or lime are apt to
be thrown out of solution under certain circumstances and form
deposits, concretions, or stones.

The more soluble phosphates, as those of soda and potash, need
not be further referred to in this place; it is to the Earthy Phos-
phates that the following remarks apply.

The only earthy phosphate described in any detail by Bird,
Jones and other writers and physicians at the period when my
attention was given to the subject was Phosphate of Maynesia
and Ammonta or triple phosphate, as it is often called, and even
in regard to this, much misconception existed and its pathological
importance was greatly over-rated. The formation of this combination
is thus brought about. The urea, a normal and essential constituent
of the renal excretion, readily becomes decomposed in an alkaline
medium and especially in one in which fermenting or decomposing
animal matter is present. Now in the renal excretion these two con-
ditions are often conjoined, the urea yields by its decomposition
mueh ammonia and carbonic acid, while the phosphate of magnesia,
always present, unites with the ammonia toform the “triple phosphate™,
which becomes precipitated in the shape of very perfect and cha-
racteristic prismatic crystals. This phosphate is sometimes formed
in the urine while retained in the vesica, but it always is so when
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the excretion has become alkaline after being voided. The formation
of phosphate of magnesia and ammonia under such circumstances,
has but little pathological significance. When formed within the
bladder it points simply to an alkaline condition of the urine while
within the viscus, and which condition may be due to the state
of the organ itself and the cause therefore would be strictly local.
When the formation takes place in the urine after excretion, and
this is the source of the triple phosphate in the great majority of
cases, it is of searcely any importance, since it would simply be
an indication of decomposition of the nrea of the urine, a normal
constituent.

Still there are some few cases in which there is reason to
believe that its presence may be due to excessive alkalescence of
the blood and persistent alkalinity of the urine, independent of local
causes. In such cases its ocenrrence is truly pathelogical and there-
fore of real importance.

Now the question may be put, how comes it, since Phosphate
of Magnesin is always present in the renal excretion, that it is
so rarely met with as a deposit, except in combination with ammonid ?
The answer is not altogether clear, but it does sometimes occur in
human urine in the erystalline form, as first shown by me in a paper
read before the Medical Society of London in 1853 and again in
The Lancet in April of the same year. It has also at a later period
heen observed by Dr. Birkett.

The third earthy phosphate found in urine is Phosphate of
Lime and to this great interest attaches. It was uniformly stated
by the earlier writers on the urine that this earthy phosphate oceurs
only in the granular state and never in the erystalline form. The
error of this statement was first demonstrated by me in the Lancet
in 1850, in the “Medico-Chirurgical Review” in 1852 and in a
communication to the Royal Society in 1859, which appeared after-
wards in the “Proceedings” of the Society and bore the following
title: “On the frequent occurrence of Phosphate of Lime in the Crys-
talline form in Human Urine and on its Pathological Importance’.
I shewed that it is not only frequently present in this form, but
that it is of much greater importance than the triple phosphate, and
I thus expressed myself in regard to it: “I have met with deposits
?f erystalized phosphate of lime in hundreds of samples of urine and
In many different cases, it is therefore not a little remarkable from
1_:he frequency of its oceurrence and the peculiarities presented by
1‘ts crystals that it should have been so long overlooked” ; and again:
“I have observed that when this deposit occurs it is very apt to

Wik
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be persistent, and when it has disappeared to yeturn, whenever the
health is reduced from any cause’” and “when persistent it is usually
associated with marked impairment of the health”. For figures
illustrating the characters and forms of the crystals of this phos-
phate the veader is referred to my work entitled: *The urine in
Health and Disease’, which will be noticed later.

ON THE DEVELOPMENTS IN ACID URINE.

In 1852 the results of a lengthened enquiry “On the Deve-
lopment aof Torule in the Urine and on the relation of these fungi
to Albumenous and Saccharine Urine”, were communicated to The
Royal Medico-Chirurgical Society. This communication was illus-
trated with five plates of engravings and was afterwards published
in the “Transactions” of the Society.

Tornle consist of a fungoid growth which takes place in certain
liquids; this at first is made up of innumerable exceedingly minute
sporules or germs which collect for the most part on the surface of
the liquid and are at first mostly of a rounded form, but afterwards
they become elongated and grow into a network of branched threads,
which spread themselves through the medium in which they are
developed ; these threads constitute the roots, or technically, the
thallus of the fungus; from these roots, under favourable circum-
stances, certain upright stems emerge from the liquid into the air;
these bear on their summits tufts of sporules or seeds which after
a time fall off into the liquid, or are dispersed through the air; these
spore-bearing stems constitute the aerial fructification of the fungus,
and represent in fact the plant in its perfect state.

At the time at which my attention was first directed to this
subject, it was generally thought and taught, that when these torula,
mostly in the condition of spores, were seen collected on the surface
of the urine as a white scum, it indicated the presence of sugar,
and was therefore a sign of diabetes. Such in those days was the
opinion of Dr. Griffith, Dr. G. O. Rees and Dr. Golding Bird. On
the other hand Dr. Bence Jones affirmed that torulee might appear in
urine when there was no sugar, althongh they certainly formed very
quickly and plentifully in diabetic urine, and he stated further, that;
GTf this vegetation is met with in the urine, we may immediately
conclude that albumen exists in solution.” This last statement is
incorrect.

Without going into all the details of my experiments, the general
result went to show, that in urines having a decided acid reaction,
two entirely distinct species of fungus, easily to be diseriminated by

R
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the microscope, were developed. For the formation of one of these,
three things are necessary, acidity, the presence of nitrogenous matter,
as mucus or albumen, and exposure to the air or oxygen. Under
these conditions the fungus developed was Penicillium glaucum,
a fungus which attacks so many organic substances and which in
its perfect aerial form constitutes the blue mould with which we are
so familiar. For the development of the second kind of fungus, the
three same conditions are needed, as also a fourth, the presence of
sugar or saccharine matter. In such a case all the well known changes
and phenomena of the alcoholic fermentation are witnessed. From all
this it follows that the fungus, penicillium glaneum is not available
as a test for the detection of albumen pure and simple in the urine,
but that the yeast on sugar fungus, the fungus of fermenting wort,
Mycoderma cerevisice, when it occurs in urine is an excellent
microscopic test for sugar, even when this is present in extremely
small amount.

Now the development of these fungi in organic liquids is at-
tended with important changes in those liquids; thisis so, particularly
in the case of the sugar fungus, the sugar being decomposed into
carbonic acid and alecohol. The active agents in these transformations
of the fungi are the sporules.

In the case of decidedly alkaline urines, the series of changes
is entirely different. If alkaline, neither of these fungi will appear,
but if the reaction on either side be but feeble, they, especially the
sugar fungus, will be developed to a small extent, the growth ceasing
however as soon as the alkalinity becomes decided; finally, when
both fungi are present at the same time, there is usually no difficulty
in discriminating the one fungus from the other by the mieroscope,
the sporules and thallus of the sugar or diabetic fungus being so
very much larger.

When I first commenced this enguiry it was not known that
more than one species of fungus was to be found in the renal excretion ;
neither had the aerial fructification, that is to say the complete and
perfect plant of the sugar fungus, ever been discovered. It was
suspected indeed that the growth was not confined to the state of
sporules, with occasionally a few short threads, and various attempts,
some of them amusing, were made to trace this higher development
ﬂfua Turpin spent a whole night vainly in the attempt to make the
tl}sfmvery, his zeal being greater than his intelligence, as the con-
ditions under which his observations were made were such as counld
not haveled to success. Fullybelieving; that the f ungus would under
proper treatment develope into a petfect plant, I proceeded on
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different lines. I placed some saccharine urine in a rather wide-
mouthed bottle and observed for a period of some days the changes
which ensued. My ideawas, that previous observers had failed because
the yeast plant in the brewing of beer is in constant motion, because
the whole operation lasts but a few hours and for the reason also,
that the layer or scum of yeast which ascends to the surface of the
fermenting liquid soon becomes dry, further growth being thus
stopped. I therefore placed the fungus under circumstances which
allowed of the air over the surface of the liquid retaining its mois-
ture, and I waited patiently, not a few hours, bunt days, for the
dénonement, and I was amply rewarded. In due course the aerial
fructification appeared ; it proved to be very characteristic and was
faithfully depicted by the artist at the time. This was a friumph for
me of which I have always been pround.

The fungus test is then valuable for the detection of very small
quantities of sugar in urine and which in some cases the ordinary
tests fail to discover. When the amount of sugar is very minute,
ereat caution should be observed in drawing any conclusions founded
there on. Small quantities of sugar are frequently met with in samples
of even very low gravity, its presence is often temporary and does
not indicate any speeial liability to diabetes, yet I have known such
cases to be very seriously treated, the patient much alarmed and
even his prospects in life interfered with and damaged. Then there
is another reason for caution; sugar when only in extremely small
amounts may be derived from other sources than the transformation
of food, particularly the starchy constituents. Thus, Schunk has stated
that a glucose is sometimes found in the urine derived from the
decomposition of Indican. I pointed out the fact of the occurrence of
sugar in urines of very low gravity, forty years ago in my Report on
the Cholera Epidemic of 1854 and have repeatedly met with it since
in many other cases and yet every now and then the fact of its
presence in mrines of low gravity continues to be recorded as some-
thing new and surprising.

_ON THE DEVELOPMENTS IN ALKALINE URINE.

‘Some time after my observations were made on the Torule
and other developments in acid wrines, a corresponding series was™
carried out on alkaline wrines. The changes and developments in
these were of an entirely different character. As a rule, fungi are

* “On the development and signification of Vibrio lineola. Bodo

urinarins and certain fungoid and other organic productions gene-
rated in alkaline and albumenous urine”. Laneet. 1859,
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not developed in them and certainly neither penicillinm glnum_mt
nor mycoderma cerevisie, but in place of these, vibriones or bacilli
appear, often in myriads forming a whitish, greasy-looking scum
which until examined by the microscope might readily be mistaken
for a fungus formation: intermixed with the scum a number of
erystals of triple phosphates will usually be found. If the sample
were acid when first passed, but after a time became alkaline, in
such cases both fungi and vibriones will be developed, the fungi
first while the acidity lasts, and the vibriones afterwards.

A great many years have elapsed since I first pointed out the
great effect which the reaction of organic fluids exerts on the character
of the organisms developed in them; thus, those which are found
in alkaline fluids differ entirely from those which grow in acid liquids
and this is true in many cases as applied to the solids as well as
the liquids; not only to dead solids, but to the living, both vegetable
and animal, especially the latter; it is true also as applied to the
blood and tissues of man. Thus I have shown repeatedly, that while
vibriones are developed in liquids having a more or less pronounced
alkaline reaction, fungi make their appearance in these same liquids
provided they are acid. Of this fact a very apt illustration is afforded
by the developments which occur in the renal excretion, according
as it is alkaline or acid as described by me in the memoir on the
development of Torul® already adverted to. I dwell on this matter
because of its extreme significance. But I have given other illus-
trations of the development of fungi in organic substances possessing
an acid reaction, as in the experiments I made in 1841 of the innoen-
lation of different kinds of fruit and vegetables. When, the decay
being far advanced, as sometimes happens in the case of the tuber
of the potatoe, both the thallus of the fungus and bacilli are met
with, this is an evidence of acidity followed by alkalinity. On the
other hand I showed in 1850 that in impure, non-acid and alkaline
drinking waters, bacilli and infusoria are nearly always met with.
Then, during the epidemic of cholera in 1854 I demonstrated that
baeilli abounded in the alkaline rice water discharges of that disease.
Many other instances might be cited of the occurrence of bacilli
under similar conditions, but I have limited my references to the
cages which have come under my own observation.

Now the alkalinity and acidity of organic liquids and solids,
vegetable and especially animal, play a most important part both in
the production of many diseases, even in the human subjeet and also
in the counteraction of some of those diseases thereby brought about.

The diseases in question arise through the presence of cer-
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tain organisms, chiefly the bacilli and fungi adverted to, and which
can only live, the one in an alkaline, the other in an acid medium,
This rule may not be of universal application and there may be some
exceptions to it, but it doubtless generally obtains.

In these facts and particulars, we are furnished, as I pointed ont
very many years since, with two rational and valuable principles of
treatment, the one acid and the other alkaline applicable to a variety
of non infectious diseases. The acid treatment is of course indicated
in those diseases, as typhoid and especially cholera, in which baeilli
are present and in which they play so essential a part. This treatment
has been adopted in cholera to some extent and with enconraging
results, but it has not been carried out in the complete and full
manner which such cases demand. The quantities of acid employed
have not been sufficiently great, nor the acid selected been in all
cases the most suitable for the purpose.

The mineral acids freely administered in such cases are frue
germicides and they possess this great advantage, that being non-
poisonous they may be given in considerable quantities.

Another fact in their favour is that the acids are preservative
and retard or prevent the putrefactive changes which so quickly
ensue in alkaline organic liquids, especially at the temperature of
the blood and which are in themselves a fruitful source of disease.

Although fungi are not usually developed in decidedly alkaline
urines, they are so occasionally, but they are different from those met
with in acid urines; thus I have occasionally encountered a species
possessing very distinetive characters, which I named Penicillium
mucosum, from its mucous and gelatinous appearance and which will
be found described and figured in my work on the Urine. It is not
a penicillium however, as its structure is quite different and thus it
has heen wrongly named.

Another organism sometimes found in alkaline urine is a very
active infusory animalenle to which I have given the name of Bodo
wrinarius; it also is figured in the work referrved to above. I have
observed that it is in the more decidedly alkaline urines that it
usually oceurs and especially in connection with indigo; indeed when
this substance is in any quantity, the bodos are developed by myriads.
“When they first appear, like the vibriones, they are diffused throngh-
out the whole bulk of the liguid, but as soon as they have multiplied
to any extent, they collect on the surface, forming a greasy-looking
pellicle which when much indigo is present, is often of a slaty or
bluish colour”.

One result of my observations on the changes and develop-
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ments occurring in alkaline urine was to show that the Kiestein
erust or pellicle, to the oceurrence of which so much interest was
at one time attached, has no existence as a distinct and special f+ur-
mation, notwithstanding the ingenious and apparently ﬂﬂ]]ﬂl'l.lﬂl‘i-:(’.-
evidence brought forward by Dr.Golding Bird in favour of this
view and of the diagnostic significance and value of the formation or
crust. I proved in fact that this pellicle of so called Kiestein, was
composed mainly of vibriones and triple phosphate, that 1t was
formed after exposure to the air on the renal excretion of both men
and women and that it was simply an indication of alkalinity.

ON INDIGO IN URINE.

Another subject which engaged my attention about the same
time was that of the presence of Indigo in the human renal excretion,
“Tndigo, indeed!” I think I hear some reader exclaim; “surely that
pigment is derived from the vegetable kingdom™. In the early part
of 1853 I forwarded to the Royal Society a paper on this subject,
which appeared in June of the same year in the Proceedings of the
Society; the next year I sent in a fuller and more complete com-
munication: “On the frequent occurrence of Indigo in Human Urine
“and on its Chemical, Physiological and Pathological Relations”
and this was afterwards published in full in the Society’s Trans-
actions.

Now the indigo here referred to was blue indigo and this it
must be understood is not present at first, but is gradually developed
after the exposure of the samples to the air for some days. In the cases
in which it is present, a blue scum or pellicle is slowly formed on
the surface of the liquid, the colour of which also becomes affected
until it exhibits various shades of green or brown according to the
quantity of indigo present; this varies greatly, there may be but
very little, or the amount may be so considerable, that not only is a
blue pellicle formed, but the colour of the whole liquid is greatly
changed.

Now the discovery of indigo by me in the urine was not alto-
gether new, for Prout many years before had detected it on one
occasion only, while in 1850 Debuyne identified it in the renal
excretion of a dropsical patient, but at the time my observations
were made no idea was entertained of the frequency of its occurrence
and no knowledge had heen obtained as to its chemical physio-
logical and pathological relations. The late Dr. Parkes in his work
on the urine thus wrote some years since: “In 1855 Hassall examined
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this subject and may be said to have first given it its true standing ;
he not only proved the blue colouring matter to be indigo, having
obtained isatin and anilin from it, but affirmed the possibility of
producing it in a great number of urines by exposure to the air,
He thought it was derived from white indigo. Very soon afterwards
Scherer examined the same point and came to the same conclusion’”.

In my paper I pointed out the close relation in many parti-
culars and especially in ultimate composition, between hematin and
urine pigment and I remarked, “It would appear therefore, that
there are no essential differences between cyanourin and uroglancin;
while there are so many points of resemblance between them both
to indigo, that one is led strongly to suspect that they are simply
some condition or modification of indigo”. The suspicion then enter-
tained has been confirmed by subsequent observations.

The samples in which the blue indigo occurs in the largest
quantities are usually of a pale straw colour, they readily become
turbid, are alkaline and of rather low specific gravity, but small
quantities of indigo are frequently found in samples that are highly
coloured and of considerable specific gravity.

For the formation of the indigo, the samples should be exposed
to the air for some days in an open vessel, to allow of the absorp-
tion of the oxygen and the development of the indigo. Whatever
therefore facilitates oxygenation, as free exposure, light and warmth,
hastens the development of the blue indigo; hence in summer the
changes described take place much more quickly than in winter.
On the other band, these changes are retarded and even altogether
prevented by a more or less complete exclusion of oxygen. By this
exclusion blue indigo is deprived of its colour and it may be reformed
and reduced alternately according as air or oxygen is admitted or
excluded. The formation of blue indigo is also promoted and hastened
by the addition of hydrochlorie acid. : :

The prineipal diseases in which 1 have most frequently met
with indigo in the largest quantity ave, those of the lungs including
phihisis and emphysema, cholera and some cases of Bright's disease.

Its persistent occurrence in marked quantities is doubtless indi-
cative of grave pathological disturbance, especially of blood formation
and destruction and from the diseases in which it is most apt to be
encountered, it would appear that any impairment of respiratory
power is intimately concerned in its formation.

One other fact may here be mentioned, namely, that small
quantities of sugar are frequently present in indigoferous urines, as
shown by the unmistakeable presence of the sporules of the yeast
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fungus. Schunk obtained a small guantity of indigo from mdican
also found in the renal exeretion, and one of the principal products
of the decomposition of this, is a variety of sugar allied to glucose;
now in some cases it is the sugar from this source that the presencc
of the sugar fungus reveals and which causes the red oxide of copper
to be thrown down when urines containing indigo are treated with
the copper test. '

ON URINARY DISORDERS.

Early in 1860 I brought out a distinet work on urinary
disorders, this was quickly sold out and as I have no copy of it, I
am unable to fix the exact date of its publication, but in 1863 I
published a much larger edition under the title of; “The Urine in
Health and Disease’ : this embraced over 400 pages of letter press
and was illustrated with 79 engravings. As these were not drawn
by myself but by Mr. Miller, whose services were retained by me
{for many years and indeed until his death, I may remark that they
were admirably drawn with the aid of the Camera and were well
executed in every way; but their peculiarity and novelty was that
though placed in the midst of the letter press, yet many of the
figures are coloured by hand. This was a new departure and it
increased greatly the resemblance of the illustrations to the objects
themselves, peb i
. In this work on the renal excretion, of course the several
subjects noticed but briefly in the few preceding pages, are treated
more fully. This 2nd edition I am sorry to say has also long been
out of print, and although every copy was sold, nothing was left for the
author after the expenses were paid. The book was published on
the half profit system and mine is, I believe the usual experience in
such cases.

Very many years ago I detected and described some very large
rounded Compound corpuscles, each containing several granular
rounded nuclei, as large as ordinary pus corpuscles. They were first
encountered by me in cases of cystitis and they were described in
my article on the fourth edition of Dr. Bird’s “Urinary Deposits”
n the Medico-Chirurgical Review for July 1853. I find that Leh-
mann many years since bestowed upon these compound bodies the
name of “Hassall's Corpuscles”.

These Corpuscles or “Giant Cells”, from their great size, as
well as from their containing a number of large and well formed
nuclei have attracted a good deal of attention and possess a peculiar
interest, since they have been found to be very favorable objects for
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the investigation of the structure, development and chemistry of the
animal cell, upon all of which subjects so much light has in recent
years been thrown.®

At the period of the publication of the work on renal affec-
tions I had removed to Wimpole Street. Here I was fully occupied
with consulting practice, attendance at the Royal Free Hospital and
my duties at the United Kingdom Life Assurance Company, so that
I had less leisure for scientific work, still I did what I could. I had
as usual a Laboratory, though not so complete and convenient a one
as at Bennet Street.

PREPARATION OF A REAL FLOUR OF MEAT,

Having directed so much attention to the question of the purity
of food, it was natural that the kindred subject of its Composition
and Nutritive Value should interest me. Amongst other things it
oceurred to me, that it would be of the greatest advantage if a real
Flour of Meat could be prepared, an article analogous to wheat
flour in fineness. Of course I do not mean simply dried meat, coarsely
powdered, or pounded pemmican, but a really fine powder, containing
the whole of the constituents of the meat and in a readily digestible
form. I forthwith set to work to ascertain if this was practicable
and I succeeded perfectly, I was so pleased with the result, that
I secured the invention, fitted up a most complete and commodious
factory in Marylebone Lane, the Cross Keys Factory, close to my
residence and here mueh of my leisure time was spent and often
half the night, in the company of my faithful and patient assistant,
Mr. Vosper. .

The factory consisted of two floors; on the lower were the
tables on which the meat was cut up, the mincers, mills, sieves &c.,
as well as the specially construeted flues and drying chambers,

The process from first to last was as follows. Each morning the
buyers, often accompanied by myself or Mr. Vosper repaired at six
o’clock to Smithfield to select and buy the meat. The lean portions
of the best beef, as much as could he utilized at one time, were at
once despatched to the factory from day to day.

The operation of conversion then commenced and that without
the loss of an hour, as the whole process had to be completed within
the twenty four hours.

The several steps of the conversion or manufacture were as
follow. The joints were freed from the bones, the superflunouns !Fﬂ.t and
thick tendons; the lean meat was cut into pieces of suitable size and

* The Urine in Health and Disease. See Figure 78.
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passed through a large mincing machine, whereby it was reduced
to the state of pulp; this was then evenly spread by means of large
four-pronged forks over zine wire trays and the trays placed in a
rack until a sufficient number were ready, when they were trans-
ferred to the drying chamber, which was heated by flues specially
constructed and arranged in a suitable manner. The first part of
the operation of drying was conducted at a comparatively low tem-
perature, this was raised however and maintained for some time,
till the meat was thoroughly dry, at something under 150° Fahr.,
but it was never allowed to go beyond or even to quite reach this
point, as in that case the albumen of the meat would be solidified
and would no longer become soluble in water. The temperature
therefore required to be carefully regulated; so necessary was this.
and so anxious was [ about it that I very frequently used to remain
in the drying chamber, which often contained one or two hundred
trays, for long periods at a time arranging and examining the trays.
On some of these occasions the temperature approached 150° Fahr. ;
the extreme heat was rendered tolerable by profuse perspiration
and beyond this but little inconvenience was felt, though the ordeal
was somewhat exhausting. Being so much occupied in the day time,
it was at night chiefly that my visits to the drying chamber were
made. I frequently did not leave the factory till the small hours of
the morning and although I had not far to go, the egress into the cold
air of winter was trying and not unattended with risk, especially in
my then condition.

The meat was fully dried, which it was known to be when
the pieces were quite friable and broke readily under the fingers;
if they bent instead of breaking they were not sufficiently dry; the
trays were next freed from the meat which was passed through large
and very effective mills and ground into a powder; this was passed
first through a rather coarse wire sieve and subsequently through
finer sieves, till the product obtained was as fine as the finest wheat
flour. The coarser larger particles, together with some fibrous tissue
which failed to pass the sieves were ground a second time and in
the end only a very small quantity of the fibre had to be rejected. It
was thisfineness, the non-coagulation of the albumen and the retention
of all the nutritious constituents of the meat, except some of the
tat, that constituted the merit of my Flour of Meat. The dried and
coarsely powdered and ground meats and the pemmican sometimes
met with, had nothing in common with it. My flour was in fineness
¢qual to wheat flour and its preparation from raw and moist meat
was a real trinmph of manufacture. Now it was necessary that the
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operations above described should be completed in the twenty four
hours, up to and including the drying. The dried meat was then
placed in large tin cannisters, ready for grinding the next day.

I would now make apparent one or two of the principal ad-
vantages of this preparation. '

Some of my readers may be surprised to learn, that raw lean
beef contains about seventy five per cent of water and only twenty
five per cent of solid matter, consisting of albumen, which is con-
tained in large quantity in the blood and tissues, of fibrin, the chief
constituent of the muscles of meat, of gelatine from the bones and
tendons, of fat and of extractive and mineral matters. Now the
dried meat is deprived of nearly all the seventy five per cent of
water, so that one pound of the dried flonr represents four pounds
of lean raw beef, a very great difference.

The percentage composition of an average sample of flour of beef
when freshly made is as follows: Water, none, Albumen 14.6 Fibrin
45.8, Gelatine 13.2, Fat 15.0, Ash 4.5, Alcoholic extractive 7.4.

Dr. Parkes gives the results of the quantitative analysis of a
sample of commercial flour of meat when mixed with 8 per cent of
arrowroot, 21/2 per cent of sugar and 3 per cent of salt and pepper
as follow : Water 12.68, Fat 10.99, Salt 3,20, Nitrogen 8.81 —55.5
of nitrogenous compounds, the rest being made up of arrowroot, sugar
and 1.8 per cent of free acid, reckoned as lactic acid.

Contrast the above two analyses and especially the first with
a pint of good clear beef tea weighing 8818 grains, of which 8750
consisted of water only, albumen none, fibrin none, gelatine 5.7, fat
none, ash 41.0, alcoholic extract 63.8 — dried residue 110 grains,
or less than 6 per cent. Now the nourishing and sustaining consti-
tuents of meat are the fibrin especially, the albumen, the fat and in
a less degree the gelatine; the three first of these are absent in clear
and fat-free beef tea which is therefore to be regarded as a stimulant
rather than a nutritious food, in fact, a form or modification of
Liebig's extract, plusa little gelatine. Milk of good quality furnishes
about 12.5 per cent of solids in the following approximate propor-
tions; casein and albumen 3.7, fatty matter 3.5, milk sugar 4.6 and
ash 0.7 thus milk of fair quality is twice as nutritions as good clear
beeftea. If the albumenous powdery material thrown down in making
heef tea, when the temperature is raised to 150° Fahr., be retained,
then the amount of nourishment will be nearly doubled, and it is in
the power of retaining the albumen of the beef, that the great
superiority of home-made over the concentrated solid beef tea of the
shops consists.
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Returning now to the analysis of the flour of beef given _ﬂ,buve,
it may be said, that one part consists of albumen, three of fibrin, one
of gelatine and one of fat; thus the fibrin weighs nearly as much as
the three other prineipal constituents put together and this the more
nutritive half. It is of the fibrin, that the chief substance and bulk
of meat is made up and in it the principal nourishment of the meat
resides; but the fibrin is insoluble in water, even in the making of
soups and beef teas and it remains in the saucepan, as does also the
albumen, the only difference being that a little gelatine, some extrac-
tive matters and some fat have been abstracted, but the fat is rejected
later on before the soup or beef tea is brought to table. This meat
or fibrin therefore still contains the chief nourishment of the meat
and is a very valuable article of food, though in England its value
is unaccountably overlooked and in general it finds its way into the
waste tub, a result due to ignorance and prejudice. Foreigners and
foreign cooks know better uses for it than this and with the aid of
mixed vegetables and a sauce, soon convert it into savoury and ap-
petising dishes. As it is entirely an animal food, it is obvious, that
it should not, any more than should fresh meat, constitute the only
nourishment partaken of, but that bread, vegetables and a little fat
would be still required to make a complete and perfect diet, capable
of maintaining the body in full health. The late Dr. Parkes thus
expressed himself on this point in his “Hygiene”.

“As the flour of meat contains albumen and fibrin in a con-
dition well adapted for nutrition, it is probably more snited than
Liebig's extract for a diet of long continuance. I have tried some
experiments with it and found that when given with bread alone it
did not nonrish properly. Two gentlemen who lived on it and bread
for some days, both became indisposed and there was great dyspepsia,
evidently imperfect digestion, with in both cases an ernption of acne.
When to the same diet, a larger amount of fatty and vegetable foods
were added without any increase in the meat or bread, the effect on
health was deseribed by both observers as perfectly marvellous; all
symptoms of illness disappeared and with this proper admixture of
toods, “Hassall’s Flonr of Meat’ answered admirably. I have seldom
been more impressed than with these experiments; the evident diffi-
culty in digestion of Hassall's food by itself and its perfect diges-
tibility and evident nntvitive power when there was admixture
of vegetables and carbo-hydrates and fat convinced me of the im-
mense importance of attending to these points in cases of sickness.
I feel sure, that in many cases by adhering too closely to one class
of diet we must do injury”. Similarly, “two gentlemen at my request
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lived for four days on Liebig’s Extract and bread. One lost weight
but was otherwise healthy, the other became indisposed and gained
weight as if exeretion were interfered with. The symptoms were at
once removed by the addition of fats and starches to the same diet,
as in the analogous cases noticed as oceurring in the experiments
with Hassall's dried meat”. Parkes' “Practical Hygiene” Fifth
Edition.

It was not alone beef, that was converted into a flour, but
various other kinds of meat with the same favourable results; as
mutton, veal, poultry, hares and rabbits.

Amongst other preparatious devised, consisting wholly or in
part of flonr of meat were the following:

Flour of Meat Mixture for Soups, containing beef and veal,
hare or rabbit, sometimes ham, together with the requisite vegetables
and seasonings.

Flour of Meat food for Children, the Aged and Invalids with
chicken or rabbit.

Flour of Meat cocoa.

Flour of Meat biscuits.

Starch-free Bran and Meat biscuits for diabeties.

Flour of Meat Lozenges.

These several combinations having been made known to the
public, orders came in freely and the factory was kept working at
high pressure; this continued for some time and success seemed
assured; at length the demand began to fall off and some complaints
were received; these were confined to two points; one was, that the
flour did not keep well, the other that when it was cooked it became
somewhat sandy; both these complaints were to some extent well
founded. The objection as to its not keeping well, arose in some
cases from the packages being placed in damp situations, in others
from being exposed in shop windows for an indefinite time, to the
sun and other trying atmospheric conditions. The boxes in which
the flonr was kept were round, chip boxes, as the wood allowed the
access of a little air and in these hoxes the flour kept better than in
tin cannisters. | find in Parkes’ “Hygiene” the following remark in
reference to this point, *Hassall's flour of meat keeps very well; but
if the open tins are exposed to the air after several months it slightly
changes colour and then acquires a peculiar odour. Buhﬂequﬁnt!y it
decomposes. But if well fastened it will keep for a very long time.
It will certainly be a valuable addition to the resources of the
Military Surgeon’. .

The second complaint as to grittiness was due in part to the
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manner of cooking. The flour contained all the albumen of the meat,
mostly in a form slowly soluble in cold, or better in warm water, but
this albumen and to some extent the fibrin became hardened if the
water was too quickly heated, and alse if sufficient time had not
been allowed for it to soak into and penetrate the flour and so canse
it to swell and become soft. Any meat would become more or less
hardened under such circumstances and also spoiled if exposed to
the air for too long a time.

The two defects complained of, I feel confident, might have both
been overcome and remedied and 1 have often regretted that at the
time, I was precluded from giving further attention to the process of
manufacture. In the first place, the flour should have been reduced to
a still finer state of division, so fine indeed as to all but destroy the
visible structnre in the meat as seen under the microscope, and in
the second, the flour, with if necessary, the aid of some binding
material, suchas a little gelatine or extract of meat, should by hydraulie
pressure have been struck into cakes or bricks, like those of com-
pressed tea: then the flour should always be soaked for a little time
and the temperature of the water should be slowly raised only, a
precaution which is known to be necessary in all cases if the meat
is to preserve its tenderness. The flour of meat, when thus prepared,
would I am convinced keep perfectly well for a time sufficient for
all practical purposes.

For such an artiele there ought, and I believe there would be
a large demand even now and notwithstanding the great advances
which have recently been made in the preparation and manufacture
of various more or less nitrogenous articles of food. Formerly, the
dried preparations offered for sale had consisted of coarsely powdered
meat prepared without any particular regard to temperature, grind-
ing, or sifting.

On the occurrence of serious illness the manufacture of the
Flour of Meat ceased ; I have recently however learned that a similar
flour is prepared on a considerable scale by the Bovril Food Com-
pany Limited, of which Lord Playfair K. C. B., F.R.S. is Chair-
man, that the flour enters largely into the composition of the
article so extensively advertised termed Bovril, and that it is
sold separately for mixing with potatoe and other farinaceous sub-
stances, as also with chocolate.

In the British Medical Journal of the 10th June last, it is
stated, that Lord Playfair and the Directors of the Boyril Company
received a large party of visitors at their warehouse in the City Road
to witness the process of manufacture of the product, which goes
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by the name of Bovril and to inspect the foods prepared for the use
of the Nansen and Jackson Expeditions to the North Pole. The jout-
nal remarks: “Speaking in general terms, Bovril is made by grind-
ing dessicated meat into an impalpable powder and mixing this
with & due proportion of Meat Extract. By mixing the powder, which
in itself is almost tasteless with chocolate, a food is obtained, which,
while less immediately stimulating, is almost more nutritions”. —
“We were glad to note, that in the supplies for the arctic expeditions,
there was a large admixture of barley, oatmeal, potatoes and other
vegetable; as well as of animal fat, the dessicated beef powder being
used instead of the pounded meat of the ordinary pemmican, to make
the addition of the necessary proteids’.

It will be seen therefore that some of the preparations of the
Bovril Food Company contain dried meat reduced to a fine powder
resembling closely the Flour of Meat devised by me and manufactured
at the Cross Keys factory as far back as 1865. It is stated in the ad-
vertisement of the Bovril Company, that one ounce of the nutritious
constituents of bovril contains more real and direct nourishment than
50 oz. of the purest meat extract. I do not know on what data this
calculation is based, but meat extract containing neither fibrin,
albumen nor gelatine ranks very low as a direct nutrient; it is rather
a stimnlant and flavouring agent. I have shown elsewhere, that 1 oz.
of the flour of meat represents 4 oz. of uncooked lean beef, A special
preparation termed by the Company, “Invalid Bovril”, is affirmed
to be even more concentrated than ordinary bovril.

DANGEROUS ILLNESS,

An event occurred about this time, that is in 1866, which once
more entirely changed the currvent of my life. The unceasing labonrs
arising from my various enquiries and occupations carried on for a
series of years and latterly my exertions in connection with the flour
of meat, told upon my health and strength and brought me to a
condition rendering me liable to illness at any moment. T had noticed
for some time past, that in the mornings I had a little cough and
more than once I asked myself whether it was likely after all 1
might become consumptive. Early one day, feeling much as usual,
with no sense of impending illness and fulfilling my ordinary engage-
ments, on leaving the office of The Lancet a loud ringing cough came
on quite suddenly. I had experienced a similar fit of coughing a day
or two before and it then occurred to me, that if I had many such
attacks Ishould brealablood vessel and this timealittle blood followed.
This gave me a shock; I got into a cab and went home. Here
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I rested quietly for an hour or so when the bleeding having ceased
and as I hoped, was at an end, I repaired to the Factory, which
was only a short distance from Wimpole Street, and attended to
some matters there. The talking brought the hemorrhage on again
and this time more freely, so I slowly returned home. It continued
at intervals for some hours, when a friend in the house, without my
knowledge sent for Sir George Burrows, who most kindly came at
once; he ordered me to bed, and while preparing for this, a profuse
heemorrhage suddenly ensned; on the spur of the moment I sent for
my will, which was not signed, but before it arrived I had swooned
away and this fainting, it was afterwards said, saved my life, A very
long illness followed, I was in the greatest danger and throughout
it I was assiduously attended with the utmost kindness by Sir George
Burrows and Sir Richard Quain. I have often thought and still
think of their goodness in devoting so much of their valuable time
to my case, and for which I have ever been grateful.

After some weeks I was removed for change to my brother’s
house at Richmond. 1 well remember the journey there, rather a
mountul one. The vehicle was a special kind; it bore a close resem-
blance to a hearse, as I did not fail to netice, and as in a hearse
I was put in at the back, lying at full length. My feelings at first
were not of the most agreeable kind, and thus with my brother
Dr. Richard Hassall, I was conveyed to my destination. The journey
although made under these cirenmstances interested me; to be out
again after so long a confinement to bed, to be in the open air, to
get glimpses as we passed along of the people, houses, trees, plants
and flowers was indeed a pleasure, and I was thankful. It will be
remembered that I had once before gone through a somewhat similar
experience.

At Richmond under my brother's care and Dr, Tweedie’s medical
advice I made some small advance in strength, but the progress was
slow and at times doubtful; a further change was therefore deemed
advisable and I was taken to Hastings. Here on arrival I was shown
my bedroom; this was at the back of a house built close under a
cliff and it was so dark that it had to be lighted even in the day
fime; it seemed like a vault or even a sepulchre and T hastily retired
from the house; other quarters were sought, this time in St. Leonards,
quite near the sea, bright and cheerful. Here I was professionally
attended, most kindly and ably by the late Dr.Blakiston. For a
long time it was a struggle between life and death and it was very
doubtful which would prevail; the exhanstion was profound and
sleep seemed as if it never would come. I used to exclaim, “shall 1
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ever sleep again, except my long last sleep?” At length I gained
sufficient strength to walk a few steps on the esplanade; the winter
had now commenced, the sea broke upon the shore close to the house
with a loud and angry noise as though it would tear me out of my
bed and there being snow on the ground, still another change of
climate was advised and I was removed to Ventnor.

At Ventnor my progress was quicker and more marked, I was
able to be ont and to walk more and at last I even dared to bestow
some thoughts on the future and to consider what course it was
possible and advisable for me to take, as I was entirely dependent
on my profession. It was pointed out, that I should never be fit for
the climate of, or for professional life in London and it was suggested
that I should remain permanently in Ventnor. After some conside-
ration I determined to adopt this suggestion and to make Ventnor
the centre of my future work and new career. I therefore -parted
with the lease of my house and furniture in Wimpole Street to
Dr. Green, who has resided there ever since.

From long habit and the reputation acquired, I could not, even
at Ventnor, free myself either from my liking for analytical enquiries,
or from my connection with the subject of the purity of food. I
therefore had a commodious laboratory built where original investi-
gations were carried out and analyses made. 1 had two assistants,
Mr. Arthur Angell and Mr. Otto Hehner; both of these afterwards
became well known names in chemistry and are public analysts under
the Act for the suppression of adulteration. It was in this laboratory,
that their investigations were conducted which resulted in the dis-
covery of a method, whereby the adulteration of butter with beef or
other animal fats cold be accurately determined. Up to that time it
was declared on high authority to be impossible to detect the admix-
ture. The method proved of great value in the detection of the adul-
teration of butter with beef fat, as the admixture of margarine with
butter was then attracting much attention.

For myself I found, or rather made, time to prepare and publish
in 1875 another and final work on the adulteration of food, under
the title of “Food; its Adulteration and the Methods for their De-
tection””.® This was a more comprehensive and systematic work
than any of its predecessors,

Here perhaps it may be well to convey some idea of the nature
of my illness. I have already alluded to the fact that 1 was never
very strong or robust and also to my serious attack of pleurisy at

# Longmans, Green and CO pp. 890. Illustrated with upwards of
200 engravings.
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Notting Hill in 1849, This last damaged my right lung, but little
further trouble had up to this time resulted from this cause and
under more favourable conditions of life and surroundings than those
in which I was placed in London, probably never would have
troubled me; as it was, it laid the foundation of the illness which
afterwards oceurred. My case turned out to be one of fibroid phthisis
of the right lung, a form so graphically described by Sir Andrew
Clark and distinct in some essential particulars from ordinary
phthisis; it is much more chronic and results in more or less de-
struction and contraction of the lung affected. So great and persistent
is the contraction, that in some cases, as in my own, the heart
becomes displaced, and is drawn over to the affected side. This
displacement embarrasses and impedes the action of the heart often
seriously. But the great distinetion is the absence of the bacilli of
true tubercle,

Soon after my recovery, [attended a Conversazione at the Royal
College of Physicians. Sir George Burrows, who it will be remem-
bered attended me throughout my illness, was President of the college
and he and the Censors were receiving the guests as they arrived.
On my presenting myself, Sir George exclaimed; “Why, Hassall,
what business have you*here? you know you ought to have heen
buried long ago; why were you not?”

~ My swrroundings now were very pleasant, with a measure of
fairly renewed health and after the trying ordeal I had gone through,
1 experienced an increased capacity for enjoying the beanties of
nature, the open air and out door life. I always had a great fondness
for the sea-side, a liking confirmed and inereased no doubt by my
experience of the lovely shores of Dublin and Killiney Bays. Often
when working in my Laboratory in London with perhaps the sun
shining overhead, have I longed to rove over some hill or mountain
side or wander by the sea shore, but it then seemed to me that this
longing conld never be gratified and now in a manner which counld
not have been foreseen, the wish was realized.

The Undereliffin addition to its great beauty, certainly possesses
many climatic advantages. The Undercliff, the appropriate name
given to theland below the cliff, is well protected, first by St. Boniface
Down and then by the six or seven miles range of cliffs, extending
from Bonehureh to Blackgang. This protecting range ensures mode-
ration of tempertaure and shelter from the northerly winds; then
the position is elevated, the soil chalky, the fall to the sea con-
ﬂldEI:EﬂJlE, so that the rainfall is carried away quickly; lastly, it
recelves a larger amount of sunshine than is to be had in most other
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English health resorts and on the whole it may be said of this
unigque loeality, that its climate is searcely to be equalled in Great
Britain. It it were more easily accessible from the mainland great
would have been its prosperity and Bonrnemouth never would have
surpassed it in this vespect.

THE NATIONAL HOSPITAL FOR CONSUMPTION.

It soon struck me as somewhat remarkable, that nothing had
been done in so highly favoured a district in the way of establishing
a hospital or sanitorium, especially a Hospital for the benefit of our
poorer brethren suffering from Diseases of the Lungs; it seemed to
me that it was just the place for such an institution, of which indeed
there was great need. The Brompton Hospital for Consumption,
though a valnable institution, in some respects did not, and still does
not fulfil by any means all the needful conditions of climate and
surroundings; in faet the climate of London is most unsuitable for
diseases of the lungs, it being damp and depressing, nearly sunless
in the winter and the air carbon laden and impure; certainly it
cannot be said that the inmates of an institution thus situated are
placed under the most favourable conditions for their recovery!
For very urgent cases, or when the ailment is slight and a temporary
residence only is required, such hospitals are of much value and
are a necessity in a vast city like London., The Curative Hospital
for sufferers from Diseases of the Organs of Respiration should be
in some suitable spot in the country, to which the patients could
be drafted and where the best chances for their amendment and
recovery would be insured.

After due consideration I determined todevote my best energies to-
the establishment of such a Hospital and I soon devised its Plan and
Design.

My experience had shown me the evils associated with the ward
or aggregate system; the mixture of cases, medical and surgical,
infections and non-infectious, many suffering from wholly different
diseases, some convalescing, some very ill, others perhaps dying;
some noisy and boisterous and each being in sight or hearing of the
other’s sufferings. These evils have no doubt been much mitigated
since the period to which I refer, but there is still room for furt_har
improvement; the wards are now usually smaller and there is a
better classification.

I therefore determined that the hospital should be on the
Separate Systemn, that is to say, that the patients should be separated,
as far as practicable.
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On this fundamental basis therefore, the hospital was to con-
sist of eight blocks of semi-detached houses, sixteen houses in all;
each house was to accommodate six patients, each patient to have
a separate bedroom facing south, two sitting rooms in each house,
to be used in common by the six patients. The entire number of
patients to be thus provided for was ninety six. All the rooms for
the patients were to face due South, those to the North, being for
the service of the Hospital.

Half the houses, that is eight, were to be for men, and eight for
women, each set being separated the one from the other by a Chapel.

The whole range of houses, including the chapel, was to be
united by a subway, the service of the hospital being thereby greatly
facilitated and attendance in the chapel rendered practicable without
exposure to the outer air. A tramway was to run along the subway:
there was to be a flight of steps leading from the subway to each block
of houses; the kitchen was to be fitted up with gas-ovens and other
appliances for cooking and was to be in the centre of the subway.

There were to be special arrangements for the warming and
ventilation of the hospital; the houses were to be provided with
spacious corridors and verandahs and the corridors were to be after-
wards connected, so as to form a long promenade.

Another feature of the hospital was, that each house shounld
be so far complete in itself as to allow of its receiving a separate
name and of its being registered as a separate or miniature hospital
it being considered that such small hospitals would form admirable
and appropriate memorials when dedicated to some great henefactor,
or to some departed relative or friend.

A third special featnre was, that the hospital was to be in part
only, to the extent of something under one third, self supporting.
I considered, that this provision, while it would be a great help to
the funds, would not materially restriet the benefits conferred on
the poor and even the poorest applicants, since the really deserving
would, in most cases, readily obtain the sum necessary for their
admission from friends or other helpers who were acquainted with
the circumstances.

Lastly, the attendance at chapel was to be voluntary, the service
moderate and each patient was to be free to attend his own place of
worship in Ventnor or St. Lawrence, subject only to the consent of
the Resident Medical Officer as to the patient’s fitness to go out. The
funds for the building of this chapel were to be separately obtained,
and not one shilling of the money contributed for the hospital proper,
was to be nsed for this purpose.
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The above and some other partieulars were duly embodied in
a prospectus, which has since, especially in recent years, undergone
many alterations and has received considerable additions necessi-
tated by later occurrences and events.

Armed with the prospectus I now wrote a number of letters
to some of the best known supporters of hospitals and other similar
charities. This was a laborious task, for it had to be long continued
and the effort to establish the hospital entailed a correspondence
which had to be maintained for years. The replies received were
enconraging beyond all expectation, owing I presume mainly to the
clearly definedl and practical character of the design I had put before
those to whom Iwrote and my own earnestness in the canse. Scarcely
an answer I received at that time which was not more or less encon-
raging, most of the letters containing cheques of varying amounts,
these acenmulated little by little till they grew into what I then
deemed a considerable sum.

Very early in my efforts I received a visit from My, Frederick
Leaf of the firm of Leaf and Co. of Old Change, City, so well known
for their liberal support of many charitable and worthy objects. He
told me that he had seen my prospectus, that he thonght he should
like to do something to forward the proposed hospital and he asked
what [ thought he should give. I replied it would be very good of
him if he became a life governor, he said he wished to do more than
this, “however for the present my wife and I will both become life
governors’’, I thanked him warmly, and they thus became the first
covernors of the projected hospital. Mr. Frederick Leaf, Mr. Leaf
senior and other members of the same family afterwards proved
themselyes most munificent friends and supporters of the hospital
as will hereafter appear.

After some time, about seventeen hundred pounds having been
obtained ; a sum which was gradually being increased I determined
to take further action.

The first thing now needed was to secure a suitable site. Most of
the land on the west side of Ventnor, but in the parish of 8t. Lawrence,
belonged to the Hon E.C.A. Pelham, then a minor, Lord Monson
being his guardian; to the latter therefore L applied with some
trepidation, for I felt that very much depended upon his decision.
To my intense satisfaction I found that he was quite willing to
entertain the idea of letting a piece of land suitable for the hospital.
His Lordship pointed out two or three sites, one so excellent in
every way, so well sheltered and so beautiful that had I the choice
of the whole Undercliff I could not have found a better. Very
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fortunately, next to this site was a piece of glebe land attached to the
church of St. Lawrence, of which at the time the Rey. Charles Malden
was Rector, who as well as Lord Monson was very favmu'a,hh? to
the project. The result was that in this way, between the two sites,
twenty two acres of land were secured at a very moderate annual
rental, on leases of nine hundred and ninety nine years, as is the
custom in the Isle of Wight. Thus the site was almost as good as
freehold. Here was an essential point gained and a sure foundation on
which to base further efforts for the promotion of the object in view.

The next step was the formation of a governing body. There
was then living at Ventnor, the Rt. Hon Sir Lawrence Peel, a retired
Indian judge, well known and universally respected. I explained
the details of the proposed hospital and asked him if he would
consent to be the Chairman of the Committee of Management; to this
request he readily assented as he would hayve been sure to do in the
case of any useful and worthy object. I next applied to the Governor of
the Isle of Wight, then the Rt. Hon. Lord Eversley, more generally
known as Mr. Shaw Lefevre and who was for a long period Speaker
of the House of Commons and obtained his consent to be the first
President of the hospital, next the members of the Committee of
Management were songht and found: these consisted of some of the
principal residents of the district and included, amongst others, the
Rev. C. Wills, the Rev. A.L.B.Peile of Ventnor, the Rev. Charles
Malden of the adjoining parish of St. Lawrence, who afterwards
hecame the Chaplain of the Hospital as it was situated in his parish;
Mz, Frere, Mr. Oliver and myself. As soon as these preliminary
proceedings were arranged a meeting of the members of the Committee
was snmmoned and the whole project was duly set before them. It
may here be mentioned that the above appointments and some others
including those of trustees, treasurer, auditors, were provisional only
and that they were subsequently regularly corfirmed at a meeting
of the Governors of the Hospital in December 1868.

Another very necessary and important post had to be filled
and this without delay, that of Architect and the gentleman I found
willing and able to fill this office without fee or reward, was Mr.
Thomas Hellyer of Ryde. He served the hospital for many years
not only cheerfully and faithfully, but with pride and pleasure in
the duties of his office.

It appearing from the statement made at one of the earlier
meetings of the committee, that a sum of about _£* 2600 had been
collected, consent was given to commence the erection of the first
block of two semi-detached houses. This was completed and opened
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for the veception of patients in 1868, that is to say in about two
years after my arrival in Ventnor. In' 1869 a second block was
completed and of this it is necessary to give some interesting details.

Her Majesty was prayed to lay the Foundation stone of this
block and H.R. H. the Princess Louise was graciously deputed to
do so on behalf of the Queen. Unfortunately the early morning
turned out to be very wet, there was a regular downpour in fact,
we were all in despair; flags wet and drooping, drapery soaking
and we feared the Princess would not come. Suddenly the sun shone
torth, in a couple of hours the scene changed as if by magic and the
newsarrived thatthe Queen’s Representative, accompanied by H. R. H.
Princess Christian was on the way. The journey was attended with
what might have been a serious accident. The postillions not being
acquainted with the route, drove the carriage, an open landan down
the dangerously steep road which descends from the Railway Station
to the town. The horses failed to keep the carriage back and had it
not been for some bystanders an aceident would probably have ensued.

The laying of this stone was one of the first public acts of the
Princess, who was then quite young. The ceremony was carried
out with great success. Bishop Wilberforce, then Bishop of Oxford
and afterwards Bishop of Winchester, the President, Lord Eversley
and Sir Lawrence Peel taking part in it, while the élite of the Isle
of Wight and many people from Southsea and Portsmonth were
present. Tomyselffell the duty of explaining all details, of conducting
Her Royal Highness over the hospital grounds and of aiding in
planting the inevitable royal trees, of which before I quitted
Ventnor there were several. And here an amusing cireumstance
oceurred. The morning having been so wet, the gardeners came to
the conclusion that there would be no planting of the trees, as had
been arranged. When we arrvived at the spot we found that the
pits had indeed been dug, but the gardeners were absent and no
trees were provided. I exclaimed, “this is really too bad, get some
trees“! The people ran right and left and tore up all kinds of
shrubs ; two were selected and the planting was duly accomplished
to the amusement of the Princesses and the numerous visitors.

The following gracions reply was accorded by Her Royal High-
ness in answer to the address presented by the President, the Rt. Hon.
Viscount Eversley: —

“The Queen, my dear mother, on whose behalf I appear among
you, feels a deep interest in this admirable charity and sympathises
with the effort youn arve making to extend its benefits.

“It has ever been the desire of Her Majesty’s heart, (and every
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member of her family shares it) to promote every enterprise for the
relief of her suffering subjects’.

“The special diseases for which the Hospital is designed are
those for which art can do least and nature most. May God there-
fore grant that the pure and health-giving climate of this beantiful
district may be blessed to the restoration of all who shall be admitted
to this noble institution.”

This touching reply has been duly printed, framed and hung
-up in the Hospital where it can be seen and read by all.

But little has yet been stated respecting the neccessary adjunct,
the Chapel. With a view to obtain the funds reguisite for the erec-
tion of this, I made a separate appeal, wholly unconnected with that
for the hospital proper, stating that not one shilling of the money
contributed for the general purposes of the hospital should be used
to pay any part of the cost of the chapel. This appeal was likewise
successtul. Its erection was commenced in 1871 and finished in 1873,
all but the spire and south cloister,

The ceremony of laying the corner stone of the chapel was
performed on the 11th Dec. 1871 by Dr.Samuel Wilberforce, in
the presence of a numerous assembly. The address of the Bishop was
most impressive and was made specially so by touching references
to H.R.H. the Prince of Wales, whose illness at that moment had
reached its most critical stage and whose life was trembling in the
balance. During the ceremony a telegram was handed to the Bishop
giving the latest information as to the Prince’s condition and this
was communicated to the anxious bystanders. Then the chapel was
consecrated and opened for service on the 13th December 1873, my
birthday as it happened, by Dr. Harold Browne, who on the death
of Bishop Wilberforce had become Bishop of Winchester.

I may here state, that Ventnor, being in the diocese of Win-
chester, both the above named Bishops, at the time I was church-
warden to St. Catherine’s Church, often came to Ventnor and the
Isle of Wight. Bishop Wilberforce was throughout a warm friend
and supporter of the Hospital and he further served its canse hy
taking the chair at the dinner given in London on behalf of the
Hospital in 1872. At this of course the usual appeals were made for
funds. Bishop Wilberforce in the course of his remarks dwelt upon
the fact, that the builder or donor of one of the houses would have
the right to name it after himself or some relative or friend and
thus rwmllrI secure an appropriate and lasting memorial, Mr. Leaf
the father of the Treasurer of the Hospital, Mr. Frederick Leaf,
at once beckoned to me and informed me he would build a house. 1

»
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reported this offer forthwith to the Bishop, who immediately announced
the gift in these words: “one generous and noble hearted man has
already responded to my appeal and has expressed his willingness to
bear the entire cost of one of the houses.”

Although more than twenty years have elapsed since the
chapel was erected, it is I regret to say not yet complete; it still
wants the spire and south cloister. The design was in the main that
of Mr. Thomas Hellyer of Ryde, who acted as honovary architect of'
the Hospital for many years and to whom in consequence the friends
and supporters of the institution are under great obligations. The
subject of the windows was however the cause of a little friendly
contention between Mr. Hellyer and myself; he wished to have small,
narrow windows, placed high up; such windows admit butlittle light,
less sunshine and warmth, shut out the view of the surrounding
trees and landscape and are a great mistake. They are a mistake
as regards health in any case, but especially in a chapel, for the
sick, rendering it dark, cold, sunlessand gloomy. I therefore contended
stoutly for large, handsome, mullioned windows, placed low down,
allowing of the entrance of plenty of light, sunshine and warmth
and at length I carried the point, Mr. Hellyer argued that to introduce:
such windows would spoil his design and said, “how can you be a
judge in such a matter? I might as well attempt to dictate your
prescriptions.”

The windows being completed as I wished and every body
being much pleased with the result, great praise was accorded to
the architect, his amour propre was appeased and he was well
satisfied himself.

Standing in the midst of a long range of houses, which form
a conspicuous land mark from the sea, the absence of the spire is
very noticeable and mars the effect of the whole design. So many
years having passed and nothing having been done, I obtained the.
permission of the present Board of Management to make an effort
to procure the funds for the completion of the chapel. 1 found
however, that a tower was preferred to a spire and as the former
in my opinion would have little architectural effect, would be out
of keeping with the style of the chapel and original houses and
not be in harmony with the surrounding scenery, I feared I should
not be able to enlist the sympathy and support necessary to obtain
the required sum, which according to the eminent architect, M.
William Emerson, would amount to twelve hundred pounds. I there-
fore thought it best not to take any further steps in the matter.

Each of the Memorial houses bears on the face of it the arms
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of the donor, or those of the person to whose memory it is dedicated
and also the date of ereetion. One of these honses was named after
the founder, “The Arthur Hill Hassall Hospital’. Some years after-
wards, the whole of the Houses having been built and another
Memorial Hospital being in requisition, I consented to relinquish
this dedication; the funds of the hospital being thereby augmented
by some fifteen hundred pounds. My name as founder is now placed
on the Entrance Lodge, which was erected some time after I had left
Ventnor.

It must not be supposed, that the progress of the hospital thus.
far, was allowed to proceed without difficulties and differences.
When the first steps were initiated the project was pronounced by
those who were unfriendly, to be visionary, incapable of ever being
realized, destined to end in failure; motives were assigned; it was
said I was actnated solely by selfish, personal and professional con-
siderations; then as further progress was made, and it became evi-
dent, that there was to be a hospital in the Undercliff of the Isle of
Wight, an attempt was made to cause me to modify my plan and
design; as to the site, it was argued that the hospital ought to be
in Ventnor and not in the adjoining parish of St. Lawrence, and in
regard to the name, that this ought not to be a more ambitions one
than the “Ventnor Cottage Hospital’'; then, that certain necessary
" appointments which loomed in the future should be assigned to
certain specified individuals, who were not well disposed to the
object in view and who would in all probability have used their
influence to mar the scheme and to act in opposition to the projector.
I had therefore to stick to my guns, to be firm in my purpose, to
be in fact in the earlier stages somewhat of a dictator. Had I not
been so, all my efforts would have been defeated. All this occasioned
me much anxiety; I and others saw clearly danger ahead, and I
pondered much as to how this was to be met and avoided; at last
one night not being able to sleep, asolution of the difficulty presented
itself. From the encouragement already accorded and with a view to
its future prospects and permanency it had become apparent to me,
that the hospital was capable of being developed into much more
than a local institution and that it might become a National Hospital,
[ therefore determined to form a second and influential committee
in London. I first consulted Sir Lawrence Peel on the subject and
asked him if he would be willing to be the Chairman of this
Committee and to this he readily consented. I forthwith took steps
to form the Committee. Mr. Frederick Leaf, a warm and highly
influential friend of the Hospital, became the Treasurer, Dr., now
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Sir Andvew Clark, Dr. Lumsden Propert, my brother, Dr. Richard
Hassall, Dr. Paul, Mr. Stafford H. Northcote, Mr. John Holdsworth
and myself being amongst the first members, while Mr. Neale F. Horne
was the Secretary. It was thus it came about that there were two
committees, “The Local” and “The General”, the latter of course
being the ruling anthority. This object having been accomplished,
I felt that the future of the Institution was secured. The Local
Committee was irate at the change; they were very angry with
me and a deputation of them arrived in London and attended hefore
the General Committee to complain; their case was presented with
all the force which a clever legal counsel could bring to bear upon
it, but Sir Lawrence Peel and the Committee were firm and the
deputation retired discomfited. One contention was, that the powers
of the Local Committee should be eoequal with those of the General
Committee; in fact that there should be practically but the one
committee. This plan never would have answered, as it would not
have done to have one part of the same committee sitting in
Ventnor, and the other in London; there would have been di-
vided authority and divergent views. After a time matters settled
down and I acted as Chairman of the Local Committee for several
years. :

The hospital continued to grow apace, house after house arose,
in several cases erected as Memorial Hospitals, the entire cost being
defrayed by the donors, including sometimes even the furniture,
but still the croakers were not altogether silenced; “wait”, they said,
“till the houses are oceupied, then the pressure will begin and where
is the maintenance money to come from?”

Of course the pecuniary question, that of ways and means was
a very anxious one, and in order to provide the requisite funds,
continuous efforts were necessary and were diligently, willingly and
successfully made. What with corrvespondence, appeals, the organi-
zation of the usual entertainments, the bazaars, concerts, Christmas
trees; &e. in addition to professional work, my time and my energies
were pretty fully engaged. These entertainments were invariably
successful, because no pains’or trouble was spared to render them
so, and it soon became known that any bazaars or other attractions
on behalf of the hospital would be sure to be worth a visit, and in
this way people came from all parts of the Isle of Wight and even
from the mainland. The beautiful grounds, twenty two acres in
extent were made gay with hundreds of flags most kindly contri-
buted by the naval authorities at Portsmouth, while military bands
were freely lent by the commanding ofticers of Regiments quartered
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at Newport; then, amateurs volunteered their services for the exhibi-
tions in which they were specially skilled.

One bazaar was held in Northwood Park close to Oshorne;
this was visited by the Queen, the Princess Royal of Prussia with
her children and the Duke of Albany, who afterwards became Presi-
dent of the Hospital and whose early death was a great misfortune
as His Royal Highness took so warm and real an interest in the
institution. Of another bazaar held in the grounds of the hospital
the Empress of Austria, who was then residing at Steephill Castle
graciously became the patroness. Mr. Hunt, a barrister and very clever
amateur conjuror, greatly amused her Majesty with his particularly
adroit tricks and representations.

Then there were no less than three grand Bazaars at different
periods in behalf of the hospital, by the kind permission of the Duke
of Wellington, in the Riding School at Knightsbridge, all very success-
ful. These bazaars, with other entertainments realized over _£° 6000.

Amongst other attractions and entertainments were concerts,
private theatricals, which proved a great success, illuminations and
a gigantic Christmas tree.

In this and other ways, and especially through the generosity
of many donors, the needful funds were obtained and the hospital
grew so rapidly that in 1877, the original plan, was in the main
completed, and not only so, but the houses were for the most part
filled with patients, the cost of their maintenance being regularly
defrayed and thus all the fears of the timid and unfriendly were
proved to be groundless.

During the years which have elapsed since 1577 when the
hospital was approaching completion, several important changes,
improvements and additions have been made. It will be remembered,
that the design was for eight Blocks of Houses, four on each side
of the chapel to m.mmuda.te an equal number of men and women
patients; six to each house or twelve to a block, in all 96 persons.
But since the date mentioned the hospital has been extended, prinei-
pally by two additional blocks on the west side; this extension
gives the whole range of buildings a somewhat one-sided appearance,
as there are four blocks on the east and six on the west side of the
chapel. This effect is rendered the more conspicuous by the fact
that these two blocks are much larger and different in some other
respects from the other blocks.

One of these the ninth, is named the Jones Memorial Block,
in memory of Mr. Jones, who generously bequeathed a large pmtu:m
of his fortune to the husplhi It consists of three houses for the
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reception of 18 instead of 12 patients, as were the original blocks,
three sitting rooms for 6 persons in each, a large Dining Hall 75 ft.
in length and 28 ft. in breadth, a Board room and a large Kitchen
placed on the third story of the building but in communication with
the hall by a hydraulic Lift. Further, this block consists of four
stories instead of three, as do the older blocks.

The tenth or Vietoria bloek, so named by command of Her
Majesty, also consists of three houses of four stories each and is
designed to accomodate 18 patients. In this block, owing to a dip in
the land, three of the sitting rooms are placed in the basement.

Thus in each of these two blocks, there are three sitting rooms
for 18 patients, whereas in the original blocks of two houses each,
there are six sitting rooms for the same number of patients.

The former kitchen was placed in the centre of the subway,
partly becanse this position allowed of the ready distribution of the
food by means of the tramway running to the several blocks. The
kitchen in the Jones block is placed at the end of a very long range
-of buildings and thus is at a considerable distance from the eastern
blocks occupied by the women patients, yet it possesses the advantages
of greater space and more light; but the chief reason of its bemg
situated in this block is that by means of the Lift it is brought into
close connection with the Dining Hall.

In this Hall the men and women patients who are not phy-
sically incapacitated, partake of breakfast, dinner, tea and supper. It
will thus be seen, that the patients in the further houses have a long
distance to walk to their meals several times a day, passing however
‘of course by the subway, which has been prolonged under the two
new blocks. The common dining hall is no doubt more convenient

and more economical than the plan which prevailed from 1868 up

to the completion of the Jones block in 1887, of serving the food in
‘each separate block, but this change is a serious departure from t_he
leading principle on which the institution was based and by WIIIF]I
the promoters of the hospital are still bound, a principle the strict
observance of which, isnow, since the discovery of the tubercle bacillus
and inereased evidence of the infectiousness of consnmption, more
than ever necessary. ¥

Formerly the number of men and women patients was equal,
‘but now there are only 51 women to 83 men, making 134 patients
when the hospital is full. :

The increase in the number of patients has of course entailed
a considerable addition to the staff of the hospital in all its de-
partments and for whom suitable accomodation has to be provided;
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the men members of the staff mess in the Board room on the north
side of the Jones block, the general superintendent is lodged in
block 6, the matron in block 3, the dispenseress in block T; these
two latter and the charge nurses mess together in block 8, where
also the Jewish kitchen is situated,

While special attention was from the first bestowed on the ven-
tilation and warming of the hospital, the means taken to effect these
objects were found to fall short of the requirements, especially as
the hospital increased in size; hence further measures have been
adopted which entailed a very considerable outlay. The General
Committee, now termed the Board of Management, deserve very
great credit for the care and study they have bestowed on this
question. The supply of fresh air at a temperature of 62° Fahr. to
each of the 134 patients, has for a long time past been greatly
in excess of the required standard, namely, 5000 cubic feet per
hour, equal to 670,000 c. ft. in all.

The Board of Management still invite the gift of funds for
the erection of additional blocks of houses. Any further enlargement
of the hospital, is in my opinion strongly to be deprecated, as any
such extension would seriously lessen the advantages of the Separate
Principle, to the carrying out of which the authorities have been
pledged from the first. The bringing together, in a comparatively
small area, any larger number of sufferers from consumption, an
infective disease, would add to the risk, which to some extent is in-
curred even under the most favourable conditions, In this matter
not only are the inmates of the institution to be considered, but the
people and the town of Ventnor.

Indeed, I consider it would have been more in keeping with
the Separate Principle not to have built Blocks 9 and 10, but to
have kept to the original design of eight blocks of sixteen houses.
The erection of a single extra block in the same style as the others
for administrative purposes, but not for patients, would no doubt
have possessed certain advantages.

As there have been changes in the Hospital itself, so there have
been not a few amongst its administrators: indeed an nnusually large
number of the early supporters and friends have fallen out of the
ranks; but other able helpers have been found to carry on the good
work. Amongst these may be mentioned, the Bar] of Rosebery K. G-,
the present President, Herbert €. Saunders Esq Q.C., Chairman of
the Board of Management, Frederick (., Colman Esq J.P., Treasurer
and Neale . Horne Esq, Deputy Chairman, these gentlemen being
supported by a numerouns body of directors.
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Of the members of the two original Committees, four only are
to be found on the present Board, Rev. A.1.. B. Peile, now the master
of St. Katharine’s, Dr. John H. Paul, myself and Mr. Neale F. Horne;
the latter was the first regularly appointed Secretary and was most
carnest and indefatigable in the discharge of the multifarions duties
of the office and hence he is well acquainted with the early history
of the hospital. He was succeeded some twenty years since by Mr.
Ernest M. Morgan, who still holds the appointment, greatly to the
advantage of the institution and he is thoroughly conversant with
its later history. It is on the present Board of Management, that the
labour, anxiety and responsibility attending the carrying on the
affairs of the Hospital have rested for a long series of years and
they have well earned the sincere and grateful thanks of all the
friends and supporters of the Institution.

The hospital has now been in existence for nearly a quarter
of a century, it has been open, not in the winter ouly, as are so
many of the hospitals in health resorts, but throughout the year.
The applicants for admission are always in excess of the number
that can be accommodated, and sometimes, as enfrance is by rotation,
they have to wait for their turns longer than could he wished. For
this reason the period of the detention of patients in the Hospital is
sometimes shorter than is desirable, or than was the case when the
hospital was first opened.

The three main circumstances to which the success of the hos-
pital was due and which still ensure its continuned prosperity, are
first and foremost The Separate System, on which™ basis contribu-
tions were originally solicited and obtained ; second, the institution
of Memorial Hospitals, the houses being complete in all respects as

small hospitals, and third the partially Seltf-supporting Character of

the Institution.

At one time I entertained the hope that the hospital might
be made to fulfil a purpoese I had in view, namely, that it should
not only be an institution for the reception and treatment of persons
hulﬂﬂ'mg from maladies of the organs of respiration, but that it
should also have afforded special facilities for the study and ad-
vancement of our knowledge of these diseases. To the promotion of
this object I would, had health allowed, gladly have rendered such
service as I wasable. Tosuccessfully prosecute the requisite enquiries
and investigations, a small laboratory for chemical and microscopical
research, as well as properly fitted chambers for inhalation would
be necessary. The methods that have been devised for the intro-
duction of medicaments into the lungs by means of inhalation, have
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not yet been tested on a comprehensive and precise scientific basis,
henece no very definite data have been obtained whereon sound conclu-
sions can be based, either for or against this mode of treatment.
The trials of the methods have hitherto been carried out for the
most part in a very loose and unscientific manner. The cost of these
arrangements need not be too considerable; the chief expense would
be the salaries of the two gentlemen in charge of the departments in
question, Although I refer to this matter now, it is not with any
idea that it will be carried out at present, but rather in the hope
that the suggestion may hereafter be put into practice should a
favourable opportunity present itself.

I will here again draw attention to the fact that the Separate
System does not consist in simply providing each patient with a
separate sleeping room, but a proportionate number of sitting rooms,
say one for every three or four people is also necessary and all the
arrangements throughout should be on the principle of separation ;
consequently that there should be no common dining hall and further,
that the full benefits which this system is capable of affording are
not, in a disease like consumption, to be obtained by an eight or
ten weeks’ residence in the hospital.

The Special Principle upon which this Hospital is planned,
has been the means of drawing much attention to it; visitors have
come from long distances to view the hospital, including many
medical men, some from foreign countries, while several requests
have heen received for plams, with a view to erect other hospitals
on the principle of separation. Prof. von Schritter of Vienna sent
his assistant to inspect the institution with the object of founding
at the Professor’s instance the first consumption Hospital in the
Austrian Empire at Vienna; Dr. Pistor, Health officer of Berlin,
has also paid a visit to the Hospital and he expressed himself in
high terms as to its efficiency ; again Dr. Billet of the Military Hospital
at St. Omer has recently published a highly favourable article upon
it, in “Le Journal d’'Hygiéne”, lastly it is proposed to erect at
Killiney, near Dublin, a Hospital for Consumption on the same
system, each patient being provided with a separate bed room.

In 1881 the hospital was visited by the British Medical Asso-
ciation and in reference to this visit, the British Medical Jowrnal
wrote: “The Ventnor Hospital was much admired ; no other Hospital
in Europe can compare with it for the completeness with which the
Cottage system is carried out and for the combination of comfort and
scientific fitness for its peculiar purpose’’,

The names of some of its more distinguished visitors, friends,

VIII
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and supporters have already been mentioned, but in addition those
of Her Majesty the Queen, the Patroness of the Hospital, who from
the first has taken a lively interest in its success, the Empress of
Austria, the Prince and Princess Henry of Battenberg, by whom in
1887 the ninth or Jones Block was opened and the Prince and Princess
Royal of Prussia, afterwards the Emperor and Empress Frederick
of Germany, may be especially enumerated. None could be more
gracious than were the Crown Prince and Princess who were evi-
dently pleased with what they saw; the manner of the Crown Prince
was s0 kind and gentle, it was not easy to realize the fact that he
had taken a leading and active part in the fierce strife of war, while
the Princess so won the hearts of the patients by her sympathetic
questions and by the genuine interest she displayed in their welfare,
that as many of them as were able, assembled at the gateway and
gave the Royal visitors a hearty cheer as they drove away.

The visit of Her Majesty the Queen was a marked event in
the simple annals of the Hospital and will not readily be forgotten
by those who had the privilege of being present. These included of
course most of the chief officials of the Hospital ; Herbert C. Saunders
Esq Q.C. Chairman of the Board of Management and Frederick
Colman Esq J.P. Treasurer. Unfortunately the notice I received
was too short and the distance from San Remo too great to allow of
my being of the number. As one result of ‘this visit, Her Majesty
was pleased to command, through the Home Secretary, that the block
of houses inspected by Her Majesty should be named “The Victoria
Block’’. The Editor of the Isle of Wight Advertiser, Mr. Fletcher
Moor, who is conversant with the whole history of the Hospital, and
who has been its consistent advocate throughout, in deseribing the
incidents of the Queen’s visit, thus refers to it. “It was a day that
will long be remembered with pleasure by patients and nurses and
as the Royal party drove away these were assembled at every block
and took their share in the enthusiasm that marked the whole scene.”
The great regret in our own mind and also we are sure in the
minds of some others present, the original workers in the foundation
of this now vast charity, was the absence of Dr. Hassall but for
whom in all probability it never would have been, and whose anxious
care and forethought are seen in every main particular of the large
building.”

The Royal National and Incorporated Hospital for Consumption
and Diseases of the Organs of Respiration has therefore not only
been a material success, but the separate system has fully réalized
the expectations on which it was founded. The results as regards
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the patients have been most satisfactory, as shewn statistically in
the annual medical reports.

In ovder to realize at a glance what the original design of the
Hospital was like, the reader would do well to procure a copy of
one of the annual Reports of a date not later than 1887. These
reports have contained for a series of years, an admirable lithograph,
portraying with great fidelity the salient features of the site and
showing the bold and commanding position of the eight blocks of the
Hospital with the Chapel in the midst, the latter showing the spire
in accordance with Mr. Hellyer's design. This lithograph, which has
done good service for many years, is now replaced by a view which
embraces the two new blocks, but which fails to convey an adequate
idea of the beauty of the site and its surroundings or to do justice
to the original design, the eight pairs of houses being dwarfed by
the two larger four storied blocks.

The plan therefore set forth in my first prospectus drawn up
in 1868 has been literally fulfilled up to 1887, as the following
quotation will show: “Thus the patients will be scattered through
a series of cottages or villas, situated in a locality well sheltered
from the prevailing winds; they will be designed in harmony with
the surrounding scenery, constructed on the most approved sanitary
principles and surrounded by gardens: in these cottages the patients
will enjoy the advantages of plenty of light and sea air, of effective
ventilation and good drainage, and as far as possible a regulated
temperature; of large sitting and separate sleeping rooms, of a lovel ¥
landscape and sea view and they will moreover experience all the
comforts and conveniences of home, in place of being congregated
in one large building and subject in consequence to many depressing
and injurious influences”,

The discovery of the bacillus of tubercle has led to the adop-
tion of a variety of precautions with a view to diminish the risk of
infection. To this subject I drew attention some time back in a letter
published in the British Medical Journal. The measures recommended
and now more or less generally adopted in phthisis, have reference
to the expectoration; this when it becomes dry, is very friable and
readily breaks up into a powder, the particles of this containing
the bacilli, from their lightness are readily diffused through the air
and are hence liable to be inhaled and carried into the lungs.

Now the greatest danger from this source arises from the use
fl.nd the manner of use of ordinary handkerchiefs; I therefore urged
in the letter in question that the employment of handkerchiefs, which
at the best are but necessary evils, should be safe-guarded as much
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as possible; that they should be used as seldom as practicable, changed
frequently and immediately disinfected after use and I further
recommended paper handkerchiefs as a substitute for the ordinary
kinds; there are papers now made at a trifling cost which are
absorbent, very. flexible and well suited to the purpose; the paper
might also be used in small pieces, as well as in the form of hand-
kerchiefs, but in either case the paper should be destroyed as soon
after use as possible. The employment of paper would do away with
the necessity for disinfection and washing.

I also brought the matter under the notice of the Board of

Management, who in order to have full control over the use of the
handkerchiefs, now supply the patients with them; this is no slight
undertaking since it involved a purchase at starting of 5000 hand-
kerchiefs. These of course before washing, are subject to efficient
disinfection.

DEPARTURE FROM VENTNOR.

From what has been already stated, it will be evident that my
thoughts and time were pretty fully occupied with matters relative
to the Hospital, but I had other duties to fulfil and as the years
passed and the Hospital grew and developed, the labour increased
rather than diminished. I had not only the medical charge of the
patients as Physician, but many other engagements. I had a consi-
derable private practice, then I had to attend the meetings of the
General and Local Committees and also to perform in London my
duties as Physician of the North British and Mercantile Insurance
Company. These several engagements necessitated journeys to
London, at least twicea week, winter and summer and in all weathers.
The journeys were very trying, as they entailed much waiting
about and exposure, since the sea had to be crossed and there were
several changes of conveyances, cabs, tramears and railways.

I had now resided at Ventnor for a period of nearly ten years,
during which I had been incessantly ocenpied, more particularly in
the establishment of the hospital, to which object my utmost efforts
had been and still were devoted. What with the hospital, my private
practice, laboratory work, my bi-weekly journeys to London, it will
not oceasion any surprise to learn that my health suffered a good
deal and that I felt the strain of so much labour both of body and
mind, some of which was not unattended with anxiety. The original

_plan of the hospital being well advanced and seven of the eight blocks
of houses completed, as well as the Chapel, with the exception of the
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spire, and the future of the institution well assured, 1 determined
to have a period of vest and change. My position as founder of the
hospital entailed not only much responsibility but many and varied
duties. I was at this time a Vice President, one of the three Trustees,
the others being the Hon. C. Pelham and Mr. Stafford H. Northeote,
honorary but acting visiting physician, a member of the General
and Chairman of the Local Committees. Prior to my departure from
Ventnor, I resigned the office of physician and the chairmanship
of the Local Committee. My influence secured the snccession of the
former office to its present holder, while I beeame one of the
Consulting Physicians. -

PRESENTATION OF A SERVICE OF SILVER,

On quitting Ventnor, I was presented with a Service of Silver
and a purse of three hundred giuneas. The Salver bore the follow-
ing inscription: “This Silver Tray, together with a - Tea and Coffec
Service, also a purse of three hundred guineas were presented

By a numerous body of Subseribers
to
Arthur Hill Hassall, M.D. ;
In recognition of his valuable Services as the Originator and Founder
of the Royal National Hospital for Diseases of the Chest”
May 1877.

THE RIVIERA.

While at Ventnor I bad heard and read of sunny lands in
which flowers blossom all the year round, even in the so-called
winter months, where orange and lemon trees with their fragrant
flowers and golden fruit flourished, and the mountain sides are
covered with evergreen olive trees, where date-bearing and other
graceful palms abound, and where, in fine, the climate is mild, the
scenery enchanting, and where nature appears under its most
beautiful aspects and I longed to visit those lands. I therefore, after
due consideration, broke up my English home. The first year or two
were spent chiefly in Germany and one winter season in Cannes.
Here I had many influential friends and I was occupied in practice
that winter without any interference. My suecess was so encouraging
that I thought T would make that flourishing health-resort, where
my ideal of climate and natural beauty was fully realized, my
future home. With that view I prépared myself for obtaining another
medical diploma in order to aequire the right to practice in France.
I visited Marseilles where the examination for the diploma of
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“Officier de Santé” was to take place, saw two of the professors,
who received me very kindly and in due eourse a notification was
sent to me fixing the day for the examination, a similar notice being
also forwarded to Dr, Sparks, who was then at Mentone. The time
appointed was near the end of the winter season, but before the day
arrived a communication was received to the effect that the examina-
tion had been postponed, in consequence of the small number of
candidates presenting themselves, but that due notice wonld be
given of the date next fixed. I waited for some time at Canues, but
the season being over there I left for England, forwarding my
address and stating I would be prepared to present myself when
called npon. I never heard from the authorities again. Dr.Sparks,
more patient than myself waited and obtained the requisite diploma.

SAN REMO.

Subsequently I determined to select one of the health resorts
of the Italian Riviera, as there were no restrictions as to practice
there, and being much pleased with San Remo I settled in that place,
which has been my home for the last fifteen years; there I still
remain, and I have no doubt that the climate of the Western Riviera
has been the means of prolonging my life very considerably. Here
I have found professional and other occupations entirely congenial
to my tastes and feelings. '

Settled in San Remo, I was delighted with my surroundings,
everything was so new to me, the beautiful mountains, the blue
Mediterranean, the lovely bays and coves and the picturesque scenery
everywhere; then the semi-tropical vegetation, the Olive, Orange,
Lemon and Euealyptus trees, innumerable shrubs, fruits and flowers,
many being of kinds only seen in greenhouses in England; roses and
many other flowers in bloom in midwinter and in such abundance as
to allow of the rooms and tables being decorated with them at all
times. Then there were the curious old towns, and the inhabitants
with their many peeculiarities and ways, so different to those of
English people.

I soon began to explore the whole sea coast, with the many
adjacent villages and towns, from Cannes on the one side, to Genoa
on the other, a distance of about 130 miles. I chose each day a
limited portion of the district, aided much by the Railway, but yet
walking many miles each excursion. Note book in hand 1 jotted
down every particular of interest which fell under my observation
and each night these rongh notes were with my wife’s valuable aid
put into form with a view to publication when complete. In this
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way the manuseript grew apace, till ultimately in September 1_879,
an illustrated work entitled: “San Remo and the Western Riviera,
(limatically and Medically considered™, appeared.®

This work contains a faithful representation of San Remo from
a picture painted by Dr. Goodehild of Bordighera, an original map
of the whole of the coast of the Western Riviera, as well as many
engravings. It bears on the cover the charming but somewhat too
favourable words of Mignon.

“(Connais-tu le pays ou fleurit I'oranger,

Ot la brise est plus douce et I'oisean plus léger
Ol rayon et sourit, comme un bienfait de Dieu
Un éternel printemps sous un eiel toujours bleun.”

The many excursions necessary for the production of this work
were a source of infinite pleasure.

Later on, in 1883 I prepared and published another work,
which while dealing with the climate of the Riviera generally, is
devoted specially to San Remo and its Environs and is founded upon
wider and more precise observation and experience: “San Remo,
Climatically and Medically considered.” This work deals, firstly
with the features of the climate of the Riviera, in partienlar with
those of San Remo itself, with its encircling mountains, its bay and
protecting headlands, its Meteorology, temperature, sunshine, relative
hnmidity, rainfall and winds; secondly with the Natural History
of the district, including especially its characteristic, semi-tropical
vegetation, its olive, orange and lemon trees, date and other
palms, its encalyptus trees and the more novel and interesting
shrubs, plants and flowers, including a full list of the Alpine flowers;
thirdly, passing to the Animal Kingdom, the chief Butterflies and
Moths are enumerated, and a few are figured; deseriptions are like-
wise given of some of the Trap Door Spiders and of the battles of
the Harvesting Ants; also notices of some of the more curious insects
met with, the Cicada, the Praying Mantis, the Mole Cricket, the
Firefly, the Blisterfly, the Scarabeus or Sacred Beetle and the Scor-
pion; fourthly, the chief characteristics of the climate and the effects
of this on the several Funetions of the Body are described and the
Maladies and Diseases for which the climate is suited, as well as
those for which it is not well adapted are enumerated and dwelt
upon.

For eleven consecutive winter seasons, each being reckoned
from the 1st of November to the 30th of April. I regularly took
a series of Meteorological Observations. The instruments were

* Longmans, Green, & Co. + Longmans, Green, and Co.
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Negretti and Zambra’s and the thermometers were placed in a properly
constructed Stevenson's sereen, placed to the N orth, and out of reach
of the direct rays of the sun The observations were on a much more
extended scale than is usual; indeed I do not know of any records
relating to a health resort which embrace so many particulars. Eacl
day’s record included the north shade temperature, based upon three
daily observations; night minimum in the air and on the grounil,
the sun heat, with both the naked and vacnum thermometers, the
daily duration of sunshine, the relative humidity and rainfall, the
hours of day rain, and the temperature of the Sea, which being for
most of the winter several degrees warmer than the air, exercises
an important effeet on the climate of the Riviera. The results arrived
at were communicated to the British Medical Association at its
Annual Meetings and with the exception of the latest communication,
they will be found recorded in the British Medical Journal and in
my book on San Remo. This last and more complete paper compris-
ing the results of the eleven season observations, is printed in extenso
at the end of this narrative.

The Table on the next page sets forth the means of the whole of
the eleven seasons as compiled from the data furnished by the above
communications. A few minutes examination and consideration of
the tabular statement will sexve to convey a pretty clear idea of the
chief weather characteristics of the climate of San Remo. The
meteorological data usually supplied concerning the climate of Health
Resorts is in most cases far too meagre to allow of any accurate and
definite conclusions being drawn, the observations being generally
limited to particulars of the temperature, humidity and rainfall.

The above observations carried on for several years and in all
weathers consumed not a little time; certainly not less than one
hour a day; this represents for the eleven seasons the large total of
nearly 2000 hours and useful as the observations are, I am some-
times tempted to think that the time would have heen better hestowed
on some more original and scientific enquiry.

THORENC.

The summer and autumn of 1882 were spent partly at Cannes
but chiefly at Thorene, about twenty miles from that town where
I had the charge of an invalid suffering from Bright's disease. The
loeality was very beautiful and healthy, high up in a valley of the
Alpes Maritimes and environed by rocky hills and mountains. The
air was cool, dry and bracing and therefore most suitable for the
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invalid, but it was far away from any town and extremely lonely,
there being only a few houses and peasants’ dwellings scattered here
and there. We used to take long drives to various places in the
neighbonrhood and eur time passed very pleasantly notwithstanding
the isolation. There being no available medical service for the poor
for miles round, not even a place from which medicine could be
procured, the peasants often suffered much and were greatly to be
pitied. It becoming known that there was a medical man in Thorene,
numbers of people came to consult me, from long distances, involv-
ing much fatigue, some old and feeble, others suffering, unaided and
unattended, from heart, kidney and other serious organic diseases.
I did what I could for them but when I gave them presciptions they
had still far to go for their medicines.

On the whole my time passed very pleasantly and quickly at
Thorenc; for one thing I made some additions to my collection of
butterflies and moths, by no means alarge or scientific ohe, consisting
of captures not in France only, but in Italy, Switzerland and Ger-
many. The collection has at different times afforded much pleasure,
marred somewhat I confess by the disagreeable necessity to sacrifice.
the lives of the butterflies. My pleasure was derived not so mueh
from the beauty of form and colouring of many of the specimens,
but was chiefly due to the various excursions, often to choice and
charming localities which had to be undertaken to secure the rarer
and more highly prized specimens.

But the chief interest of my visit to Therenc was derived from
the novel sight of mountains literally eclothed with blue lavender
to the exclusion of nearly all other forms of vegetation; it seemed in
fact as if the rocks and mountains had themselves burst into blossom.
But this lavender was a source of interest in other ways. Each
season when the lavender is in bloom, men repair from Grasse to.
Thorenc and the surrounding district, provided with distilling ap-
paratus and tents. The lavender is then reaped, stacked and distil-
led, the stills being worked day and night, the men living and
sleeping in their tents. I too procured a still and so obtained many
samples of oil of lavender, not only from the flowers, but from the
stalks and leaves separately and collected many data with a view
to the preparation of an article on the French oil, but this purpose
has never been carried out nor can it be now; some of the details then
gathered have either been forgotten or are only dimly remembered,
while the samples of the oil, some of which I still possess, have

become changed from age. |
San Remo being a Winter health resort I was able to spend

1
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the summers elsewhere; for several years they were passed in Lon-
don, but still my time there was not spent in idleness, or even
leisure. I attended the meetings of the General Committee, now
called the Board of Management, of what for the sake of brevity I
will call my Hospital, and as might naturally be supposed I was
still more or less occupied with questions relating to food; its quality
nutritive properties and value; its adunlterations and impurities.

FOODE FOR INVALIDS.

At the time to which I am now about to refer, the number
of articles of food prepared especially for infants, children and
imvalids was comparatively limited and the composition simple; this
time was before the era of soluble, cooked, peptonized, pancreatized
and predigested foods, which have now become so multiplied that
one 1s often puzzled to know which to select. The foods for infants
and young children consisted for the most part of wheat flour, baked
or nnbaked, or of condensed milk. It occurred to me in 1875 that
something better than the usual wheat flour article might be prepared
and in devising this I laid down certain conditions; one was that it.
should have as nearly as possible the same equivalent nutritive
value and approximate composition, when prepared, as human milk;
another, that it should contain a constituent which would act upon,
dissolve and convert the starchy matter into a form of sugar,
approximating to that of the sugar of milk. The food therefore con-
sisted of a mixture of ordinary wheat flour baked slightly, entire
wheat flour, malt flour, with its diastase and cerealine, in definite
proportions and a little phosphate of potash, the whole being pre-
pared with sufficient cream or milk to furnish the requisite amount of
fatty matter of which wheat flour contains only a small proportion.

This food, suitable alike for infants, children, the aged and for
invalids generally, possessed a very pleasant flavour and was so
much liked by all who partook of it, that it was prepared in quan-
tity, for some two or three years by the well known firm of Goodall,
Backhouse, and Co. of Leeds. It was at first in considerable demand
but to ensure a permanent sale for almost any new article it is
necessary to spend a fortune in advertisements and not T fear to
always circumseribe the statements advanced in its behalf within
the limits of sober truth.

ADULTERATION OF STARCH.

From the great diminution in adulteration consequent on the
exposures made so many years since, it became in more recent times
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not so easy to meet with fresh instances of the practice, but in the
autumn of 1878 I came across a sophistication I had not before
encountered. I accordingly made this known to the public in a
communication to the T%mnes, “On the Adulteration of Starch’, Iwas
informed, that it was then a common practice for manufacturers to
make two qualities of starch, the one genuine and the other adul-
terated. To put this to the test, I purchased on the same day and
in the same neighbourhood, a series of eight samples of starch, for
which I was charged three different prices. On subjecting them to
analysis I found the whole of the samples to be adulterated with
twenty, thirty and even nearly forty per cent of earthy or mineral
matter. This I found to consist of mineral white, terra alba, sul-
phate of lime or gypsum, a substance which in eontact with water
quickly cakes and hardens; indeed I learned that these substances
were extensively sold to some manufacturers of starch and I had
before me at the time I wrote, the ecireulars of two different firms
who offered to supply starch manufacturers with the materials in
question, Now the presence of such mineral snbstances, if not
dangerous is at least very objectionable; they may prove irritating
to some delicate skins, injurious to the clothes stiffened with them,
and positively hurtful, when, as sometimes has happened, such adul-
terated starches are employed for medicinal purposes. A very simple
test whereby these admixtures may be detected is to completely
incinerate a small quantity of the suspected starch, when if a solid
residue remains, it may be coneluded that the sample contains a
mineral adulterant.

DETECTION OF LEAD IN POSTAGE STAMPS.

Some months later 1 addressed another communication to the
same journal and part of which I here reproduce: “Fresh instances
of the oeccurrence of lead, copper, arsenie or some other injurious
metal either in food, clothing, furniture or other articles of daily
use and necessity are constantly being brought to light, but the list
is by no means yet complete and my purpose in the present com-
munication is to add to it another instance’.

“Those who have occasion to make use of Postage Stamps in
large quantities are aware that the colour is easily removed and
that the hands and lips, if the stamps be moistened with the tongue,
quickly. become much stained. Now into the composition of this
colouring matter a poisonous metal enters largely. I have recently
subjected a number of penny stamps to analysis and in all I have
found lead in large quantity, derived doubtless from the red lead
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employed in the colouring of the stamps. The presence of such a
metal must be regarded as highly objectionable and possibly in
some cases, injurious, or even dangerous and the knowledge of the
fact that they contain the metal in question will, I am sure, cause
the Post Office authorities to discontinue the nse of such stamps
with as little delay as possible.”

This expectation, after due enquiry, was realized; the communi-
cation from which the above is taken was followed by prompt action
which resulted in the abandonment of all injurious pigments in the
colouring of postage stamps, and in the production of a series of
stamps of a more artistic character, although the design and colour-
ing of some of these were capable of further improvement and were
not equal to those of many foreign stamps. I afterwards found it
was not alone the penny stamps which were at fault, but some
others, as the half penny and two penny stamps.

THE PURE FOOD COMPANY.

Complaints of adulteration still being more or less prevalent,
thongh the practice was far less common, and usually different in
kind and character, and the desire being expressed in many quarters
to secure the absolute purity of our food, especially of that required
by invalids, it was suggested in 1881, that a company which would
garantee the purity of all articles they manufactured, would meet
a want and prove a great success.

Accordingly, a gentleman whose name I am not at liberty to
mention, volontarily offered to provide all the funds necessary for
carrying out this object,

The company borve the name of “The Pure Food Company”.
A commodions three-storied building was secured at 4 Princes Street,
Red Lion Square, London, and this was named: “The Food Labora-
tory or Factory”. This was fitted up at very considerable expense,
with all the machinery and appliances necessary, cylinders, boilers,
steam pans; &e. The water nsed in the manufactory was softened
and purified. The chief articles prepared were the following; solidi-
fied or Concentrated beef tea, the same with the albumen of the
meat, the same with arrowroot, pure beef jelly or essence, albume-
nous and fibrinous meat lozenges, millk food for infants, the same
tor children and invalids, pulsella, cooked and in part predigested;
extract of coffee prepared by a special process and preserving the
full aroma of the berry, extract of coffee and chicory.

The materials used were throughout of the best quality, the
meat was bought daily by an experienced person inSmithfield Market.
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Several of the processes of preparation and manufacture were new
and all that knowledge, skill and-money could effect was done.
During the summer months, I threw myself earnestly into the project
as also did Mr. Otto Hehner F.C.S. We both strove hard for success
and were frequently engaged in the Factory till the night was
far advanced. The results as regards purity and excellence were
everything that could be desired. The Company and its prepara-
tions were duly advertised and made known. The prospectus issued
stated truthfully the facts without exaggeration. Orders were received
in due course, but the sales were not sufficient to cover the current
-expenses or of course to recoup the outlay and thus this well inten-
tioned venture came to an end and the manufactory had to be closed.
This result we strove to avert and deeply regretted, because of the
loss to the projector which the failure involved. For myself and
Myr. Hehner it may be well to state that our services were gratuitous-
ly rendered. So much for the discernment and appreciation of the
public, who are ever crying out for, and writing about the purity
and quality of food. Had the prospectus contained extravagant and
exaggerated statements and assertions and had a fortune been spent
in advertisements, then the result might have been different.

INHALATION IN DISEASES OF THE ORGANS OF RESPIRATION.

The subject of the treatment of Diseases of the Organs of
Respiration by Inhalation is one which has been much discussed and
about which much has been written; by it the remedies employed,
when rightly applied, reach the parts affected directly, and hence
it is a mode of treatment from which important results were antici-
pated and which has indeed been greatly lauded by some who have
practised the method; still a great deal of difference of opinion has
prevailed at to its eftects and value. From all that I had observed
and read, it became apparent to me, that the methods and apparatus
employed were in many cases very defective and that the whole
subject needed further enquiry. I therefore carried on for three con-
secutive swmmers, aided by the conveniences and appliances of a
London laboratory, a series of investigations which in 1885 resulted
in the publication of my work on “The Inhalation Treatment of
Diseases of the Organs of Respiration”.® This was and still is the
first and only work in the English language devoted exclusively to
the subject of the treatment of affections of the lungs by inhalation,
although in America Dr. O. Solis Cohen published a separate book

* Longmans, Green, and Co. Crown 8vo pp. 367 with numerous
-engravings.
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on “Inhalation in the treatment of Disease” as far back as 1867,
while Dr. M.J. Qertel brought out a very voluminous work in 1882
entitled “Handbuch der Respiratorischen Therapie™.

In my work the subject is treated in seven chapters or sections.
In the first the facts connected with The Entrance of Medicaments
into the Lungs ave set forth; from the observations and experiments
therein recorded, the following conclusions were deduced.

That substances of a gaseous nature and unirritating character
pass readily into the air passages and lungs: that the fumes derived
from the burning of certain mineral and organic substances when
unirritating and inhaled with certain precautions also enter with
comparative facility ; that much of the vapour of hot water becomes
condensed and deposited in the mouth and fauces before any of it
reaches the lungs; the same thing happens except in the case of very
volatile substances when the medicaments are added to the hot water
and especially is this the case when these possess but little volatility,
in consequence of which while some would be carried over by the
hot aqueous vapour, the greater part or insome cases even the whole,
wounld be retained in the water of the inhaler; that the medicinal
substances, whether volatile or non-volatile contained in sprays
whether warm or cold also reach the lungs and even the larynx
though in greatly diminished quantities, part being lost before the
spray enters the mouth and part being swallowed and so passing
into the stomach ; that the employment of oraland ore-nasal inhalers
tor the volatilization and inhalation of such substances as carbolic
acid, creasote, thymol and some others, which are in fact scarcely
volatile at all at ordinary temperatures, is of little utility in general,
since the greater part, or even the whole, of the remedies is retained
by the cotton wool or sponge of these inhalers and from which
indeed most of them may berecovered after the completion of the
inhalation. When it is remembered that inhalation in Great Britain
is carried on chiefly by means of oral and oro-nasal inhalers the
practical importance of the foregoing conclusion will be at onee
apparent.

In the second Chapter, “The principles concerned in the
Volatilization and Inhalation of Medicaments’ are dealt with.
Under this heading the chief circumstances to be taken into consi-
deration are the relative volatility of the substances employed, the
influence of temperature on the rate of volatility, the effect of motion
of the air on the same and the size of the area of evaporation. On
each of these heads only a few words can here be bestowed. The
volatility of different medicaments varies greatly, some pass into a
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state of vapour rapidly at the ordinary temperature of the air, as
alcohol, chloroform and ether, while others do so only slowly as car-
bolic acid, creasote, thymol and many others. The effect of temperature
on volatility is of course very great in the case of nearly all sub-
stances used for inhalation; it is greatest in those which are the
most volatile and is usually in proportion to the increase of tem-
perature. Tables are given in the work in which the rates of
evaporation of a variety of inhalants at different temperatures is
shown; these tables are very instrnctive and form a necessary guide
in the choice of the remedies employed. The effect of dry air and of
air in motion is also very considerable in increasing the evaporation
of all volatile substances as is well known. But there is still a most
important prineiple to notice in connection with the subject of vola-
tility and that is the effect produced by angmenting the surface of
exposure. This principle in its application to the subject of inhalation
was not well understood till I dvew attention to it. It oceurred to me
that since the surface of exposure in oral and oro-nasal inhalers,
which are the inhalers chiefly used, is exceedingly small, if this
surface could be very greatly increased there would be a proportionate
increase in the quantity of the medicament volatilized. The results
of actual experiments were most surprising and proved that the con-
ception was sound even in the case of substances, the volatility of
which at ordinary temperatures is comparatively slight, as earbolic
acid, creasote and thymol.

This principle was at first thus tested ; 50 grammes =771 grains
of carbolic acid were dissolved in enough water to saturate two
Turkish towels; these were exposed to the air in a close room, the
temperature of which was 22°Cent. — 72° Fahr. and after the lapse
of forty eight hours the towels having become quite dry, it was
found, to my great surprise, that the whole of the carbolic acid had
disappeared. This experiment was repeated in a variety of ways
and with confirmatory results, only that the time of exposure was.
often reduced even to a few hours; the rate of loss was greatest at
first and became gradunally reduced as time passed. These trials were
carried out in an ordinary chamber with door and window elosed and
in which there was but little movement of the air, but when the
towels were exposed to the outer air, and especially if this was in
active movement, the time occupied required for the complete dissi-
pation of the acid was reduced to some three or four hours.

It is difficult to over estimate the practical importance of the
above results; by their means the air of inhalation chambers may
be quickly charged with a variety of medicaments. Guided by the
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facts here briefly detailed I have been led to devise a number of
improved forms of apparatus for inhalation.

The third section or Chapter is devoted to the subject of the
“ Apparatus” or contrivances employed for inhalation, these are
numerous, and are necessarily modified according to the purposes for
which they are required, whether for gases, vapours, ﬂ,t,umize-:} liguids,
or sprays, or for fumes or smoke. Many of the forms which have
been devised are now obsolete and useless. To the various oral and
oro-nasal inhalers, the fatal objection is that the surface of evapora-
tion is too small, that in general, the volatilization of most of the
inhalants employed is so slight that practically inhalation by these
inhalers is non-effective and in most cases of no utility whatever.

The new forms of inhalers devised by me were based upon the
greatly increased vaporization of certain chemical and remedial
substances by spreading them over a very considerable surface, the
evaporation being further aided in some cases by augmenting the
temperature at the same time. Some of these new forms yielded
remarkable and striking results. Some were for the purpose of
charging the air of inhalation chambers with the required remedies,
while others were for individual use; these several kinds were fipst
described by me in the Lancet for 6th October 1883 and they were
subsequently manufactured by Messrs, Maw, Son and Thompson.

In the fourth section, “ Inhalation Chambers” are described;
some of these arve for the inhalation of compressed and rarefied air,
of oxygen or other medicinal gases; others are for atomized water,
or vapour, charged with certain medicinal substances, such as car-
bolic acid, creasote; &c. In the case of the chambers the difficulty
was to charge the air effectually and evenly with a sutficiency of
the requisite agent. This difficulty has been completely overcome
by the employment of the chamber inhalers devised by me, in which
the evaporation takes place from extensive surfaces, aided sometimes
by an increase of temperature. The conditions and prineiples of the
construction of such a chamber were first deseribed in an article
communicated to the British Medical Association at the Meeting in
Liverpool in August 1883 and which was afterwards published in
the Journal of the Association. #

With a view to put my chamber inhalers to a practical test I
constructed an Inhalation Chamber in my house at San Remo. It was
completed and in partial operation for a year; the following are
some particulars respecting it. The Chamber had a cubic capacity

*40n the rinciples of the Construction of Inhalation Chambers”
Journal of the British Medical Association January 1884,
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of 1170 feet; it had only one door and one window, but no fire
place or ehimney. The walls were washable and the floor tiled; it
was warmed by the admission of a little hot air through a grating
in the centre of the floor from a ealorifére placed in the basement
of the house, the temperature of the chamber itself being raised usnally
to about 64° Fahr. The chief apparatus in the chamber consisted
of a very convenient and portable arrangement of a cotton fabrie
disposed in layers. Each of the five cloths or layers had a super-
ficies on one side of 2500 inches and on both sides of conrse of
5000 inches. The apparatus was suspended from the ceiling about
four feet above the grating in the floor, throngh which the warmed
air entered and it could be raised or lowered at will. The quantity
of carbolic acid used to charge the whole of this apparatus was 2000
grains, but it is better to charge part of it only and to begin with
800 or even 500 grains for the first day or two, raising the amount
to 1000 or 1200 grains in the course of a few days. The latter
quantity is that which I have chiefly employed and this without
any inconvenience having been experienced. The time of inhalation
has varied from one to two hours daily, but it is best at fivst to be
content with half an hour only. Tn an experiment in my chamber,
the temperature of which was maintained at about only 64° Fahr.,
using 1200 grains of carbolic acid, there were recovered from the
apparatus at the end of six hours 500 grains, showing a loss of no
less than TOO grains, of this a small quantity only was inhaled, part
remained diffused through the air of the ehamber, while some was
deposited on the walls.

The apparatus used in the chamber above described was of very
simple construction. It consisted of a four sided wooden frame, with
five rails on each side like those of a clothes horse; to each of these
rails hooks were attached and to these hooks five cloths were fastened
by means of rings; by this arrangement the cloths could be removed
and replaced with great facility.

In another section of the book the question of the “Quantities
of the several Medicaments” which should be employed, was dis-
cussed, particularly in connection with the oral and oro-nasal inha-
lers. The surface of exposure for evaporation in these inhalers rarely
exceeds two inches, now when we consider that most of the more
important remedies used in these inhalers as carbolic acid, ereasote;
&e.; are but little volatile, it is evident that but very small quan-
tities of these inhalants can possibly reach the parts affected, usually
the lungs. Some idea of what these quantities have amounted to
in the past may be formed from what follows. Recipe, Tinet. iodi
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etherea 60 grains, acidi carbolici 20 gr., creasoti, or thymolis, 60
grains, sp. vini rect. to 1 oz. Of this twenty minims were directed to h.'E
dropped on the cotton wool or sponge of an ordinary oral inhaler; this
quantity was deemed sufficient for two days, there being two daily
inhalations, each of half an hour’s duration. Now the ounce would
furnish enough of the mixture to charge the inhaler twenty four
times and to last forty eight days, thus the amount of carbolic acid
for each day wounld be 2%/s grains and for each inhalation 11/4
grains and of the creasote just half these amounts. But this is not
all, only a fraction of these minute quantities would actually reach
the lungs, since part would not be volatilized at all, but would be
retained in the sponge and another part would be arrested in the
mouth and fauees. #

Now the formula above given was a well known and favourite
one and has probably been more frequently employed than any
other for charging oral inhalers. It is thevefore surprising to learn
that the most encouraging and favourable results have been published
as arising from the employment, in cases of consumption, of inhalers
thus charged. Certainly any curative effects accruing therefrom
should be assigned to faith and not to physic.

The treatment of diseases of the respiratory organs by inhala-
tion has been a favourite one and much was expected from it, but
opinions have differed greatly as to its effects; many have landed
the practice, but others have expressed disappointment; the latter
being more easily explained than the praise. Prior to the publication
of my work, the laws and principles which govern the volatilization
of the medicaments used for inhalation, had not been investigated
and determined, the absence of exact knowledge led to the employment
of forms of apparatus which were of little or no utility, as also to
the use of remedies some of which were not volatile, while the vola-
tility of others was so small that the greater part of them was
recoverable from the inhaler at the end of the inhalation. It may be
stated of the work in question without exaggeration, that it changed
all this and that it in fact revolutionized the subject. It supplied
the requisite knowledge of the facts and laws relating to evapora-
tion and in it were described new and efficient forms of apparatus
suggested by that knowledge, while lastly it furnished data whereby
the quantities of the inhalants which should be used could be deter-
mined.

. I had hoped that the publication of my work would have
mparted a new impetus to the practice of inhalation and that more

* Inhalation Treatment p. 98.
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favourable results would thereatter be recorded, but in these antici-
pations I have been disappointed; while some of the old methods
have been disused or discarded, the new have not been put to any
adequate tests, so that the general effect has been to check for
a time to the practice of inhalation, of which indeed but little has
been heard or reported for some years past. One reason of this is,
that the busy practitioner cannot afford the time or give the attention
necessary to the carrying out of this method of treatment. The
system can only be suceessfully practised by medical men who devote
their whole time to it, who make it a specialty and possess the need-
ful arrangements and apparatus. It is very desirvable, that the method
should be tested on a large scale in comnection with one of our
hospitals for consumption. I consider, that hitherto it hasnot had a
full trial on an exact and scientific basis. When this has been accom-
plished, I am hopeful of beneficial results.

Since the publication of my work on Inhalation I have devised
another inhaler, the principle and form of which differ from any
of the arrangements in use. Of this Inhaler a description and figure
will be found in the Lancet,® but a short notice of it may be not
inappropriately given in this place. It occurred to me, thatifair more
or less dry were passed through a medicated solution it would take
up an amount of that solution sufficient for medical purposes. To test
whether this supposition were correct or not, I adopted the following
apparatus; it consisted of a glass eylinder nine inches high and nearly
two inches in diameter, closed at the top by an accurately fitting
cork. In the cork four tubes were inserted ; one of these, larger than
the vest, pierced the cork and entered the cylinder for about an
inch; the other three tubes were much smaller and longer, reaching
almost to the bottom of the eylinder. In this were placed 175 cubie
centimetres, equal to 2700 grain measures of a mixture consisting
of distilled water and 17.50 grammes, equal to 270 grains, of pure
erystallized carbolic acid. The three smaller tubes were. used in
preference to one larger one, because by this arrangement the air
passed from the small tubes into the solution in the form of a number
of small globules, instead, if only one tube had been used, of a tew
large bubbles. In the latter case the air would not have been brought.
into sufficient contact with the water and such a commotion would
have been created as to cause spurting of the liquid and the liability
of its occasional entrance into the mouth. This oceurrence is entirely
avoided, provided the due proportions of the apparatus are observed

#%“On a new Method of Inhalation and a New Form of Apparatus”.
Lancet 30 January 1836.
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and a suflicient space be left between the surface of the medicated
liquid and the end of the tube which forms the mouthpiece. When
this apparatus is in operation the air is drawn throungh the three
small tubes; from the bottom of these it freely escapes, ascending
throungh the liguid in bubbles which burst on the surface and the
air thus charged with the medicament is inhaled through the tube
placed in the mouth.

The following experiment, one of several, shows the effect of
this inhaler. Temperature of the air 49° Fahr. relative humidity 80
the apparatus was placed in a jug of warm water, which at the
commencement had a temperature of 120° Fahr. This heat caused
the watery solution of carbolic acid to rise to 62° Fahr. The air
inspired contained so much carbolic acid that in a few minutes it
caused the throat to feel sore and somewhat painful ; the inhalation
had therefore to be carried on at first slowly and intermittently.
At the end of thirty minutes 8.5 eubic centimetres of the mixture had
passed over, or 17 cubic centimetres in an hour, containing 27 grains
of carbolic acid. The residual mixture was found to be as strong
after the inhalation as before. If the temperature of a ten per cent
aqueous solution of carbolic acid be very low, the mixture presents
a somewhat milky character, owing to a portion of the acid not
being completely dissolved, but when the temperature is raised,
the solution loses its milkiness and becomes quite transparent.

It is manifest therefore that it is possible by means of this in-
haler to introduce into the lungs a great variety of medicaments and
this to such an extent that the quantities would have to be carefully
regulated in order to avoid any undesirable consequences.

THE PLASTERING OF WINE.

L have oceasionally in times of leisure, endeavoured to accom- -
plish some purpose I deemed desirable by means of invention. It is
well known that the juice or must of the grape intended for the pre-
paration of sherry, port and some others wines i8, in Spain, Portugal
and the South of France commonly dusted over with a considerable
quantity of burnt gypsum, which eonsists of sulphate of lime or plaster
of Paris; to this, frequently chalk or carbonate of lime is added and
sometimes quicklime and chloride of lime. The practice of plastering
wine 1s a very ancient one.

The chemical effect of adding sulphate of lime to the must
consists principally in the decomposition of the tartrate of potash of
the must and the formation of tartrate of lime, which is precipitated,
and sulphate of potash, which vemains in solution. When chalk is
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used as well, then part of the free acid is thrown down and the
acidity is lessened. Another effect of the gypsum is that some of
the soluble phosphates are also precipitated, as phosphate of lime.
The process of plastering the must therefore, brings about important
chemical changes; these are not for the most part to the advantage
of the wine: the gypsum, sulphide of lime, and the fumes of burning
sulphur also often employed, may help to control fermentation and
to clarify the wine, and the chalk to remove undue acidity, but these
substances also withdraw the useful phosphates and wholesome
bitartrate of potash, either wholly or in part. Then the quantity of
sulphate of potash formed is very considerable. According to
Thudichum, the amount ranges between 361 and 1692 grains per
bottle. I have found it to vary from 180 to 546 grains.

Now sulphate of potash is a bitter and aperient salt and its
presence is a very serious injury to the flavour and guality of the
wine; hence it is in the inferior deseriptions that the practice most
prevails and that the largest quantity of this salt is met with.

It oceured to myself and My. Otto Hehner long since, that if
the plastered sherries and other wines could be deplastered, the
bitter sulphate of potash destroyed and the tartrate of potash restored,
the flavour and quality of the wine would be greatly improved.
Accordingly a process was devised which fulfils these objects in a
satisfactory manner and for which protection was obtained.® Shortly
afterwards a notice was received to the effect, that our invention
was an infringement of a Patent taken out by Dr. Thudichum and in
the end we had to surrender all claims and to pay £ 50, the
cost of a patent. Thus this cunningly conceived process turned out
a somewhat losing affair, as it probably would have proved to be
in any case.

A REAL SAFETY BOTTLE.

- Coming to a comparatively recent period, my thoughts were
divected to the subject of “Safety Bottles”, in consequence of the
reports which appeared from time to time in the journals of the loss
of valuable lives through taking by mistake or carelessness, various
poisonous substances and mixtures intended for external use or for
disinfecting purposes. A vaviety of contrivances have been described,
many of which have been patented, with the object of diminishing
this great risk and evil. Of these the only ones in use haye reference
to the shape and colour of the hottles employed, but these very

% See “Food; Its Adulterations and the Methods for their
Detection”. Longmans.
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simple means have not proved sufficiently effectual. Hence I was
led to devise a bottle which will secure absolute safety. In the me-
dicine and indeed in all other bottles now in use, the neck is placed
at the top of the bottle, in the centre, and is perforated for the cork
or stopper. In my bottle thisneck is closed altogether and the stopper
is replaced by a glass bulb or knob; the true neck is placed at a
little distance from the now superseded or false neck, but at a some-
what lower level. Thus my Safety Bottle is two necked. Now
it is evident that such an arrangement affords absolute security;
no person seeing such a bottle, or even feeling it in the dark could
for a moment fail to distinguish it from an ordinary bottle ; thus by
the employment of such a simple means of ensuring safety, the
lamentable accidents which now so frequently oceur would be
rendered almost impossible. This two necked bottle admits of some
modifications ; the rounded fixed and hollow knob may be provided
with an aperture at the top so as to allow the interior of the knob
or bulb to be coated over with a phosphorescent or luminous paint,
the bottle being thus rendered visible at night. This proceeding is
however unnecessary, and if adopted the luminosity would not I
believe be lasting and effective, the double neck affords in fact all
the security requisite. Another modification more ingenions but
equally unnecessary is the following: there being no connection
between the central or false neck and the interior of the hottle and
this neck being somewhat enlarged, a small bell attached to a watch
spring and cork, may be inserted; of course on the removal of the
cork the bell rings and an alarm is given.

Impressed with the importance of the subject I obtained in
1858 provisional protection for the invention, which I thonght it
best to secure under the impression that it wounld be easier to find
some manufacturer or other interested person to take the steps
necessary to bring the safety bottles into use. The medicine bottles
now employed are for the most part machine made: many being
moulded, but these safety bottles would require to be hand made,
the proximity of the two necks forming a difficulty ; they would there-
fore have tb be made by a manufacturer of hand made glass, such
as the maker of chemical glasses and apparatus; this would enhanece
the price somewhat, but the cost would not be by any means pro-
hibitive. I succeeded in getting some of my safety bottles of different
sizes exceedingly well made by an English firm of bottle manu-
facturers.

The bottle fulfilling the purpose of ensuring safety and so saving
life, all preliminary difficulties of manufacture being overcome and
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the price moderate, it might be supposed that the bottle had only
to be made known to come into general nse. It was made known,
described and figured in June 1890 in the British Medical Jowrnal*
and the only result of this proceeding was the receipt of a single
letter from a medical man, who wished to know where he could
obtain some of the bottles. The manufacturers applied to were
indifferent, thus the matter rests and lives will continue needlessly
to be sacrificed as they have been in the past.

METALLIC FASTENINGS.

Amongst the minor non professional matters which have re-
ceived a certain amount of consideration, is that of metal fastenings
for securing buttons. There are but few people who have not experi-
enced many times in their lives the annoyance and inconvenience
arising from the loss of buttons fastened in the ordinary way with
thread: I therefore was led to consider whether some more desirable
method could be devised as by a metallic arrangement. In order to
ascertain what had been done in this direction, the Catalogues of
the Patent Office were searched with the result that I found a great
number and variety of inventions had been patented for this purpose.
These were in nearly every case for metal fastenings; some of the
arrangements were very simple but not efficient, some useless and
others very ingenions and move or less effective. On making enquiries
as to which of these inventions were really in use, I found that their
employment was almost exclusively confined to articles in leather,
gloves, boots, shoes and gaiters. [ did not meet with even one
which was in request for woollen or linen goods, for coats and
trowsers. Several of the patents were so much alike and the
differences so trivial and immaterial that there seemed to be no
adequate reason for such a repetition of patents for what practically
was one invention. I presume the main reason why none of the
arrangements or contrivances, hitherto made known, are in general
use is, that they do not fulfil the object for which they have been
devised in a practical and unobjectionable manner, though here too
as in so many other cases, indifference may in some instances have
been the chief eause. I planned the following arrangement. To the
under surface of a stout button of metal, bone, glass or any other
suitable material, a short square, hollow shank was attached, split
up at each corner; the shank was now passed through the cloth or
other fabrie, the four split sides of the shank were passed through
four small or one large aperture in a cirenlar dise or diaphragm

* “Safety Bottles.” British Medical Journal June 14 1890.
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and they were then opened out and turned back over the diaphragm
and if needful for greater security, turned again over the edges
of this. Protection was obtained for this invention which I myself
put to practical tests. It is quite conceivable that for many purposes
the use of such fastenings wounld be preferable, as being more durable
than those of thread only; indeed there would appear to be an ample
field for the employment of such metallic fastenings in the clothing
of soldiers, sailors, sportsmen and in all cases in which additional
strength and security are needed. It is of course necessary that the
shank and diaphragm should be suofficiently thick and strong so as
not to yield readily to pressure. These fastenings when the garments
are made up would not be seen as they would be covered by the
linings.

NEW FORM OF CARRYING CHAIR.

Another contrivance was a form of chair whereby a child or
invalid of light weight could be carried up and down stairs, or for
short distances, by the aid of only one person or porter. It is of very
simple construction, weighs only some four or five pounds and costs
but a few shillings. It consists of a skeleton chair, without legs and
with a very low back. The chair is furnished with two strong metal
handles one on each side, large enough to admit the hands of the
carrier and with a long broad leathern strap provided with a buckle
and eye holes so that the strap can be lengthened or shortened at
will and secured to the chair by being passed through two metal
loops at the bottom and near the front of the chair. The dimensions
may be varied, but the following measurements are those of a chair
of convenient size, height of back 12 inches, breadth 17 and depth
15 inches. For a sketch of the chair, see the British Medical Journal
11th October, 1890. The strap is intended, of course, to be passed
round the neck of the carrier, from which arrangement it will be
apparent that the weight is distributed between the hands and arms,
neck and shoulders of the bearer. This chair has been found to answer
admirably, as unfortunately, I was at one time able to testify from
personal experience; it is extremely light and portable and unlike
the ordinary chair with long handles, it occupies but little room
and hence is more convenient and manageable, and needing only
one, in place of two porters, its use is less costly.

DR. BERGEON'S TREATMENT OF CONSUMPTION.

A few remarks may here be introduced in reference to a mode
of treatment of cases of phthisis which bears the name of Dr.Bergeon.
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It consists in the administration of copious lavements of the sulphu-
retted mineral water of Haux Bonnes.

The testimony in favour of this treatment, derived from dif-
ferent sources, has bheen of the most favourable character. [t was
considered that the benefit derived was due to the sulphuretted hyd-
rogen, which the above named water contained. I therefore thought
it of importance to determine how much of the gas was actually
introduced into the system and with this view, I caused some deter-
minations of the actual amounts of the gas present in the water to
be made.

The quantity of the water nsed on each occasion by Dr. Bergeon
was half a bottle; this was found to contain rather more than one
tenth of a cubic inch of the gas. More vecently however, reconrse
has been had to other sources for the sulphuretted hydrogen; thus
Dr. Burney Yeo states, that Dr. Bardet has employed a solution of
sulphide of sodium in the proportion of 10 grammes of the salt in
100 c. c. of distilled water. One cubic centimetre of this solution
contains 10 cubic centimetres of sulphuretted hydrogen, which is
set free by the action of tartaric acid. Of this solution 10 eubie
centimetres in 200 grammes of water, equal to 3086 grains are
employed for each injection, so that if the whole of the gas were
liberated, the quantity injected would amount to 100 ec. c., equal
to no less than 6.10 eubic inches. Here then is a remarkable differ-
ence in the amounts of the gas injected in the two cases, in the first
one tenth of a cubic inch and in the other over 6 cubic inches or
6O times as much, yet the results reported were equally favour-
able. It is therefore not surprising, that a suspicion should arise
that any benefit accruing from the practice of Bergeon's Method
should be attributed to other causes than the sulphuretted hydrogen.
According to the reports, the frequeney of the pulse is reduced, the
temperature lowered, the night perspirations relieved, the expecto-
ration diminished, the nutrition greatly improved, the weight rapidly
inereased and a great and surprising amelioration in every respect
experienced. #

PROJECTED UNDERTAKINGS.

There are not many events which remain to be recorded ; the
narrative has already extended over a period of more than 70 years,
from boyhood, youth, manhood, middle life, to advanced age and there
is now but little more to tell. There are few projects or objects

# On Dr.Bergeon's New Method of treating Consumption The
Lancet 2nd July 1887,
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upon which my mind has been set during this long period, which
I have not accomplished and if their fulfilment has not always
hrought suceess in their train, this has arisen nsually from causes,
such as indifference, or want of appreciation of the public, beyond
the control of the narrator. Still amongst so many undertakings it
has occasionally happened, that some which have been commenced
and partly executed have been abandoned; that one or two have
been projected, but were never even begun. Thus, about the year
1874, I published at my own cost a monthly periodical under the
title of: “Food, Water and Air”’; it duly appeared for a long time,
but as the expenses were very considerable, the labour great and
the results not encouraging, it was at length given up. Had it been
more suceessful, it would have done good service in the furtherance
and elucidation of those sanitary questions which were then only
beginning to receive the attention which their public importance
demanded and which has since and still continues to be so freely
bestowed, with such vast benefit to mankind.

The first edition of the British Pharmacopeia was published
in 1864 ; the descriptions and directions were very brief and to
follow and understand them fully much botanical and chemical
knowledge was necessary. I therefore set to work vigorously to
prepare a translation of this Pharmacopeia with copions notes and
explanations and I had in a very short space of time accumulated a
considerable pile of M.S., when Squire’s Translation appeared; this
was so concise and practical and supplied the greater part of the
information required, that I thought it best not to prosecute my
undertaking any further, so here wasacase of “love’s labour lost.”” My
work, had it appeared, would have dealt more fully with the hotany
and chemistry of the processes than Squire's excellent Companion.

A partly realized project was the production of a work of a
practical character, consisting of a series of monographs or chapters
on such subjects as Water, Air and Food in all their many bearings :
thus the article on water would have dwelt not only on the subject
of its purity for drinking purposes, but it would have embraced
more than this, while the chapter on food would have included not
merely its purity, but its wholesomeness and freedom from the germs
of disease, the nutritive value of the several kinds of food, animal
and vegetable, their digestibility and the processes of the digestion
of each kind or class. The M.S. of a portion of such a work as I
have indicated, is still in existence and had the whole design been
carried out, it would have differed considerably from the very excel-
lent works on Hygiene which have since been produced.
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Then I had a project in my mind for a great work devoted
exclusively to the beautiful subject of water only, in all its different
conditions, aspects, uses, &o., but nothing was actually done towards
the realization of this conception.

RESUME OF MEDICAL PRACTICE,

From the nature and extent of the enquiries and investigations
in which I have been engaged it may have been surmised, that I
have had but little time to devote to the practical duties of my pro-
fession. Any such supposition would however be very incorrect.
Possessing the requisite qualifications, in 1845 I settled at the
Norland Estate, Notting Hill and as already mentioned aequired a
fair practice; this however at the end of some five years in conse-
quence of illness I disposed of, moving thence to London. While at
Notting Hill T was appointed a medical officer of the Kensington
Dispensary, a very useful institution to which most of the medical
men of the district were attached.

Arrived in London and as soon as I had sufficiently recovered
from my illness, I began to practise first in Bennet Street, St. James’s
and afterwards in Wimpole Street. It was not long before I was
made one of the Physicians of the Royal Free Hospital, as elsewhere
explained. I held this post for about fifteen years, became the senior
physician and only relinquished this position as well as my private
practice, in consequence of the still more seriouns illness which befell
me in 1866. At the Free Hospital I used to attend the medical out-
patient department regularly twice a week, seeing on each oceasion
a great many of the applicants and I had more beds at my disposal
for in-patients than is usual in the case of the older hospitals, owing
to the staff of that Hospital being less numerous. The field of
practice and the opportunities for acquiring experience were thus
very considerable. It was while in London as already noticed, that
I became attached as physician, first to the United Kingdom Life
Assurance Company in 1852 and afterwards in 1862 to the North
British and Mercantile Assurance Company. These appointments
enabled me to acquire experience of a different but very valuable
kind. I was thus led to study and weigh the influence of predis-
position and heredity and to arrive at approximately correct opinions
as to the duration and value of lives for insurance.

The sudden and alarming illness in Wimpole Street, virtually
terminated my career in London. After a protracted convalescence
I found myself transported to Ventnor. Here with returning strength,
hope sprang up afresh within me and led to efforts to repair to some

|
|
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extent the damage done alike to my health and prospects. By the
advice of friends I was induced to make Ventnor the next scene of
my labours. There I soon commenced to practise and was busily
ocenpied as already described, with the proceedings incidental to the
establishment of the Hospital for Consumption. I acquired a con-
siderable clientéle and gained much special experience as honorary
physician to the hospital. After ten years residence at Ventnor, for
reasons already adverted to, mainly connected with health, I detexr-
mined to give myself a good rest and to pass the remainder of my days
in a warmer climate, such as that of the Riviera. In due course this
determination was carried out. After travelling about and residing
in Germany for a time, I repaired to the Riviera and first to Cannes,
where I passed one winter season and had influential friends. Here
I acquired a certain amount of practice and should have remained
there altogether had the examination for the diploma of Officier de
Santé taken place at the time appointed. The postponement of this
and the fact that practice in Italy was free to all duly qualified
medical men, led me to take up my abode in San Remo, from which
place I am now writing, where I have resided for fifteen winter
seasons and which I now regard as my permanent home. For the
first few years after settling at San Remo, I used to be oceupied in
London during the summer months, but the necessity to repair there
having gradually ceased and as the Swiss medical anthorities very
liberally and voluntarily conferred npon me the Federal Diploma,
I have for the last few summers practised in Lucerne and still con-
tinue to do so, as also at San Remo in the winter. It will thus be
seen, that with the exception of a few comparatively short intervals,
occasioned mostly by illness, I have been engaged in actual medical
practice for a period of fully fifty years. I have given this recapitu-
lation because in the preceeding narrative the references to natural
history, chemical, mieroscopical and various other investigations have
been so numerous and extensive that they have rather thrown into
the shade my strictly professional work, indeed I am sometimes.
referred to by the public and even occasionally by my professional
brethren as “the analyst”, and this sometimes rather in disparage-
ment of my medical claims, as though the possession of a little extra
scientific knowledge could be any disadvantage or detriment; that
it should ever be so considered, can only be due to ignorance or an
intention to prejudice. The analytical enquiries in which, after being
some years in practice I became engaged, were brought about by
what may be termed an accident; they lasted for a time only and
did not divert me from the chief purpose and occupation of my life.
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It was the application of the microscope to the detection of adul-
teration and the interest and importance attached to the subject,
which led to its being followed up by me until legislation was
secured, v i

CONDITIONS OF PRACTICE ABROAD.

Having been abroad now for about 17 years, partly in Ger-
many and France, but chiefly in Italy and Switzerland and having
been engaged in practice both in winter and summer nearly the
whole of the time, I have become well acquainted with the condi-
tions and circumstances under which the profession of medicine is
carried on in those countries by foreign medical men and as the
subject is not without interest, I will notice some of its chief features.

In the first place foreign medical men in most European coun-
tries, no matter how highly qualified or experienced thay may be,
are not allowed to practise even amongst their own compatriots,
unless they obtain a medical qualification or diploma of the country
in which they propose to practise, and to acquire this they have
to submit to certain onerous conditions, not the least of which
is to undergo fresh medical examinations in a foreign language.
A foreigner or invalid residing in any of these countries although he
spends his money there, is not allowed to be attended by a medical
man of his own nationality, but is compelled by law to accept one
who isignorant of the patient’s peculiarities and is either unacquaint-
ed with his language or speaks it so imperfectly, that it is not pos-
sible for him to arrive at that complete understanding of the case
which is so essential. The requirements in question are strietly
enforced and are coften entively prohibitery in Germany, Austria,
France, Switzerland and most other countries and in place of more
liberal views obtaining as time passes, the restrictions are being
more rigidly observed and the difficulties increased. In France the
grade of Officier de Santé has vecently been abolished and any
foreigner desirving to practise in that country amongst his own people
is now required to pass through the same course of study and to
obtain the same diploma as Frenchmen.

In Italy however the authorities are much more liberal; no
examination 1s needed and permission is given to practise amongst
his compatriots to every duly qualified medical man producing his
diplomas for registration by the municipal authorvities of the town
in which he proposes to reside.

Personally I have suffered but little from these restrictions.
The Swiss medical anthorities as already stated, very generously
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and quite unexpectedly, bestowed on me some years since, the Federal
Diploma, which confers the right to practise in any part of Swiss
territory. .

The effect of the restrictions in force in most European coun-
tries is to limit considerably the number of foreign medical men and
to throw part of the practice into the hands of the native doctors;
still the restrictions possess some advantages for those foreigners
who have acquired the right to practise, since they lessen foreign
competition, inerease the chances of success and afford greater security.

In Italy the absence of any restriction has just the opposite
effect, competition is keen; there are usually more foreign medical
men in most Italian health resorts than can possibly gain a living,
so that each year is generally marked by the departure of some and
the arrival of other aspirants. Still the number of those who con-
trive to hold out and to remain, is generally in excess of the require-
ments and the amount earned, except in a very few cases, is very
inadequate. If there be enough oceupation for two English practi-
tioners, the chances are there will be four to share the proceeds.

The right or a permission to practise abroad having been
obtained, there are other drawbacks and difficulties to be encountered.
The first is to find a suitable opening, this is not easy; the number
of available resorts is not by any means great and openings are few
and far between.

Another of the drawbacks in most foreign countries, besides
those arising from excessive competition, is the difficulty of estab-
lishing a reputation, no matter how high your qualifications, or
what your experience or ability. The bulk of the patients of one
season do not return again and so you lose them; the fact of your
having won their confidence is of but little avail and each season
has to be begun afresh. Professional attainments go for little; the
newly arrived invalids have not the knowledge necessary to guide
them, besides they are usually consigned by their ordinary medical
attendant to one particular practitioner, so that in most cases they
really have no choice.

Then the winter seasons are short and are becoming shorter.
In ?:he Riviera they used to begin on or about the 15th October, at
which date most of the medical men are at their posts; now it is
not till December that practice commences in earnest and in con-
sequence the time is too short in most cases to ensure an adequate
return. The shortness of the time and the smallness of the results
render it necessary, that most of the English medical men practising
abroad in winter resorts should also have summer stations and this
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constitutes another serious drawback, The stations are found chiefly
in Switzerland, though the number of eligible places there is very
mconsiderable and the rewards not great.

Again, the number of invalids consigned to the Riviera and
especially of those suffering from phthisis and other lung affections
18 much less than formerly; many “poitrinaives” now go to the
mountain stations, while others repair to the warmer climates of
Egypt or Madeira. Further, of those invalids who do come abroad,
some arrive armed with prescriptions and they often keep up a
regular correspondence with their own medical men in England, so
that perhaps they may not have occasion to consult any of the local
medical men even once during their stay.

Although there are fewer invalids, yet there are more people
than formerly who come abroad in the season to escape the trials
and risks of an English winter. Amongst these of course, illness may
and does arise; thus a great change has taken place in the character
of the practice; this has lost in a measure its peculiar and more
permanent features and is now more of an ordinary or ecasual
deseription.

Formerly, the English medical man practising in some of the
health resorts of the Riviera would find a certain number of patients
awaiting his arrival ; now he has scarcely anything to do till
November or ‘December is far advanced.

Another change in the character of medical practice abroad is,
that it has become very much an affair of society, rather than of
professional qualifications and this remark applies more particularly
to certain of the smaller towns. Many of those who are sent to
foreign winter stations arrive as strangers and since they have much
to learn in coming to a new country, they are in many cases glad of
any attention which may be shown them. Very soon after their
arrival, they are pretty sure to be called upon by one or more of
the wives or friends of the doctors; the calls are of course returned,
introductions and invitations follow. The medical man, who from
disinclination, disapproval or other causes keeps aloof from these
proceedings and who trusts to his professional status, will in most
cases soon find himself outstripped.

So great is this social influence that there are some men who
keep themselves always “en évidence’’; they are always to the front;
they are to be seen everywhere and they take part in everything;
they entertain, give receptions, and endeavour to lead the society of
the place; they become churchwardens, prominent and directing
members of the English and Lawn Tennis Clubs, the promoters and
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patrons of most of the balls, dances, concerts, bazaars and other
entertainments. They are on the committees for these and have a
voice in the issue of the invitations. It is curious to notice how often
in the lists of the patrons and patronesses of the several entertainments,
the same names oceur and how nicely and cordially in this way they
are enabled to act together. As important factors, the goodwill and
aid is sought of the econsul, chaplain, house agent and English
chemist; strange to say, this latter functionary is sometimes asked
to advise the visitor in his choice of a medical man and in doing so,
he of course does not consider which doector most patronizes his
pharmaey.

In one town of very moderate dimensions, there are two
English churches, one Low and the other High, and medical men act
as churchwardens in both, an arrangement not altogether free from
objection.

But there are still other matters to be taken into consideration.
For anything like marked success, it is necessary that the medical
man practising in a foreign health resort should stand well with
the heads of the profession in England, the consultants in London
and the other cities of the kingdom. The importance of this is well
understood by some of those who practise abroad and part of the
summer is devoted to calling upon some of the leading men with a
view to strengthen their position, to inerease their connections and
to act as gentle and polite reminders of the callers’ existence. The
~ consultant under these circumstances is apt, not unnaturally when

he sends patients abroad, to seleet medical men, who are to some
extent personally known to him.

Abroad the English Code of Medical Ethics is not so operative
as at home and indeed to meet the special cireumstances of the case,
some new regulations might be framed with advantage,

Much more might be said on the subject of the drawbacks and
disagreeable surroundings, which in some instances are attached to
medical practice in foreign health resorts, but I will refrain from
pursuing the matter further.

Now it must not be supposed that the social strivings and
rivalry referred to, prevail generally; these must be regarded when
carried to their extreme length, as exceptional.

Amongst Italian medical men a very liberal feeling exists; I
have found them invariably pleasant and polite to their foreign
confréves, free from all petty jealonsies and intrigues. In Switzer-
land it is different and foreign medical men encounter more than the
usual difficulties ; the motto acted on is, “Switzerland for the Swiss’'.

X
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Notwithstanding the substantial benefits conferred upon the country
by the presence of so many English people, English medical men
are regarded with marked disfavour. The hotel and pension pro-
prietors will seldom eall them in if they can help it, but will find
excuses for not doing so and but little cordiality is extended to their
foreign brethren by the generality of Swiss medical men, even when
they hold the same qualifications as themselves.

ON THE COLOURATION OF THE LEAVES OF PLANTS.

Having lived in the Riviera for so many years, my attention
could not fail to be directed to the brilliant colours presented by the
leaves of many plants, especially in the autumn season. The pheno-
mena atténding the changes at that season affect alike the leaves of
both deciduous and evergreen plants. The latter in the mild climate
of the Riviera are more abundant than the former and hence the
transformation in the autumnal foliage witnessed in colder countries,
where the deciduons trees most abound, is seen on a grander scale
than in the Riviera, but this difference is fully compensated by the
greater brilliancy and depth of the tints produced in the leaves of
some of the evergreen shrubs and trees: these in some cases are so
striking as to cause.the leaves in many gardens to rival the colours
of the flowers themselves. y

Among the numerous plants which present this change of
colour in a striking form, the numerous varieties of geranium,
especially the ivy-leafed kinds, the vine and the American creeper
may be mentioned.

But brilliantly coloured and flower-like leaves are freely met
with at all seasons of the year in the Riviera, the colour of many
of these being natural and independent of autummal change; such
leaves are seen in many species of the genera acheiranthus and
which in consequence are so much used for the borders of flower
beds and for other ornamental purposes.

Observing so constantly the remarkable and often very beau-
tiful changes in the colours of the antumnal foliage, I was naturally
led to seek for the causes of these changes. On referring to the few
botanical works at my command, I found that the references to this
subject were very brief and the explanations given not always satls-
factory. I therefore determined to investigate the matter myself in
the hope that by the aid afforded by chemistry and the microscope
further information might be obtained. I commenced the investigation
in the autumm of 1891 and continued it with little interruption
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for nearly eighteen months. The results arvived at were detailed
in two communications. One was entitled: “On the Colour of the
Leaves of Plants and on their Autumnal Changes”. This was com-
municated to the Royal Society and was read and deposited in the
Avchives of the Society in November 1892. The title of the second
paper was simply: “On the Colouration of the Leaves of Plants’.
This embraced some further ohservations and was forwarded to the -
Society a few days before the first communication was read.

I will now describe very briefly and in as simple a manner as
possible, the chief facts and conclusions embodied in the two articles
above named.

Leaves consist chiefly of woody fibre, vessels, cells or utricles
and stomata; the fibre constitutes the framework or skeleton of the
leaf, while the cells cover and clothe this skeleton.

The ordinary green colouring matter or chlorophyll is con-
tained in the cells in the form of minute and special granules, which
do not however consist wholly of the pigmentary material, but con-
tain other constituents. _

Chlorophyll is but little soluble in water, owing partly to the
presence of a waxy or resinous substance, but it is readily extracted
from the comminuted or powdered leaf by the action of absolute
alcohol, spirits of wine, chloroform, ether and some other solvents.
If the leaf be entire or in large pieces, the solvent is unable to reach
the chlorophyll owing to the protection afforded by the but little
permeable epidermis and hence the necessity for the comminution
or pulverization of the leaf.

The chlorophyll thus procured is by no means pure, but con-
tains a variety of constituents; neither is its composition constant,
but it varies considerably according to the nature of the solvent
employed. Thus the chlorophyll obtained by absolute aleohol will
not in general have the same composition as that extracted by anhy-
drous ether: again its composition will vary to some extent even
when the same solvent has been used according to the plant and
leaf from which it has been extracted.

All this shows that, as obtained by the ordinary methods
resorted to, the produet is not pure chlorophyll, but a very variable
mixture of substances soluble in the vehicles employed; indeed it
may be doubted whether it has been as yet procured in a really
pure condifion. Perhaps the chlorophyll obtained from a strong
alcoholic solution by precipitation with water, is as near an approach
to purity as has hitherto been reached.

Hence the composition of chlorophyll as usually obtained is
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uncertain, whether even nitrogen is always present is doubted by
some, but iron is universally regarded as indispensable.

There is no doubt however that chlorophyll proper consists of
A mixture or combination of two colours, a blue and a yellow, the
blue pigment being readily convertible into a red by an acid. The
presence of two colours may even be seen in some cases, by watching
the evaporation on a white porcelain surface of two or three drops
of an aleoholic solution of chlorophyll derived from some plant of
simple organization, as the leaves of a young fern.

When extracted from the leaf by alcohol or some other suitable
solvent and even under some circumstances while in the leaf itself,
it is found that the colour of chlorophyll is very easily affected by
reagents and in particular that alkalies and alkaline salts heighten
its green colour, while by some acids it is more or less reddened
and by others gradually bleached.

Such is a brief description of chlorophyll as ordinarily met
with, but @ green pigment is of frequent occurrence in the leaves
of plants which differs essentially from the usnal kind. In place of
two colours, it consists of one only, as will be shown hereafter.

The Red Colour of Leaves.

Red leaves are of very frequent occurrence. They are met with
at all seasons; in the spring and summer, but especially as autumn
approaches. The red colour is encountered also in leaves of all ages,
in the very young and only partially developed, in mature and
healthy leaves and in leaves as their vitality becomes impaired
preparatory to their fall.

In some cases the redness is partial, the leaf not being red all
over but in places only, the usual green colour elsewhere prevail-
ing; in others the leaves are wholly red and sometimes the green
colonr of the leaves is transformed to a greater or less extent into
the red colour. This is one of the changes which oceur in the foliage
on such an extensive scale and with such striking results in the
autumn, There is no doubt, that this change is effected in many
cases at the expense of the green pigment, certainly of its blue colour,
and possibly in part also of its yellow constituent, when the chloro-
phyll consists of the two colours. Further, assuredly the reverse is
true and the red is sometimes converted into a green colour. It may
be mentioned as one proof that the change from green to red is at
the cost of the former colour, that the fragments of, say a red leaf
after extraction with water only, are often found to be deprived of
all colour. The change of colour from red to green occurs in the
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young red leaves of the Gloire de Dijon rose and some other plants
and especially in those in which the red pigment is converted into a
green by the slightest touch of an alkali.

Frequently the red colour is confined to the upper, occasionally
to the lower surface of the leaf, but both are often involved; usnally
the upper is of a deeper red than the under surface, but to this there
are some exceptions and many examples of these several distributions
of the red pigment may be seen. Again the red colour may be con-
fined to one layer of cells, or it may occupy several layers, or it
may and indeed does often extend through the whole thickness and
substance of the leaf. '

The leaves of the Gloire de Dijon rose afford a very striking
example of very young red leaves and those of various species of
plants belonging to the genera acheiranthus and coleus of mature
and healthy red leaves; but it is in leaves which have attained their
full age and which have begun to show signs of impaired vitality
that the redness is seen in the greatest variety and abundance.

As there is more than one kind of green, so is there more than
one deseription or variety of red colowring matterin leaves: there
arenot less than two modifications, but both agree in the fact, that un-
like chlorophyll they are soluble in water, while one only is insoluble
in absolute alcohol, in which chlorophyll is itself so readily dissolved,

The leaves of plants furnish many examples of the two varieties
alluded to. One is met with in the more or less red leaves of various
species of geraninm, in the leaves of the beech and in a great many
other red or reddish leaves; this variety is soluble in water and to a
less extent in mixtures of water and aleohol, but the mixed alcoholic
and watery solutions are usually by no means of a deep red colour
and in some cases are almost colourless. Notwithstanding this fact
however, some of these pale solutions yield when evaporated a red
residue, which when an acid is added is much intensified. ;

The second kind or variety of red pigment is of less frequent
occurrence and is present in the leaves of some species of acheir-
anthus and coleus. Tt is readily soluble in water and furnishes
solutions of a deeper red, but the great points of difference are its
complete insolubility in absolute aleohol, anhydrous ether, chloroform

and some other menstrua and its not being changed to green by
alkalies.

The Yellow Colowring matter.

There are very few healthy leaves which ave wholly yellow;
it 15 1n variegated leaves that this colour is chiefly met with, as in
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those of the holly and enonymus, but it is in flowers that the best
examples of the eolour are encountered, though whether obtained
from leaves or flowers it possesses much the same properties,

It is in leaves which can no longer be regarded as in full health
and vigour in which the vital forces are weakened or even destroyed
and in which these forces, acting with diminished power or ceasing
altogether, allow of the chemical affinities coming into operation,
that the colour is best seen. It is therefore in leaves at the period
of their decadence and fall that leaves of varying shades and depths
of yellow appear in such vast quantities as to impart to the autumn
foliage many of its beautiful tints and characteristics. Good examples
of leaves which become yellow in the antumn are furnished by some
species of geranium, especially the ivy varieties and sparmannia
Africana.

It will be remembered that the ordinary green colouring matter
of leaves, chlorophyll proper, as I will call it, for the sake of dis-
tinction, is composed of two colours, a yellow insoluble in water, and
a blue readily soluble therein and convertible by a trace of acid into
a pink, red and even a yellow pigment.

Thus then it is evident, that for the appearance of the: two
principal and characteristic colours of the autummal wvegetation
yellow and red, nothing more is necessary than the decomposition of
the chlorophyll and its separation into its two component colours,
the yellow and the blue, so readily convertible into a yellow. Now
this is what actually occurs and thus a simple explanation is afforded
of the prineipal and most striking change which takes place in the
foliage in the autumn.

But the change from green to red and yellow frequently occurs
in a manner still more simple. It has been shown that there is a
green colour which is converted first into a red and then a yellow
on the application of a trace of alkali, just sufficient to produce a
slight alkaline reaction.

But the antumual changes and tints are not confined to yellow,
pink and red, but others appear as rusty red, brown and black tints
of various shades.

The principal effects of the application of reagents to the yellow
pigment are as follows: alkalies deepen it, turning it from light to
deep yellow and then to brown and reddish brown; the weaker acids
render the colonr lighter and exert a bleaching effect, but by hydro-
chlorie acid it is turned blue and green and by nitric acid blue, green,
and then reddish. The yellow pigment of flowers acts in the same
way and is identical in its properties, The reddish yellow peel of
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the orange exhibits the same reactions with hydrochloric acid but the
peel of the lemon differs very remarkably as pointed out to me by
Mr. Clayton F.C.S.; it is not greened by that acid, but is turned
blood red by sodium carbonate, while orange peel is but little changed
by that alkali. These differences are so considerable that the peels
of the two fruits may be readily distinguished thereby. They arise
from the presence in the lemon peel of a yellow pigment soluble in
water and which is turned red by alkalies.

The Green Colouring Matter.

A very brief description of the ordinary green colouring matter,
chlorophyll has been given, but there is a second kind present in
the leaves of some plants to which I have already adverted, as for
example in the hyacinth.

It has been stated that the green ecolour of chlorophyll is pro-
duced by the admixture or combination of two colours, a yellow
and a blue, but there is a green pigment formed of one colowr only,
and that a blue, or a red convertible first into a blue and then a
green, by a minute quantity of an alkali. The red colour, soluble
in water, obtained, amongst many other plants from the red leaves
of the geranium, including the ivy varieties, vine, beech, American
creeper, red cabbage and the Gloire de Dijon rose, is thus changed.
The transformation of this red to a green may be seen by simply
lightly brushing over the dried residue of the several agueous solutions
with a camel’s hair brush, moistened with a weak solution of sodium
carbonate. In none of these cases was the least evidence procurable,
even by the microscope, of any admixture of a yellow colour.
Further, the change from red to blue and then green takes place
under the same circumstances not only in leaves, but in the red
colour of the petals of many flowers, as for example the scarlet
poppy, in which case also there was certainly no admixture with a
yellow pigment.

Now, as I have already shown, there is another red pigment
of less frequent occurrence in plants which is not convertible into a
green by an alkali, as the colour obtained from the red leaves of
some species of acheiranthus, coleus and some other plants.

Fi
Colourless Colouring Matters.

.

It is well known that plants grown in the dark, as in a cellar,
fail to develope their usual colours, the leaves even being colourless;
advantage of this circumstance is sometimes taken by florists and
others. It is from the same cause, the exclusion of light, that the
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heart leaves of hard green and red cabbages are also destitute of
colour. Exposed to both air and light, the proper colours are quickly
developed and hence it is proved that these agencies are necessary
for the production of the colours of leaves and flowers. The question
therefore arises as to the source of the colours.

There are some few leaves, which though grown in the light
and exposed to the air, remain for the most part colourless and yet
when certain reagents are applied, colonrs are at once developed.

Again, a copious development of a yellow, mixed occasionally
with a little green pigment, is of almost constant oceurrence when
a solution of sodium carbonate is applied to the colourless, bruised
corollas and petals of a variety of flowers, as those of a white hyacinth,
flag, nareissus, lily or azalia.

Further, if the very smallest colourless leaves of a red cabbage
be broken up and treated with a minute quantity of tartaric acid
a red colour will after a time be developed. Then, if the colourless
flower stalk, with its equally colourless buds of a pink hyacinth
grown in the dark, be watched for a time, it will be seen that the
buds when exposed to the air and light become at first yellowish,
then green and on the application of tartaric acid, pink and red.

Now the only interpretation of these particulars and faets is,
that as in the case of the indigo plant, there exists in the leaves and
flowers of many plants at least two colourless pigmentary substances:
‘the one convertible by an alkali into a yellow, and the other into a
red pigment by an acid, and this red again in some cases being
changed to green by an alkali as already shown.

The striking and often very beautiful changes which take place
in the colour of leaves when the summer is far advanced and
especially inthe autumn areindicative, as already stated, of diminished
vitality and approaching dissolution: the vital forces are ceasing
to operate and purely chemical forces come into action, the chloro-
phyll becomes decomposed, giving rise to yellow and red tints, which
themselves are more or less changed or destroyed, the iron which
enters info their composition being at the same time liberated.

Tron and Tamnic Aecid in the Colowration of Leaves.

Now #¢ron plays a much more important part in the colouration
of the leaves of plants than has hitherto been supposed. I have
shown in the first place, that it is present not only in chlorophyll
but in all the other colouring matters, the yellow, blue and red,
while Mr. Clayton’s analyses ® prove that the amount of iron present

* See the second Paper on The Colouration of Leaves.
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is very considerable; in dead leaves it occurs sometimes as red oxide
and carbonate of iron and at others in combination with tannie acid
and other bases, giving rise as will now be explained, to other tints
and colours,

Nearly all leaves contain tannic aeud and other nearly allied
acids ; tannic acid is almost invariably present, even in the youngest
leaves, and as the analyses given in my second paper on the
colouration of leaves prove, the quantities present are often very
large, especially in certain plants.

Now tannic acid like iron, is a very colour-producing body and
between the two there is a strong affinity, so that they readily enter
into combination.

Thus, it is to the presence of iron in the leaves of plants that
some of the red tints of autumnal leaves are due and to the tannic acid
mostly in union with iren, that the darker shades of reddish brown,
brown and black are to be. attributed.

Amongst many other leaves, those of the oak, beech, ivy,
crategus glabra and sparmannia Africana may be mentioned, as
containing much tannic acid. The effect of the presence of this acid
on the colour is very remarkable, it often causing the leaf to change
from bright golden yellow to brown and sometimes almost black,
in the course of a few hours. '

Such is a brief account of the colouring matters of leaves and
of the remarkable changes which take place in them at the autumn
season. The two Papers at the end of the narrative may be referred
to for further and fuller details.

CONCLUSION.

The survey which has now been made of the work of my life,
the chief events in which have been recorded in this narrative in
quick succession, gives rise to very mixed feelings and to some
reflections; feelings of regret on the one hand and of satisfaction and
thankfulness on the other.

One source of regret is, that my early training and education
were so interrupted and limited and in some respects wanting in
thoroughness. The results of this defect I have felt thronghout life
and I know it has had its effect on the quality and character of some
of my work. It was only under the tuition of Mr. George, that I
really began to understand the true object and purposes of education,
to experience the pleasure which even the acquisition of scholastic
knowledge was capable of giving and to realize the fact, that it was
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the foundation upon which success or failure in life, in many cases
mainly rests.

Another very serious deficiency in my early training was the
want of practical knowledge and guidance as to the advantages and
disadvantages of different callings and professions. With such know-
ledge the choice would rest upon a sure foundation and the prospect
of success would be much greater. For the want of such almost
elementary information, how many youths blindly cheose a profession
for which they find from actual experience, they either have no taste
or are otherwise unfitted; thus they enter on the real work of their
lives, that by which they have to support themselves and their de-
pendants, rather by accident than design, in place of on fixed and
ascertained data; hence failure too often arises and they are neither
happy nor suceessful, whereas had the right choice been made and
the profession selected for which they were best suited by their
natural tendency and abilities, both happiness and success would have
been ensured. Such reflections doubtless have occurred to many, but
unfortunately the needful worldly wisdom is in too many cases gained
from painful practical experience after our selection has been made,
and too late to be of service.

I have often thought it would be a very good thing if Chairs
or Lectureships were instituted in connection with our Universities
and Colleges, having for their object the teaching and guidance of
young men in the choice of their lives’ profession or calling. Such
a course of instruction should explain the nature of the qualifications
required, the subjects which should be pursued and studied and the
acquirements needed in each case, the advantages and disadvantages,
the trials, risks and dangers, especially climatic, incidental to each
occupation whether medical, clerieal, military, naval, or commercial.

The Medical profession is a case in point, since it affords an
apt illustration of the necessity which exists for preliminary in-
formation and guidance before coming to a final decision. From the
want of these I have known very deplorable results to ensue;
inability to pass the requisite examinations and if these were passed,
failure from want of the physical and moral gualities necessary to
ENSUre SUCCEss.

First, there is the long conrse of study and application needed;
the preliminary education and preparation for this should begin in
the later period of school life; then the strictly professional studies
are now spread over at least five years, a period not to be spent in
a leisurely and aimless way, but in daily and hourly application,
entailing the expenditure of much brain power.
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Next there are the physical qualities necessary; how seldom
are these taken into consideration; the sound health and constitution,
the freedom from disease and defects of sight and hearing; the courage,
nerve and endurance upon which such large demands would be made.
It is no uncommon thing for candidates who have successfully passed
through the whole course of study and who have obtained the ne-
cessary diplomas, on presenting themselves before the authorities,
usually the naval or military, to be rejected on account of some
physieal defect.

Then the kind of life led by most medical men when engaged
in private practice should be well considered, a life for which some
men are totally unfitted from various causes; thus there is the
necessity of being always on guard, by night as well as by day; there
are no days of “eight hours” for medical men engaged in general
practice; there is no period of the twenty four hours which they
can call their own; sleep, rest, comfort, meals have all to give way
and a doctor must hold himself ready at all times to obey, in many
cases, the somewhat exacting calls of the publie.

Again, there are dangers whish beset the path of the medical
man in the daily exercise of his vocation; the risk of infection of
various kinds, to which infection so many valuable lives are annually
sacrificed.

Another risk which hasoften to be encountered, is that of injury
or ruin to health from unhealthy foreign climates, from malaria,
yellow and other fevers and diseases, ineluding cholera. The medical
officers of the Navy and Army are especially exposed to this danger
and the deaths of not a few are each year to be attributed to this canse.

But there are still some other trials rather than dangers which
await the medical man in the ordinary discharge of his professional
duties; one consists in the differences and difficulties which are so
apt to arise between medical men practising in the same town and
which it is often not easy to avoid; the jealousy, mistrust, the bitter-
ness which so often prevails and which go so far to destroy the peace
and comfort of life. For some of these differences excuses may at
times be urged; the frequency with which in small places interests
clash and the conduct of the patients themselves, but whatever the
origin, or whoever is to blame, the result is the same. There are few
of us who have not suffered in mind and feelings from this canse.

It is in the smaller towns and localities that these rivalries
and diffieulties are apt to arise, in cities the circumstances are very
different and in these, cordiality and sincere friendships among:
medical men very frequently exist.
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Then, another fruitful source of many annoyances and troubles
has its origin entirely in the conduct of patients, in their want of
censideration, their medical ignorance, their quackery, homaopathy
and Matteism, in their unreasonableness and sometimes even in their
ingratitude this last often takes the form of either declining to pay
the fees charged, or tendering less than the just rennmeration.

A grave danger not yet alluded to, is the liability to unjust
legal actions for alleged mal-practice and the still further and more
serious risk of having charges made of conduct of which the aceused
is entirely innocent, charges which may inflict a life long injury,
although he has succeeded in fully establishing his innocence. Our
Law Courts bear evidence to the frequency with which such charges
are made,

Thus the doctor’s path may be said on the whole to be beset
with many thorns, and his bed, when he is permitted to lie in it,
not a bed of roses.

We will now suppose that all the difficulties and dangers have
been safely passed and that the medical man is in practice in some
town of moderate size, that he is highly qualified in every respect,
fond of his profession and anxious to get on; is his success assured?
By no means. Success in practice in these days is not so much a
question of professional attainments and aptitude; it has become un-
fortunately both for the profession and the public, more a social
affair. It is not enough that the medical man should be highly
gualified and that he shonld have had great and valuable experience
in the treatment of disease. His social arrangements and surroundings
must be such as to allow of his entering much into society, he must
entertain, he must be seen at many social gatherings, put himself
“en évidence” everywhere and always, and he must take a prominent
part in local affairs.

The foregoing are some of the points on which young men who
contemplate entering the medical profession should be enlightened
before a final choice is made.

Nevertheless the profession of medicine, using the word in its
widest sense is a noble one, conferring on frail humanity very great
benefits and requiring on the part of those who practise it high
qualifications, physical, intellectual and moral.

For any imperfection in some of my scientific work, more parti-
cularly that of the earlier dates, other reasons than the want of due
preparation and experience is to be assigned. One was restricted
means, another the necessities and anxieties of medical practice, which
allowed only of my giving interrupted attention to the enquiries and
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investigations in which [ was engaged. Had I possessed independent
means, or had I held, as do so many seientific men abroad, some
small professorship, my energies would have been more concentrated,
my time more continuously devoted to the subject in hand and the
results would probably have been more complete.

I make these remarks to show that I am fully sensible of the
shortcomings of some of my earlier investigations, arising partly
from the causes above adverted to; in particular those embodied in
the “History of The British Freshwater Alge' and in “The Micros-
copical Anatomy of the Human Body™ and I have often thought
if I could have had the time and opportunity to reinvestigate these
subjects, how much more worthily I could fulfil my purpose. This
vain thought has doubtless oceurred under like circumstances to.
many others besides myself.

Still, on looking back and taking into consideration all the
circumstances of my life, 1 have very great cause for thankfulness.
Never robust, struck down on three occasions by nearly fatal illnesses.
and compelled thereby when far advanced on the road to success to
abandon for a time my medical career and with health subsequently
greatly impaired, I have yet been permitted to accomplish, as these
pages testify, a very considerable amount of work, some of it I trust
of a useful and practical character,

In confirmation of this statement I will refer only very briefly
to three subjects, two of which relate to sanitary questions and here
I would observe that I may fairly lay claim to have been one of
the earliest sanitary reformers in England. I was a contem porary
of a noted and earnest band of such reformers; Sutherland, South-
wood Smith, Farr, Milroy, Simon, Thomson, Glaisher, Parkes and
though last not least, Edwin Chadwick. I was officially associated
with most of them in sanitary enquiries,

I was the first to describe and define the true character of the
“Organic Matters”, living and dead, animal and vegetable contained
in Drinking Waters, and to apply this knowledge to the exposure
of the abominable condition of the Water supplied at the period
already referred to, by nearly all the Metropolitan Water Com panies
to theinhabitantsof London anditssuburbs. That exposure necessitated
the Parliamentary enquiry and contributed greatly to bring about
the legislation which took place shortly afterwards.

Again, I was the first to apply the microscope in a scientific
and systematic way and on an extensive scale to the detection and
exposure of the Adulteration of Food and Drink and even Drugs,
which was at the time all prevalent, to the injury of health and loss
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to the consumer. This exposure brought to light such frandulent
and injurious practices, that the attention of Parliament was called
to the subject and after due enquiry legislation followed, which
though deficient in some respects, has put a stop to most of the grosser
and more serious forms of adulteration.

Omitting much to which I might be excused for referring in
relation to my sanitary work, I will bring this narrative to a con-
clusion by alluding to my efforts, commenced in 1867 and continued
for fully ten years in the foundation and establishment of The Royal
National Hospital for Consumption and Diseases of the Chest on the
Separate Principle or System; this system at that time was new,
but its valne has been fully acknowledged and acted upon in the
case of other Hospitals both special and general, since projected; it
was indeed an important factor in the success of the Hospital, as it
s0 obviously commended itself to the intelligence and observation of
most people and was so consistent with the requirements of hygiene
and the views entertained of the contagiousness of phthisis and other
tubercular affections. This successful undertaking has been and still
is a source of very great satisfaction to me. During the last twenty
five years the Hospital has been open to the sick and suffering; it
has bronght comfort, relief and in many cases longer life and health
to, exelusive of a few ount-patients, eleven thousand men and women
sufferers from consumption and other diseases of the organs of res-
piration. Since I left Ventnor fifteen years have elapsed, during
which my interest in all things pertaining to the hospital has not
abated, but my opportunities for usefulness have been of course
lessened. The labour and responsibility of carrying on the good work
have fallen upon others, as already shown in the course of this
narrative.

T hope it will be quite understood that I have referred to these
and similar matters in no boastful or egotistical spirit, but rather for
the reasons alveady assigned, namely, to recall cirenmstances and
events, some of which from lapse of time are well nigh forgotten
and in the hope that the narrative may prove interesting to some
and to others possibly useful. It will at all events show how much
even a very humble worker is capable of doing to promote the
welfare of others and I am not without hope, that some who read
it, may be led to contribute what they are able towards the well
being of their fellows, It would be affectation on my part if I were
~ to state I have no pleasure in the survey made and in my past
work, but any feeling of satisfaction is tempered by the thought
that what has been done might have been so much better accom-
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Form in Human Urine and on its Pathological Importance.
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narius and certain Fungoid and other Organic Productions
generated in Alkaline and Albumenous Urine. Lancet. 185%.
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actions of Royal Society. 1853-54.
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This Work was republished in Germany and in the United States.
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eipally in Reference to its Eligibility as a means of Classifieation.
With Six Plates, containing upwards of 150 Figures. Concluded.
Anmnals of Natural History. Vol.IX. 1842.

On Showers of Pollen. Annals of Natural History. Vol.IX. 1842.

On the Growth of Freshwater Conferve. Read before the Dublin
Natural History Society. Annals of Natural History. Vol.IX.
1842.

Observations on the Growth and Reproduction of Enteromorpha in-
testinalis. Read before the Linnman Society. Annals of Natural
History. Vol. XI. 1843.

Essay on the Diﬁtl‘ilmtiun,Vimlil:;,-', Structure, Modes of Growth, Re-
production and Uses of the Freshwater Conferve. Read before
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ON THE COLOUR OF THE LEAVES OF PLANTS
AND THEIR AUTUMNAL CHANGES

BY
ARTHUR FliLe FlAssAvL M. <D, T,0nD

Communicated to the Royal Society by the Rt Honourable
Profeggor Huxley. Received June 21, read November 18972
and now in the Archives of the Socisty.

Many verbal alterations have been made in the M. S. of this
communication during its preparation for the press, a few paragraphs
have been re-written, several have been omitted as being un-
necessary or repetitions, while some three or four new paragraphs
have been added, these being indicated by brackets; lastly two or
three oversights or errors have been rectified, but the paper in all
essential respects is the same as that communicated to the Society.

Chlorophyll, the name given by botanists to the green colour-
ing matter of the leaves of plants, is not, as hitherto obtained,
a simple substance, but is composed, in part at least, of constituents
which are non essential to its green colour; iron is however deemed
to be an indispensable ingredient. But little reliance therefore can
be placed on any quantitative analyses hitherto published, or on
the processes described for obtaining Chlorophyll in a state of purity.

. Chlorophyll is generally regarded as a mixture of two colour-
ing matters, a yellow and a blue; on each of these different
names have been bestowed, as Zanthophyll and Cyanophyll, or
Yellow Chlorophyll and Blue Chlorophyll. In the following pages
the word Chlorophyll is applied exclusively to the green colouring
matters of the leaves.



2 THE CHLOROPHYLL OR GREEN COLOURING MATTER,

Again, although the leaves of most plants are, at one period
or other of their growth, of a green colour, there are many excep-
tions to this, and some leaves, when even in full health, are red,
yellow, or even blue.

Before proceeding to deseribe the results of the observations
and investigations made, it will be well to point out certain preli-
minary difficulties presented to the action of reagents on the colour-
ing matters as contained in the leaves themselves, arising from their
epidermic covering. The epidermis not only acts as a protection fo
the contents of the cells, but prevents the entrance into them from
without of substances which might be injurious, Thus, while gases,
as oxygen and carbon dioxide, readily pass through the epidermis,
both from within and without, the passage of water even, either by
endosmosis or exosmosis, experiences greater difficulty, some reagents
finding even a less ready entrance, and when they have entered, some
of them fail to produce any effect on the colour, because they do
not exert any solvent action on the chlorophyll. T enter into these
particulars to simplify matters; even aleohol penetrates the epider-
mis very slowly and sparingly in the case of an entire and unbroken
leaf and extracts so little of the chlorophyll that after two or three
days immersion, the solution becomes only of a pale green colour.
In order to obtain the full solvent action of the alcohol, it is neces-
sary to cut the leaf up into very small pieces and even then the al-
cohol or other reagent used, enters the leaf but slowly and chiefly
through the cut edges or broken surfaces of the leaves.

Chlorophyll is soluble in aleohol, ether and benzine, but not,
it is usually stated, in water; it is also affirmed that it is soluble
in acids, but I find that neither of these statements is altogether
correct: it is slightly soluble in water, as will be shown later on,
while most acids, especially the organic acids, have little or no sol-
vent action ; the alkalies on the contrary exert a marked effect.

Hydrochloric acid added to a little of the alcoholic solution of
the green colouring matter partly evaporated in a watch glass, pro-
duced an immediate effect; it increased the green colour of the central
liquid and this increase was maintained for several days and it
gave rise to a blackish deposit of particles of cholophyll § the green
colour of the outer dried ring was greatly intensified: on the other
hand the green colour of the ehlorophyll was wholly destroyed by
an aqueous solution of chlorine and portions of leaves immersed in
the same became slowly but completely decolourized. When nitrie
acid was added, the central liquid became of a pale pink, while the
particles which subsided were red and the green outer circle turned
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THE CHLOROPHYLL OR GREEN COLOURING MATTER. 3

blue. After some hours the outer circle had almost disappeared and
the central liguid became nearly as clear as water, but the .hrig??t
red granular particles were still undissolved, Strong sulphurie acid
«deepened the green colour very markedly. |

But there is still another cireumstance to be referred to in
explanation of the difficulty with which chlorophyll is reached
by some reagents and that is the presence of a wax-like material
which renders the chlorephyll impermeable to water and some
-other substances.

Having thus cleared the ground somewhat, I will first des-
cribe the characteristics of the chlorophyll obtained by the action
«of alecohol of Sp. gr. 838 on the Capucin arum, A. arisarum,
cut into small pieces. It may be presumed, that the chlorophyll
thus obtained is of the same character as that procured from the
green leaves of most plants, the sap of which is not strongly
acid,  The chlorophyll solution when freshly prepared in bulk
is very clear and of a brilliant grass green colour: this colour
is preserved for some time, but the period varies; gradually when
exposed to the air it loses its beautiful green hue; it becomes
in succession olive green, brownish green and dull coloured, its
transparency is diminished and ultimately in the course of a few
days a reddish brown precipitate is thrown down, leaving the
solution, now deprived of so much of its colouring matter, com-
paratively pale and with all its attractiveness destroyed. Usnally,
when a small quantity of the alcoholic solution is evaporated in
a capsule or watch glass, a grass green deposit is left, the exact
tint of which varies with the quantity evaporated: if this be at
all considerable it will be seen, that the principal part of the
chlorophyll is deposited in a circle on the margin of the capsule
and here in consequence it presents an almost black appearance,
while as the centre is approaced it is more or less deep grass green.

It occasionally happens, that the aleoholic solution, when
poured in a white porcelain capsule, in place of being uniformly
green, presents three separate colours; an outer eircle of yeliow,
_an inner green and the central portion of the liquid of a blue
tint; in such cases, a ring of a pure yellow colour often becomes
deposited on the edge of the dish. But these appearances are some-
what exceptional.

Such are the outward characters and appearances of the al-
<coholic solution as visible to the naked eye. I will now describe
those revealed by the microscope.

Two or three drops of the solution after evaporation on a
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glass slide, exhibited numerous deep green and beautiful oil-like
globules which were deposited at the edges of the liquid; some
of these had coalesced, while here and there small red granules
were seen,

A larger quantity of the solution was placed in a watch glass
and partially evaporated; only a few drops of this concentrated
liguid were now examined, when it was found that a great many
much larger green globules had been formed than in the previous
case; some of these presented a bluish tinge; while others contained
a number of small colourless globules of an oily aspect.

Two or three drops of a ten per cent mixture of tartaric
acid and water were next applied to these large green globules,
when their colour was seen to change at once, the green was
more or less discharged, some of the globules became yellow, and
in others a few ruby red particles were visible,

It has been pointed out, that when the alcoholic solution is
kept for some days, it undergoes certain changes; amongst these
is the deposition of a reddish sediment. This precipitation is mainly
due to the presence in the sap of most leaves of a small quantity of
acid, which in due course is transferred to the alcohol employed in
the extraction of the chlorophyll and as the alcoholic solution is:
evaporated, the acid present becomes concentrated and thus relative-
ly increased. Now this deposition may be hastened and indeed
brought about almost at once by the addition of a small quantity of
a solution of an organic acid, such as tartaric acid.

If a little of this reddish brown precipitate be examined while

moist under the microscope, it is found to consist of granular masses,
mostly of a yellowish and some of a brownish red hue. If a little
of the granular matter be dried on a glass slide and a minute
quantity of the solution of tartaric acid be added and the granular
matter again dried it will now have assumed a much deeper and
in some parts a decidedly reddish tint.

T will next record the results of the application of certain
reagents to small quantities of the chlorophyll solution obtained
from the green leaves of the Capucin arum and other plants,
limiting the reagents used chiefly to those which are known to
occur in the leaves of plants both deciduous and perennial.

Ten per cent solutions were prepared of most of the substances
employed and in some few cases five per cent solutions were used
and of each of these a very small quantity, a drop or so only, were

added at one time. _ : :
It was found that the carbonates of ammonium, sodium and
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potassium, at first inereased the depth of the green colour, but
this after some hours changed to olive green and even brown;
they also exerted a marked solvent action on the chlorophyll itself.

That a solutien of soap intensified the colour greatly, the bril-
liant green hue being retained for some days;

That phosphate of sodium and chloride of sodium at first in-
creased the green colour to a small extent only, but after a time it
became davk browns both selutions exerted a slight solvent action.

The organie acids on the contrary, as citric and especially tar-
taric acid, destroyed the green colour quickly, turning it from green
to a light yellowish brewn. They also exhibited considerable bleach-
ing properties, but they showed no solvent action on the chloro-
phyll as did the alkaline carbonates.

Bitartrate of potassium changed the bright grass green to dark
olive, but it exerted no solvent action.

Olive oil quickly dissolved the chlorophyll and turned it to
amber or olive brown.

Accompanying the change of colour due to the action of the
acids, a precipitation oceurs of a granular matter, identical with
that which is thrown down when a considerable quantity of chloro-
phyll is exposed to the air for some days; and like it exhibiting
under the microscope the same mixture of yellowish, and pinkish
particles,

The application of the above reagents to small pieces of torn
up green leaves, gives results similar in the main, to those furnished
by the chlorophyll itself,

THE RED COLOURING MATTER.

But chlorophyll, the green, while it is the principal, is not
the only colouring matter of the leaves of plants; the red eslour
plays a very important and conspicuous part in the colouration
of leaves, expecially in the sunny climate of the Riviera, where
the observations now being recorded were made. So prevalent
is this colour and so brilliant in some plants, that it adds ma-
terially to the beauty of many gardens, but little inferior to the
flowers themselves.

It is most conspicuous in the early spring and late autumn
in certain plants; it is found in leaves of all ages, in the youngest
as they emerge from the bud, in full grown and healthy leaves
and in others at the period of decadence and preceding their fall,

Notable instances of the oceurrence of the red colour in young
and partially developed leaves, is afforded by the Gloire de Dijon



[ THE RED COLOURING MATTER.

rose in the month of March and by the Castor Oil plant. The new
leaves of this rose are of a rich, dark maroon red, while those of
the castor oil plant are of a dark mahogany ved. A eurious fact in
connection with ‘the leaves of both these plants is that later on and
when they are fully developed, they become gradmally transformed
into green leaves. A great many other similar instances of the
occurrence of young red leaves may be cited.

In certain varieties and species of pink and red Geraniums,
we have striking examples of red tints in the older, fully developed
and yet apparently healthy leaves. The change here is from green
to red, the green never being restored, the red colonr moreover
rarely extending over the whole leaf. This disposition to the de-
velopement of red leaves is increased as the period of decadence is
approached, as also by any injury or other eause which interferes.
with the nutrition or vitality of the plant or leaf.

A very large proportion, in faet nearly all the full grown,
and healthy leaves of many Ivy-leafed geraniums ave more or less
coloured on the upper surface, the lower being for the most part
green; the tints vary from maroon, to choeolate, vermilion or pink,
the really green leaves being the youngest. Attention may here be
called to the broad, dark coloured almost black band in the centre
of the leaves of ivy as well as many other geraniums. The nature
of these rings will be explained a little later on,

As examples of the change in leaves from green to red, after
maturity and previous to their fall, the Vine and a species of Crategus,
C. glabra, may here be referred to. The leaves of the vine in the
autumn often present the most brilliant aud beautiful tints, especially
when the sun is shining through them; indeed they occasionally formy
quite a feature in the landscape.

The Blue Gum or Eucalyptus Globulus affords an instance in
which the young leaves in the spring are more or less red, while

the older leaves do not become so nntil the autumn, when they are

about to fall,

Instances inumerable, in addition to those already mentioned,
might be cited of the occurrence of red coloured leaves, such a list
however is not needed for this enquiry, but we may name in passing,
that many of these belong to the genera Rumex, Oxalis, Salvia,
Coleus, Acheiranthus, and though last, not least, some varieties of
Brassica, as the red and blue eabbage.

As a rule the red colour is most developed on the upper sur-
face of the leaf and in some geraniums it begins in the thin edges;
frequently both surfaces are coloured and occasionally it happens
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that the under surface is the most red, and this is usually the case
in the scimitar shaped leaves of the Blue Gum.

The red colour is often confined to a single layer of cells, in other
cases it extends deeper and it sometimes involves the whole thickness
of the leaf, comprising several layers of cells; these differences may
be well seen in vertical sections of the leaves of many geraninms.

In the leaves, both young and old, of some geraniums, as al-
ready noticed, a blackish, somewhat starred ring or band, is to be
seen; this, owing to its dark colour stands out in marked contrast
to the green of the rest of the leaf. I found to my surprise, when
a thin section of the leaf including a portion of the ring, was placed
under the microscope that it consisted of a layer of cells filled with
a ruby red colouring matter.

The dark colour first seen was due no doubt to the density of
the leaf being so great as not to permit the light to pass through.
When the leaf is of a light green and still more when it is of a
yellowish colour, the nature of this ring becomes apparent to the
naked eye, as it then exhibits a more or less pink or reddish hue.

It has already been stated, that the red leaves of certain ge-
raniums are rarely red all over, but in part only, the change of colour
beginning mostly at the edges of the leaves where they are thinnest
and most permeable to light and air; the redness advances gradually
and ultimately extends over a great part of the surface, the remain-
der of the leaf being usually of a paler green than the rest of the
unaffected green leaves.

This change of colour from green to red is doubtless effected
at the expense of the green colour, which in some cases is entirely
replaced by the red: in others, part of the green remains undestroyed,
but is often more or less concealed by the coating of red. The gradual
extention of the red colour into the cells occupied by the ehlorophyll
may sometimes be seen under a low object glass in thin vertical
- sections of the leaf.

Unlike chlorophyll, the red colouring matter of plants is soluble
i water and less freely in alcohol, but owing to the difficult per-
meability of the epidermis, the colour is but slowly extracted, so
that it is necessary as in the case of chlorophyll, to reduce the leaves
into small pieces.

When as in some geraniums, the red colour extends through
the whole thickness of the leaf, water or aleohol, Sp. gr. 835,
extracts every trace of the red colour, the pieces of leaf being ren-
dered colourless. This result shows that the red colour is, some-
times, at least, formed from the green colouring matter,
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The alcoholic or spirituous solution of the colouring matter of
some red leaves is almost colourless and yet when a little of this is
evaporated in a wateh glass the dried residue presents a brilliant
carmine appearance, In this carmine residue under the microscope
sometimes two colours ave plainly seen, a bright red and an equally
bright yellow, each colour keeping perfectly distinet. The yellow
however is in much the smaller proportion and is doubtless derived
from the decomposition of the chlorophyll present to some extent in
the red leaves which furnished the extracts.

A few drops of the solution of tartaric acid were next added
to a little of the unevaporated spirituons solution derived from red
geranium leaves and this had the immediate effect of turning it
bright red. A small quantity of a five per cent solution of potassium
hydrate was added to a second quantity of the solution, and this at
once caused it to assume a green colour. The next morning the so-
lution was found to have dried up, the green colour had entirely
disappeared and a yellow residue now alone remained, Carbonate
of sodium changed the colour of the partially dried solution to blue
and then to deep green, when quite dried, to a4 rich amber at the
outer edge, and elsewhere to a decidedly reddish brown tint. Under
the microscope both red and yellow colours were seen, but not a
trace of green, some of these curious changes admit of explanation ;
the intensification of the red colonr was due to the action of the
acid and the green colour to that of the alkalies used.

The alcoholic solution obtained from the chocolate coloured
leaves of an Ivy-leafed geranium presented much the same characters
as the above. The solution when poured into a watch glass was
almost colourless, but the next morning the residue was found to be
of a lovely deep pink colour; this under the microscope was seen
to consist mainly of a clear, non-granular and diffused pink colonring
matter, surrounded near the outer edge of the deposit by a number
of bright yellow granules of irregnlar size and shape, these being
in marked contrast to the pink colouring matter.

It has already been stated, that the young, npper leaves of
the Gloire de Dijon Rose are of an intensely dark red, with in some,
glimpses of a little green colour. Under the microscope the colouring
matter is seen to ocenpy the cells in the same way as in other red
leaves. An aleoholic solution was prepared from these leaves, but
this instead of being, as in the geraniums, of a reddish yellow tinge,
was « Oright grass green. Notwithstanding this however, the
residue left after evaporation was for the most part bright red; but
outside this red deposit was a circle of a green colour, while in the
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centre of the red residue was a round spot composed of yellow
colouring matter. The explanation of these differences will be given
further on.

Another plant of common occurrence in the Riviera and which
has alveady been referred to, is the Castor oil plant; the young
shoots and leaves are of a dark mahogany colour, the younger and
smaller the leaf, the deeper the colour; the young stems, veins and
mid-ribs of the leaves are bluish red; both surfaces of the leaf are
coloured, but the colour is confined to the superficial layer of cells,
not continuously, but with intervals which show the usual green
colour of the older leaves.

The aleoholic solution of the red leaves of this plant.like that
obtained from the young red leaves of the Gloire de Dijon rose,
was likewise of a beauntiful grass green colour and it also yielded
on evaporation a brilliant carmine residue, This presented the follow-
ing characters: an outer green ring, an inner red ring and a central
area or spot, having but little colour. The green alcoholic solution
was before evaporation nentral, but subsequently and after the de-
velopement of the ved colour, it was found to possess a slightly aecid
reaction, and it was to this acid that the appearance of the red
colour was partly due. Had the final reaction been neutral or slightly
alkaline, a blue or green and not a red colour, would have ensued.
The fact may here be recalled to mind, that, as in the Gloire de
Dijon rose, the mature leaves of the castor oil plant are also of a
deep green,

It has been stated, that contrary to what obtained in the case
of the solutions prepared from the red leaves of the geraniums, the
corresponding alcoholic solutions made from the rose and castor oil
plants were grass green. This difference arose it would appear from
the fact that the leaves of the latter plants contained both the readily
soluble red colouring matter, and some chlorophyll; the spirit used,
of course extracted not only the red, but also the green colour, so
that the solution was a mixture of both; the green being the least
soluble was first deposited on the watch glass und hence the outer
green circle; the deposition of the red occurred later and its colour
was due to the presence of a minute quantity of an acid derived
from the aleoholie solution or possibly from the air, while the free
yellow colouring matter probably indicated the decomposition of
some of the chlorophyll.

Now an increased formation of a green pigment is clearly
necessary to account for the conversion of the dark red into the green
Jeaves, a change which undoubtedly takes place on a Very con-
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siderable scale; of this conversion two explanations may be given,
one extremsly simple, since all that would be requived, as already
shown, is that the acid reaction necessary to the developement of
the red pigment should be changed into an alkaline reaction; the
other and the correet explanation is, that the green colour which
underlies the red and which is insoluble in water is increased in
amount in accordance with the growth of the leaves.

1 have in the next place to refer to two other plants; the one
deciduouns and the other an evergreen. The first sheds its leaves in
the antumn and the second in the early spring, in both cases the
appearance of the red colour is a sign, that the leaves have fulfilled

their funetions, that their vitality is impaired and that the chemical-

forces have now come into unrestrained action. The plants referred
to are the Vine and a speeies of Crataegus, C. glabra, In neither of
these cases does the red colour differ essentially from that obtained
from the plants already noticed, but in the leaves of this crategus
the tint is different and the colour, a decided blood red in most cases,.
especially in the older leaves; occasionally however some leaves are
met with which are simply reddish or even guite brown, and some-
times it will be noticed that one half of a leaf is green and the other
red, as indeed is frequently observed in the leaves of numerous plants.

The leaves of this crategus also contain a good deal of tannic
acid and perhaps an excess of iron; the presence of these is not
without effect on the colour of the leaves.

Small pieces of these leaves are much darkened by immersion
in water and assnme a reddish brown colour, the water itself be-
coming brownish ; again the colour of the red leaf is made of a much

deeper red by a weak solution of tannic acid, this solution itself

being quickly rendered a bright red. The torn up red leaves were

also blackened by a weak solution of tartrate of iron, as also were:

the cut edges of the green leaf,

It may here be stated, that a modification of the ordinary red
colouring matter is occasionally encountered. I first met with this in
the old red leaves of the cratwgus above referred to; it differs chiefly
from the ordinary red pigment, in that it is not changed by an alkali
from red to blue and green. [un this crategus it is so intimately
incorporated in the upper surface of the leaf that this remains of a

deep mahogany red colour even after repeated extraction with water

and alcohol.

In examining and making observations on the red colouring:
matter of leaves, it must be borne in mind that when extracted from
the leaves of plants by aleohol it is very liable, as already shewn, to
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be admixed to a greater or less extent, with the yellow colour which
is insoluble in water and the presence of which would modify the
red colonr as well as the effects of the application of reagents.
thereto., This admixture may often be seen in the dried residue by
means of the microscope, or by washing out the red with water;
but not always, especially if the proportion of the yellow pigment
be inconsiderable, since this may be absorbed and concealed by the
red, though usually the reverse is the case, the yellow having a.
great capacity for absorbing the red, especially when the solubility
of the yellow is inereased by the presence of an alkali.

In some cases, even where no suspicion of such admixture exists,
the red colour when in small granules, or in thin strata through
which light can be readily transmitted, exhibits a yellow tint,
passing, according to the guantity, into a light or deep red.

Amnother circumstance to be remembered, is the special liability
of this colour fo contain tannic acid, as indeed do the yellow and
green colours, though to a less extent. Now the presence of this
acid no doubt does, in some cases, affect the colour of the evaporated
extracts and it may be the reason why an aqueous solution of the
red colour when exposed to the air and evaporated, often loses its
pretty pink tint and becomes of a dirty brown.

In many plants, the leaves of which exhibit a marked tendency
to turn red, there would appear to be a superabundance of red or
blue colouring matter. In the cratgus and many other plants this
abundance or freedom of the red pigment is shown in the cireum-
stance, that the youngest and least developed leaves, frequently
exhibit a red colour, .

Thus then, this red eolour brightened, intensified, and even devye-
loped by acids is changed in some cases through the action of alkalies.
to yellow, blue and green and is made to assume all the prineipal
colours exhibited by leaves, ,

The solutions of the red colouring malter of the leaves hitherto
treated of, were all obtained by the action of aleohol Sp. gr. 838
and were therefore liable to contain small quantities of the green
and yellow colours when these happened to be present. Desiring
now to obtain a solution entirely free from these two colonrs, T
employed water only as the solvent; the portions of leaves used were
those of a geraninm and were red throughout, not a trace of green
being anywhere visible. The solution obtained was of g very pale
pink colour only, yet when a small quantity of it was evaporated in
a watch glass it presented, as in the aleoholic solutions already
described, a bright carmine red colour. Under the microscope it was
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seen, that this was deposited in a broad cirele, while the centre of
the glass was occupied by a nearly colourless finely granular matter;
not a trace of yellow colouring matter being visible anywhere. A
portion of the red deposit was just touched with a camel’s hair
brush moistened with a weak solution of carbonate of sodinm, when
it immediatety turned a bright green which remained unchanged for
some days. The green colour thus developed was brushed over with
a weak solution of tartaric acid, by which proceeding the red colour
was more or less restored. The fact has already been recorded, that
the red residues of the alcoholie solutions of geranium leaves and of
some other plants were changed to green or blue by the action of a
small quantity of alkali, but it was considered, that the change to
green was due to the admixture of some yellow colouring matter
with the red, but in the present instance, no trace of yellow pigment
was to be detected, even by the microsecope. If the soda solution be
added too freely, the green colour is destroyed and the residue will
now exhibit tints varying from yellow to brown and reddish brown,
according to the amount of the alkali,

THE BLUE COLOURING MATTER,

Hitherto scarcely any reference has been made to blue leaves
and blue colouring matter, but the omission has been intentional, as
it seemed best to treat of this separately., The best examples of blue
leaves I have met with, are those of blue or red cabbages and beetroot,
but besides those, blue leaves not unfrequently oceur in other plants,
both deciduons and evergreen.

On a careful examination of the leaves a small hard red or
blue Cabbage, it will be seen, that the outer leaves ave of a very
decided blne colour, the veins being even of a still deeper blue; the
leaves which suceeed are less blue and these are followed by others
of a reddish colour; still more internally the leaves especially in the
intervals between the blue veins, are green, till gradually as the
centre is approached, they lose all colour, except that the veins remain
deeply coloured blue or red, and stand out in marked contrast to the
uncoloured portions of the leaves. These veins in their distribution
resemble in miniature a series of branching rivers and streams; on
a close serutiny it will be seen, that the blue or red colour in some
of the veins ceases abruptly although the veins themselves are still
continued onj again, if one of the smaller colourless leaves be held
up to the light, it will be evident that the cells on either side of the
coloured veins have become stained with the colouring matter derived
apparently from the veins. It would thus appear that the veins, at
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all events in some cases are either the carriers of the pigment, or
else that they convey the air or oxygen necessary for the develope-
ment of the colour.

From the correspondence of the colour of the veins with that
of the leaves themselves, from the fact that they are frequently the
first parts to become coloured and from the manner in which they
are mapped out or distributed, there seems the reason to believe that
veins play a more important part in the distribution of the sap and
in the colouration of the leaves than is usnally assigned them. It is
admitted that a portion of the sap passes through them and that
the spiral vessels are often charged with air, :

In the heart of the blue cabbage, on the examination of which
the foregoing observations are based, were a few perfectly colourless
leaves, and these will be again referred to.

It was found, that the blue or reddish blue of the leaves
extended through several layers of cells, but not through the whole
thickness of the leaves. In the case of the outer and older leaves,
the thickness was made up in part of cells filled with a yellowish
green chlorophyll, placed beneath the epidermic layer of blue cells,
but in the smaller and younger leaves, this central part was quite
colourless, the green not having been as yet developed.

The alcoholic solution obtained from a portion of one of the
blue leaves was of a grass green colour arising from admixture,
as already explained with some small proportion of chlorophyll.
Evaporated i a watch glass the solution quickly became in suc-
cession olive green, reddish brown and finally for the most part
dark claret colour, leaving a residue of a bluish tinge, surrounded
by a cirvele of bright green.

Now, as is well known the relation between the blue and red
colours is a very close one ; they are really modifications the same
colour ; the principal difference being one of reaction only; the blue
colour must have a slight alkaline reaction, if the alkalinity be
considerable the blue is destroyed and is succeeded by yellow; the
red must have an acid reaction, but the very slightest amount of
acid is sufficient to convert a vegetable blue into a red colour.- Both
these conditions were fulfilled in the blue or red cabbage.

It follows then from all the foregoing that the red pigment
obtained from so many different plants, was readily convertible into.
a blue pigment in the cases cited not only in the spiritnous and
watery solutions obtained, but in the red leaves themselves. Thus
_if a red leaf of a geranium were cut into narrow strips and placed
in a weak solution of sodium carbonate, this slowly and gradually
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made its way by endosmosis through the cut edges of the leaf, changing
the colour, as the solution entered, from ved to blue and green. If
now the strips are taken from the soda solution and placed in one
of tartarvic acid, the red is restored. This change from red to blue
and green was effected in the same manner in the case of many
-other leaves.

The leaves of Beetroot furnished results very similar to those
-obtained from the blue cabbage. The blue colonring matter of a
beetroot leaf when dried and broken into small pieces, was extracted
by means of a very weak solution of aleohol ; this while it removed
the blue colaur was not strong enough to act on the green pigment
lying beneath the blue; the pieces of the leat now therefore pre-
sented a green colonr and were no longer blue as at first. The solu-
tion when evaporated yielded a rich carmine residue; this when
treated with a few drops of a solution of sodium ecarbonate became of
a brownish hue, not green as was the case with the cabbage; this
again_changed to yellow, yellowish brown and reddish brown as
the solution dried up.

It has heen affirmed that the red colour of leaves is bronght
about by the acidity of the sap contained in them and this statement
has been generally accepted. To test this point Table T has been
prepared.

[. This Table proves, that chlorophyll owing to the protection
atforded by the wax-like material alveady referred to may, and
frequently does exist unchanged in leaves for long periods, in fact
as long as they remain in health and this sometimes in the presence
of much acid and also in spite of the further fact that the organic
acids present evince a considerable bleaching power on chlorophyll.

II. That as a rule, the sap of green leaves contains as much,
and occasionally more, acid than red leaves.

III. It proves besides, that for the production of a red colour it
is only necessary the sap should have a slight acid reaction, but the
amonnt of acid present need not exceed what is required to produce
this reaction. If the guantity of acid be considerable it will simply
intensify the redness and hasten its production especially in those
cases in which the vitality of the leaf is impaired and the natural
chemical forces are therefore allowed to come into action. For the
conversion of a red into a blue as already stated slight alkalinity
or at all events freedom from acidity only, is required. The effect
of an excess of acid in hastening the production of the red colour is
shown by adding a little tartaric or other suitable acid, to a small

quantity of the alecholic solution obtained from certain red leaves,
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trated by light and air; they also contain less moisture and are
the first parts to dry up. Lastly the flow of thesap is probably to
some extent arrested or rvetarded in this situation. The effect of
exposure to sun and air, is shewn in the fact, that in most cases
it is on the upper surface of the leaves that the ved colour is chiefly
developed.

In order to determine the total amount of acid contained in the
leaves of the several plants enumerated in Tables T and II the leaves
were first cut into small pieces and then reduced to a pulp; this
was treated with distilled water and the whole transferred to a
filter. With ordinary green leaves the filtrate is usually quite colour-
less, but in many instances the watery solution of both the green,
red and even the yellow leaves of some plants were found to be more
or less red, while the colours of the residues left on the filters in
some cases also underwent marked changes.

Among the leaves, to which my attention was dirvected and
which yielded colonred watery solutions; were the following: the
leaves of-the Gloire de Dijon rose, of Crategus glabra, Sparmannia
Africana and Hedera Algeriensis.

The agueous solution from the green Rose leaves was decidedly
red, the residue on the filter being dark green; the solution from
the young red leaves was of a pleasing pink colour and yielded a
carmine red deposit, while the residue on the filter was, contrary to
what might have been expected, bright olive green.

The solution from the green leaves of Crategus glabra was
of a rather deep red and yielded on evaporation a pink or red
colour, according to the quantity evaporated; the residue changed
from bright to olive green. The solution from the red leaves was
of course of a still deeper red, while the residue was reddish brown.

The solution from the green leaves of the Sparmannia Africana
was reddish, the colour being sensibly darkened on the addition of
a minute quantity of potassinm hydrate and on exposure to the air
for some hours it became still darker; the residue was of a black-
ish green colour, the darkening of the colour on the addition of
the alkali and on exposure to the air, was in this case no doubt
due to the presence of tannic acid. The yellow leaves of this plant
also yielded a deep red solution, which like that from the green
leaves, was darkened by exposure; the residue on the filter was
of a deep, reddish brown colour.

The- solution from the green leaves of Hedera Algeriensis
was of a dark brown colour, which became deeper on nentralization,
the residue being of a very deep green. The filtrate from the yellow

|
|
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leaves was of a deep reddish colour, much darker than that from
the green leaves, while the residue on the filter was of a fawn colour.

Many instances might be ecited in which the crushed green
and yellow leaves furnish to distilled water, a more or less red
solution. In some cases the whole of the redness is not due to the
pure red pigment, as when the aqueous solution becomes darkened
by exposure to the air or by the addition of an alkali; this
deepening of the red colour was very noticeable in the filtrates oh-
tained from the green and yellow leaves of the ivy and of the
sparmannia and was doubtless due to the presence of tannic acid.
When however the solution on evaporation yields a more or less
red or carmine residue, or when it turns yellow when neutralized,
these indications may be taken as a proof that the redness is really
due to the vegetable colour.

Now, this appearance of the red colouring matter in aqueons
solutions obtained from the green and yellow leaves of certain plants
may show in the first place, that the union of the blue and yellow
pigments to form chlorophyll may in some cases be but feeble and
hence the chlorophyll may become readily decomposed, or secondly
it may indicate the presence in the leaves of an unusual amount of
free red colouring matter.

It may here be pointed out, that a close relation may frequently
be observed between the colours of the flowers and the proneness of
certain leaves to turn red even while they are apparently in their
prime. When the disposition to turn red is slight, the flowers are
usually white or pale pink, but when the red pigment in the leaves
is abundant, it may be confidently predicted that the flowers will
be of a deeper hue, red, crimson, or scarlet. This relationship is
specially noticeable in many species and varieties of geranium. Al-
though the yellow colouring matter of leaves is mnsoluble for the
most part in water, still there are but few yellow leaves, which
when crushed do not yield to water some small amount of the yellow
prgment.,

THE YELLOW COLOURING MATTER.

The yellow colouring matter plays a very important part in
the colouration of leaves; there are however, but few healthy leaves
which are yellow all over, those which exhibit this colour are
usually variegated, as the leaves of holly, enonymus and some other
plants. It is in the autumn especially that leaves assume the yellow
colonr, at which period, by the variety of their tints they form such
a feature in the landscape and add so greatly to its beauty.
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This autumnal appearance it should be understood is not due
so much to increased development of the yellow colour, but mainly
to the decomposition of the ehlorophyll, a change brought about by
the abolition of the modifying and controlling effect of the vital forces
of the plant. At the same time, as we have seen, the blue and red
colours are also very readily converted into a yellow pigment.

Good and striking examples of yellow leaves are met with,
at the period of their decadence, in Sparmannia africana, in some
Geraniums and in certain species of Lvy.

Variegated green and yellow leaves, most of which belong to
evergreen plants, yield their yellow colouring matter to alcohol but
slowly and sparingly, in consequence of the impermeability of the
epidermis of these leaves. The colour is more freely extracted from
the leaves of some ivys, still more easily and abundantly from those
of several geraniums and of sparmannia africana, but the best
examples of the yellow colouring matter are obtained from flowers.

The yellow colouring matter obtained by means of alcohol from
the variegated leaves of Evonymus, was small in quantity and did
not present anything remarkable in its character, that from the
leaves of the ivy, these being of a pure golden yellow, was more
abundant; the aleoholic solution was bright yellos and the deposit
from this, on evaporation, was in large pieces of an equally rich hue.

The alcoholic solution obtained trom yellow geranium leaves
was of a bright, pleasant yellow and a small quantity of it evaporat-
ed in a wateh glass presented the following characters; first a broad
outer yellow circle having a somewhat glossy appearance and second
a central, round patch which, having yellow for its basis, yet had
a distinct pink tinge and exhibited a remarkably dry and lustreless
aspect. Under .the microscope this dull area was seen to be made
up of yellow colouring matter, of a few pink masses and innumer-
able very small colourless granules, to the presence of which, the
dry appearance was apparently due.

The alecoholic solution obtained from the golden leaves of the
sparmannia was of a bright lemon colour and when this was
evaporated, the residue under the microscope was found to consist
of highly refracting globules of various sizes, arranged in the
watch glass in the usnal outer circle.

The small pieces of leaves of this plant left after the extraction
of the colour were of a decidedly reddish tint.

So far, I have rarely obtained any yellow colouring matter in
which I could not demonstrate by means of the microscope the
presence of a little red pigment, this howeyer not necessarily entering

.
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into the composition of the yellow colour and it hence occurred to
me that some information might be afforded by a close examination
of the epidermis of ripe oranges and lemons. I will now deseribe the
results arrived at.

The epidermis of the unripe Orange and Lemon is of a decided
green like that of the leaves and as in these a red element can be
discerned, so one might expect to find the same in the ripe fruits. The
fruit of the orange tree in the Riviera, begins to ripen and to turn
from green to yellow sometimes in really cold and wet weather,
that is about November, and this change of colour does not seem to
be very dependent on either warmth or sunshine, since the green
colour does not first pass into yellow on the side most exposed to
the sun, but the change is more general and seems to spread slowly
over the whole surface. In the lemon, since this tree bears fruit of
all sizes and ages at the same period, the ripening is less restricted
fo a special season. From the yellowish red colour of the ripe Orange
it might be predicted, that this was produced by a mixture of a
red with the yellow pigment, but for some time I was not able to
demonstrate the presence of the red constituent.

It ocourred to me, that one difficulty in the way of revealing
the presence of the red colour, was the msolubility in water of
the yellow colouring matter in which it might be concealed. I hence
soaked a piece of the ripe peel for some hours in a weak solution
of sodium carbonate, this acted freely as a solvent; the peel now
presented a reddish appearance to the naked eye, while under the
microscope the red was still more plainly revealed, especially when
the peel was dry; there seemed therefore little doubt that the
green epidermis of the unripe orange and the yellow epidermis of
the ripe fruit, were composed of a red and yellow colour in the
same way as chlorophyll.

The epidermis of the ripe Lemon is destitute of any red tinge
like that of the orange, but is a pure pale yellow. A strip of this
peel was soaked for some hours in the soda solution and was after-
wards examined under an inch object glass, when many more or less
rounded masses, evidently sitnated beneath the epidermis, were seen;
these were of variable size and of a deep pink colour. Some of the
masses were large enough to be visible to the naked eye and this
in portions of the peel which had not been steeped in the soda :
indeed I afterwards found that a considerable number of large
specks of pink were freely scattered over the epidermis of all the
lemons I was then able to examine. *

*I have since ascertained that these pink spots are not present in
alllemons: moreover I have asu spicion that they are ofa parasitic nature,
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Now the yellow colouring matter of leaves possesses the follow-
ing properties and characteristics; it is freely soluble in aleohol
and ether, less freely in alkalies; it is almost insoluble in water
and in weak solutions of the organic acids; solutions of the alkalies
darken the colouring matter and change it from light to deep yellow,
to brown and reddish brown, while some acids have a contrary
effect, and render it lighter and indeed exert a considerable bleaching
power, not only on the yellow colouring matter, but more especially
on chlorophyll and even the leaves themselves containing that colounr,

Hydrochloric acid however added to a little of the aleoholie
extract of the yellow colonring matter partly evaporated only in a
watch glass, turned the central lignid portion pink, while the outer
circle was rendered at first green and then blue. When nitrie acid
was added, the central liguid became blood red and suspended in it
were red granular particles, but after some hours nearly every trace
of colour in the liquid was destroyed.

The comparative insolubility of the yellow colouring matter in
water explains why, when the spirituous solntion is evaporated in
a watch glass the colour 1s always deposited on the outer edge of
the glass in a circle and why also, it so generally assumes the form
of rounded globules, of various sizes and is not diffused like the
more soluble red colouring matter.

Now, if the larger of these globules be attentively examined
under the microscope and certain reagents be added it will be found,
that they absorb a portion of some of these, sufficient indeed to
materially affect the colour of the globules; thus, that sodium
carbonate in solution is absorbed is proved by the bubbles of carbonic
acid which are seen to issue from the globules on the addition
of a drop or two of a weak solution of tartaric acid; then again, the
globules became much darkened on the formation of a minute quantity
of tannate of iron and if afterwards a little tartaric acid be added,
the colour of the globules will change to a red.

In order to ascertain whether the amount of free acid in the
yellow leaves was greater or less than in the green leaves, the
following determinations were made. Table II.

Tt is sometimes scarcely possible to determine the acidity of
leaves exactly and this for several reasons. The Gloire de Dijon rose
leaves contain a thick mueus-like substance which renders filtration
extremely difficult. Part of the acidity is due to tannic acid present
in nearly all leaves.

THE GREEN COLOURING MATTERS.
A general description of ehlorophyll, the manner in which it
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TABLE II.
Percentage composition.
Colowr of leaves | Acidily as tartaric acid Residue Ash
o Geranium zonale (Luc}’. Bosworth).
Green 8. 50 11. 10 3. 43
Yellow (falling) 3. 70 12. 50 3. 14
Arum arisarum.
(Green nearly neutral 17. 10 2.00
Yellow (falling) neutral 15. 40 2.00
Hedera algeriensis.
Green 6. 50 25.10 3. 14
Yellow (falling) 30. 60 BTl
Sparmannia africana.
Green 4. 70 33. 40 4. 86
Yellow (falling) 4, 00 a0. 00 4. 57

is extracted from leaves, its behaviour with certain reagents and other
particulars have already been given. I will therefore now only
deseribe the results of my latest observations. The aleoholic solution
obtained from the leaves of Arum arisarum was of a brillant grass
green colour and furnished an equally brilllant residue when evapor-
ated, the greater part of this being deposited on a watch glass in
a broad outer circle. Three separate portions of the solution were
placed in watch glasses; when that in the first glass was partly
evaporated, a small quantity of liquid only being left in the centre
of the glass, it was submitted to microscopie examination ; the outer
green circle was seen to be made up of inumerable globules and
irregular particles of an intensely green colour, while floating in
the central liquid were a great many globules of all sizes, as alsp a
few large masses which were of a deeper green and in some cases of
a blackish hue. To the second glass, the solution being like the
first, partly evaporated only, a few drops of the sodinm carbonate solu-
tion were added ; this quickly produced a marked change of colour
in the liquid portion; it became yellowish, with at first merely a
tinge of red, but the redness increased after the lapse of some time
and still more after a day ar two, the green outer ring not being
affected by the soda, owing probably to the way in which it adhered
to the surface of the glass and to its being protected by the presence
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of some wax-like material. Suspended in the liguid were many
round green globules, some dark masses and many particles of a
decided red hue. When examined later on it was seen, that most of:
the green globules had become changed from green to red. The red
colour was due to the decomposition of the chlorophyll and the
liberation of its red constituent. The third portion was treated with
tartaric acid when partly evaporated; the fluid part became quickly
bleached, the ring of vivid green was seen under the microscope to
turn to a rich yellow, while the green globules suspended in the
liquid changed to yellow and in a short time beeame entively colour-
less; in fact after two days, scarcely a vestige of colour was any-
where to be seen.

Now, since the mixture of a yellow with a blne, or a red con-
" vertible into a blue colour, is known to form a green, it occurred to.
me, that one ought to be able to imitate and produce this green colour
by the admixture, under the requisite conditions, of the alcoholie:
solutions obtained from the yellow and red colouring matters.
extracted from leaves. These conditions are: that the two colours
should be in a state of absolute solution, that they should be in the
right proportions and particularly, that the mixed solutions should
either be neutral or but slightly alkaline; if acid, the attempt will
fail, In the alcoholic solutions of the yellow and red colouring matters
of the leaves, we have just what is required, only we must ascertain
whether either of these is acid, as sometimes happens from the spirit
taking up some of the acid of the sap of the leaves, should this be
of an acid nature. Should an acid be present, this must be nentralized
by a few drops of a weak solution of sodinm carbonate.

Equal quantities of the solutions were mixed in a watch glass;
these before the soda was added were bright and nearly colourless,
but afterwards the mixture quickly became yellowish and in a short

time a green colour was developed, varying in tint in different cases,
but generally of a beautiful grass green, similar to that of the chloro-

phyll solution obtained from a green leaf.

The green colour thus formed does not usually last a very
long time; to be more permanent it seems to require some binding
material but little soluble in water, as wax, such in fact, as exists
in chlorophyll itself, but the green soon passes into a rich yellow
colour, that is to say, in about three or four hours.

What, it may be asked, has become of the red clement or
constituent of the green colour and which seems to have disappeared ?
It has already been pointed out, that the yellow colouring matter
when in solution, has a great capacity for absorbing and incorporat-
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ing into itselt the red colonring matter, the yellow becoming thereby
simply deepened if the quantity of the red be not too great, but if
the red be more considerable, the yellow would exhibit a brownish
tint and if the proportion be still greater, it will be rendered of a
reddish hue and the red colour under the microscope will then be
clearly visible. Again it must be remembered that the red pigment
is readily changed to yellow by both acids and alkalies.

Other changes are observed in the mixed solutions after neu-
tralization ; these either accompany or follow the development of
the green. The mixture becomes thick, opaque, curdled and many
floceuli are formed; these contain the principal part of the green
colouring matter at first, but gradually they change to yellow and
the next morning when the contents of the watch glass had dried up
it was seen, that the flakes had collected at the sides of the glass
and had become of a bright yellow colour, but here and there showing
evidences of admixture with the red pigment, although it was evident
that the greater part of this had beecome invisible by incorporation
with the yellow colouring matter. In addition to the flakes there was an
outer circle of brownish yellow globules and a central dull yellow
area, containing a great many extremely minute colourless granules,

In the following case, the two solutions were simply mixed
together without neutralization and hence the mixture was slightly
acid; the result was, that no development of the green pigment took
place; when evaporated the residue presented a deep carmine red
centre, this was surrounded by a thin pink stratum and this again
by a yellowish green cirele. Three distinct colours were therefore
seen, namely, red, yellow and green; the yellow and the green, as
shown by the microscope, being for the most part in the form of very
pretty globules. ;

It will be observed, that the above resultsare in marked contrast
to those obtained from the solution which had been neutralized. These
differences result entirely from the non-neutralization of the extremely
minute quantity of free acid present in the mixed solutions ; there
was no development of green and the yellow and red pigments
remained separate, becoming deposited in due course as the spirit
evaporated. The yellow colouring matter being insoluble in water,
was the first to be thrown down as the spirit was dissipated and
hence it, as well as the small quantity of chlorophyll detected, were
found in the outer circle, while the red colour, preserved by the trace
of acid present and being soluble in the small proportion of water
contained in the spirit, was the last to dry up.

When in place of being neutralized with soda, a little tartaric
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acid was added to the mixed solutions, an orange red colour was
produced, but this was soon decomposed and the next morning it was
found that the central deposit in the wateh glass was of a somewhat
deeper carmine red than it would have been, had tartaricacid not been
added; outside the red centre was a circle composed chiefly of the
yellow colouring matter.

Hitherto it had appeared, that two colours were indispensable
to the production of a vegetable green pigment, but I now find that
this is not the case. The yellow, as is known, is soluble in spirit, but
not in water, whereas the red is easily dissolved by that menstruum,
We have thus a simple and ready means of separating the two
colonrs. Accordingly I prepared very carefully an aqueous solution
of the red colouring matter obtained from the red leaf of a geranium.

A portion of this solution was evaporated and the residue
examined by the microscope; this presented the usual beautiful red
colour unmixed with the faintest trace of yellow. I now lightly
touched the surface of the deposit with a camel’s hair brush moist-
ened only with a very weak solution of soda, when immediately a
bright green colowr was developed; having allowed the green sur-
face to become dry, I applied in a similar manner, with the lightest
possible touch of the brush, a weak solution of tartaric acid and
this had the effect of at once restoring the red colour as at first,

Subsequently aqueous solutions of the red colouring matter
were prepared from the leaves of a blue Cabbage and from the young,
damask red leaves of the Gloire de Dijon rose. These solutions were
treated in precisely the same way and with identical results, only
that the tint of the green in the two cases was different. That from
the blue cabbage was of a fine arsenical green hue, while that from
the rose leaves was of a deeper green. These results are particularly
interesting.

If a little more sodium carbonate be added the green colour
becomes changed in suecession to a yellowish green, to yellow, brown-
ish wellow and to yellowish red, here then we have a remarkable
series of changes, all proceeding from one colour, the red; in fact
the changes pass through a whole series of colours.

There is a third way in which a green colour is produced; thus,
if a brush moistened with a very weak solution of ferrie chloride be
lightly passed over the surface of the dried yellow colouring matter,
it immediately assumes a dark green hue just like that of chloro-
phyll. At one time it seemed probable that this change of colour
was due to the tannic acid present in all dleoholic and agueous
extracts obtained from both leaves and flowers since that acid gives
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with perchloride of iron a green colonr exactly like that of chloro-
phyll. To test this point it hecame necessary to procure some
yellow colouring matter entirely free from tannie acid. If much
free tannic acid be present in the dried yellow extract the colour
which ensues on the application of the ferric chloride will be black
instead of green.

Accordingly every trace of free tannie acid was removed from
the yellow eolouring matter by means of ether and repeated washing
with water; the ferrie chloride was now applied to the tannin free
yellow colour and with precisely the same result, the develop-
ment of a green colour undistinguishable by the eye from chloro-
phyll, The same result ensned even when the ferrie ehloride was
added to the prepared ethereal solution of the yellow colouring
matter and also when the yellow tannin free petals of a erysan-
themum were imwmersed for some hours in a weak solution of ferric
¢hloride, It is thus shown that the green colour is not due to the
fannic aecid. .

It was suggested that it would be well to try to restore the
original green colour of the unripe fruit to ripe Oranges and Lemons.
With this view slices of the peel in small pieces were treated with
ether and water as in other cases; by this means a small portion of
the colouring matter only was extracted, but the whole of the free
tannic acid was removed. .

The tannic free ethereal solutions were evaporated and the
ferric chloride applied to the residues. That of the orange turned
green as in the previous case, shewing that the yellow colour was
of the same nature as that in the chlorophyll of the leaves, but in
the case of the lemon the result was different and no green appeared:
next, pieces of orange peel from which the free tannic acid had been
extracted were brushed over with the ferrie ehloride, with the result
that the green colour of the green orange was exactly reproduced.

When however ferric chloride was applied to the ripe peel of
the orange from which the free tannic acid had not been removed
by water, the result was entirely different, in place of a green, a
decided brown, more or less deep according to the strength of the
ferric chloride solution ensued, together with a blackening of the
torn edges of the peel and of the oil receptacles. In the case of the
!cmun from which the free tannic acid had also not been removed
it was observed not only that the peel became brown, but that the
pink and red spots already noticed, gradually became black after a
time, on the addition of the ferric chloride. [In drawing the inference,
that the green colour produced in the ripe orange peel was due to
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the iron in the ferric chloride, the fact vecorded in a previous part
of this article was quite overlooked, namely, that the yellow colour-
ing matter of leaves is rendered green by hydrochloric acid alone.
See the second Paper on the Colouration of Leaves. )

There is reason to believe however that while the means
adopted were sufficient to remove all the free tannic acid, they failed
to abstract that which was either in union or was incorporated in
the yellow colour and which therefore the water was mnable to
reach, but this point will be again dealt with.

Having regard to the constant presence in living and healthy
leaves of both iron and tannic acid, it seemed both probable and
natural that they should come into contact and form a tannate of
iron which resembles in colour and in some of its properties the
colouring matter of ordinary chlorophyll; at a later period they
do come into contact, but with results altogether different.

A curious cireumstance noticed in reference to the yellow
petals of the erysanthemum, from which all tannic acid had been
removed was, that when kept moist and exposed to the air for
some days, they gradually became of a light but decided green
colour and this although no ferric chloride or hydrochlorie acid
had been applied.

Thus, I have now shown in addition to the usual chlorophyll,
composed of two colours, that two other green colours resembling
chlorophyll, arve produced, one from a red colour only, by simply
altering the redetion and the other from the yellow pigment by
means of a -minute quantity of hydrochlorie acid. :

ON IRON AND TANNIC ACID IN THE COLOURATION OF LEAVES.

Hitherto but little of a definite character has been stated in
reference to the colouration of the leaves of plants by Iron and by
Tannic Acid, both of which play very important and even essential
parts in this as well as in other respects.

Iron enters into a great variety of combinations and forms:
two classes of compounds, the ferrous and the ferrie, each of which
is distingnished by certain special characters and properties. Many
of these combinations, including particularly those which are in
union with an organie acid, as tannie, acetie, and tartaric and some
other acids which are often present in the leaves of plants, are
remarkable for the variety and brilliancy of their colours, which
include varionsshades of yellow, red, blue and green among the number..

It is admitted that iron is an essential constituent of the green
colouring matter, or chlorophyll, and this being so, it follows, as a

|
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necessary consequence, that it must be likewise present in the red
colouring matter, since this is often derived from and formed out
of and at the expense of the chlorophyll, but the actual presence of
iron has been repeatedly demonstrated by analysis, not only in the
green and red but also in the yellow colouring matters.

My friend Mr. Edwy Clayton, F.C.S. to whom I forwarded the
samples mentioned below, for his examination and analysis, found
iron in notable amount in the flower stalk and in the red flowers of
a hyacinth and in less quantity in a withered leaf of the same
hyacinth which exhibited a faint rusty red hue to the eye alone.
He also found iron in the dried residues of the alcoholic solutions
of the yellow petals of a crysanthemum. In the flower stalks and in
the flowers of the hyacinth the iron was in the ferric condition,
whereas in the faded leaf it was nearly all in the ferrous state.

The rind of the ripe orange and lemon also contain iron chiefly
in the latter state.

But whatever the chemical condition of the iron, it is always
bound up with organic products which may not only help the deve-
lopement of the colonr but which are necessary to ensure its stability.

But we have not done with the part played by iron in the
colouration of leaves. Hitherto we have been treating of the several
colouring matters as extracted from living leaves actively engaged
in the performance of their vital functions, but the time arrives,
principally in the autumn, when the vitality of the leaves lessens
and even ceases and another set of chemical forces and changes
comes into operation; some combinations are broken up and others
formed.

One of the chief of these changes is the decomposition of the
chlorophyll; the iron is now so far liberated as to be free to euter
into other combinations. One of the principal effects of this liberation
is the change of the leaf from green to yellow; it may be said that
the original and primary yellow colouring matter now puts in a
fresh appearance and is enabled to reveal itself once more. Another
effect of the decomposition is the appearance of red tints on the
yellow leaves, these varying in extent and quantity in different
leaves and plants and of other tints of which iron evidently forms
a principal constituent. Lastly, a third very noticeable and striking
result is bronght about by the union of tannic acid with some of
the iron as also with other bases,

It has been both stated and shown that Tannic Acid is always
present, often in a very considerable amount in the leaves of plants,
in the petals of flowers and in the several colours extracted there-
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from. Now it is very necessary to determine how far this acid affects
the colour and composition of the yellow, green and ved colouring
matters; it is thervefore essential to obtain these colours as free as
possible from the acid. If the ethereal solutions of the yellow and
green colours be separately treated with a little distilled water and
if the mixture be repeatedly shaken up and then transferred to a
burette, the water at once separates, falls to the bottom and can be
readily drawn off. If to this a little ferric chloride be added, more or
less blackening always oceurs at first; the operation must therefore
be repeated so long as the water exhibits the faintest discolonration,
a result which usually ensues after the third washing. This pro-
ceeding removes all the free, but not any combined tannin, which
may be present.

Thus after repeated washing and constant agitation and long
‘after the water fails to show the very slightest indication of colonr
on the addition of the ferric chloride, the presence in the yellow
colouring matter of a very considerable amount of tannie acid has
been established. On adding some ferric chloride to the ethereal
solution of the yellow colouring matter from which the free tannie
acid had been removed, although the solution became green, I observed
it quickly ‘assumed a dark and somewhat blackish and suspicious
appearance; this change of colour attracted my attention at the time.
Subsequently pouring a little of the ethereal solution into a white
porcelain capsule, allowing the ether partly to evaporate, then adding
a little water with or without a few drops of spirit and finally testing
with ferric chloride, I obtained conclusive evidence of the presence
of tannic acid in very notable amount in the yellow pigment,
although the acid in the free state, and therefore removeable by
water, had been wholly and completely abstracted. Some time pre-
viously I forwarded an ethereal solution of the yellow colouring
matter deprived of the free tannic acid to Mr. Clayton and his
attention was directed to this point quite independently and he satis-
fied himself that the blackening was due to tannie acid, by testing
with ferricyanide of potassium and ammonium which produces a
reddish brown colour, the test being regarded as a very good one
for tannic or gallotannic acid.

The presence of tannic acid in the yellow colouring matter,
even after the removal of the free acid is remarkable, and raises
the question as to its condition, whether it is in combination or
merely mechanically retained, it seems to me that the latter view
is probably the correct one, the yellow colouring matter being
mseluble in water, this menstrumn, however much it might be
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shaken up with the ether, might therefore fail to readily extract
the tannic acid.

The ethereal solution of the green colowring matler or chlo-
rophyll also contains tannic acid as already stated in the free state
and therefore removable by water, but when this has been wholly
removed by the treatment described above, the behaviour of the green
pigment is very different from that of the yellow colour; thus when
a little of the ethereal solution, from which the free tannic acid has.
been abstracted, is partly evaporated, a few drops of water added,
and then ferric chloride, no such discolouration appears as that which
oceurs in the case of the yellow colouring matter; all that is noticed
is a comparatively slight darkening and discolouration.

Mr. Clayton also did not obtain from the sample I sent him
any evidence of the presence of tannic acid using the ferricyanide-
of potassium and ammonia test and hence he was led to express the con-
fident opinion that the green colour was entirely free from tannic acid..

Thus then the green, differs from the yellow colouring matter,
in the absence of tannic acid, though why this should be so is not
apparent, since it is nearly as insoluble in water and therefore almost
as capable of resisting its action and so of retaining the tannic acid
as the yellow pigment.

But in addition to the absence of the tannic acid, there is another
difference in the two colours. Thus Mr. Clayton finds that chloro-
phyll, though free from tannic acid yet acts as a reducing agent on.
the ferric chloride, now since the iron in this is in a ferrous state
and since the ferrous combinations act strongly in this direction,
may not the reducing action in this case be due to this cause?

The red colour frequently contains large quantities of tannic
acid, which however does not usually seem to exert much effect on
the colour when extracted or while in the living and healthy leaf,
but if the surface of the dried red extract, especially an alcoholic
extract, be touched with the ferric chloride, it will often turn quite
black, owing to the formation of tannate of iron, Now since the red
colour is soluble in water, as is also the tannie acid, the usual means
of separating the tannic acid by ether and water fails.

I find indeed that tannic acid exerts a greater effect on the
colouration of leaves than is generally supposed. It is, so far as
my observations extend, universally present in the leaves of plants,
even in the youngest colourless leaves; the amount varies; in young
leaves it is less than in the mature and is in the greatest quantity
in those leaves which are at or near the period of their fall, when
indeed the effects of the presence of the acid become most marked,
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Now tannic acid, like iron, and specially when in combination
with that metal, is a very colour producing and modifying acid,
although it is itself colourless, unless, exposed to the air when it soon
acquires a brownish tint. When added to perchloride of iron it forms
4 compound usually of a blackish blue colour, but when weak solu-
tions of the acid and iron are brought together, the colour developed
1s generally a bright grass green; this is persistent and resembles
closely that of chlorophyll itself. If to this bright green compound
of tannie acid and iron, a little tartaric acid be added, the colour will
be gradually and slowly discharged, that is to say 1n the conrse of
some hours, but if with another portion of the green solution, a little
sodium carbonate be mixed, the combination of tannin and iron will
be destroyed and the iron thrown down as a red precipitate of ferric
hydrated oxide. :

Tannic acid, it has also heen stated is nearly always present
in the coloured extracts of the leaves obtained by aleohol and to a
less extent by ether. If to a partially evaporated aleoholie solution
prepared from a yellow leaf or flower, a very minute quantity of a
solution of ferric chloride be applied and the effect carefully watched
under the microscope, it will be seen, that the yellow globules gra-
dually change colour and become mueh darkened, in fact in some
cases almost black. At the same time the partly evaporated liguid
itself is rendered darker, but not to the same extent asthe globules; if
now, a drop or two of a weak solution of tartaric acid beadded, it will
be found that the blackness gradually clears up and partly disappears
and is succeded by a reddish hue. This alteration of colour takes place
not only in the globules, which from black become reddish, but in
the intervening liquid as well, and appears to be due to the solvent
and bleaching action of the tartaric acid on the dark tannate, of
iron first formed, iron being a constituent of the ordinary colouring
matters of leaves,

It has already been mentioned, that if a solution of ferric
chloride be applied to the residne left on the evaporation of a solution
of the yellow colouring matter and the amount of the tannic acid
present in this be not too great, the yellow colonr will be converted
into a green, exactly like that of chlorophyll and like the green
colour which was produced by the simple admixture of a weak
solution of tannie acid and ferrie chloride. Under the mieroscope, it
was evident that the change of colour occurred almost entirely in
the yellow globules themselves.

As examples of leaves containing much tannic acid those of the
Crategus, the Ivy and the Sparmannia may be cited.
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The leaves of the Crategus, when their vitality is impaired,
become of a deep blood red colour; if now these leaves be cut or
bruised, the injured parts will on exposure to the air gradually become
darkened and if the tannic acid be extracted, it will be found to be
present in abundance. The healthy green leaves also contain this
acid in considerable, but less amount. Now if a few of these red
leaves be watched for some days, it will be seen that they change
colour first to reddish brown, then to rich and finally to dull brown,
changes doubtless due to the tannie acid which is now free to exert
unrestrained its usnal chemical action in consequence of the lessened
vitality of the leaves. The red leaves of some other evergreens
undergo similar changes.

The change in the yellow leaves of the Ivy and of the Spar-
mannia are still more marked and almost amount to a transformation.

The yellow leaves of the ivy are of a striking golden colour;
when bruised or cut into small pieces however, they quickly become
on exposure darkened and even black at the bruised parts and cut
edges.

The aqueous infusions of both the green and yellow ivy leaves
also gradually assume a dark colour and when the leaves are treated
with ether and water, while the former menstruum remains almost
colonrless, the water, on the addition of a little ferrie chloride will
become of an inky blackness, indicating the presence of much tannic
acid. If now a few of the yellow leaves be watched for a day or
two after being gathered they will be found to have undergone a
remarkable change; the bright gold colour will have disappeared,
either in part or wholly, and be replaced by a dull brown; the
change is very sudden and striking and has doubtless been brought
about by the tannic acid, the action of which is increased after the
gathering and by the drying of the leaves.

The changes in the yellow leaves of Sparmannia africana are
very similar; but they take place still more quickly and not only
when the leaf is gathered, but while it is still on the: plant and,
when the leaves, which are if possible more brilliant than those of
the ivy, are put in water over night; by the next morning they will
often be found to have undergone a complete transformation and to
have become deep brown, reddish brown and sometimes almost
black.

When gathered, the leaves quickly become dried even when
placed in water and this drying allows the air to enter them and to
act upon the tannic acid, the formation of tannates being thereby
promoted, If a small portion of one of the golden leaves be immersed
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in water it soon turns brown and if a little soda be added, black,
the change first taking place in the cut and exposed edges of
the leaf.

It 1s evident therefore, that it is to the presence of tannic
acid, especially when in union with iron, that most of the light, deep
brown, reddish brown and black tints so conspicuous in the autumnal
foliage is to be attributed. '

Although in the preceding remarks tannic acid only has been
specially mentioned, yet gallic acid, a derivative of the former acid
is often present in leaves, but since they both give rise to very
similar effects, it was scarcely necessary to discriminate between the
two allied acids,

With our present knowledge of the subject, it is very interest-
ing to note the changes which may be observed in the colonrs and
appearances in dead and decaying leaves; the green leaf gradually
becoming yellow owing to the breaking up of the chlorophyll, the red
tints partly due to the liberation of the iron, the brown and even black
tints produced by the union of tannie acid with iron and perhaps
some of the other colouring matters and bases. Something may be
learnt from the examination of even the simple leaf of a hyacinth;
colourless at first, gradually a yellow colour is developed, next
green appears, then as soon as the vitality of the leaf is impaired
the green fades into yellow and finally into a pale rusty red tint,
indicative of the presence of iron; and what is observed in this leaf
takes place under like cirenmstances in thousands of other leaves.

THE HYACINTH.

It ocenrred to me, that some useful information might be
obtained by observing the changes, which take place in hyacinth
bulbs placed in water and allowed to grow up toa certain point in the
dark. When exposed to the light, not a trace of colour was to be
seen in the first hyacinth examined, except in the outer envelopes
of the bulb which were deep red. The first colour which appeared
was in the leaves; it commenced in the tips and thin edges and
gradually spread over their whole surface, the colour being decidedly
yellow without a shade of green. Soon a green tint appeared, this
went on increasing in depth till a full bright green was attained
and this spread over the whole leaf, the only difference being, that
the leaves near the bulb, were of a lighter hue. Meanwhile the flower
stalks and buds continued to grow; the buds became in succession
yellow, green and then pink; the pink first showed itself as in the
leaves in the thin edges of the petals, especially on the side of the
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spike most exposed to the light, finally the flower stalle became of
a reddish colour and the flowers turned from pink to deep red,

The second bleached hyacinth had already begun to show in
the leaves the yellow tinge. The flower stalk with its buds was cut
off, both at the time being quite colourless; this was placed in
distilled water and watched for many days. The stalks slowly turned
brownish red and the buds changed to yellow and then to a light,
but decided green. Things remained stationary for a long time
without any attempt being made to develope the pink colour proper
to the bulb; in fact for such a length of time did things remain in
statu quo, that I had quite given up the hope of witnessing any
further change. It then occurred to me to remove one of the green
unexpanded flower buds. The green petals of this were placed in a
few drops of a weak solution of tartarie acid and in the course of a
tew hours I had the satisfaction of seeing, that they had assumed a
distinet and pleasant pink colour; this after a time was discharged
into the acid solution, which in its turn consequently became
slightly tinted, but every vestige of green had disappeared, Up to
this time, the flower stalk with its buds was placed near a window
where the sun shone directly on it only for a short period each
day. I now transferred the partially developed bunch of blossoms
to the outside of the window and fully exposed to the air and sun,
the heat being strong enough to raise the temperature of the water
several degrees. This seemed to rouse up the energies of the mutilated
flower stall ; the green colour quickly disappeared and was sueceeded
by a delicate, but perfect pink; the topmost buds and their thin
edges were the first to change, but soon all the buds underwent the
same changes. Thus, wholly colourless to begin with, a yellow, a
green and finally a pink made their appearance in succession and at
length a bunch of flowers was produced as perfect as though the
stalk had never heen separated from the bulb and so cut off from
its store of nourishment.

It remains to be mentioned, that a portion of a corolla treated
with a few drops of a weak solution of tartaric acid quickly changed
to a deep red colonr and on the other hand, that another portion
immersed in a solution of sodium carbonate speedily assumed a bright
green hue. Thus, in the first case, the green was transformed into
a pink and the pink again brought back to Zreen.

The next hyacinth was exposed in the usual way to the sun
and air and hence was healthy and vigorous; it possessed a fine
spike of opaque white blossoms; the stalks were green and the stem
deep green. One of the flowers when tested with a solution of

3
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litmus was found to be neutral; this was torn up and a few
drops of a weak solution of sodium carbonate added, when a rich
and abundant yellow colour was immediately developed; tartaric
acid was next added and this cansed the rapid disappearance of the
vellow, the flower losing its opaque colour and becoming as trans-
parent as glass; soda being added once more, the yellow colour
was restored as at first, but it was not quite so deep.

COLOURLESS COLOURING MATTERS.

The question has now to be considered whether there are not
colourless colouring matters in the leaves of plants in the same way
as there is a colourless Indigo in plants which yield that substance.
It has just been shewn that in the case of the hyacinth a yellow
pigment is developed in the white petals of that flower on the
application of a trace of sodium carbonate.

I now find that the torn up petals of a number of perfectly
white flowers, including amongst others the marguerite, narcissus,
stock, clove, lady tulip, Eygptian lily, azalia, rose and orange, when
treated in the same way with a weak solution of soda, furnish a
brilliant yellow, and in some cases traces of blue, green or pink
Hitherto I have never met with any petals which have failed to
manifest the yellow colonr when thus treated. Rapidly as the yellow
is developed, it is as quickly effaced on the addition of a weak
solution of tartaric acid, the fragments of the leaves being rendered
as transparent and colourless as clear jelly.

The statement will be remembered that the smallest heart
leaves of the red Cabbage, thongh absolutely colourless themselves,
yet when placed in water acidulated with tartaric acid turned of a
pretty and decided pink. In this case, there was no question of the
existence of a yellow tint or colour to serve as a foundation for the
red, moreover the addition of an organic acid to a yellow does
not produce any development of a red colour, but simply exerts a
bleaching effect; the conclusion therefore is, that there is a second
colourless prineciple; the one furnishing a yellow and the other a
red colour.

Again, attention has been drawn to the fact, that the alcoholic
solutions of the red colouring matter of the leaves of many plants
are often but little coloured or even almost colourless and yet when
a few drops of such solutions are evaporated to dryness they acquire
a deep carmine colour: a similar development or intensification of
the red colour takes place when a small quantity of tartaric or other
suitable acid is added to the almost colourless alcoholic solutions
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themselves. These facts afford further evidence of the presence in
many leaves of a colourless principle, convertible under the requisite
conditions into a red pigment.

It has been shown, that the first colour to make its appearance
in most cases, is the yellow; this is so in the bleached leaves of
many plants, as those of the hyacinth when grown in the dark and in the
central leaves of a large, hard, green cabbage which are inaccessible
to light.

The fact of the existence of two colourless colouring principles
or substances furnishes a very simple explanation of some of the
more important phenomena attending the colouration of leaves. The
yellow principle accounts for the development under certain neces-
sary conditions, such as exposure to light and air, in a colourless
leaf, of the yellow pigment, just as we see this actually occur. In the
same way the presence of the blue pigment, so readily convertible
into the red colour, explains the appearance, also in a colourless leaf
or flower, of the red pigment. Then thirdly, when both these prinei-
ples or substances are developed together in the same leaf a green
colour would probably appear in some cases. An explanation approxi-
mately correct may be afforded of the development of a yellow
pigment from the colourless petals of many flowers: iron is always
present in these, probably in the form of a colourless organic
salt the pure ferrous oxide of which is white; on the addition of the
sodium carbonate this oxide would be changed into the yellow hy-
drated oxide and this on tartaric acid being added would become
re-dissolved and the colourless form or condition restored.

CONCLUDING REMARKS,

It is therefore appavent, taking all that has been advanced
into consideration, that there are two principal colouring matters
concerned in the production of the various hues and tints of leaves
and most flowers, a yellow and a red, into the composition of which
iron enters as a necessary constituent.

Tt appears further, that iron alse plays a conspicuous part,
especially in union with tannie acid, in the colouration of the leaves
of plants, more particularly in the autumn seasomn.

The colour of the yellow pigment is readily affected, as alveady
pointed out by a variety of causes; it is deepened by minute quan-
tities of alkalies and changed from light to deep and in some cases
reddish brown ; while by some acids, as hydrochloric acid, it is rendered
blue and green; this green not being so far as is at present known
convertible into a red, as is the green colour which is produced hy
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traces of an alkali applied to the red colour of the leaves of many
plants,

This latter variety or modification of the red pigment is changed
to green by apparently simple canses; thus it is rendered in succes-
sion blue, green and yellow by the slightest amount of an alkali,
while its redness is increased by most acids.

It is from the yellow and red pigments that all the other
tints, except those due directly to iron and tannic acid arise; these
tints may be arranged or classified in three series.

Yellow Red Grreen
Fawn Reddish brown Carmine red  Yellow green
Straw Orange Blood red Olive green
Light Yellow Pink Lilae Light green
Deep yellow  Light red Blne red Dark green
Brown Deep red Blue

Brownish red

The yellow element may be traced throughout most of the
above colours. All the tints in the first series may be produced by
the action of alkalies on the pale yellows. The yellow pigment also
enters into the composition of some of the colours of the second series,
while even the reds and blues of that series are convertible into
yellow with the greatest facility and by the simplest means: then
the green colours in the third column pass also with readiness from
green to yellow. Again yellow is the primary colour in most cases;
it is the first to appear in the leaves of hyacinths which have been
erown in the dark and in those of hard cabbages from which light
has been excluded by the several closely fitting outer layers of
green leaves.

The reddening of green leaves by the conversion of the chloro-
phyll into a ved eolour, is greatly promoted by exposure to light,
warmth and sunshine, the change being generally regarded as due
to oxydation of the yellow and red constituents of the chlorophyll.
[It seems to me that the view commonly entertained, that the red
colour is produced simply by the oxydation of the green pigment is
not, in all cases at least, tenable or sufficient to explain the change, for
the following reasons; in many cases green and red cells are placed
side by side exposed to precisely the same conditions and yet the
ereen and the red pigments keep perfectly distinet. A good example
of this is furnished by the coloured zone on the upper surface of
the leaves of many ivy-leaved geraniums. The following explanation
would appear to be more in accord with the facts. The green
colour of most leaves when in health, is due partly to the presence
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are visible; these are due partly to the decomposition of the chloro-
phyll and the liberation of its red constituent and in part also to
the iron,

In bringing these remarks to a conclusion, I would observe,
that while the subject treated of seems somewhat complicated and
the details numerous, yet that the entire result of the investigation

has led up to great simplicity; thus, notwithstanding the variety of

colours and tints, it appears, that the primary colours are limited to
two, and that the many modifications of these, are due simply to
the reaction of the fluids with which they are brought into contact,
whether these be just acid, neutral, or a little alkaline. Here the
fact alveady pointed out may be again adverted to, that the colour
of chlorophyll is maintained in those cases in which the sap is very
decidedly acid, as for example in many geraniums and in the vine,
partly by the controlling influence of the vital forces, and partly
by the protection arising from the insolubity of chlorophyll in water,
due in a measure to the presence of the wax-like material.

Many minor modifications of colour arise from the age and
texture of the leaves; thus, young leaves are usually of a much
lighter and brighter green than the older leaves; this difference is
seen especially in the spring and is not due so much to the chloro-
phyll as to differences in the texture of the leaves, that of the older
being thicker and denser than the younger leaves and hence per-
mitting less readily the passage of the rays of light.

Reference may here be again made to the influence exerted by
the vital forces in action in healthy leaves; how great these are, is
shown by the remarkable changes which oceur in the colour of
leaves in the antumn when their vitality is impaired, or at an end and
the decomposition of the chlorophyll and other changes take place.

Then again, it is under this action of vital and chemical forces
combined, that a variety of constituents, including the organic acids,
as tannie, mallie, oxalic, tartaric and citric acids are formed and
these acids in their turn exert marked effects on the colour of the
leaves, especially on the red tints; some acids alter and destroy
colour, results brought about either by a bleaching action or by the
{]emmpnaltmn of the ehlorophyll, or by both acting together.

Living in the Riviera, as I have now done for some years and
not being within reach of any large public library, I have not been
able to make myself acquainted with the literature of the subject,
treated of in the preceding pages; this perhaps in some respects has
not been a disadvantage, as it has left me free to follow out my own
conrse of observation and investigations untrammelled and unbiased.

BRI Srig -
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colouring matter has been vemoved. The solution thus obtained
should be passed through a filter of fine paper and then evapo-
ated at a very low temperature, it being carefully protected from
dust. In this way a fairly pure chlorophyll will be obtained and
some substances excluded which would otherwise be retained.

It is usnally stated that chlorophyll is insoluble in water, but
it is really much more soluble than is generally supposed. Thus if
a strong aleoholic solution be diluted with two or three times its
bulk of water the mixture simply becomes turbid, but no deposit
takes place; if eight or ten times the quantity of water be added the
mixture becomes almost, and in some case quite transparent. The
green colour is proportionately diminished and if the spirit contain
any acid derived from the leaves employed, the green colour will
entirely disappear and be replaced by yellow. This change arises
from the action of the acid which destroys the colour of the blue
constituent of the chlorophyll.

It however to a highly concentrated aleoholiesolntion of chloro-
phyll a very small quantity of water be cautionsly added, a copious
deposit is thrown down whieh may be easily separated by filtration
and which consists of chlorophyll, probably in the purest state in
which it ean be obtained.

Wheu an aleoholic solution of chlorophyll is evaporated a
residue iy left, nsnally of a sticky nature, on which water exerts but
little effect. This insolubility is due to the presence of a wax-like
material in variable amount, it being in some cases greater than in
others. That this explanation is correct is shown by the faect, that
- the residue is quickly rendered soluble by an alkali, by aleohol, or
by any other similar solvent. The presence of a certain amount of
an insoluble material is necessary in ovder to prevent the too ready
action of either water or acid upon it, the latter especially, as it
would speedily effect the decomposition of the chlorophyll and change
the colour of the leaf, The more substantial leaves, as those of many
evergreens, usually contain more of the wax-like substance than thin
herbaceous leaves, as the leaves of grasses and the fronds of ferns,
mosses, &e. and hence the chlorophyll obtained from these latter
sources is in some respects morve suitable for observation. On this
account I prepared, by means of absolute alcohol, several small
quantities of chlorophyll, obtained from plants of the orders above
named and subjected them to a close optical serutiny. A drop or
two of each of these solutions was placed on a white porcelain slab
and cavefully examined by means of a strong lens as the evaporation
proceeded; the drops spread themselyves out in a more or less circular
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42 THE RED COLOURING MATTER.

the whole plant; on the upper surface, the leaves are plum coloured,
some of them presenting a greenish hue or tinge, while the under
surface is of a bright chocolate red. When prepared and dried in
the ordinary manner and subjected to the action of water, the eolour
is quickly extracted and the liquid very speedily becomes of a
beautiful madder red, the portions of leaves from which the red

pigment has been extracted being now mostly of a green colour

these portions after having been dried, were next treated with
absolute alcohol which soon assumed a bright green tint, leaving
the broken leaves almost colourless. The same results ensued when
the process was reversed, that is when alcohol was used first and
the water afterwards, the spirituous solution being green and the
aqueons of a red colour. Then again absolute aleohol, anhydrous
ether, benzine and chloroform all failed to extract the slightest tinge
of red from the red leaves, although these after the removal of these
menstrua immediately yielded their colonr on the addition of water.

These observations prove clearly that the leaves of this achei-
ranthus contain two colouring matters, a green soluble in absolute
aleohol and a red freely soluble in water, but wholly insoluble in
alcohol. The red colour is deepened by nitrie, hydrochlorie and most
other acids and is made first blue and then yellow by allkalies, but
in no case is the least tinge of green ever developed. It was evident
that these two colours were not mixed up together in the leaves,
but that each oceupied its own cells; indeed it could not be otherwise,
becanse for the red an acid, and for the green colour an alkaline
medium is necessary. It may now be stated that this kind of red
colouring matter is found in the leaves of some other plants, including
those of the Red cabbage and Beetroot. [In my first Paper it was
declared, that the red colouring matter of the red leaves of the
cabbage and beetroot were to some extent soluble in aleohol. The
explanation of this statement is, that in the communication referved
to the aleohol employed was not absolute, but contained a small
percentage of water, and hence the partial solution of the red colonr.
In the investigations deseribed in this Paper the aleohol and ether
used have in all cases been anhydrous, in which the red colour of
the plants above named is entirvely insoluble.]

The water free alcoholic and ethereal solntions of the red
cabbage leaves were of a very pale greenish hue, while the watery
solution was deep blue and this when evaporated deposited a residue
which became of a bright and beautiful green colour when touched
with a very weak solution of sodium carbonate.

The corresponding alecoholic and ethereal solutions of the beet-
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THE RED COLOURING MATTER. 43

root leaves were also pale green, but the watery solution was red
and the red colour, in place of becoming green on the addition of
the soda solution was rendered of a blackish hue, not a trace of
ereen being anywhere visible. Thus while the red colour of the
leaves of the red cabbage agrees with that of some other red leaves
in its insolubility in aleohol, it differs in being changed to green
by the action of an alkali, it in this respect agreeing with the red
pigment of the leaves of various speecies of geranium and so many
other plants.

Good examples of a second kind of red colonr are furnished
by the leaves of two species of the Copper Beech which I have sub-
jected to examination. One species has leaves two or three times
larger than those of the ordinary wide spreading beech tree. These
leaves are more or less rusty red on the under and of a dull some-
times reddish green pn the upper surface. They convey to the
unaided eye the impression of the presence of iron and much tannic
acid and the latter is certainly present in considerable amount.
Distilled water when added to these leaves soon acquires a very
pale pink colour, in fact so pale indeed as to be scarcely coloured
at all, but on the addition of a little nitric, hydrochloric or tartaric
acid, the colour is immediately intensified and converted into a
beautiful red. When a few drops of the aqueous solution are spon-
taneously evaporated on a white porcelain surface a enrions and
interesting change of colour is observed. As the drops dry and
redden, the margins, where most of the colouring matter is deposited,
gradually turn from red to blue; this change of colour is the more
remarkable since the pink liquid is distinetly acid. If now a weak
solution of sodium carbonate be added to the blue margins of the
drops they are at once converted into a bright and beautiful green,
which however soon passes into a yellowish and then a reddish
brown. There is no reason to doubt that this red colour is entirely
free from any admixture of yellow colouring matter, so that here
we have an instance and not a solitary one of the production of a
green colour from a single colour and that a red which must however
be first converted into blue. It has oceurred to me that since the
aqueous solution not only exhibits an acid reaction, but contains
tannic acid, the presence of this may possibly explain the conversion
of the red into the blue colour which takes place in the drying of
drops of the agqueous solution. |

If instead of water we employ absolute alcohol, we obtain a
dull green solution, exhibiting in some lights a decidedly reddish
tint. If a little of this solution be evaporated in a watch zlass the
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residue left is peculiar; the green colour separates in flocenli for
the most part, though some is deposited forming a pale outer ring,
but the red colour, and this is the chief constituent, is more generally
distributed over the surface of the glass; the solution possesses to
the last an acid reaction. Whether the red pigment is ever converted
in the leaf, into the green, is uncertain, but if so it is necessary that
it should lose its acid character and be first transformed into a blue
colour. The leaves of the ordinary copper beech furnish very similar
results, although they contain more of the green and less of the red
pigment.

Now this second kind of red colour is of still more frequent
occurrence: it is met with in the hyacinth, beech, geranium, rose,
castor oil plant, and crategus among others. At the time when my
fivst communication was completed, the two kinds of red pigment
had not been fully discriminated, but some of the descriptions therein
given clearly apply to the second kind; thus, reference is more than
once made to the fact, that some red leaves furnished nearly colour-
less solutions which on evaporation yielded a deep red residue, in
the same way as does the colouring matter derived from the two
species of beech.

This red colour then is distinguished from that first described
in several particulars, especially in its solubility in absolute aleohol
and its conversion into a green pigment on the addition of an alkali.

But it is not only from leaves that a red colour convertible
into a green by the addition of an alkali is obtained, but from
flowers also; thus the petals of a scarlet poppy furnished with spirits
of wine a pink solution, the dried residue of which became a magni-
ficent carmine and this on the addition of a little sodinum carbonate
was converted into blue and then bright green.

THE YELLOW COLOURING MATTER.

Of the two colours contained in the ordinary green colouring
matter of leaves, chlorophyll, the yellow is insoluble and the blue
soluble in water. Now the blue colour is exceedingly delicate and
sensitive; it is readily changed either by excess of alkali or by acids,
the former turning it first green and then yellow and the latter pink
or red and then yellow as already shewn. Now this blue colour
is much concerned in the change of the leaf from green to yellow,
a change very quickly brought about by impairment of the vitality
of the leaf as previously stated or by even exposure to the air and
the drying of small guantities of alcoholic solutions of chlorophyll
prepared from the leaves of plants of simple organisation. It is
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thus that the change in leaves, from green to yellow, in autumn is

to be explained.
In my first communication it was stated, that hydrochloric acid

rendered the partly concentrated alcoholic solution of the yellow
colouring matter at first green and then blue; it was likewise pointed
out, that when ferric chloride was lightly brushed over the surface
of the dried yellow colour deposited from an aleoholie solution of
yellow ivy leaves, a green colonr was also obtained, but it was a
question whether this greening was due to the action of the iron on
the yellow colour itself or on the tannic acid, which was known to
be present in the yellow pigment. This point I am now enabled to
clear up.

I find that the green colour is still produced in the yellow ob-
tained from geraninm leaves when this is entirely free from tannic
acid and is touched with ferric chloride. Further I find that the
green and blue tints are also produced by hydrochlorie acid alone
when added to the evaporated residue of the yellow colouring matter
obtained by means of absolute alcohol; hence it is evident that the
green colour is neither due to tannic acid nor iron, but arises en-
tirely from the action of the hydrochloric acid, so that thus the ivy
yellow corresponds in his respect with the other yellow colours
hitherto examined, with one exception to be presently noticed. Nitric
acid also gives rise to some amount of greening, but the green soon
passes into reddish yellow and yellow.

Again it was stated in my previous paper that the peel of the
ripe orange, when freed from tannic acid was also turned green by
ferric chloride and it was assumed that in this case the change was
due to the iron in the ferric chloride, Mr Clayton F.C.S., who has
taken great interest in these investigations, finds that the green
colour in this case also is produced by hydrochloric acid alone, so
that the yellow colour of orange peel follows the same rule as the
colours above mentioned, but Mr Clayton has made the further
observation that the peel of the ripe lemon does not under the same
cireumstances give rise to the formation of a green colour and he
even points out that the peels of the two fruits may always be
distinguished by this test. I find that there are still other remarkable
differences between orange and lemon peel; thus the peel of the ripe
lemon when immersed for some hours in a solution of sodinm
carbonate gradually becomes in some cases of a red colour, whereas
!:he peel of the orange treated at the same time and in like manner
1s comparatively but little affected.

With a view to trace if possible the reason of the differences
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in the behaviour of the two peels, the colouring matter of each was
separately extracted by water, absolute aleohol, and anhydrous
ether, the fresh peels having been previously comminuted and dried.

The watery solution of the Orange peel, which was acid, was
of a pale yellow colour with a tinge of red; treated after concen-
tration by evaporation, with hydrochloric acid, it became a bright
yellow, turning after a time to reddish brown; with nitric acid it
became decidedly veddish, while sodium carbonate rendered it a
very bright canary colour: the aleoholic solution was of a rich
golden or reddish amber, this when concentrated in a watch glass
and treated with hydrochlorie acid became green, but with nitric
acid the green colour was at once developed, though the green was
less abundant and permanent than the blue and green colours pro-
duced by hydrochloric acid, while on the other hand more red was
developed by the nitric acid; the ethereal solution of orange peel
was quite yellow and without the slightest tinge of red; in the eva-
porated residue treated with hydrochloric acid, the green and blue
colours were slowly developed, but with nitric acid these colours
appeared more quickly.

The evaporated watery solution of Lemon peel which was also
acid was of a very pale yellow or straw colour; treated with hydro-
chloric acid it became bright lemon yellow changing to a brownish
yellow ; with nitric acid it turned of a deep blood red with slight
effervescence and with sodinm carbonate a bright reddish yellow ;
the alcoholic, though somewhat deeper than the watery solution was
still pale yellow and without a tinge of red; with hydrochloric acid
it became of a somewhat deep yellow with a faint reddish and then
brownish tint and with nitric acid a blood red colonr with efferves-
cence; the ethereal solution after evaporation was not made green
by hydrochloriec or nitric acids.

The contrast in the depth of the colour of the aleoholic and
ethereal solutions of the orange and lemon peels was very great;
the former were deeply tinted, while the latter were little more
than straw coloured; there was also a great difference in the amount
of extractive obtained, this being very inconsiderable in the case of
lemon peel. It is evident from their behaviour with the reagents
above named that there is a great difference in the colouring matters
contained in the two peels.

With a view to elicit further information, the small pieces
of the peel of the orange and lemon were now removed from the
media employed in the extraction of the colouring matters; they
were then well washed in the same media, to free them from dis-
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48 THE YELLOW COLOURING MATTER.

quantity of citric acid derived from the peels. The portions of orange
peel after extraction with water when dried were nearly of as deep
an orange colour as at first, while those of the lemon peel were very
pale and dull looking.

The fragments of orange and lemon which had been acted upon
by water after having been thoroughly .dried, were divided into
two parts and treated the one with absolute aleohol and the other
with ether. The alcoholic solution from the Orange peel was bright
yellow but the peel itself remained nearly as red as at first, thus
shewing that neither water nor alecohol had extracted the red colour.
The ethereal solution from the orange peel was as much coloured
as the aleoholic solution, but it possesed a reddish tinge and the
peel had now lost its orange red colour and was bright yellow.
The residue of the alcoholic solution was yellow and as in previous
trials it was turned green by hydrochloric acid; while the residue
from the ethereal solution was pink, but it was made green by sodinm
carbonate, like the pink and red colour of so many leaves, but it
was changed to green and blue by nitric and hydrochlorie aeids,
proving that the yellow colour from the alcoholic and the pink from
the ethereal solution were closely related, the former being probably
convertible into the latter. The fact of the insolubility of the pink
colour of the orange peel in alcohol and its solubility in ether is curious.

The alcoholie solution of the dried Lemon peel which had
already been subjected to the action of water was absolutely colourless
and did not yield the slightest residue on evaporation notwithstanding
which the peel was semi-transparent and possessed scarcely a tinge
of yellow; the ethereal solution was light yellow and now all the
pieces of the peel were quite colourless, opaque and almost white, the
residue from this was trifling and was not made in the least green
by hydrochlorie or nitric acid; thus there are essential differences
in the colouring matters of ripe orange and lemon peels. It would
appear that while the yellow pigment of the orange agrees with
the ordinary yellow colour of leaves and flowers, that of the lemon
is almost entirely soluble in water and has nothing in common with
it and hence is not made green, like that of the orange, by hydro-
chloric acid. It is a question whether the large quantity of citric
acid in the lemon may not exert a bleaching action on the peel and
so account for its pale tint and possibly its solubility in water.

Finally, the portions of the orange and lemon peels after
extraction with water, alecohol or ether were when dry freated with
nitric and hydrochloric acids with the following results,

The portions of orange peel after the action first of water and
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then alcohol, were immediately turned of a deep blue by nitric acid,
this colour gradually disappearing in the course of an hour or so,
leaving the peel transparent and of an amber red colour. The colour
developed by hydrochloric acid was deep green and was more slowly
developed, but it also passed away after a time; the orange peel
which had been extracted with water and then ether, when treated
with nitric acid was also turned deep green and by hydrochlorie
acid a light bright green, both these greens being much more durable
and lasting for days than the blue produced by nitrie acid. These
results shew that the whole of the yellow colouring matter had not
been extracted by the alcohol and ether used. The lemon peel simi-
larly treated did not give rise in any case to more than the deve-
lopment of slight yellow tinges.

It will be observed that some of the results of the latest obser-
vations on the ripe peels of the orange and lemon differ somewhat
from those first recorded, although in most respects the two series
are in accord. The variations ave due to the greater acidity of the
watery solutions of the peels causing the soluble colouring matter in
the evaporated residues, to be converted into a decided red, to the more
thorough drying of the peels and to the more complete extraction of
the colouring matter by aleohol and ether in the second series of
observations.

Allowance must be made for some differences of behaviour
arising {rom the different physical conditions of the peel of the two
fruits; also for changes dependent on the degree of ripening and
the length of time the fruit has been gathered. This point is referred
to in this place, because during the past winter in the Riviera, the
reddening effect of alkalies on orange peel was very much more
marked than I find it to be as the present time, the end of July in
Lucerne.

The Virginian Creeper.

The examination of the leaves of the Vi rginian Creeper atford
interesting information. The leaves of this plant during spring and
the early part of the summer are of various shades of green, according
to their size and age, none exhibiting even the faintest indication of
redness, but towards the end of the summer and in the antumn the
green leaves become quickly changed to red, the upper surface being
of a dark and the lower of a 1 ghter chocolate red colour. .

The green leaves were first examined; after they had heen
comminuted and dried, separate solutions of these were prepared
with absolute alcohol, anhydrous ether and water. The alcoholic
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solution was of an olive green, the ethereal a somewhat deeper
areen and the agueons solution was of a faint yellow tinge; the
latter had a strong acid reaction and contained much tannic acid:
the residue of the alcoholic solution was olive green, that of the
ethereal a greenish yellow, while the amount of residue of the
aqneons solution was but trifling and was of a pale pinkish yellow.
With nitric acid the alcoholic residue became a bright red, with
hydrochloric acid a light grass green and with sodium carbonate
a bright yellow. The ethereal residue with nitric acid became of
a blue green, with hydrochloric acid a still deeper blue green and
with sodinm carbonate a brownish yellow. The aqueois residne
with nitrie acid became slightly pink, with hydrochlorie acid faintly
greenish and with sodinm carbonate yellow.

These results seem to show a greater proneness of the chloro-
phyll of the American creeper to turn red on the application of
nitric acid, than that of the leaves of most plants, as indeed was to
be anticipated from the great change from green to red, which at a
later period these leaves undergo.

Tt will be observed that the solutions of chlorophyll obtained
by means of absolute alcohol and anhydrous ether differ considerably
from each other. The colour of the solutions and of the residues
thereof is different and the action of nitric and hydrochloric acids

is not the same. These differences prove that the composition of

the chlorophyll varies in this case according to the menstrua em-
ployed in its extraction. It is not only in the case of the green leaves
of this creeper that proof of this fact is furnished, but abundant
and more conclusive evidence is afforded by the leaves of a variety
of other plants. Should the alcohol or ether employed contain an
admixture of water, then sugar, gum, and a variety of other con-
stituents soluble in water will be also extracted, as well as the
chlorophyll.

The results furnished by the red leaves of this ereeper were
as follow: The alecoholic solution was a dull yellowish red; with
ether, the solution was a very pale green without a tinge of red,
while the aqueous solution was of a rather deep carmine red. The
residue left on the evaporation of a small quantity of the alcoholic
solution in a watch glass, was a deep pink, this colour being deposited
in a circle, there being also evidence of the presence of a small quan-
tity of yellow colouring matter. The residue from the ethereal so-
lution was of a dull yellow without the slightest tinge of green or
red; while lastly the watery solution furnished a beautiful and
abundant carmine red deposit. From these results it is evident, that
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addition of the slightest excess of alkali and the re-conversion of the
green into a red by a minute quantity of an aecid, such as tartarie,
seems to afford a very simple explanation of the change in the colour
of leaves so frequently observed from red to green and from green
to red. The colouring matter is nearly the same in both cases; the
change is mainly one dependent on reaction, but it may be asked
how comes it that since the watery solution of the green leaves is
so decidedly acid that the green pigment in the leaf is enabled to
preserve its colour? The answer to this question has already been
given and it would appear to be, that the acid of the leaf does not
touch the chlorophyll which is preserved from its action by the
presence of a protecting waxy or other insoluble material. When the
ereen leaves turn to red, the change occurs mostly in the latter part
of the summer or in the autumn when the vital actions of the leaves
undergo changes and are on the decline, so that then any acid which
may be formed is enabled to come into contact with the chlorophyll
and so to change its colour. Another explanation often given is, that
the change of colour is due to oxydation, but the cause first assigned
is T believe the correct and chief one, though oxydation no doubt
may in some cases account for or aid the transformation.

A second examination at a later period of the leaves of this
ereeper furnished results, which though agreeing in the main with
those first obtained, yet differed in some particulars therefrom,
probably in consequence of the leaves being more thoroughly
deprived of moisture. The aleoholic solution of the green leaves
was of a bright grass green colour, the ethereal solution was of a
yellowish green and the watery solution was faintly yellowish, in
fact scarcely goloured at all. The aleoholic solution of the red leaves
was red but not a very deep red, without a tinge of yellow, as m
the first case; the ethereal solution a dull yellow and the watery
solution a very dark or blackish plum colonr.

The alcoholic residue of the green leaves treated with nitrie
acid became blood red in the centre, passing after a time into yellow,
while at the circumference the deposit which had not been actually
touched by the acid gradually became deep green; treated with
hydrochloric acid it turned greenish yellow in the eentre and dark
green elsewhere beyond the reach of the acid; by a drop of nitric
acid added after the action of the hydrochloric acid, the green colonr
was changed to red in the same way as when nitrie acid only had
been applied; by sodinm carbonate the residue was turned at first

yellow and then pink. : o
The ethereal residue became blue and green with both nitrie
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A4 THE GLOIRE DE DLION ROSE.

The red leaves of the Gloire de Dijon Rose.

I have examined these leaves again and more fully. It has
been stated that the young leaves of this rose are of a bright
chocolate red colour. From the extent to which this rose is cultivated,
its red leaves form in the Riviera quite a striking feature in the
landscape in the latter part of the month of March, especially when
the san is shining, If the smaller and younger red leaves he
examined under the microscope, not a trace of a green colour will
be visible, but in those of larger growth groups of cells filled with
green pigment will be seen. Water applied to the dried and coarsely
powdered red leaves removed all the red colour, the watery infusion
being by no means of so deep a colour as might be expected, never-
theless single drops of this, although themselves almost colourless,
when evaporated to dryness, furnished a pink residue or stain which
became first blue and then bright green on the application of a trace
of sodinm carbonate, the green reverting to red when treated with
an acid. The minute fragments of the leaves atter the extraction of
the red pigment by water were of a green colour. Every trace of
red colour having thus been got red of, the green fragments were
next treated with absolute alecohol which became more or less green
according to the size and age of the red leaves: if these were very
young, the aleohol was scarcely made green at all, if older and green
the colour would be deeper. When anhydrouns aleohol was applied to
the leaves from which the red colour had not been previously removed
hy water, the solution obtained was yet green without a tinge of
red, but still drops of this on evaporation to dryness in a watch glass
exhibited a well marked pink or red ring. The portions of the
leaves after the action of the alcohol were seen to have still retained
the greater part of their chocolate red colour, which was thus shewn
to be but little soluble in that menstrunm, Treated with anhydrous
ether the solution also became green, but the residue left on the
evaporation was entirely green without a trace of red, shewing that
the red colonr is entirely insoluble in ether.

The foregoing particularsserve to clearup one or two points which
might be open to doubt. The young red leaves, as already pointed
out, gradually as they become larger and older assume a green
colour, a change which is thus accounted for. However ved the
young leaves may be, the usnal chlorophyll insoluble in water
always underlies the red colour and is either wholly or partly con-
cealed by the red pigment and this chlorophyll inereases and extends
with the growth of the leaves until these become entirely green.







b THE HORSE CHESTNUT.

alcoholic of a pale yellowish green, while the ethereal solution was
almost colourless. A few drops of each of the solutions were eva-
porated in a watch glass, The residues of the aqueous and aleoholic
solutions of the younger leaves were of a carmine pink colour which
when brushed over with sodium carbonate became bright green, but
those of the oldest leaves when treated in the same manner were
blackened in consequence of the formation of a tannate. The residue
of the ethereal solution was almost colourless, but was made yellow by
sodinm carbonate, a change suggestive of the presence in this residue
of a colourless colouring matter. The portions of leaves after
extraction by ether were as red as at first, shewing that the ether
had not exerted any solvent action on the red colour.

The leaves of the Horse Chestnut.

The two prineipal changes in the leaves of plants in the antumn
are of course from green to various shades of yellow and afterwards
from yellow to varying tints and modifications of pink and rusty
red; these latter tints conveying to the eye alone the impression
that they are in the main due to iron.

The transformation of the green into the yellow leaf has already
been dealt with and it has been shown that the change is brought
about by very slight causes; by whatever impairs the vital action
of the leaf, by very slight acidity, by drying and even by exposure
of the echlorophyll in thin layers to the air. The mere gradunal dessi-
cation of¥the leaf is usually accompanied by marked changes in
the colour.

It has been stated that chlorophyll proper consists of a mixture
of two colours, one yellow, nearly insoluble in water and the other
blue, soluble in that menstruum and this last is of so susceptible a
nature that its colour is quickly affected and changed by extremely
slight causes, as by variations in the reaction of the sap. Now the
transformation of the blue constituent of ehlorophyll into the yellow
pigment takes place nsually without any visible formation of a red
colour; that this is so the observer may satisty himself by noticing
the changes which take place in very small gquantities of an alcoholic
solution of ehlorophyll allowed to evaporate on a white porcelain
surface. ;

Thus in the yellow leaf of antumn as in the healthy green
leaf, there are still two pigments, but both are now yellow, these
differing in some of their properties.

It the yellow leaves be treated with alcohol and the solution
evaporated, the residue will generally, but not always exhibit a
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60 TANNIC ACID IN THE COLOURATION OF LEAVES.

Small quantities of gallic acid are also frequently contained
in leaves; and this when present is included in the tannie acid,

It is thus evident that the leaves of many plants contain very
large but variable gquantities of tannic acid and in none that I have
examined have I found it to be entirely absent. '

There is then in the several colonring matters of leaves, as well
as in the leaves themselves, after the extraction of the colours, very
appreciable guantities of iron, but these same colouring matters and
leaves also contain still larger amounts of tannic acid: now since
between the iron and this acid there is a strong affinity whereby
they very readily enter into combination, forming sometimes greenish
but more frequently dark or more or less inky compounds and
since, when the vitality of the leaf is impaired and' its disintegration
is about to take place and ordinary chemical affinities come into
operation, it is inevitable that the iron and the acid should play an
important part in the colouration of leaves at the fall, and it is to
the presence of these that the rusty red brown and dark tints
exhibited by the foliage of a great variety of trees and plants at
this period of the year is to be attributed. That they do so was
indeed established by the observations and facts recorded in my first
commmuuication. .

With one other observation I will bring this paper to a con-
clusion. It is stated, I am informed, in Ramsey's Chemistry, a work
of recognized authority, that chlorophyll does not contain any
nitrogen, a statement contrary to the view generally entertained.
I therefore thought it desirable that two samples of chlorophyll
should be chemically tested with a view to ascertain whether the
proceeding would throw any light on this point; one of these was
obtained from a concentrated alcoholic solution by precipitation
with water and therefore probably was as pure a sample as could
be prepared. Mr. Clayton reported that the precipitated chlorophyll
contained 10.10 and the other 12.60 per cent of nitrogen.




THE CLIMATE OF SAN REMO,

BASED ON

THE METEOROLOGICAL OBSERVATIONS OF ELEVEN CONSECUTIVE
WINTER SEASONS

: BY
#ArrHUR Hinlt Hassann SM.D. I,0ND.

Read at the Annual Meeting of the British LMedical
Agzociation held at Birmingham August 1891

The climatic conditions of any town or locality, are only to
be aceurately determined by meteorological observations extending
over a series of years and embracing many particulars. In the case
of health resorts such observations are imperatively necessary, yet
in how few of such resorts have they hitherto been recorded in the
requisite detail. Observations there are indeed, but, these are
usually of a very limited and insufficient character, embracing for
the most part merely the Shade Temperature and the Rainfall, but
a number of other observations and details are not less important
for the full elucidation and determination of any climate. :

Influenced by the above considerations, I have taken at San
Remo for eleven eonsecutive winter seasons, an extensive series of
Meteorological Observations: these embrace the North Shade Tempe-
rature at three periods of the day; the Maximum Shade Tempe-
rature; the Minimum in the air, as well as on the ground; the Sun
Heat, by both the naked and Vacuum Sun Thermometers; the Days
and Hours of Sunshine; the Days and Hours of Rain and the Rain-
fall. The Temperature of the Mediterranean for some of the seasons
has likewise been recorded as also the changes in the temperature
and moisture of the air which ocenr near and at sunset, both im-
portant data in the climate of San Remo and the other health resorts
of the Western Riviera. '

The first three years observations, those for the seasons
1879-80, 1880-81 and 1881-82, were embodied in Papers com-
municated to the British Medical Association and afterwards pub-
lished in the Journal. Since this time eight more seasons have been
added, the particulars relating to which, are embraced in the present
article, chiefly in the form of a series of condensed Tables.



The instruments nsed were these of Messrs Negretti & Zambra,
those for the Shade temperatures being arranged in a Stevenson’s
screen, placed out of reach of the sun. It shounld be understood, that
the season at San Remo commenences on the 1%t November and

terminates on the 15¢ May, that is to say, it covers a period of six
months.

NORTH SHADE TEMPERATURE.
Season 1879-80.
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Ll 4 g | & | & | = |=8| g8 22| ==
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2 | 2 < ~fe
November . |5260/56:60|51-40/58:50/59-40[4840| 6:8 | 13-4 | 5890
December . |43-50|49:90 42:20/45:20 51:80/39:20| 83 | 13-1 | 4550
January . . |45°50/52°10/44:98/47-54(58-30(40-80| 7-8 | 140 | 47-00
February . |50-07/55-89 48:55/51-5057-32(45-61| 58 | 115 | 51-46
Marech . . |55°00 58:60/51-40155°00 60°10(47-70| 5'1 88 53-90
April . . . |59:90{61-7056:3059-30|64:10|52-80| 4'3 | 10-0 | 5840
Mean of Season  [51-09|55-80|49°14|52-00(57-69 /4576 63 | 11-8 | 51-70

The temperature in the air fell slightly below the freezing point, 5 times in
December and once in January; the greatest degree of frost 27.9 F. oceurring on
the night of December 9th. On some other oceasions, the temperature apprnn::,lwcl
ireezing point and in very exposed sitnations, the Lemon trees even suffered. On
the 1st December mearly 2 inches of snow fell, which did not disappear till the
following day. In mid-winter the mountains surrounding the San Remo amphi-
theatre above the limits of the Olive-clad hills are not unfrequently more or less
covered with snow for some days in succession.

Season 1880-81.
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Month E|E|&|&|% Eﬁ'aﬁég iz'i"&ﬁﬁ 522
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November .| 56:9/61-5/547/57-7/62:8/70.8/51-9/48:9/48-7| 5:9 [11-8] 574
December . |52'6/59:251°6/54:560:5/65°6/49°9/44:6/45:0| 6'9 |13-T| 54T
January . .| 45:3/49-8/451|46°7/50-9(59.1|42-7|39-0/33-0| 5-5 |12:8| 46'8
February .|50:8/55°4(48-4 515 57-0(61+8|45:6|40°9|36:0| 61 |14*0| 513
Mareh . .|54'7(58-4/52:2|55-1{60:4/65°1(49:3|44:1|40°4| 5-7 | 9-5| 54:9
April . . .| 60-8/63:2|56:7/60-2/66:5|73:1{53:0|51-5/47-4| 4-4 | 9:3| 59-8
Mean of Season | 53-5(57-9(51°4|54°3(59:7|65°8(458°644-8/40°8) 5°7 |11-8| H4-1

The lowest temperature in the air for this season, oecurred in January and
was 38° F. or 1° above freezing point; but on the ground it deseended below that
point on 8 oceasions; viz. to 30.6; 31.5 and 31.0 I, For some days in January the
snow was visible on the higher mountains.
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Season 1553-84.

L g = = =
. € | B |gg|us |58 |58/ 2a|x52
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ke A | 2 o e
November|55:82/59'62|54:82(56:7560°55|66:0151:56/44:64(46°7/835°6| 56:05
December|49-18{53-25|49°1850:53|56-43|60°5(44-86/38:78/37-9 31-5| 5064
January [48-30/54-50|48-67|50:49|55°08/63:7|44:96 40-18(400/35°7| 5004
February [51:89(65-40150-48|52-42/55:76/59°5146°19 41-10/39-4 31-8| 50-97
March 54-76!59-20/52+93|55:63|57:95|65:2({48°72 4414 /42:9|36-9| 5330

April 58:03|61-40/54-94 15812 6218|665 52'12'43'132 47-4/42-2/57°15

Yiean of Reason (52+0057-22|51'63|58:98 57-99|63:5 48°07 4282 -i2‘3§|35'6 9302

The thermometer in the air this season did not even once reach the freezing
point within several degrees, while on the ground in December and February,
it omly just touched that point on two oceasions in each month.

Season 18584-85.
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November|52:72(57-12|45+5751-80|57-74/66-0|46-85|37-50(38-2[280| 52:31
December|50:93(55:00|49:83 51:25 5536 |60-7|45-61 36:35 |39-4/26:8 5048
January |45-24|51°00 45-57(47-27 51-07|56:3|41:35/31-9035°8(25-2 4621
February (50:37|5528/50°33151:99 5535 59-4|45:59(39:10137-8 29:0 5047
March  [54:85 58:12/52:54,55°17 5940 66°1 4784 41:05/42:5 328, 53:62
April 58:28(60-69/55°69 58:22/60°81|71:0 4020 44:71|42:0 86-7 5500

e

. I E
Mean of Season |H2-0656°20|49:92/52-72 56:6263°246-08/38-44 398 29'T| 51°35 :

| | | |

It will be seen that the thermometer in the ale this season also did not onee
deseend to freezing point, but on the ground therc was frost 5 times in November,
3 in December, 17 times in January, 8 in February and onee in March.
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Season 1889-90,

—

3 5 0 o
R St Sl de il G e
Sl Shlaci | 2 e
Mean Monthly . . . . |55'13 4910|5195 48:6352-08|5651|52-28
Mean Maximum . . . . [80-26/52:89|57-24[52:49(56:8062:65[57-05
Highest Maximum . . . H-lﬂlﬁﬂ'l}ﬂ 68-20/64-00 63-60
Mean Air Minimum . . 49'613'{-2'64 46-16/42:79/44-88|48:66/45°80
Mean ground Minimum . 4506/37-94 41-23/39-28/40-01 |
Lowest Air Minimum . . [39:00|35-80 42:00/30-40(32:00
Lowest ground Minimum . [34:00/81:50|34-30(29-80/27-60

During this season, the temperature of the air reached the freezing point on
2 oceasions, but on the ground it froze slightly twiece in December, § times in
Febrouary and & times in March, On the 12th February snow was low down on
the mountaing and hills and on the 28th there was a heavy shower of hail, On
the 2nd March there was a hall storm lasting 1 hour 20 minutes, followed by a
fall of snow for 2 hours, the snow being still on the ground in and around the
town the next morning. The snow estimated as rain equal to 0.13 inch. Again
on the 20th March, there was a heavy fall of hail,

The above Tables show that the mean north shade tempera-
ture for the series of years indicated, was 52°.61 Fahrenheit:; the
mean maximum temperature 57°.18 ; the mean air minimum 46°.55
and the mean ground minimum 40°.70; they further show that
the variation of the shade temperature from season to season is
very limited, that the mean daily variation is very small being
under 6°, while the greatest variation rarely exceeds 14° Fahr.
Again, the mean difference between the day and night temperature
is only aboat 6° Fahr, It will be likewise observed from an exami-
nation of the tables, that the thermometer in the air seldom reaches
the freezing point, in some seasons not even once, though the thermo-
meter in the ground nearly every season descended several times
below 32° Fahr. It should be remembered, that the mean season
temperature of 52°.61 is based upon three daily readings, 9 a.m.,
S p.m., and 9 p. m. The temperature of the middle of the day and
eyen at 3 o’clock, is almost always much higher than in the mornin g
or evening and it is chiefly to the mid-day temperature that most
persons and particularly invalids are exposed and this temperature
approximates to the mean maximum temperature 57°.18 Fahrenheit.

SUN HEAT AND SUNSHINE.

The temperature indicated by the Sun thermometers was
recorded each day of the season, no matter whether the sun shone or
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not, since the sun thermometers, even on the sunless days nearly
always indicated higher temperatures than those of the North Shade
thermometers. Excepting in the case of the first three seasons, the
mean Sun Heat has been calculated for all days, as also the mean
duration of the daily sunshine. Had the caleulation been based only
on the sunny days, the means given in the last eight of the Tables
would have beén much higher. It may be mentioned that on many
of the days recorded as sunless, there were gleams of sunshine.

Season 41879-80.

: Averare et . 2t g Mean

Stin heat | Sun heat | S o | o aine | Sunsiine Dy
[ h. m ~ h.m. h. m.
November . 24 182-:00 286°07 758
December 1203 1130 28 226:00 71-30 8:07
January 128-0 1143 30 22717 27904 734
February 135:6 113:5 27 20842 293-28 T-46
March 1354 123-1 29 26414 363-38 9.10
April 146-1 129-7 28 282:37 398-13 .57
#* Mean .| 188:08 | 119-72| 276 | 2214 | 31520 8:05

Total 16,6 | 13305 18910

The Sun heat and duration of the Sunshine this season were very considerable.

Season 1580-81.

= EE ﬁE EZ.%'EE-‘E o Bty = e

[=2] ,".-'."_* = B -E L B E: E=

©25/ 55|25 BalefE| 22 | 2 | E2 | A2

o2 a2 |2 el 828 BB =z 2= =2

23 EE E_g dzlnesl = os sz cE

<@z HE = E; === o =i Ho ==

s | ﬂ% - |

h.m. Im. h. m.

November . |[118°6|130°8|73-0/83:7| 456 25 190-20 | 286-07| 7-37

December .[114:9/130°7|77-1{83+6| 37°8 29 193:24 | 271-30| 6:40

January . — | — |619|778] — 23 | 119:01 | 27904 510

February .{f — 129-0|72-2|193:0| — 24 188:03 | 293-28| T-41

March .1123-2(1139-4|73-8|80°7| 49°4 30 |219:07 | 363-38] 7-18

April .  [129°7|144:0{80:0(86-4| 49°T | 29 |272:00| 398°13] 9-22

Mean . . .121:6/1848|73:0/84-1| 456 | 26:6 | 19610 815:20 718
Total . ~——~—| 16:0 | 1177:0 iIHBI'ﬂ i.

A fairly sunny season.
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Season 1584-85.

Season 18585-86.

B I'e ’ e |
g8 =83 | . |s. lE8 |88% o
R = =T |E2mll=zEm EH| e e | =
FERIESEl 95| ZE |2E =g HEZ| ©8 e
Mowth (geslaiel B2l 93 D3 3ac (802 p3| 23 |93
TES|E52\1R5| 2& (249 =84 (B55|Ag| 27 | 25
FH |EEH S e - 2
= = = @
h.m. |h,m. h. m. | h. m.
November{105-2/117-7| 29 | 220-48| 7-21| 105-6{129-1| 25 [112:52| 3-46
December|104-5{114-0f 29 | 181-10| 550 100-6/113-4| 28 {200-33| 628
January (110:1/108-2| 25| 201-00| 6:29/| 96-2(112-0| 28 |153:26| 4:57
February (100-8/120'8| 22 | 165:43| 555 104-7{128:7| 26 [162-11| 547
March 113-3{126-3) 31 | 24929 803| 109-1{131'8| 27 |257-32| 8:18
April 115-4|144-9| 27 | 224:00{ 7-28/ 120°6{137-0| 28 (113-16| 3-46
Mean 1079 27-1| 207-01| 6:51|106-18 27 1166:36| 530
Total 16°3/1242-10 162199950
A fairly sunny season. Much less sunshine this season.
Season 1586-87. Season 1887-85.
w | w
5| = 2l s s
225 2o wg| 22 |3z 228|588 [vg| 22 |32
Mnth |22 |88 25| F8 93022357 o3| I |3
= z A= sz == =S =l E8 |88
I~5 |5 |RZ| 22 |22 253|RF2 |Ra| A | 22
= | = =] B Ll =
o 7]
h. m. | h,m. h.m. | hm.
November| 104:4/126°2| 26 | 184:56 6:09
December | 99:83/115:0| 28 | 176-22 5-41
January | 100°4{115-3 29 | 20426) 6:35 | 94°7|114'8 28 |215:22) 6:56
February 101-8({121-8| 25| 200-41| 7-10 || 93:6/110°0| 26 [164:56| H-41
March 109-4|126:0| 30 | 232:27| 7-30 | 89-4|125'3| 30 |234:54| T 34
April 115:8{131-0| 28 | 256°43| 8-33 ||112-8/1274| 29 (274°37| 9°09
Mean 10510 27:6| 209:16| 5:50
Total 16-6{1255°35

A fairly sunny season, but few sunless days.

. i
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Seagon 1588-89, Season 4559-900.
I -
o = o= | b
52 (5. (B2 | 22 [EoESEI5E m8) 22 5o,
Month [T 22)%8 | =2 | €4 RERTSS 2H |25 <2 Ak
SSE |27 |82 | 3£ |3ER|iLz = (35| 22 |2EA
o e e e e R Fetige
h. m. |h. m.j| |.h‘_1"'.lh'“1‘
November| 959 [121:0| 22 | 124:29| 4:09 10681234 29 (225:05| T-45
December| 975 [111°1| 27 | 163-:06| 5:16| 95:5/109-2/ 28 |181-14! 6-03
January .| 89'6 (1173, 28 | 188-22 6:04|(1001/115-0| 28 18411 556
February . 1061 (1169 27 | 199-19| 7-07 | 93-0/116'8! 28 |163-19| 550
March . .[107'3 [127-0 27 | 217-12| 704 |l105'6/124-1| 29 |239:49| T-44
April . 1095 |1300| 26 | 220:09|7-32
Moan . 10557 26-16| 18543 612 |
Botal . . 15-?0'11141? ! |

From the preceding Tables, it appears, that the Mean Sun
Heat for the several seasons, as shown by the naked black bulb
thermometer was 70.80 and that indicated by the Vacuum Sun
Thermometer 110°,4 (This very great difference is to be thus ex-
plained. The naked thermometer is exposed to the winds and the
humidity of the air, from which the thermometer in vacuo is pro-
tected, so that the latter instrument records the #rue sun heat, Tt
is of course to the former comparatively moderate temperature that
the human body is exposed and not to the latter ;) that the mean
number of days of sunshine was no less than 27.2 days per month;
that the mean duration of the sunshine was over 203 hours per
month and for each whole season 1221 hours. Further, that the
daily sunshine counting all days whether sunny or not, except in the
case of the first three years, amounted to 6 hrs. 51 minutes. The
smallest number of hours of sunshine was in the season 1885-86,
when it amounted to only 1000 hours, but in the season of 1881-82,
it reached 1413 hours. It should be stated, that a deduction was
always made when the sun shone until sunset, of 15 minutes per
day, in consequence of the earlier disappearance of the sun behind
the western mountains of the San Remo amphitheatre.

RAIN, RAINFALL AND RELATIVE HUMIDITY.

It is necessary to define what is implied by the heading in
the following Tables “Days of Rain’’. Every day on which the



iR L
"
oyl

:
=
s
"
il







SMLOTELD = - = = = -
FAERTT a ; L1 167 s E E b ; 10 P
Fa¥iT:1 + { | 1.E0ipp.F P y - !
Aee] HiEEY b | ¥ bt : ] il [ T = r
HIIT'1I A L Lk LR T | S L) y I 3 -
T 10 ¥ )y ] £ | | [
(VL LT bl | BER J L= 5 e P o
L Wi 3 [ Tt [ s - . =
S AL LY 3RS RN Sy H o 1 ] st | 4 s 3
r 1 3
| i fe 1 q 3 3 L¥a W s
L T i ] + 3 0 I b el A 1 | ]
i | 1
MIENn LT
ILLEY OofF the atr 1 TR M . | o -
= = 1 I'..' 3 LY il 3 HLLENLRR LS - LLILIA b WHLELN A
W Loy Y
b ™ LF =
- = .
= = — iy i - 8- - '
1 o = el = - ] = o
LA o = n = — =
- - = b = - = -
J v e | = 13 ' 1.0 E L 1 D0 . & 6]
. i ! L ik T § L o B LU R Fia il wd OO At
i T oo B A ) =3 0 3 e Wl ara -
L ! o L=d | i -, 4 Il ¥ Tl o - E iLa A 1% [ -
T !
7 3 ¥ | Bt ! T3 s - - L O
0 A L 15 i | & ey By L il s 1 =t ik 3T by FiLEs
! e = 3 L0 s I =0 B0 =1 & i H-5 Ve lbi
! =3 § LF. a7 1L i B8y i g L3 ! 11
ot I 3 i [ iy = 31 i . -
= | I i [ 11D 1 _ iBE
|
|
e M 3 - 3413 M [ ¢ - 2] - T n LT &
ekl | i i | = s i ) 2 5] 1 e | 18
| | il TIE 1
| | |
1K i THAR v ek LLRLLESS KN ehd LR L AL TAL DES ] L ! | i i
Ll LA | L5 G VL [} (11 | Uk (115 1 HELRY | 1% 1 L0 [ ]
1 1 il AP T 1. ] ;
-~ g il | i | s
AT 1 AT il S0 ) il




: - ) A = ] r f T E
1 -+ { . !
Fi N . | L . 5 - A I | 1
& L1 | [ s Akl i i | r ' : . -
3 T il e e Tt b 5 ] 4 .
LERR ] 0 rlhileh 1 | ; ’
] L y ¥ RO ] I =14 % | ;
4 (L oW T i ] i - ‘O
: - i1 =i 1'& 1 = M - + Iy 0 -
1 i1 - 1 =
A 1L - 1 1 . 171 o+
IRFINT
1 ¢ T
il L Lh




76

COMPARATIVE RELATIVE HUMIDITY.

Season 1879-80. Season 1850-51,
Month 9AMISP.M.J9P.M.[9 A.M.|3P.M.[9P. M.I

November . . . . .. 750 | 600 | 815 || 725 | 705 | 789
December . . . . .| 5665 | 588 | 642 || 747 | 700 | 76:1
January. . . . . .| 63:0 | 62:0 | 64:0 ! 783 | 70T | 70'B
Tebroary < o oon | 733 0 T0:0 4| 742 | 686 | 634 | T42
Mareh . . . . . .| 685 | 655 | 611 || 747 | 720 | 820
April. . ,~. . . .|695 |.690 | 764 || 680 | 650 | 798
Mean of Sedson . . | 675 | 638 703 728 | 686 .| 76’8

—

air at 9 o’clock in the morning or evening, but for the most part
to the drier, or mid-day air.

Another particular which should be borne in mind in reference
to the humidity of the air, is the effect of wind; nothing dries the
alr like a strong wind, and most of the low humidities recorded
in the Tables occurred in conneetion with such winds. One can there-
fore readily understand the effect produced by them on the animal
economy. First, they carry off the surface heat with great rapidity
and often faster than this can be reformed by weakly and delicate
persons, hence chills ave experienced; second, by drying the air to
an abnormal extent, they affect many of the funetions of the body
and give rise to undue excitement.

Another feature of the climate of San Remo and the Western
Riviera, is the fall of temperature and increase of humidity which
take place, especially on bright and sunny days, sometime before, at
and after sunset. For some time before sunset and for a still longer
period afterwards the temperature begins to fall and at the same
time, and as a consequence of this, dew becomes deposited; this of
course increases the humidity of the air and occasions a descent
of the wet bulb thermometer, this point was experimentally in-
vestigated by me in 1881, as detailed in my work on San Remo.
The following figures may be given in illustration of this feature
in the climate.
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One of the best times for invalids to be out in the open air, is
in the early morning before the advent of the Sea breeze, as the air
18 then at its calmest. English visitors and invalids are however, as
a rule, somewhat tardy in their movementsin a morning and many of
them do not leave their Hotels until after the commencement of the
sea breeze; as a consequence they sometimes become immediately
exposed to wind. Foreign visitors ave, as a rule, much earlier in
the morning and set in this respect, a good example.

The prevailing Winds at San Remo are northerly; N.N,E.
or N. West, but East and West winds are also frequent. The North
winds passing over the high mountain chains of Europe, the N. E,
wind or Bise, coming even from the Arctic regions are both cold and
very dry, their moisture being parted with as they blow over the
higher Alpine mountains, on which it becomes precipitated as snow,
Two of these chains of mountains are the Alpes Maritimes and the
Apennines; behind the former, the higher Alps separating Italy
from Switzerland. The North West wind crossing over lower
mountain chains and even the North Atlantic, is less dry than the N.
and N. E. winds; but the latter, as also the East wind are more
moist and less irritating than in England, although they retain in a
mitigated degree the characteristics by which they are there distin-
guished. The N. W. wind, or dreaded Mistral, is much less felt at
San Remo than at the other towns lying more to the West, as Hyeres,
Cannes and Nice. This wind sometimes blows with such violence
that it raises clounds of dust whieh fill the air, as indeed do other
winds when blowing very strongly and when this dust is seen people
usually speak of the wind, no matter from what quarter it may blow,
as the Mistral, which is thus sometimes wrongfully anathematized.

Of course San Remo is fully exposed: on the sea side to the
South winds; these winds passing over the Atlantic and Mediter-
ranean take np much moisture. This is especially the case with
the S. W. wind, which thus often brings rain.’ The 8. E. ‘wind or.
Scirocco, passing over the deserts of Africa, i3 at first a very hot
and dry wind, but when it reaches the Mediterrenean and the South
of Italy, it is hot and moist and hence very enervating; but, when
it arrives at the Western Riviera, by its passage over the Apen-
nines and the Corsican mountains, it has become dryer and cooler
and deprived in a measure of some of its imjurious qualities; still
it is sometimes felt at San Remo as a very depressing wind.

On the whole, San Remo must be declared to be subject to
much wind and this constitutes the one trying feature of the climate.

The statistical data are now before ns upon which a clear and
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accurate statement of the climate of San Remo can be formulated
and which in its main particulars is applicable to the Western
Riviera generally.

The mean figures given show, that the North Shade Tempe-
rature 1s some 8° to 10° above that of England; they also prove
that the temperature is unusually equable, the range of variation
being very limited. The winter season being spread over six months
of the year and being partly in one year and partly in another, the
temperature of the different months varies considerably, in fact, as
far as the temperature is concerned there are really two seasons, the
one comparable to an ordinary summer and the other to winter,
The first comprises November, sometimes the early part of December,
the latter half of March and the whole of April; the colder winter
months being, December, January and February. This explains, in
part, the very diverse opinions formed by visitors of the climate,
some asserting, that it is hot and relaxing and others complaining of
the cold. As we have seen, the temperature of the air seldom, even
once in the season, marks the freezing point, although that point -
is frequently reached during the colder months in the night by the
thermometer placed on the ground: in the day-time however, even
a slight degree of frost ravely oceurs, for now the influence of the
sun comes into operation. Snow or hail, which are forms of frozen
moisture or rain, ocenrs usually not more than two or three times
in & season and in some seasons, none falls. T have never known
the snow, when melted, to measure more than 0.14 of an inch of
water and usually it is not more than from 0. 02 to 0.05 of an inch.

The Tables given of the Sun and Sunshine afford a very
pleasing picture of the climate. Out of the 181 days forming the
season, there are on the average no less than 163 days on which
the sun shines and this generally with remarkable power and
brilliancy for a greater or lesser time. Of course the difference
between Shade temperature and Sun Heat is sometimes Very consi-
derable, this diffevence being experienced partienlarly in passing
suddenly from Sunshine into Shade.

The Tables of the Rain and Rainfall illustrate another very
favourable feature of the climate. The number of days on which more
or less rain falls, is subject to a good deal of variation from season
to season, but on the whole year the number does not usually much
exceed one fourth of those which occur in such places as Torquay,
Bournemouth and Ventnor. Then the number of hours during which
ain falls is but small and the total rainfall is by no means excessive.
It oceurs particularly in the Spring and autumn and often falls in

A®m



52

very large quantities in a very short space of time. Apgain, the Re-
lative Humidity is moderate; the air on the whole is dry, but not
extremely so; the civenmstances which chiefly increase the humidity
are, the prevalence of rain and cloud, as well as the opposite con-
dition of clondless sunshine followed by a deposition of dew at and
after sunset and sometimes during the night.

It now remains that the Winds and their effect on the climate,
should be noticed. The influence of the day or sea breeze and the
night or land breeze, when these are moderate, is usunally beneficial ;
they give movement and freshness to the air, which is changed
continually ; they dissipate any bad odours which may prevail and
scatter far and wide the much debated and dreaded microbes.
Beneficial as, on the whole the sea and land breezes doubtless ave,
they sometimes blow with too great force and theve is often super-
added the powerful and chilling North East and North West winds
which prevail in San Remo and the Western Riviera with far too
great frequency. These winds being dry as well as strong, they carry
off heat from the surface of the body much faster than it can be
regenerated, chilly feelings as well as chills, are apt to be expe-
vienced. In fact, the frequency and character of these winds con-
stitute the great drawback of the climate.

To sum up then; the climate of San Remo in the winter season
is for the most part moderately warm, fairly dry, fresh, bracing
and rather stimulating, bright, sunny and cheering. These good
(ualities are enhanced by the great beauty of the scenery and the
semi-tropical character of the vegetation.

Formerly, it was not unusual to hear the climate of the Riviera
deseribed as hot, relaxing and enervating, gualities the very opposite
of those by which it is really characterised. Complaints of cold are
not unfrequent and these are often well-founded; the coldness expe-
rienced is due mainly to the winds, but partly also to the honses;
the walls of these are thick and of stone, which resists the effects
of the sun; then the rooms are lofty, the windows large and nume-
rous and it is only occasionally that an efficient stove is met with i
the halls of the houses and villas. It is hence usually much colder
in the house than out of it and this is so well known, that many
people go out of doors to get warm.
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THE LAST VOYAGE TO INDIA AND
AUSTRALIA IN THE *SUNBEAM .
With Charts and Maps, and 4o Illustra-
tions in Monotone (20 full-page), and
nearly zoo Illustrations in the Text from
Drawings by E. T. PRITCHETT. &vo. 215,

[Continued on next page.
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BRASSEY (Lady)—confinued.

THREE VOYAGES IN THE *‘SUN-
BEAM'. Popular Edition. With 346
Illustrations. 4to. 2s. 6d.

BRAY (Charles).

THE PHILOSOPHY OF NECESSITY :
or, Law in Mind as in Matter. Cr. 8vo. 55.

ERENDA.
OLD ENGLAND'S STORY IN LITTLE
WORDS FOR LITTLE CHILDREN,
With 2g [llustrations. Imp. 16mo. 3s. 6d.

WITHOUT 4 REFERENCE. A Story.
Cr. 8vo, 35. bd.

BRIGHT (Rev. J. Franck, D.D.), Master
of University College, Oxford.

A HISTORY OF ENGLAND.,
Cr. &vo.

Period I.—Medi®val Monarchy: The
Departure of the Romans to Richard
III. From A.D. 449 to 1485. 4. 6d.

Period 1I.—Personal Monarchy: Henry
VIL. to James II. From 1485 to
1683, s5s.

Period II1.—Constitutional Monarchy:
William and Mary to William IV,
From 1689 to 1837. 7s. 6d.

Period IV.—The Growth of Democracy:

4 vols.

Victoria. From 1837 to 1880, 6s.
BUCKLE (Henry Thomas).
HISTORY OF CIVILISATION IN

ENGLAND AND FRANCE, SPAIN
AND SCOTLAND. 3vols. Cr.8vo.z24s.

BULL (Thomas).

HINTS TO MOTHERS ON THE MAN-
AGEMENT OF THEIR HEALTH
DURING THE PERIOD OF PREG-
NANCY. Fcep. 8vo. 1s. 6d.

THE MATERNAL MANAGEMENT

OF CHILDREN IN HEALTH AND
DISEASE. Fcp. 8vo. 1s. 6d.

BUTLER (Samuel).

Op. 1. EREWHON. Cr. 8vo. 55,

Op. 2. THE FAIR HAVEN. A Work
in defence of the Miraculous Element in
our Lord's Ministry. Cr. 8vo. 7s. 64.

0p.3. LIFE AND HABIT. An Essay

after a Completer View of Evolution.
Cr. Bvo. 7s. 6d.

0p. 4. EVOLUTION, OLD AND NEW. |

Cr. Bvo. 105. 64,

0p. 5. UNCONSCIOUS MEMORY. Cr.
8vo. 7s. 6d.

Op. 6. ALPS AND SANCTUARIES OF

PIEDMONT AND CANTON TICINO. |

Illustrated. Pott 4to. 10s. 64,

Op. 7. SELECTIONS FROM OPS. 1.6,
With Remarks on Mr. Romaxes’ ‘ Mental
Evolution in Animals’. Cr. 8vo. 75. 6d.

| BUTLER (Samuel)—continued.

Op. 8. LUCK, OR CUNNING, AS THE
MAIN MEANS OF ORGANIC MODI-
FICATION ? Cr. 8vo. 7s. 64d.

Of.g. EX VOTO. An Account ot the
Sacro Monte or New Jerusalem at Varallo-

Sesia. 10s. 64.
HOLRBEIN’S ‘LA DANSE’. A Note on
a Drawing called ‘La Danse’. 3s.

CARLYLE (Thomas).

LAST WORDS OF THOMAS CAR-
LYLE — Wotton Reinfred — Excursion
(Futile Enough) to Paris—Letters to
Varnhagen von Ense, &c. Cr. 8vo.
bs5. bd. net.

THOMAS CARLYLE : a History of his
Life. By J. A. FROUDE. 1795-1835. 2
vols. Cr. 8vo. 7s. 1834-1881. 2 vols!
Cr. 8vo. 7s.

CHESNEY (Lieut.-General Sir George).

INDIAN POLITY : aView of the System
of Administration in India. New Edition,
Fevised and Enlarged.

CHETWYND (Sir George, Bart.).

RACING REMINISCENCES 'AND
EXPERIENCES OF THE TURF. 2
vols, Bvo., 21s.

CHILD (Gilbert W.).

CHURCH AND STATE UNDER THE
TUDORS. 8vo, 15s.

CHILTON (E.).

THE HISTORY OF A FAILURE, and
other Tales. Fcp. 8vo. 35. 6d.

CHISHOLM (G. G.).

HANDBOOK OF COMMERCIAL GEO-
GRAPHY. With 2g Maps. 8vo. 105, net.

CLERKE (Agnes M.).

FAMILIAR STUDIES IN
Crown Hvo. 75. 6d.

CLODD (Edward).

THE STORY OF CREATION : a Plain
Account of Evolution. With 77 Illustra-
tions. Cr. 8vo. 35. 6d.

CLUTTERBUCK (W. ]J.).

ABOUT CEYLON AND BORNEO :
being an Account of Two Visits to
Ceylon, one to Borneo, and How we
Fell Out on our Homeward Journey
With 47 Illustrations. Cr. 8vo. r10s. 6d*

COLENSO (]J. W., D.D.,
Natal).

THE PENTATEUCH AND BOOK
OF YOSHUA CRITICALLY EX.

HOMER.

late Bishop of

AMINED. Cr. 8vo. 6s.




COMYN (L. N.).

ATHERSTONE PRIORY :
Bva. 25, 6d.

CONINGTON (John).
THE AENEID OF VIRGIL. Translated
into English Verse. Cr. 8vo. 6s.

THE POEMS OF VIRGIL. Translated
into English Prose. Cr. 8vo. 6s.

COPLESTON (Reginald Stephen, D.D.,
Bishop of Colombo).
BUDDHISM, PRIMITIVE AND PRE-
SENT, IN MAGADHA AND IN
CEYLON. 8vo. 16s.

COX (The Rev. Sir G. W., Bart., M.A.).

4d GENERAL HISTOREY OF GREECE,
from the Earliest Period to the Death of
Alexander the Great; with a sketch of
the subsequent History to the Present
Time. With 11 Maps and Flans. Cr.
8vo. 7s. bd.

CRAKE (Rev. A. D.).
EDWY THE FAIR: or, The First Chro-
nicle of Ascendune. Cr. 8vo. 25, 6d.
ALFGAR THE DANE : or, the Second
Chronicle of Escendune. Cr. 8vo. 2s. bd.

THE RIVAL HEIRS: being the Third

a Tale. Cr,

and Last Chronicle of /Escendune. Cr.
Svo. 2s5. 6d.
THE HOUSE OF WALDERNE. A

Tale of the Cloister and the Forest in
the Days of the Barons’ Wars. Cr. 8vo.
25. bd.

BRIAN FITZ-COUNT. A StoryofWal-
lingford Castle and Dorchester Abbey.
Cr. 8vo. 25. 64.

HISTORY OF THE CHURCH UNDER
THE ROMAN EMPIRE, A.D. 30-476.
Crown 8vo, 7s. 6d.

CREIGHTON (Mandell, D.D., LL.D.,
Bishop of Peterborough).

HISTORY OF THE PAPACY DURING
THE REFORMATION. 8vo. Vols. 1.
and II., 1378-1464, 325.; Vols. IIL. and
IV., 1464-1518, 245.

CROZIER (John Beattie, M.D.).
CIVILISATION
Third Edition, Revised and Enlarged, and
with New Preface. More fully explaining

the nature of the New Organon used in

the solution of its problems. Bvo. 14s.
CRUMP (A.).
A SHORT EN!,?UJ’R}' INTO THE FOR-

MATION OF POLITICAL OPINION,
from the reign of the Great Families to
the Advent of Democracy. B8vo. 75, bd.

AND PROGRESS. |

|
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CRUMP (A.)—continued,
AN INVESTIGATION INTO THE
CAUSES OF THE GREAT FALL
IN PRICES which took place coinci-
dently with the Demonetisation of Silver

by Germany. 8vo. 6s.

CURZON (The Hon. George N., M.P.,
late Fellow of All Souls College, Oxford).

PERSIA AND THE PERSIAN QUES-

TION. With g Maps, g6 Illustrations,
Appendices, and an Index. 2 vols, 8vo.
425.

DANTE.

LA COMMEDIA DI DANTE. A New
Text, carefully Revised with the aid of
the most recent Editions and Collations,
Sm. Bva, bs.

DAVIDSON (W. L.).

THE LOGIC OF DEFINITION EX-
PLAINED AND APPLIED. Cr. 8vo.
05,

LEADING AND IMPORTANT ENG-
LISH WORDS EXPLAINED AND
EXEMPLIFIED, Fcp. 8vo. 35. 6d.

DEAD SHOT (THE) : or, Sportsman’s Com-
plete Guide. Being a Treatise on the
Use of the Gun, with Rudimentary and
Finishing Lessons on the Art of Shooting
Game of all kinds, also Game Driving,
Wild-Fowl and Pigeon Shooting, Dog

Breaking, &c. By Margsman, Cr. 8vo.
105. 6d.
DELAND (Margaret, Author of °‘ John
Ward ).
THE STCORY OF 4 CHILD. Cr. 8vo. -
55.

; DE LA SAUSSAYE (Professor Chan-

tepie).

A MANUAL OF THE SCIENCE OF
RELIGION. Translated by Mrs. CoL-
vER FERGUSSON (née Max MULLER). Cr.
8vo. 125 6d.

DE SALIS (Mrs.).

CAKES AND CONFECTIONS A LA
MODE. Fep. 8vo. 1s. Gd.

DRESSED GAME AND POULTRY A
L4 MODE. Fcp. 8vo. 1s. Gd.

DRESSED VEGETABLES A LA MODE.
Fep. 8vo, 15. 6d.

DRINKS A LA MODE. Fcp. 8Svo. 1s. 6d.

ENTREES A LA MODE. Fep. Svo.
1s. Gd.

FLORAL DECORATIONS. Suggestions
and Descriptions. Fep. 8vo. 1s. 6d.
[Continned on next page
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DE SALIS (Mrs.)—continued.

NEW-LAID EGGS: Hints for Amateur
Poultry Rearers. Fcp. 8vo. 1s. 6d.

OYSTERS A LA MODE. Fcp. 8vo. 1s. 6d.

PUDDINGS AND PASTRY A LA
MODE. Fcp. 8vo. 1s. 6d.

SAVOURIES A LA MODE. Fcp. 8vo.
15. Gd.

SOUPS AND DRESSED FISH A LA
MODE.  Fep. 8vo. 1s. 64.

SWEETS AND SUPPER DISHES A
LA MODE. Fcp. 8vo. 1s. 6d.

TEMPTING DISHES FOR SMALL
INCOMES. Fep. 8vo. 1s5. 6d.

WRINKLES AND NOTIONS FOR
EVERY HOUSEHOLD. r. Bva.
Is. Gdd.

DE TOCQUEVILLE (Alexis).

DEMOCRACY IN AMERICA.
Cr. Bvo. 16s.

2 vols.

DOROTHY WALLIS : an Autobiography.
With Preface by WaLTER BesaxT. Cr.
8vo. 6s.

DOUGALL (L.).

BEGGARS ALL :
35. b,

DOWELL (Stephen).

A HISTORY OF TAXATION AND
TAXES IN ENGLAND, from the Ear-
liest Times to the Year 188s. (4 vols.
8vo.) Vols. I. and II. The History of
Taxation, 21s. Vols. III. and IV. The
History of Taxes, z1s.

DOYLE (A. Conan).

MICAH CLARKE. A 'TaleofMonmouth’s
Rebellion. With Frontispiece and Vig-
nette. Cr. 8vo. 3s. 64.

THE CAPTAIN OF THE POLESTAR :
and other Tales. Cr. 8vo. 3s. fid.

DUBLIN UNIVERSITY PRESS
SERIES (THE): a Series of Works
undertaken by the Provost and Senijor
Fellows of Trinity College, Dublin.

CODEX RESCRIPTUS DUBLINENSIS

OF ST. MATTIHEW. ByT. K. AssorT.
4to. 215,

EVANGELIORUM VERSIO ANTE-
HIERONYMIANA EX CODICE
USSERIANO {DUHLINENSI}. By
T. K. AsBoTT. 2 vols, Cr. Bvo. 21s.

SHORT NOTES ON ST. PAULS
EPISTLES TO THE ROMANS,
CDRINTHIANS, GALATIANS, EPH-
ESITANS AND PHILIPPIANS., By
T. K. AsBorT. Fep. 8vo. 4s.

a Wovel. Cr. 8vo.

| DUBLIN

UNIVERSITY PRESS

SERIES (THE)—continued.

GREEK GEOMETRY FROM THALES
TO EUCLID. ByG. J. ALLMaN. 8vo.
105. Bd.

THEORY OF EQUATIONS. By W. 5.
BurnsipDE and A. W. Panrton, 8vo.
125, Od.

SEQUEL TO EUCLID'S ELEMENTS.
By Joux Casey. Cr. 8vo. 3s. 6d.

ANALYTICAL GEOMETRY OF THE
CONIC SECTIONS. By Joun Casgy.
Cr. 8vo. 7s. 6d.

EUMENIDES OF EAZSCHYLUS. With

Metrical English Translation. By ]J. F.
Davies. B8vo. 7s. :
DUBLIN TRANSLATIONS INTO

GREEK AND LATIN VERSE.
Edited by R. Y. TyrreLL. 8vo. 6s.
LIFE OF SIR WILLIAM HAMILTON.
By R. P. Graves. 3 vols. 15s. each.

ADDENDUM TO THE LIFE OF SIR
WILLIAM ROWAN HAMILTON,
LL.D., D.C.L. 8vo.bd. sewed.

PARABOLA, ELLIPSE AND HYFPER-
BOLA. By R.W. GrrFFIN. Cr. 8vo. 6s.

MEDICAL LANGUAGE OF ST. LUKE.
By W. K. HoBaRrT. 8vo. 16s.

ESSAYS IN POLITICAL ECONOMY.
By T. E. CL1FFE LESLIE. Bvo. 10s. 64,

ZOOLOGY AND MORPHOLOGY OF

VERTEBRATA. By A. MACALISTER.
8vo. 10s. Bd.

MATHEMATICAL AND  QTHER
TRACTS. By James MacCuULLAGH.

8vo. 15s.

PARMENIDES OF PLATO, Text, with
Introduction, Analysis, &c. By T.
Maguire. 8vo. 7s. 6d.

INTRODUCTION TO LOGIC. By W.
H. S. Monck. Cr. 8vo. ss.

EXAMPLES ON THE ANALYTIC
GEOMETRY OF PLANE CONICS.
By R. A. RoBerTs. Cr. 8vo. 55,

CORRESPONDENCE WITH CARO-
LINE BOWLES. By R. SouTHEv.
Edited by E. Dowpen. S8vo. 145,

HISTORY OF THE UNIVERSITY OF
DUBLIN, from its Foundation to the
End of the Eighteenth Century. By ]J.
W. StuBBs. B8vo. 125. 64.

THE ENEID OF VIRGIL, freely trans-
lated into English Blank Verse, By W.
J. THORNHILL, Cr. 8vo. 75, 6d.

CICERO'S CORRESPONDENCE. By R.
Y.T¥rRrRELL, Vols.I., L., II1, Svo. each T2s.

THE ACHARNIANS OF ARISTO-
PHANES, translated into English Verse.
By R. Y. TyrrerLL, Cr. 8vo. 1s.

[Continued on next page.
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DUBLIN UNIVERSITY PRESS
SERIES (THE\—continued.

GOETHE'S FAUST, Translation and
Notes. By T. E. Wess. Bvo. 125. 6d.

THE VEIL OF ISIS: a Series of Essays

on Idealism. By T. E. WeEss. 8vo.
105. bd.

THE GROWTH OF THE HOMERIC |
POEMS. By G. WiLkix. 8vo. 6s. -'

EPOCHS OF ANCIENT HISTORY.
Edited by the Rev. Sir G. W. Cox,
Bart., M.A., and by C. Sanxey, M.A.
Fcp. Bvo, with Maps, 25. 6d. each.

The Athenian Empire from the Flight of
Kerxes to the Fall of Athens. By the
Rev. Sir G. W. Cox, Bart., M.A, With
5 Maps.

. Rome to its Capture by the Gauls.
WiLHeLM InNeE. With a Map.

The Roman Triumvirates. By the Very
Rev: CHARLES MERIVALE, I).D., Dean of
Ely. With a Map.

The Spartan and Theban Supremacies.
By CHARLES Sankey, M.A. With 5 Maps.

Rome and Carthage, the Punic Wars.
By E. BosworTH SMmiTH, M.A. With g
Maps and Plans.

The Gracchi, Marius, and Sulla. By A.
H. BeesLy, M.A. With 2 Maps.

The Early Roman Empire. From the
Assassination of Julius Casar to the
Assassination of Domitian. By the Rev.
W. WoLre Cares, M.A, With =2
Maps.

The Roman Empire of the Second
Century, or the Age of the Antonines.
By the Rev. W. WoLre Cares, M.A.
With 2 Maps.

The Greeks and the Persians. By the Rev,
Sir G. W. Cox, Bart,, M.A," With 4
Maps.

By

The Rise of the Macedonian Empire. By |

"ArTHUR M. CUurTE1S, M.A. With 8 Maps.

EPOCHS OF MODERN HISTORY.
Edited by C. CoLBEck, M.A. Fcp. &vo.
with Maps, 25. 6d. each.

The Beginning of the Middle Ages. By

the Very Rev. RicHARD WILLIAM CHURCH, |

M.A., &c., late Dean of St. Paul’'s. With
3 Maps.

The Normans in Europe. By the Rev.
A, H. Jounson, M.A. With 3 Maps,

The Crusades. By the Rev. Sir G. W.
Cox, Bart., M.A. With a Map.

The Early Plantagenets. By the Right
Rev. W. Stusss, D.D., Bishop of Oxford.
With 2 Maps.

1
1

=

EPOCHS OF MODERN HISTORY—
contipned,

Edward the Third. By the Rev. W.
WarBurToN, M.A, With 3 Maps and 3
Genealogical Tables,

The Houses of Lancaster and York; with
the Conquest and Loss of France. By
James GAarrpner. With 5 Maps.,

The Early Tudors. By the Rev. C. E.
MogeeRLY, M.A,

The Era of the Protestant Revolution.
By F. Seeponm. With 4 Maps and 12
Diagrams.

The Age of Elizabeth. By the Right
Rev, M. CreiguTon, LL.D., Bishop of
Peterborough. With 5 Maps and 4
Genealogical Tables,

The First Two Stuarts and the Puritan
Revolution (1603-1660). By SAMUEL
Rawson GarpiNer. With 4 Maps.

The English Restoration and Louis
XIV. (1648-1678). By Osmuxp AIRry.

The Fall of the Stuarts; and Western
Europe from 1678 to 16g7. By the Rev.
Epwarp Hare, M.A. With 11 Maps
and Plans.

The Age of Anne. By E. E. Morris,
M.A. With 7y Maps and Plans.

The Thirty Years’ War, 16:18-1648. By
SaMUEL Rawson Garpiner. With a Map.

The Early Hanoverians. By E. E.
Morris, M.A. With'g Maps and Plans,

Frederick the Great and the Seven
Years' War. By F. W. LoNGMaN.
With 2 Maps.

The War of American Independence, 1775-
1783. By ]J. M. LupLow. With4Maps.

The French Revolution, 178g-1795. By
Mrs, 5. R. GARpINER. With 7 Maps.

The Epoch of Reform, 1830-1850.
Justin McCarTHYy, M.P.

By

EPOCHS OF CHURCH HISTORY.
Edited by the Right Rev. MANDELL
Creigaton, D.D., Bishop of Peter-
borough, Fcp. 8vo. 25. 6d. each.

The English Church in other Lands.
By the Rev. H. W. Tucker.

The History of the Reformation in Eng-
land. By the Rev. GEoORGE G. PERRY.

A History of the University of Oxford.
By the Hon. G. C. BRODRICK.

A History of the University of Cam-
bridge. By J. Bass MuLLINGER, M.A.

The Church of the Early Fathers. By
A. PrumuMeRr, D.D.

The Church and the Roman Empire.

By the Rev. A. CARrr.
[Continued on next page.
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EPOCHS OF CHURCH HISTORY— |

continued,

The Church and the Puritans (1570-1660), |
By H. OrFFLEY WaAKEMAN, M.A. '

The Evangelical Revival in the Eigh-
teenth Century. By the Rev, J. H.
OVERTON.

The Church and the Eastern Empire: |
By the Rev, H. F, TozERr,

Hildebrand and his Times. By the Rev, !
W. K. W. STEPHENS, :

The English Church in the Middle Ages.
By the Rev. W. Hunr, M_A.

The Popes and the Hohenstaufen. By
Uco BarLzani,

The Arian Controversy. By H. M. |
Gwarery, M.A, I

The Counter-Reformation. By A. W. |

WarDp.

Wycliffe and Early Movements of Re- |
orm. By ReEcinaLp L. PooLg, M.A., |

EPOCHS OF AMERICAN HISTORY.
Edited by Dr. ALBerT BUSHNELL HART, |
Assistant Professor of History in Harvard |
College, U.S.A. Fep. 8vo. 35. Gd. each. |

The Colonies (r4g2-1750). By Reusen |
GoLp THwAITES, Secretary of the State |
Historical Society of Wisconsin. !

Formation of the Union (1750-1829). By
ALBERT BusHNELL Harrt, A.B., Ph.D.,
the Editor of the Series. With 5 Maps.

Division and Re-Union (1829-188g). By |
Woobrow WiLson, Ph.D., LL.D., Pro-
fessor of Jurisprudence in Princeton
College. With 5 Maps. Fcp. 8vo.

EPOCH MAPS, Illustrating American His-
tory. By ALBERT BUSHNELL Harr,
Ph.D., Assistant Professor of History in
Harvard College. 14 Maps, Oblong
4to. 25. 6d.

EPD‘EHS OF ENGLISH HISTORY.
Lumpletg: in One Volume, with 27 Tables
and Pedigrees, and 23 Maps. Fcp. 8vo.
55.

* " For details of Parts see Longmans & Co.’s

Catalogue of School Books, |

EWALD (Heinrich).

THE ANTIQUITIES OF ISRAEL.
Translated from the German by H. S.
SoLLy, M.A. 8vo. 125. 64,

THE HISTORY OF ISRAEL. 'Trans.
lated from the German. 8 wols. 8vo,
Vols. L. and II. z4s. Vols, III. and IV,
f;llsf an..‘}uf.!xﬂs. Yol. VI. 165, Vol.

215, ol. VIIL., with Index t
Complete Work, 18s. )

FALEKEENER (Edward).

GAMES, ANCIENT AND ORIENTAL,
AND HOW TO PLAY THEM. Being
the Games of the Ancient Egyptians, the
Hiera Gramme of the Greeks, the Ludus
Latrunculorum of the Romans, and the
Oriental Games of Chess, Draughts,
Backgammon and Magic Squares. With
numerous Photographs, Diagrams, d&c.
Bvo. 21s.

FARNELL (George S., M.A.).

GREEK LYRIC POETRY : a Complete
Collection of the Surviving Passages from
the Greek Song-Writers. Arranged with
Prefatory Articles, Introductory Matter
and Commentary. With 5 Plates,
165.

FARRAR (Archdeacon).
DARKNESS AND DAWN : or, Scenes
in the Days of Nero. An Historic Tale.
Cr. 8vo. 7s. 6d.
LANGUAGE AND LANGUAGES. A
Revised Edition of Chapters on Language
and Families of Speech. Cr. 8vo. bs.

FITZPATRICK (W. J., F.S.A., Author

of * Correspondence of Daniel O'Connell '),

SECRET SERVICE UNDER PITT.
8vo. 14s.

FITZWYGRAM (Major-General Sir F.,
Bart.).

HORSES AND STABLES.

pages of Illustrations.

FORD (Horace).

THE THEORY AND PRACTICE OF
ARCHERY. New Edition, thoroughly
Revised and Re-written by W. Burr,
M.A. With a Preface by C. ]. LoNGnman,
M.A., F.S.A. 8vo. 14s.

FOUARD (Abbé Constant).

THE CHRIST THE SON OF GOD :
a Life of our Lord and Saviour Jesus
Christ. With an Introduction by Cardinal
MaNNING. 2 vols. Cr. 8vo. 145.

oI. PETER AND THE FIRST YEARS
OF CHRISTIANITY. Translated from
the Second Edition, with the Author's
sanction, by Georce F. X. GRIFFITH.
With an Introduction by Cardinal Gis-
BONS. Cr. 8vo: gs.

With 1g
8vo. 5s.

FOX (Charles James).

THE E..:i-RLF HISTORY OF CHARLES
FAMES FOX. By the Right Hon. Sir
G. 0. TREVELYAN, Bart.

Library Edition. 8vo. 18s.
Cabinet Edition. Cr. 8vo. 6s.

avo. -
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FRANCIS (Francis).

4 BOOK ON ANGLING : or, Treatise
on the Art of Fishing in every branch;
including full Illustrated List of Salmon
Flies. With Portrait and Coloured Plates.
Cr. 8vo. 15s.

FREEMAN (Edward A.).
THE HISTORICAL GEOGRAPHY OF
EUROPE, With 65 Maps. 2 vols. 8vo.
315. 6d.

FROUDE (James A., Regius Professor of
Modern History in the University of
Oxford).

THE HISTORY OF ENGLAND, from
the Fall of Wolsey to the Defeat of the
Spanish Armada. 1z wvols. Cr. 8vo.
3s. 6d. each.

THE DIVORCE OF CATHERINE OF
ARAGON : the Story as told by the
Imperial Ambassadors resident at the
Court of Henry VIII. In usum Laicorum.
8vo. 106s.

THE &8SPANISH STORY OF THE
ARMADA, and other Essays, Historical
and Descriptive. Cr. 8vo. bs.

SHORT STUDIES ON GREAT SUB-
FECTS. Cabinet Edition. 4 vols. Cr.
8vo. 245. Cheap Edition. 4 vols. Cr.
8vo. 3s. 6d. each.

CAESAR : a Sketch. Cr. 8vo. 3s. 6d.

THE ENGLISH IN IRELAND IN
THE EIGHTEENTH CENTURY. 3
vols. Cr. 8vo. 1fs.

OCEANA : or, England and her Colonies. |

+ With g Illustrations. Cr, 8vo. 2s. boards,

* 25. 6d. cloth,

THE ,ENGLISH IN THE WEST
INDIES : or, the Bow of Ulysses. With
g Illustrations. Cr. 8vo. 2s. boards, 2s. 6d.
cloth.

THE TWO CHIEFS OF DUNBOY :
an Irish Romance of the Last Century.
Cr. Bvo. 35. 64d.

THOMAS CARLYLE, a History of his |

Life. 1795 to 1835. 2wvols. Cr. Bvo. 7s.
1834 to 1881. 2 wvols. Cr. Bvo. 7s.

GALLWEY (Sir Ralph Payne-, Bart.).
LETTERS TO YOUNG SHOOTERS.
(First Series.) On the Choice and Use

of a Gun. With Illustrations. Cr. Bvo.
75. bd.
LETTERS TO YOUNG SHOOTERS.

(Second Series. On the Production,
Preservation and Killing of Game. With
Directions in Shooting Wood-pigeons and
Breaking-in Retrievers. With a Portrait
of the Author, and 103 Illustrations. Cr.
8vo. 125, bd.

| GARDINER (Samuel Rawson, Fellow of
All Souls College, Oxford).

HISTORY OF ENGLAND, from the
Accession of James 1. to the Outbreak of
the Civil War, 1603-1642. 10 vols. Cr.
8vo. price 6s. each.

THE STUDENT'S
ENGLAND. Complete in 1 vol.
378 Illustrations. Cr. Bvo. 12s.

Yol. I. B.c. 55—aA.D. 1509. With 173
Illustrations. Cr. 8vo. 4s.
Vol. II. 1509-1689. With g6 Illustra-

HISTORY OF
With

tions. Cr. Bvo. 4s.
Vol. III. 168g9-1885. With 109 Illustra-
tions. Cr. 8vo. 4s.

A SCHOOL ATLAS OF ENGLISH
HISTORY. With 66 Maps and 22
Plans of Battles, &c. Fcp. 4to. 5s.

GOETHE.

FAUST. A New Translation chiefly in
Blank Verse ; with Introduction and
Notes. By James Apey Birps. Cr.

i Svo. Bs.

| FAUST.

' Translation in Verse.

i Birps. Cr. 8vo. 6s.

|
| GREEN (Thomas Hill).

| THE WORKS OF THOMAS HILL
| GREEN. Edited by R. L. NETTLESHIP.

The Second Part. A New
By JaMES ADEY

3 vols, Vols. I. and II. Philosophical
Works. 8vo. 165. each. Wol. III. Mis-
cellanies. With Index to the three

Volumes and Memoir. 8vo. 125,
THE WITNESS OF GOD AND FAITH :
Two Lay Sermons. Fep. 8vo. 2s.

GREVILLE (C. C. F.).

| A FOURNAL OF THE REIGNS OF
KING GEORGEIV. KING WILLIAM
IV.AND QUEEN VICTORIA. § vols.
Cr. 8vo. bs. each.

| GWILT (Joseph, F.S.A.).
AN ENCYCLOPAEDIA OF ARCHI-
TECTURE, Illustrated with more than
| 1700 Engravings on Wood. 8vo. 52s. 6d.

 HAGGARD (Ella). ;
{ LIFE AND ITS AUTHOR : an Essay
x in Verse. With a Memoir by H. RIDER
i Hacearp, and Portrait. Fcep. 8vo. 3s. b4,

HAGGARD (H. Rider).
SHE. With 32 Illustrations by M. GREIF-
FENHAGEN and C. H. M. Kerr. Cr. 8vo.

3s. B,

ALLAN QUATERMAIN. With 31 Illus-
trations by C. H. M. Kerr. Cr. 8vo.
35. bd. '

MAIWA'S REVENGE : or, The War of
the Little Hand., Cr. 8vo. 15, boards,
ts. Gd. cloth.
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HAGGARD (H. Rider)—continued.
COLONEL QUARITCH, V.C. A Novel.
Cr. 8vo. 3s5. bd.

CLEOPATRA. With 29 Full-page Illus-
trations by M. GREIFFENHAGEN and R.

Caton WoobpviLLe. Cr. 8vo. 3s. 6d.
BEATRICE. A Novel. Cr. 8vo. 35. 6d.
ERIC BRIGHTEYES, With 17 Plates
rand 34 Illustrations in the Text by

LancerLoT SPEED. Cr. 8vo, 6s.

NADA THE LILY.
tions by C. H. M. Kerr. Cr. 8vo. 6s.

HAGGARD (H. Rider) and LANG (An-
drew).
THE WORLD'S DESIRE, Cr. 8vo. bs.

HALLIWELL-PHILLIPPS (]J. O.).

A CALENDAR OF THE HALLIWELL.-

PHILLIPPS' COLLECTION OF
SHAKESPEAREAN RARITIES. En-
larged by Ernest E. Baker, F.5.A.
8vo. 10s5. 6d.

QUTLINES OF THE LIFE OF SHAKE-
SPEARE. With numerous Illustrations
and Fac-similes. 2z vols. Royal 8vo.

£1 1s.

HARRISON (Jane E.).
MYTHS OF THE ODYSSEY IN ART
AND LITERATURE. Illustrated with
Outline Drawings. 8vo. 18s.

HARRISON (Mary).
COOKERY FOR BUSY LIVES AND
SMALL INCOMES. Fcp. 8vo. 1s.

HARTE (Bret).
IN THE CARQUINEZ WOODS, Fep.
8vo. 1s. boards, 1s5. 64, cloth.
ON THE FRONTIER., 16mo. 1s,

LY SHORE AND SEDGE. 16mo. 1s.
*+" Complete in one Volume. Cr. 8vo. 3s. 6d.

HARTWIG (Dr.).

THE SEA AND ITS LIVING WON-
DERS. With 12 Plates and 303 Wood-
cuts. 8vo. 7s. net,

THE TROPICAL WORLD,
Flates and 172 Woodcuts,

THE POLAR WORLD.
Plates and 85 Woodcuts. 8vo. 7s. net,

THE SUBTERRANEAN WORLD.
With 3 Maps and 80 Woodcuts. Svo,
75. net.

THE AERIAL WORLD. With Map, 8
Plates and 60 Woodcuts. 8vo. 75. net.
HEROES OF THE POLAR WORLD.

19 Illustrations. Cr. 8vo, 23,

WONDERS OF THE TROPICAL
FORESTS. 4o 1llustrations. Cr, 8vo. 2s.

WORKERS UNDER THE GROUND
zgllustrations. Cr, 8vo, 2s.

With 8
8vo. 7s. net.
With 3 Maps, 8

With 23 Illustra- |
HAVELOCK (Sir He

HARTWIG (Dr.)—continued.

MARVELS UNDER OUR FEET. zz
Illustrations, Cr. 8vo. 25,

SEA MONSTERS AND SEA BIRDS.
75 Illustrations. Cr. 8vo. 2s. 6d.

DENIZENS OF THE DEEPF. 117
Illustrations, Cr. Bvo. 2s. &,

VOLCANOQES AND EARTHQUAKES.
30 Illustrations. Cr. 8vo. 2s. 6d.

WILD ANIMALS OF THE TROPICS.
66 Illustrations. Cr. 8vo. 35, 6d.

nry, Bart.).

MEMOIRS OF SIR HENRY HAVE-
LOCK, K.C.B. By Joun CLARK MARSH-
ManN. Cr. 8vo. 35. 64.

HEARN (W. Edward).

THE GOVERNMENT OF ENGLAND :
its Structure and its Development. 8vo.
Ths,

THE ARYAN HOUSEHOLD : its Struc-
ture and its Development. An Introduc-

tion to Comparative Jurisprudence. 8vo.
10s.

HISTORIC TOWNS. Edited by E. A.

Freeman, D.C.L., and Rev. WILLIAM
Huwr, M.A. With Maps and Plans,
Cr. Bvo. 3s5. 6d. each.

BRISTOL. By Rev. W. HunrT.

CARLISLE. By MaxpeLL CREIGHTON,
D.D., Bishop of Peterborough.

CINQUE PORTS. By MonTaGU BuUR-
ROWS.
COLCHESTER. By Rev. E. L. CuTTs.

EXETER. By E. A. FREEMAN,
LONDON. By Rev. W. J. LoFTiE.
OXFORD. By Rev. C. W. Boask.

WINCHESTER. By Rev. G. W. Kir-
cHIN, D.D.
NEW YORK. By THEoODORE ROOSEVELT.
. BOSTON (U.S.). By Henry Cazor
LobpgGE.

YORK. By Rev. JaMes RaiNe.

HODGSON (Shadworth H.).

TIME AND SPACE : a Metaphysical
Essay. 8vo. 16s,

THE THEORY OF PRACTICE : an
Ethical Enquiry. 2 vols. 8vo. 24s.

THE PHILOSOPHY OF REFLEC-
TION. 2 vols. 8vo. 21s.

OUTCAST ESSAYS AND
TRANSLATIONS.
Genius of De Quincey—De Quincey as
Political Economist—The Supernatural
in English Poetry ; with Note on the
True Symbol of Christian Union—Eng-
lish Verse. Verse Translations: Nineteen
Passages from Lucretius, Horace, Homer,
&c. Cr. Bvo. 8s. 64,

VERSE
Essays: The

B
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HOOPER (George).
ABRAHAM FABERT : Governor of Sedan,
Marshall of France. His Life and Times,
1509-1662, With a Portrait. 8wvo, 10s. 64

HOWITT (William).

VISITS TO REMARKABLE PLACES,
Old Halls, Battle-Fields, Scenes, illus-
trative of Striking Passages in English
History and Poetry. With Bo Illustra-
tions. Cr. 8vo. 3s. 6d.

HULLAH (John).

COURSE OF LECTURES ON THE
HISTORY OF MODERN MUSIC.
Bvo., Bs. 6d. |

COURSE OF LECTURES ON THE |
TRANSITION PERIOD OF MUSI- '|
CAL HISTORY. 8vo, 105, 6d. |

|

HUME (David).

THE PHILOSOPHICAL WORKS OF
DAVID HUME. Edited by T. H.
GreEN and T. H. GrRose. 4 vols. 8vo.
565. Or separately, Essays. 2 vols. 28s.
Treatise of Human Nature. 2 vols. 28s.

HUTH (Alfred H.).

THE MARRIAGE OF NEAR KIN,
considered with respect to the Law of
Nations, the Result of Experience and
the Teachings of Biology. Royal 8vo.z1s.

HYNE (C. ]J. Cutcliffe). .
THE NEW EDEN: a Story. With |
Frontispiece and Vignette. Cr, 8vo. 25. 6d.

INGELOW (Jean).

POETICAL WORKS. 2 wols. Fcp.8vo.
125,
LYRICAL AND OTHER POEMS.

Selected from the Writings of JEan
IngeELow. Fcp. 8vo. 2s. 6d. cloth plain,
35. cloth gilt.

JAMESON (Mrs.). i
SACRED AND LEGENDARY ART. |
With 19 Etchings and 187 Woodcuts, 2 |
vols. . Bvo. zos. net, |
LEGENDS OF THE MADONNA. The
Virgin Mary as represented in Sacred and
Legendary Art, With 27 Etchings and

165 Woodcuts. 1 vol. 8vo. 10s. net.
LEGENDS OF THE MONASTIC
ORDERS, With 11 Etchings and 88
Woodcuts. 1 vol. B8vo. 1o0s. net,
HISTORY OF OUR LORD. His Types
and Precursors. Completed by Lady
EastrLake., With 31 Etchings and 281
Woodcuts. 2 vols. Byo. 20s. net.

JEFFERIES (Richard),

FIELD AND HEDGEROIY : last Essays.
With Portrait, Cr. 8vo, 3s. 6d.

THE STORY OF MY HEART: my
Autobiography. With Portrait and new
Preface by C. J. Lonoman. Cr. 8vo.
35, 6d.

RED DEER, With 17 Illustrations by
J. CrarLTON and H. Tuwary., Cr. 8vo,
35. Od.

THE TOILERS OF THE FIELD. With
Portrait from the Bust in Salisbury Cathe-
dral. Cr. 8vo. 6s.

JENNINGS (Arthur Charles, M.A.).

ECCLESIA ANGLICANA. A History
of the Church of Christ in England, from
the Earliest to the Present Times. Cr.
8vo. 75. bd.

JEWSBURY (Geraldine Endsor).

SELECTIONS FROM THE LETTERS
OF GERALDINE ENDSOR F¥EWS-
BURY TO FANE WELSH CARLYLE.
Edited by Mrs. ALEXANDER IRELAND.
Prefaced by a Monograph on Miss Jews-
bury by the EpiTor. 8vo. 16s.

JOHNSON (J. and J. H.).

THE PATENTEE'S MANUAL : a Trea-
tise on the Law and Practice of Letters
Patent, . 8vo. 1os. Bd.

JORDAN (William Leighon).
THE STANDARD OF VALUE. B8vo. 6s.

JUSTINIAN.

THE INSTITUTES OF FUSTINIAN :
Latin Text, chiefly that of Huschke, with
English Introduction, Translation, Notes
and Summary. By THoMmas C. SANDARS,
M.A. Bvo. 18s.

KALISCH (M. M.).
BIBLE STUDIES. Partl. The Prophe-
cies of Balaam. 8wvo. 1os. 6d. Part IL
The Book of Jonah. B8vo. 105 6d.

COMMENTARY ON THE OLD TES-
TAMENT : with a New Translation.
Vol. I. Genesis. 8vo. 185. Or adapted
for the General Reader, 125, Vol. il
Exodus. 155. Oradapted for the General
Reader. 125. Wol. III. Leviticus, Part
I. 155, Or adapted for the General
Reader. 8s, Vol IV. Leviticus, Part
II. 155. Or adapted for the General
Reader, 8s.

KANT (Immanuel).

CRITIQUE OF PRACTICAL REASON,
AND OTHER WORKS ON THE
THEORY OF ETHICS. Translated
by T. K. Asporr, B.D. With Memoir.
Bvo. 125. 6d.

[Cmrl‘hmr‘d on next page.
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KANT (Immanuel)—continned.
INTRODUCTION TO LOGIC, AND
HIS ESSAY ON THE MISTAKEN
SUBTILTY @ OF THE FOUR
FIGURES. Translated by T. K.
Asporr, and with Notes by S. T.
CoLERIDGE. 8vo. 6s.

a Nowvel,
Cr. 3vo.

KEITH DERAMORE :
Author of * Molly ",

By the

KILLICK (Rev. A. H., M.A.),

HANDBOOK TO MILL'S SYSTEM OF
LOGIC. Cr. 8vo. 3s. 6d.

KNIGHT (E. F.).

THE CRUISE OF THE ‘ALERTE’:
the Warrative of a Search for Treasure
on the Desert Island of Trinidad. With

2 Maps and 23 Illustrations. Cr. Svo.
3s. bd.
LADD (George T.).
ELEMENTS OF PHYSIOLOGICAL
PSYCHOLOGY. B8vo. 21s.
OUTLINES OF PHYSIOLOGICAL

PSYCHOLOGY. A Text-book of Men-

tal Science for Academies and Colleges.

8vo. 125,

LANG (Andrew).

HOMER AND THE EPIC. Cr.
gs. net.

CUSTOM AND MYTH : Studies of Early

Usage and Belief. With 15 Illustrations.

Cr. 8vo. 75. 6d. -
BALLADS OF RBOOKS. Edited by
ANDREW Lang. Fcp. 8vo. 6s.

LETTERS TO DEAD AUTHORS. Fep.
8vo. 2s. bed. net,

BOOKS AND BOOKMEN.
Coloured Plates and 17
Fep. 8vo. 2s. 6d. net.

OLD FRIENDS, Fcp. 8vo. 25, 6d. net,

With
Illustrations.

LETTERS ON LITERATURE. Fep.
8vo, 25, Od. net,
GRASS OF PARNASSUS. Fep. 8vo.

25, 6d. net,

ANGLING SKETCHES. With 20 Illus- |
Cr. |

trations by W, G, Burn MurpocH.
dvo. 7s5. bd.

THE BLUE FAIRY BOOK. Edited by
ANDREW Lanc. With 8 Plates and 130
Ilustrations in the Text by H. J. Forp
and G. P. Jacoms Hoop. UCr, 8vo. 6s,

THE RED FAIRY BOOK,
ANDREW LANG.

Illustrations in the Text by H. ]. Forp
and LANCELOT SPEED, Cr. 8vo. b5,

Sva. |

Edited by |
With 4 Plates and gg | LLOYD (F. J.).

LANG (Andrew)—continued,

THE GREEN FAIRY BOOK, Edited
by ANprEw Lang, With 11 Plates and
83 Illustrations in the Text by H. J. Forb.
Cr. 8vo. 6Bs.

THE BLUE POETRY BOOK. Edited
by Axprew Laxg. With 12 Plates and
88 Illustrations in the Text by H. J. Forp
and LanceEror SPreen. Cr, 8vo, 6s.

THE BLUE POETRY BOOK. . School
Edition, without Illustrations. Fep. 8vo.
2s. 6d. y

THE BLUE POETRY BOOK. Special
Edition, printed on Indian paper. "With
Notes, but without Illustrations. Cr.
8vo. 7s. bd.

LAVISSE (Ernest, Professor at the Sor-
bonne).

GENERAL VIEW OF THE POLITI-
CAL HISTORY OF EUROPE.
Translated by CuarRLEs Gross, Ph.D.
Cr. 8vo. szs.

LECEKY (William Edward Hartpole).

HISTORY OF ENGLAND IN THE
EIGHTEENTH CENTURY.

Library Edition. 8 vols. 8vo. £7 4s.
Cabinet Edition. England, 4 wvols. Cr.
8vo. bs. each. Ireland. 5 vols, Cr.

8vo. G6s. each.

HISTORY OF EUROPEAN MORALS
FROM AUGUSTUS TO CHARLE-
MAGNE. 2vols. Cr. 8vo, 16s,

HISTORY OF THE RISE AND
INFLUENCE OF THE SPIRIT OF
RATIONALISM IN EURGCPE. 2
vals, Cr. Bvo. 16:.

POEMS. Fcp. 8vo. ss.

LEES (]. A)) and CLUTTERBUCK
(W. T.).

B. C. 1887: A RAMBLE IN BRITISH
COLUMBIA. With Map and 75 Illus-
trations. Cr. 8vo. 3s. 6d.

LEWES (George Henry).

THE HISTORY OF PHILOSOPHY, A

from Thales to Comte,
325,

2 vols. 8vo.

LEYTON (Frank),

THE SHADOWS OF THE LAKE, and
other Poems. Cr. 8vo. 7s. 6d,

Cheap Edition. Cr. 8vo. 3s. 6d.

THE SCIENCE OF AGRICULTURE.
8vo. 125,
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LONGMAN (Frederick W.).
CHESS OPENINGS. Fep, 8vo. 2. 6d.
FREDERICK THE GREAT AND THE

SEVEN YEARS' WAR. Fep. 8vo.
25, bBd.
LONGMAN'S MAGAZINE. Published
Monthly. 6d, '
Vols. 1-20. 8vo. 5s. each.
LONGMANS' NEW ATLAS. Political

and Physical. For the Use of Schools
and Private Persons, Consisting of 40
Quarto and 16 Octavo Maps and Dia-
grams, and 16 Plates of Views. Edited
by Gee. G. CaismorMm, M.A,, B.Sc,
Imp. 4to. or Imp. 8vo. 125 Od.

LONGMORE (Surgeon General Sir T.,
C.B, F.R.C.S,, &c,).

RICHARD WISEMAN, GSurgeon and
Sergeant-Surgeon to Charles II.: a Bio-
graphical Study. With Portrait and
Illustrations. 8vo. 1os. 6d.

LOUDON (J. C.).
ENCYCLOPZEDIA OF GARDENING.
With 1000 Woodcuts. 8vo. 21s.
ENCYCLOPAEDIA OF AGRICUL-
.TURE : the Laying-out, Improvement
and Management of Landed Property.
With r1oo Woodcuts. 8wvo. 21s.

ENCYCLOPAEDIA OF PLANTS:
Specific Character, &c., of all Plants found
in Great Britain. With 12,000 Woodcuts.
Bvo. 425,

LUBBOCK (Sir J., Bart.,, M.P.).

THE ORIGIN OF CIVILISATION,
and the Primitive Condition of Man.
With 5 Plates and zo Illustrations in the
Text. «8vo. 185,

LYALL (Edna, Author of ‘ Donovan,” &c.).
THE AUTOBIOGRAPHY OF A SLAN-
DEER. Fecp. 8vo. 15. sewed.

Presentation Edition. With 2o Illustrations
by Lanceror SPeep. Cr. 8vo. 5s.

LYDEKKER (R.).

PHASES OF ANIMAL LIFE, PAST
AND PRESENT. With 8z Illustra-
tions. Cr. Bvo. 6s.

LYDE (Lionel W.).

AN INTRODUCTION TO ANCIENT

HISTORY : being a Sketch of the His- |

tory of Egypt, Mesopotamia, Greece and
Rome. With a Chapter on the Develop-
ment of the Roman' Empire into the
Powers of Modern Europe. With 3
Coloured Maps. Cr. 8vo. 3s.

|
the

— i
m— e

| LYONS (Rev. Daniel).

CHRISTIANITY AND
l BILITY—Both or Neither.

INFALLI-
Cr. Bvo. 55
\ LYTTON (The Earl of). (Owen Meredith.)
| MARAH. Fcp. 8vo. 6s. 6d.

KING POPPY : a Fantasia. With 1 Plate
' and Design on Title-page by Ep. Burxe-
Jones, A.R.A. Cr. 8vo. 10s. 6d.

MACAULAY (Lord).

COMPLETE WORKS OF LORD MA-
CAULAY :

Library Edition.
Cabinet Edition.

£4 16s.
HISTORY OF ENGLAND FROM THE

8 vals.

Bvo. £5 5.
16 vols,

Post Bvo.

ACCESSION OF YAMES THE
SECOND :
Popular Edition. z vols. Cr. 8vo. 55.
Student’s Edition. zwvols. Cr.8vo. 12s.
People's Edition. 4 vols. Cr. 8vo. 16s.
Cabinet Edition. B8vols. Post8vo. 48s.
Library Edition. 5 vols. 8vo. £34.

CRITICAIL. AND HISTORICAL
ESSAYS, with LAYS OF ANCIENT
ROME, in 1 vol.:

Popular Edition.
Authorised Edition.
3s. bd. gilt edges. .
‘Silver Library' Edition. Cr. 8vo. 3s. 6d.
CRITICAL AND HISTORICAL
ESSAYS :
Student’s Edition. 1 vol. Cr. Bvo. bs.
People's Edition. 2 vols. Cr. 8vo. 8s.
Trevelyan Edition. 2vols. Cr. 8vo.gs.
Cabinet Edition. 4 vols. Post Bvo. 24s.
Library Edition. 3 vols. 8vo. 36s.

ESSAYS which may be had separately price
6d. each sewed, 15. each cloth:

Addison and Walpole.

Frederick the Great.

Croker’s Boswell's Johnson.

Hallam's Constitutional History.

Warren Hastings. (3d.sewed, 6d.cloth.)

The Earl of Chatham {Two Essays).

Ranke and Gladstone.

Milton and Machiavelli.

Lord Bacon.

Lord Clive. _

Lord Byron, and The Comic Dramatists
of the Restoration,

Cr. Bvo. zs. 6d.
Cr. Bvo. 2s. 64. or

The Essay on Warren Hastings anno-
| tated by S. HaLes. 1s. 6d.

The Essay on Lord Clive annotated by
H. CourtHoPE Bowen, M.A. 2s.64d.

SPEECHES :
People's Edition. Cr. 8vo. 3s. 64.
[Continued on noxt page.
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MACAULAY (Lord—continued,

LAYS OF ANCIENT ROME, &¢.:
[Hustrated by G. ScHarr. Fep. sto.

10s. B,
———— Bijou Edi-
tion. 18mo. 2s. Bd. gilt top.

Popular

Edition. Fep. 4to. 6d. sewed, I1s.
cloth.
IMustrated by J. R. WesueLiN, Cr.
8vo. 3s5. 6d. cloth extra, gilt edges.
Cabinet Edition. Post 8vo. 35, 6d.
Annotated Edition. Fcp. 8vo. 15, sewed,
1s. 6d. cloth.

MISCELLANEQOUS WRITINGS :
People's Edition. 1vol. Cr. 8vo. 45. 64.

Library Edition. 2 vols. 8vo, 21s.
MISCELLANEOUS WRITINGS AND
SPEECHES :

1vol. Cr.38vo. 2s. 64.
Student’s Edition. 1 vol. Cr. 8vo. 6s.
Cabinet Edition. Including Indian

Penal Code, Lays of Ancient Rome
and Miscellaneous Poems, 4 vols.
Fost Bvo. 24s,

SELECTIONS FROM THE WRITINGS
OF LORD MACAULAY, Edited, with
Occasional Notes, by the Right Hon. Sir
G. O. TREVELYAN, Bart. Cr. 8vo. 6s.

THE LIFE AND LETTERS OF LORD
MACAULAY. By the Right Hon. Sir
G, O. TREVELYAN, ‘Bart, ;

Popular Edition. 1vol. Cr. 8ve. 25. 64,
Student's Edition. 1wvol. Cr. 8vo. 6s,
Cabinet Edition. - 2 vols. Post 8vo. ras,
Library Edition. 2 vols. 8vo, 36s.

MACDONALD (George, LL.D.).

UNSPOKEN SERMONS. Three Series.
Cr. 8vo, 3s. 6d. each.

THE MIRACLES OF OUR LORD. Cr.
8VO. 3s. Bd.

A BOOK OF STRIFE, IN THE FORM
OF THE DIARY OF AN OLD SOUL -
Poems. 12mo. 65, I

MACDONELL (Arthur A., M.A., Ph.D.,
(Deputy) Professor of Sanskrit in the |
University of Oxford).

A SANSKRIT-ENGLISH DICTION.-
ARY : being a Practical Handbook, with
Transliteration, Accentuation and Ety-
mological Analysis throughout.  4to. i
£2 2s. |

MACFARREN (Sir G. A.).
LECTURES ON HARMONY. Bvo. 125,

MACKAIL (J]. W.). '

SELECT EPIGRAMS FROM THE

GREEK ANTHOLOGY, Edited with

a Revised Text, Introduction, Translation
and Notes. Svo. 16;.

Popular Edition.

MACLEOD (Henry D.).

THE ELEMENTS
Cr. 8vo. 35. Gd.

THE THEORY AND PRACTICE OF
BANKING. Vol.1. 8vo. 125. Vol. II.
145,

THE THEORY OF CREDIT.
Vol.I. 7s. 6d4. Vol II. Part 1.
Vol. II. Part II. 1os. 6d.

MANNERING (George Edward).
WITH AXE AND ROPE IN THE
NEW ZEALAND ALPS. With 18
Illustrations. Bvo. 125. 6d.

MANUALS OF CATHOLIC PHILO-
SOPHY (Stonyhurst Series) ;

LOGIC. By RicHarp F. CLARKE, S.].
Cr. 8vo. ss. _
FIRST PRINCIPLES OF. KNOW-
LEDGE. By Jounx RICKABY, 5.0 Br

8vo. j5s.

MORAL PHILOSOPHY (ETHICS AND
NATURAL LAW). By JosepH Rick-
ABY, 5.]. Cr. 8vo. ss,

GENERAL METAPHYSICS. By Joux
Rickapy, S.]J. Cr. 8vo. 5s.

PSYCHOLOGY. By MIcHAEL MAHER,
5.]. Cr. 8vo. bs. bd.

NATURAL THEOLOGY. By BERNARD
BoeDDER, S.]. Cr. 8vo. 6s. 6d.

POLITICAL ECONOMY. By CHARLES
S. DEvas. Cr. 8vo. 6s. fid.

MARBOT (Baron de).

THE MEMOIRS OF THE BARON DE
MARBOT. Translated from the French.
2 vols, 8vo. 32s.

MARTINEAU (James, D.D., LL.D.).
HOURS OF THOUGHT ON SACRED
THINGS. Two Volumes of Sermons,
2 vols. Cr. 8vo. 7s. 6d. each. '
ENDEAVOURS AFTER THE CHRIS-
TIAN LIFE. Discourses, Cr. 8vo.
75. Gd.

THE SEAT OF AUTHORITY IN RE

OF BANKING.

Bvo.
4s. 6d.

LIGION. B8vo. 14s.

ESSAYS, REVIEWS AND ApD-
D.E-r'.‘IESE:ZES. 4 vols. Cr. 8vo. 75. 64.
each.

I. Personal: Political.
II. Ecclesiastical : Historical.
IIL. Theological: Philosaphical.
IV. Academical: Religious.
HOME PRAYERS, with Two Services for
Public Worship. Cr. 8vo. 35. 6d.

MATTHEWS ( Brander).

A FAMILY TREE, and other Staries,
Cr. Bvo. 6s.

[Continued on next page,
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MATTHEWS (Brander)—continucd.

PEN AND INK : Papers on Subjects of
more or less Importance. Cr. 8vo. 5s.
WITH MY FRIENDS: Tales told in
Partnership. With an Introductory Essay

on the Art and Mystery of Collaboration.
Cr. 8vo. bs.

MAUNDER'S TREASURIES.

BIOGRAPHICAL TREASURY. With |

Supplement brought down to 1883,
Rev. James Woobp., Fcp. 8vo. 6s.

"TREASURY OF NATURAL HISTORY :
or, Popular Dictionary of Zoology. With
goo Woodcuts. Fcep. 8vo. 6s.

TREASURY OF GEOGRAFPHY, Physi-
cal, Historical, Descriptive and Political.
With 7 Maps and 16 Plates. Fep. 8vo. gs.

SCIENTIFIC AND LITERARY TREA-
ol/RY. Fcp. 8vo. bs.

HISTORICAL TREASURY : Outlines of
Universal History, Separate Histories of
all Mations. Fcp. 8vo. 6s.

TREASURY OF KNOWLEDGE AND
LIBERARY OF REFERENCE. Com-
prising an English Dictionary and Gram-

By

mar, Universal Gazetteer, Classical
; Dictionary, Chronology, Law Dictionary,
&c. Fep. 8vo. 6s.

THE TREASURY OF BIBLE KNOW-
LEDGE. By the Rev. ]J. Avre, M.A.
With 5 Maps, 15 Plates and 300 Wood-
cuts. » Fcp. &vo. bs.

THE TREASURY OF BOTANY. Edited
by J. LinpLEy, F.R.5., and T. Moorg,
F.L.5. With 274 Woodcuts and 2o Steel
Flates. 2 wols. Fcp. Bvo. 12s.

MAX MULLER (F., Professor of Com-
parative Philology in the University of
Oxford).

SELECTED ESSAYS ON LANGUAGE,
MYTHOLOGY AND RELIGION.
2 vols. Cr. 8vo. 16s.

THE SCIENCE OF LANGUAGE,
Founded on Lectures delivered at the
Royal Institution in 1861 and 1863. 2 vols.
Cr. 8vo. 21s.

THREELECTURES ON THE SCIENCE
OF LANGUAGE AND ITS PLACE IN
GENERAL EDUCATION, delivered at
the Oxford University Extension Meeting,
188g. Cr. 8vo. 3s.

HIBBERT LECTURES ON THE ORI-
GIN AND GROWTH OF RELIGION,
as illustrated by the Religions of India.
Cr. 8vo. 75. bd.

INTRODUCTION TO THE SCIENCE
OF RELIGION : Four Lectures delivered
at the Royal Institution. Cr. 8vo. 3s. 64.

| MAX MULLER (F.)—contined.

NATURAL RELIGION. The Gifford
Lectures delivered before the University
of Glasgow in 1888. Cr. 8vo. 1os. fd.

PHYSICAL RELIGION. The Gifford
Lectures delivered before the University
of Glasgow in 18g0. Cr. 8vo. 10s. 64,

ANTHROPOLOGICAL RELIGION :
The Gifford Lectures delivered before the

University of Glasgow in 18g1. Cr. 8vo,
1os. Od.
THE SCIENCE OF THOUGHT. 8vo.

Z1S.

THREE INTRODUCTORY LECTURES
ON THE SCIENCE OF THOUGHT.
8vo. zs. 6d.

BIOGRAPHIES OF WORDS, AND THE
HOME OF THE ARYAS. Cr. 8vo.
a7

INDIA, WHAT CAN IT TEACH US?
Cr. Bvo. 35. 6d.

A SANSKRIT GRAMMAR FOR BE-

GINNERS. Abridged Edition. By A.
A, MacDownerr, Cr-8vo. Bs.

MAY (Sir Thomas Erskine, K.C.B.).

THE CONSTITUTIONAL HISTORY
OF ENGLAND since the Accession of
GeorgelIl. 1760-1870. 3vols. Cr. 8vo. 18s.

MEADE (L. T.)

DADDY'S BOY. With Illustrations. Cr.
Bvo. 3s. 6d.

DEB AND THE DUCHESS. With
Illustrations by M. E. Epwarps, Cr.

8vo. 3s5. Od.

THE BERESFORD FPRIZE. With Illus-
trations by M. E. Epwarps, Cr. 8vo. 5s.

MEATH (The Earl of).
SOCIAL ARROWS : Reprinted Articles on
various Social Subjects. Cr. 8vo. 5s.
PROSPERITY OR PAUPERISM ?
Physical, Industrial and Technical Train-
ing. 8vo. 55.

MELVILLE (G. J. Whyte).
THE GLADIATORS.
THE INTERPRETER.
GOOD FOR NOTHING.
THE QUEEN'S MARIES.
HOLWRBY HOUSE.
KATE COVENTRY.
DIGRY GRAND.,
GENERAL BOUNCE,

Cr. 8vo. 1s. each boards. 15. 64d. each cloth-

MENDELSSOHN (Felix).

THE LETTERS OF FELIX MENDELS-
SOHN. Translated by Lady WALLACE.
2 vols. Cr. §vo. 105,
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MERIVALE (The Very Rev. Chas., Dean
of Ely).

HISTORY OF THE ROMANS UNDER

THE EMPIRE, Cabinet Edition. 8

vols. Cr, 8vo. 48s.
Popular Edition. 8 wvols. Cr. 8vo.
3s. 6d. each.
THE FALL OF THE ROMAN RE-

PUBLIC : a Short History of the Last
Century of the Commonwealth. 12mo.
75. bd. :

GENERAL HISTORY OF ROME FROM
B.C. 753 TO A4.D. 476. Cr. 8vo. 7s. 6d.

THE ROMAN TRIUMVIRATES. With |

Maps. Fep, 8vo. 2s. 6d.

MILL (James). :

ANALYSIS OF THE PHENOMENA |

OF THE HUMAN MIND.
8vo. 28s. \

MILL (John Stuart).

PRINCIPLES OF
NOMY.

Library Edition. 2 vols. 8vo. 30s.
People’s Edition. 1vol. Cr. 8vo. 3. 64.

A SYSTEM OF LOGIC. Cr. 8vo.3s.6d. |
ON LIBERTY. Cr. 8vo. 15. 4d.

ON REPRESENTATIVE GOVERN-
MENT. Cr. 8vo, 2s. |

UTILITARIANISM. S8vo. ss.
EXAMINATION OF SIR WILLIAM

POLITICAL ECO. |

2 wols, |

HAMILTON'S PHILOSOPHY., Bvao.
1Gs.

NATURE, THE UTILITY OF RELI-
GION, AND THEISM. Three Essays.
8vo, 5s.

MOLESWORTH (Mrs.).
SILVERTHORNS. Illustrated. Cr. 8vo. 55.

THE PALACE IN THE GARDEN.
Illustrated. Cr. 8vo. ss.
THE THIRD MISS ST.

Cr. 8vo. 6s,
NEIGHBOURS. Illustrated. Cr. 8vo. 6s.
THE STORY OF A SPRING MORN-

ING, &c. Illustrated. Cr. 8vo. 55.
STORIES OF THE SAINTS FOR

CHILDREN : the Black Letter Saints.

Illustrated. Royal 16mo. 55,

QUENTIN,

MOORE (Edward, D.D., Principal of St.
Edmund Hall, Oxford).

DANTE AND HIS EARLY BIOGRA.
PHERS. Cr. 8vo. 7s. 6d.

MULHALL (Michael G.). ll
HISTORY OF PRICES

SINCE THE
YEAR 18s0.

Cr. Bvo. 6s.

NANSEN (Dr. Fridtjof).
THE FIRST CROSSING OF GREEN-

LAND.
Abridged Edition. With numerous Illus-
trations and a Map. Cr. 8vo. 75. bd.

NESBIT (E.) (Mrs. Hubert Bland.)

LEAVES OF LIFE : Verses. Cr. 8vo. 5s.
LAYS AND LEGENDS. First Series,
New and Cheaper Edition. Cr. 8vo.

3s. 6d. Second Series, With Portrait.

Cr. 8vo. 5s.

NEWMAN (Cardinal).
APOLOGIA PRO VITA SUA. Cabinet
Edition. Cr. 8vo. 65, Cheap Edition.
Cr. 8vo. 3s. 6d,
DISCOURSES TO MIXED CONGRE-
GATIONS. Cabinet Edition. Cr. 8vo.
6s. Cheap Edition. Cr. 8vo. 35. 64.

SERMONS ON VARIOUS OCCASIONS.

Cabinet Edition. Cr. 8vo. 65. Cheap
Edition. 3s. Gd.

THE IDEA OF A UNIVERSITY
DEFINED AND ILLUSTRATED.
Cabinet Edition. Cr, 8vo. 75. Cheap
Edition. Cr. 8vo. 35. 6d.

HISTORICAL SKETCHES. 3 vols.
Cabinet Edition. Cr. 8ve. 6s. each.
Cheap Edition. 3 vols. 3s. 6d. each.

THE ARIANS OF THE FOURTH
CENTURY. Cabinet Edition. Cr. 8vo.
6s, Cheap Edition. Cr. 8vo. 35. 6d.

SELECT TREATISES OF ST. ATHA-
NASIUS in Controversy with the Arians.
Freely Translated. 2 vols. Cr. 8vo, 153,

DISCUSSIONS AND ARGUMENTS
ON VARIOUS SUBYFECTS. Cabinet
Edition. Cr. 8vo, 6s. Cheap Edition.
Cr. 8vo. 35. 64.

AN ESSAY ON THE DEVELOPMENT
OF CHRISTIAN DOCTRINE. Cabinet
Edition. Cr. 8vo, 6s. Cheap Edition,
Cr. 8vo. 35. 6d.

CERTAIN DIFFICULTIES FELT BY
ANGLICANS IN CATHOLIC TEACH. -
ING CONSIDERED. Cabinet Edition.
Vol. . Cr. 8vo. 75. 6d. Vol. II. Cr,
8vo. 55. 6d. Cheap Edition. 2 vols. Cr.
dvo, 35. O6d. each.

THE VIA MEDIA OF THE ANGLI-
CAN CHURCH. Illustrated in Lectures,
&c. 2z vols. Cabinet Edition. Cr. 8vo.
6s. ]each. Cheap Edition. 2 vols. 35./6d.
cachn.

ESSAYS, CRITICAL AND HISTORI-

CAL, Cabinet Edition, 2 vols, Cr,
8vo. 125. Cheap Edition. 2z vols. Cr.
Bvo. 75.

[Continued on next page,
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NEWMAN (Cardinal)—continued.

ESSAYS ON BIBLICAL AND ON
ECCLESIASTICAL MIRACLES.
Cabinet Edition. Cr. 8vo. 6s. Cheap
Edition. Cr. 8vo. 3s5. 6d.

TRACTS. 1, Dissertatiunculz, 2. On the
Text of the Seven Epistles of St, Igna-
tius. 3. Doctrinal Causes of Arianism.
4. Apollinarianism. 5. St. Cyril's For-
mula. 6. Ordo de Tempore. 7. Douay
Version of Scripture. Cr. 8vo. 8s.

AN ESSAY IN AID OF 4 GRAMMAR
OF ASSENT. Cabinet Edition, Cr.
8vo. 75, 6d. Cheap Edition. Cr. 8vo.
3s. 6d.

PRESENT POSITION OF CATHOLICS
IN ENGLAND. Cabinet Edition. Cr.
8vo. 7s. 6d. Cheap Edition. Cr. 8vo.
35, 6d.

CALLISTA : a Tale of the Third Century.
Cabinet Edition. Cr. 8vo. 65. Cheap
Edition. Cr. Bvo. 3s. 6d.

LOSS AND GAIN: a Tale. Cabinet
Edition. Cr. 8vo. 6s. Cheap Edition.
Cr. 8vo. 3s. bd.

THE DREAM OF GERONTIUS.
6d. sewed. 15, cloth.

VERSES ON VARIOUS OCCASIONS.
Cabinet Edition. Cr. 8vo. 6s.  Cheap
Edition, Cr. 8vo. 3s. 6d.

FABULAE QUAEDAM EX TERENTIO

ET PLAUTO AD USUM PUERORUM
ACCOMMODATAE, With English
Motes and Translations to assist the
representation. Cardinal Newman's Edi-
tion. Cr. Svo. Bs.

*.F For Cardinal Newman’'s other Works
see Messrs. Longmans and Co.'s Cata-
logue of Church of England Theological
Works.

NORTON (Charles L.).

A HANDBOOK OF FLORIDA., With
49 Maps and Plans. Fep. Bvo. 3.

Q'BRIEN (William, M.P.).
WHEN WE WERE BOYS:
Cr. Bvo. 2s5. 6d.

OLIPHANT (Mrs.).
MADAM. Cr.8vo. 1s. boards. 15. 6d. cloth.
IN TRUST. Cr.8vo. 15. boards. 15, 6d. cl.

OMAN (C. W. C.,, M.A,, F.5.A.).

A HISTORY OF GREECE FROM THE
EARLIEST TIMES TO THE MACE-
DONIAN CONQUEST. With Maps
and Plans. Cr. Bvo. 45. bd.

PARKES (Sir Henry, G.C.M.G.).
FIFTY YEARS IN THE MAKING OF
AUSTRALIAN HISTORY.
Portraits (1854 and 1892). 2 vols. Bvo, j2s.

16mao.

a MNaovel,

With 2z,

PAUL (Hermann),

PRINCIPLES OF THE HISTORY OF
LANGUAGE, ‘Translated by H. A,
Srronc. Bvo, 1o0s. 6d.

PAYN (James).

THE LUCK OF THE DARRELLS.
Cr. Bvo. 1s. boards. 1s. 6d. cloth.

THICKER THAN WATER. Cr. 8vo.
15, boards. 15, 6d. cloth.

PERRING (Sir Philip).

HARD KNOTS IN SHAKESPEARE.
Bvo. 7s. Gd.

THE *‘WORKS AND DAYS® OF
MOSES. Cr. 8vo. 3s. 6d.

PHILLIPPS-WOQLLEY (C.).

SNAP : a Legend of the Lone Mountain.
With 13 Illustrations by H. G. WiLLINE.
Cr. 8vo. 3s. 6d.

POLE (W., F.R.S.).
THE THEORY OF THE MODERN

SCIENTIFIC GAME OF WHIST.
Fep. Bvo. 2s. 64,

POOLE (W. H. and Mrs.).
COOKERY FOR THE DIABETIC.
With Preface by Dr. Pavy. Fcp. 8vo.
25. bd.

PRAEGER (Ferdinand).

WAGNER AS I KNEW HIM. Cr. 8vo.
75. bd.

ERATT (A. E., E.R.G:S.).

TOTHE SNOWSOFTIBET THROUGH
CHINA. With 33 Illustrations and a
Map. B8vo. 18s.

PRENDERGAST (John P.).

IRELAND, FROM  THE RESTORA-
TION TG0 THE REVOLUTION,
1660-16g0. 8vo. 5s.

PROCTOR (Richard A.).

OLD AND NEW ASTRONOMY. By
RicHarp A. Proctor and A. CowPER
Ranvarp. With 3r Plates and 472
Woodcuts., 4to. 36s.

THE ORBS AROUND US: a Series of
Essays on the Moon and Planets, Meteors
and Comets, With Chart and Diagrams.
Cr. Bvo. 55.

OTHER WORLDS THAN OURS : The
Plurality of Words Studied under the
Light of Recent Scientific Researches.
With 14 INustrations, Cr. 8vo. 5s.
Silver Library Edition. Cr. 8vo. 3s. 6d.

[Continwed on next page.
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PROCTOR (Richard A.)—continued. PROCTOR (Richard A.)—confinued.
THE MOON: her Motions, Aspects,|  PLEASANT WAYS IN SCIENCE. Cr.
Scenery and Physical Condition, With 8vo. s5s. Silver Library Edition. Cr.
Plates, Charts, Woodcuts, &ec. Cr. Bvo. 55, 8vo. 3s. 6d.

UNIVERSE OF STARS : Presenting
Researches into and New Views respect-
ing the Constitution of the Heavens.
With 22 Charts and 22 Diagrams. 8vo.
10s. Gd.

LARGER STAR ATLAS for the Library.
In 12 Circular Maps. With Introduction
and 2 Index Pages. Folio 155. Or Maps
only 123, 64,

FTHE STUDENT'S ATLAS. In 12 Cir-
cular Maps on a Uniform Projection and
one Scale. 8vo. ss.

NEW STAR ATLAS for the Library,
the School and the Observatory. In 12
Circular Maps. Cr. 8vo. 5s.

LIGHT SCIENCE FOR LEISURE
HOURS. Familiar Essays on Scientific
Subjects. 3 vols. Cr. 8vo. 55, each.

CHANCE AND LUCK : a Discussion of
the Laws of Luck, Coincidences, Wagers,
Lotteries and the Fallacies of Gambling,
&c. Cr. 8vo. 2s. boards, 2s. 6d. cloth.

STUDIES OF
With 7 Diagrams and 10 Plates. 8vo. ss.

HOW TO PLAY WHIST : WITH THE
LAWS AND ETIQUETTE OF
WHIST. Cr. 8vo. 35. 6d.

VENUS-TRANSITS. |

MYTHS AND MARVELS OF ASTRO-
NOMY. Cr. 8vo. s5s.

NATURE STUDIES. By R. A. ProcToR,
GranNT ALLEN, A. WiLson, T. FosTER,
and E. CLopp. Cr. 8vo. 5s.

LEISURE READINGS. By R. A. Proc-
ToR, E. Cropp, A. WirLson, T. FosTER,
and A. C. Ranvarn. Cr. 8vo. 5s.

RANSOME (Cyril, M.A.).

THE RISE OF CONSTITUTIONAL GO-
VERNMENT IN ENGLAND : being a
Series of Twenty Lectures on the History
of the English Constitution delivered to a
Popular Audience. Cr. 8vo. bs.

RAWLINSON (George, M.A., Canon of
Canterbury, &ec.).
THE HISTORY OF PH(ENICIA. With
numerous Illustrations. 8vo. 24s.

READER (Emily E.).

VOICES FROM FLOWER-LAND: a
Birthday Book and Language of Flowers,
Illustrated by Apa Brooke. Royal 16mo.
cloth, 2s. 6d. ; vegetable vellum, 3s. 6d.

' RIBOT (Th.).

HOME WHIST : an Easy Guide to Cor- |

rect Play. 16mo. 1s.

'HE STARS IN THEIR SEASONS.
An.Easy Guide to a Knowledge of the
Star Groups. In 12 Maps. Roy. 8vo. 55.

STAR PRIMER. Showing the Starry Sky
Week by Week., In 24 Hourly Maps.
Cr. 4to. 25, 6d.

THE SEASONS PICTURED IN 48
SUN-VIEWS OF THE EARTH, and
24 Zodiacal Maps, &c. Demy 4to. 55.

STRENGTH AND HAPPINESS. With |

9 Illustrations. Cr. 8vo. 53,

STRENGTH : How
keep Strong, with Chapters on Rowing
and Swimming, Fat, Age and the Waist,
With g Illustrations. Cr. 8vo. 2s.

ROUGH WAYS MADE SMOOTH. |

Familiar Essays on Scientific Subjects.
Cr. 8vo. 5s5.  Silver Library Edition.
Cr. Bvo. 3s. 6d.

OUR .FI’LACE AMONG INFINITIES.
A Series of Essays contrasting our Little
Abode in Space and Time with the Infini-
ties around us. Cr. 8vo. 55,

THEEXPANSE OF HEAVEN. Essayson
the Wondersofthe Firmament. Cr. Bvo. 5s.

THE GREAT PYRAMID, OBSERV A-

TORY, TOMB AND TEMPLE, With |

Illustrations. Cr, 8vo, 55.

to get Strong and |

THE PSYCHOLOGY OF ATTENTION.
Cr. 8vo. 3s.

| RICH (A.).

A DICTIONARY OF ROMAN AND
GREEK ANTIQUITIES. With 2000
Woodcuts. Cr. 8yo. 7s5. 6d.

RICHARDSON (Dr. B. W. )
NATIONAL HEALTH., Abridged from
‘The Health of Nations’. A Review of
the Works of Sir Edwin Chadwick, K.C.B.
Cr. 4s. 6d.

RILEY (Athelstan, M.A., F.R.G.5.).
ATHOS : or, the Mountain of the Monks.
With Map and 2g Illustrations. 8vo, 215,

RILEY (James Whitcomb).
OLD-FASHIONED ROSES :
I12mo. 5s. 3

RIVERS (Thomas and T. F.).
THE MINIATURE FRUIT GARDEN :
or, The Culture of Pyramidal and Bush

Foems.

Fruit Trees. With 32 Illustrations, Cn
Bvo. 4s.
RIVERS (Thomas),
THE ROSE AMATEUR'S GUIDE.

Fep. 8vo. 4s5. 6d.

ROBERTSON (A.),

THE, KIDNAPPED SQUATTER, and
other Australian Tales, Cr. 8vo. 6s,

[ SR
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ROGET (John Lewis).

4 HISTORY OF THE ‘OLD WATER-
COLOUR' SOCIETY (now the Royal
Society of Painters in Water-Colours).
With Biographical Notices of its Older
and all its Deceased Members and Asso-
ciates. 2z vols. Royal 8vo. 42s.

ROGET (Peter M.).

THESAURUS OF ENGLISH WORDS
AND PHRASES. Classified and Ar-
ranged so as to Facilitate the Expression
of Ideas and assist in Literary Composi-
tion. Recomposed throughout, enlarged
and improved, partly from the Author’s
Notes, and with a full Index, by the
Author’s Son, Joun Lewis Rocer. Cr.
8vo. 10s. Bd.

RDI}L?{P%ES (George John, M.A.,, LL.D.,
%.R.8.).

DARWIN, AND AFTER DARWIN :
an Exposition of the Darwinian Theory
and a Discussion of Post-Darwinian Ques-
tions. Part I. The Darwinian Theory.
With Portrait of Darwin and 125 Illustra-
tions. Cr. 8vo. ros. 6d.

RONALDS (A.).

THE FLY-FISHER'S ENTOMOLOGY.
Wth 2o Coloured Plates. 8vo. 14s.

ROSSETTI (Maria Francesca).

A SHADOW OF' DANTE : being an
Essay towards
World and his Pilgrimage.
trations. Cr, 8vo. 10s. 6d.

ROUND (J. H., M.A.).
GEQFFREY DE MANDEVILLE :
Study of the Anarchy. 8wvo. 16s.

i

RUSSELL (Earl).

A LIFE OF LORD FOHN RUSSELL

(EARL RUSSELL, K.GG.). By SPENCER

WaLpoLeE. With 2z Portraits. 2 vols.
8vo, 36s. Cabinet Edition. 2 vols. Cr.
Svo. 125,

SEEBOHM (Frederic).

THE OXFORD REFORMERS—Y¥OHN
COLET, ERASMUS AND THOMAS
MORE : a History of their Fellow-Work.
Bvo. I4s.

THE ENGLISH VILLAGE COMMU-
NITY Examined in its Relations to the
Manorial and Tribal Systems, &c. 13
Maps and Plates, 8vo. 16s.

THE ERA OF THE PROTESTANT
REVOLUTION. With Map. Fep. 8vo.
25. bd.

studying Himself, his |
With Tllus- |

SEWELL (Elizabeth M.).
AMY HERBERT.
THE FARL'S DAUGHTER.
THE EXPERIENCE OF LIFE.
A GLIMPSE OF THE WORLD.
CLEVE HALL,
KATHARINE ASHTON.
MARGARET PERCIVAL.
LANETON PARSONAGE.
URSULA. GERTRUDE,
LIFORS, HOME LIFE,
ARTER LIFE.
Cr. 8vo. 1s5. 6d. each cloth plain. 2s. 6d.
each cloth extra, gilt edges.

SHAKESPEARE.

BOWDLER'S FAMILY SHAKES-
PEARE. With 36 Woodcuts, 1 wvol.
Bvo. 145. Or in 6 vols. Fep. 8vo. 21s.

OUTLINES OF THE LIFE OF
SHAKESPEARE. By ]. 0. HALLIWELL-
Prirvirrs. With numerous Ilustrations
and Fac-similes. 2 vols. Royal 8vo.
£T 1s.

A CALENDAR OF THE HALLIWELL-
PHILLIPPS® COLLECTION, OF
SHAKESPEAREAN RARITIES En-
larged by ErwesT E. Baker, F.S.A.
8vo. 10s. 6d.

THE SHAKESPEARE BIRTHDAY
BOOK. By Mary F. DunNBar., 32mo.
15. 6d. cloth. With Photographs. 3zmo.
55. Drawing-Room Edition, with Photo-
graphs. Fcp. 8vo. 10s. 6d.

SHERBROOKE (Viscount).

LIFE AND LETTERS OF THE RIGHT
HON. ROBERT LOWE, VISCOUNT
SHERBROOKE, G.C.B., together with
a Memoir of his Kinsman, Sir JoHxN
CoarE SHERBROOKE, G.C.B. By A.
ParcHerT MarTIN, With 5 Copper-plate
Portraits, &ec, 2 vols, B8vo,

SHIRRES (L. P.).

AN ANALYSIS OF THE IDEAS OF
ECONOMICS. Cr.8vo. bs,

SIDGWICK (Alfred).

DISTINCTION : and the Criticism of
Belief, Cr. 8Bvo. Bs.
SILVER LIBRARY (THE). Cr. 8vo.

ar. 64, each volume.,

Baker's (Bir 8. W.) Eight Years in Ceylon.
With 6 Illustrations. 35 Gd.

Bakor's (8ir 8. W.) Rifiec and Hound in Ceylon.
With 6 Illustrations. 34 64.

Baring-Gould’s (Rev. 8.) Curlous Myths of the
Middle Ages. 35 bGd.

Barlng-Gould's (Rev. B.) Origin and Develop-
ment of Religious Bellef. 2 vols. 7s

Brassey's (Lady) A Voyage in the ‘ Sunbeam '.
With 66 Illustrations. 35 64,

[Continied on next page.
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Clodd’s (E.) Story of Creation: o Plain Account
of Evolution. With 77 Illustrations. 3+, 64

Conybeare (Rev. W. J.) and Howson's (Very |

Rav. J. B.) Life and Epistles of 8t. Panl.

46 Illustrations. Cr. 8vo. 315 64,
Dougall’s (L.) Beggars Kll: a Novel, Cr. 8va,
1. O, A
Doyle’s (A, Conan) Micah Clarke. A Tale of

Monmouth's Rebellion. 35 64.

Doyle's (A. Conan) The Captain of the Polestar,
and other Tales. Cr. 8vo. 3s. 64d.

Froude's (J, A.) Short Studies on Great Sub-
Jeets, 4 vols. 35 6d4. each.

Froude's (J. A.) Cmsar: a Sketch. 3y 6d.

Froude’s (J. A.) Thomas Carlyle: a History of
his Life. 1795-1835. 2 vols. 1834-1881.
2 vols: = each.

Froude's (J. A.) The Two Chiafs of Dunboy : an
Irish Romance of the Last Century. 35, G

Glelig's (Rev. 6. R.) Life of the Duke of
Wellington. With Portrait. 35 64,

Haggard's (H. R.) 8he : A History of Adventure.
32 Illustrations, 35 64,

Haggard's (H. B.) Allan Quatermain,
2o Illustrations. gr. 64.

Haggard's (H. R.) Colone! Quaritch, V.C.: a
Tale of Country Life, zr. 6d.

With

Haggard's (H. R.) Cleopatra. With 2g Full- |
page Illustrations. 3r. 64
Haggard's (H. R.) Beatrice. 3. 64,

Harte's (Bret) In the Carquinez Woods and |

other Stories. 3s5. 67

Howltt's (W.) Visits to Remarkable Places.
8o Illustrations, 3s..64.

Jefferies’ (R.) The Stery of My Heart: My |

Autobiography. With Portrait. 35. &,

Jefferies’ (R.) Field and Hedgerow.
Essays of. With Portrait. 35, bd.

Jefferies’ (R.) Red Deer. With 17 Ilustrations

Last

by J. CHARLTON and H. TUNALY, Cr. Bvo, |

35. 64,

Knight's (E. F.) The Cruise of the *Alerte’: |

the Narrative of a Search for Treasure on
the Desert Island of Trinidad. With 2
Maps and 23 Illustrations, Cr. 8vo, 35, 6d.

Lees (J. A.) and Clutterbuck's (W. J4.) B. G-
1887, A Ramble in British Columbia. With
Maps and 75 Tllustrations. 3+. 6d,

Macaulay's (Lord) Essays and Lays.
Portrait and Illustration, 35. 64,

Macleed's (H. D.) The Elements of Banking,
35, 6d.

Marshman's (J, ©.) Memoirs of Sir Henry
Havelock. 35 A4

With

Max Miiller's (F.) India, what can it teach us?

Cr. Bvo, 3r, 64,
Max Miiller's (F.) Introduction to the Science
of Religlon, Cr. 8vo, 35 6d.

Merivale's (Dean) History of the Romans
under the Emplre. 8 vols, 3% 64 each,
Mill's (1. 8.) Principles of Political Economy,

34 O,

MIill’s (J, 8.) Bystem of Logie. 31 64,

Newman's (Cardinal) Historleal Sketches, 3
vols. 3r. 64. each.
Newman’s (Cardinal) Apologia Pro VitR Sua,
S
Heﬁmnn*u (Cardinal) Callista: a Tale of the
Third Century. 3s. 6.

Newman's (Cardinal) Loss and Gain: a Tale..

a5, 6.
Newman’s (Cardinal) Essays, Critical and
Historical. =z vols. ==

Newman's (Cardinal) An Essay on -Ehe
Development of Christian Doctrine. 3s5. 64.

Newman’s (Cardinal) The Arians of the
Fourth Century. 35 6d.

Newman's (Cardinal) Verses on Various
Occasions. 735 64,

Newman's (Cardina® The Present Position of
Catholics in England, 35 64

Newman's (Cardinal) Parochial and Plain
S8ermons. 8 vols. 3+ 64, each.

Hewman’s (Cardinal) Selaction, adapted to the
Seasons of the Ecclesiastical Year, from the
* Parochial and Plain Sermons ', 35. 6d.

Newman’s (Cardinal) Sermons bearing upon
Subjects of the Day. Edited by the Rev.
W. J. Copeland, B.D., late Rector of Farn.
ham, Essex, 35 64,

Newman’s (Cardinal) Difficulties felt by
Anglicans in Catholic Teaching Considered.
2 vols. 35 64 each.

Hewman’s (Cardinal) The Idea of a University
Defined and Illustrated, 35 64

Newman's (Cardinal) Biblical and Ecclesias-
tical Miracies. 35 64,

Newman’s (Cardinal) Discussions and Argu-
ments on Yarious Subjects. 35 6.

Newman's (Cardinal) Grammar of Ascgent,

Newman’s (Cardinal)  Fiftesn Sermons
Preached before the University of Oxford.
Cr. 8vo. 3. 64.

Newman's (Cardinal) Lectures on the Doctrine
of Justification. Cr. 8vo. 35 Ad.

Newman’s (Cardinal) Sermons on Yarious
Occasions. Cr. 8vo, 35 64, :

Newman’s (Cardinal) The Via Media of the
Anglican Church, illustrated in Lectures, &c.
2 vols. 35 6d. each.

Newman’s (Cardinal) Discourses to Mixed
Congregations, ar. 6d.

Phillipps-Wolley's (C.) 8nap: a Legend of the
Lone Mountain. With 13 Illustrations.
g5, 64,

Proctor’s (R. A.) Other Worlds than Ours, 3564,

Proctor’s (R. A.) Rough Ways made Smooth,
35 64,

Proctor's (R. A.) Pleasant Ways in Sclence,
35 6.

Btanley's (Bishop) Familiar History of Birds,
160 [llustrations. 35, 64,

Stevenson (R. L.} and Osbourne's (LL.) The
Wrong Box. Cr. 8vo. 3, 6d.

[Continned on next page,
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SILVER LIBRARY (THE)—confinued.
Weyman's (Stanley J.) The House of the

Wolf: a Romance. Cr., Bvo. 35 64,

Wood's (Rev. J. G.) Petland Revisited. With
33 lllustrations. 35 64.

Wood's (Rev. J. G.) Strange Dwellings. With
6o Illustrations.  3s5. 64.

Wood's (Rev, J. 3.) Out of Doors. 11 [llustra-

tions. 3r, 6d.

SMITH (R. Bosworth).
CARTHAGE AND THE CARTHA-
GINIANS. With Maps, Plans, &c. Cr.
Bvo, bs.

SOPHOCLES.  Translated into English
Verse. By RoserT WHITELAW, M.A.,
Assistant Master # Rugby School ; late
Fellow of Trinity College, Cambridge.
Cr. 8vo. 8s. bd.

STEPHEN (Sir James).

ESSAYS IN ECCLESIASTICAL BIO-
GRAPHY. Cr. 8vo. 5s. 64d.

STEPHENS (H. Morse).
A HISTORY OF THE FRENCH RE-

VOLUTION. 3 vols. B8vo. Vols. I,
and II. 18s. each. i

STEVENSON (Robert Louis). .
A CHILD'S GARDEN OF VERSES. |

Small Fcp. Bvo. ss.

A CHILD'S GARLAND OF SONGS, |

Gathered from ‘A Child’s Garden of |
Set to Music by C. VILLIERS |
4to. 2s. sewed,L

Verses .
Sranrorp, Mus. Doc.
gs. 6d. cloth gilt. |

THE DYNAMITER. Fcp.8vo. 1s. sewed. |
15. bd. cloth.

STRANGE CASE OF DR. JEKYLL
AND MR. HYDE. Fcp. 8vo. 15. sewed.
rs. 6d. cloth.

STEVENSON (Robert Louis) and OS-
BOURNE (Lloyd).
THE WRONG BOX. Cr. 8vo. 35. bd.

STOCK (St. George).
DEDUCTIVE LOGIC. Fcp. 8vo. 3s. Gd.

‘STONEHENGE".
THE DOG IN HEALTH AND DIS-
EASE. With 84 Wood Engravings.
Square Cr. 8vo. 7s. 6d.

STRONG (Herbert A., M.A., LL.D.,
LOGEMAN (Willem S.), and
WHEELER (Benjamin Ide).

INTRODUCTION TO THE S8STUDY
OF THE HISTORY OF LANGUAGE.

Bvo. 10s. Gd.

A CATALOGUE OF BOOKS IN GENERAL IITERATURE

STURGIS (Julian, Author of * My Friends
and I," * Thraldom,' &e.).

AFTER TWENTY YEARS, and other
Stories. Cr. Bvo. 6s.
SULLY (James).
THE HUMAN MIND : a Text-Book of

Psychology. 2 vols. 8vo. z1s.
OUTLINES OF PSYCHOLOGY. 8vo.
0s.

THE TEACHER'S HANDBOOK OF
PSYCHOLOGY. Cr. 8vo. 5s.
SUPERNATURAL RELIGION: an In-
quiry into the Reality of Divine Revela-
tion. 3 wvols. 8wvo. 36s.
REPLY (4A) TO DR. LIGHTFOOT'S
ESS5A4AYS. By the Author of ¢ Super-
natural Religion'. B8vo. 7s. 6d.

SUTTNER (Bertha von).

LAY DOWN YOUR ARMS (Die Waffen
Nieder) : The Autobiography of Martha
Tilling.© Translated by T. HoLMmEs.
Cr. 8vo. 7s. 6d.

|
SWINBURNE (A. J., B.A).

PICTURE LOGIC : an Attempt to Popu-

larise the Science of Reasonings Post
8vo. 5s.
SYMES (]. E.).

PRELUDE TO MODERN HISTORY :
being a Brief Sketch of the World's
History from the Third to the Ninth
Century. With 5 Maps. Cr. 8vo. 25. 6d.

A COMPANION TO SCHOOL HIS-
TORIES OF ENGLAND. Cr. 8vo.
25. 6d,

POLITICAL ECONOMY. With Problems
for Solution, and Hints for Supplementary
Reading. Cr. 8vo. 2s. 64.

TAYLOR (Colonel Meadows, C.5.1., &c.).

A STUDENT'S MANUAL OF THE
HISTORY OF INDIA. Cr. Bvo. js. 6d.

THOMPSON (D. Greenleaf).

THE PROEBLEM OF EVIL:
duction to the Practical Sciences.
105, Bd.

A SYSTEM OF PSYCHOLOGY.
Bvo. 30s.

THE RELIGIOUS SENTIMENTS OF
THE HUMAN MIND. 8vo. 7s. 6d.

SOCIAL PROGRESS : an Essay.
25, 6d.

THE PHILOSOPHY OF FICTION IN

an Intro-
Svo.

2 vols.

8vo.

LITERATURE : an Essay. Cr, 8vo. bs.
THOMPSON (Annie).
A MORAL DILEMMA: a Novel. Cr.
Bvo. Bs.
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THOMSON (Most Rev. William, D.D.,
late Archbishop of York).

OUTLINES OF THE NECESSARY
LAWS OF THOUGHT : a Treatise on |

Fure and Applied Logic. Post 8vo. bs.

THREE IN NORWAY. By Two of THEM.
With a Map and 5g Illustrations. Cr.
8vo. 2s5. boards. 2s. 6d. cloth.

TOYNBEE (Arnold). .
LECTURES ON THE INDUSTRIAL
REVOLUTION OF THE 18TH CEN-
TURY IN ENGLAND. 8vo. 10s. 6d.

TREVELYAN (Sir G. O., Bart.).

THE LIFE AND LETTERS OF LORD
MACAULAY.
Popular Edition.
Student's Edition.
Cabinet Edition. 2 vols. Cr. 8vo. 12s.
Library Edition. 2 vols. 8vo, 36s.

THE EARLY HISTORY OF CHARLES
FAMES FOX. Library Edition. 8vo.
18s. Cabinet Edition. Cr. S8vo, BAs.

Cr. 8vo. 25, 6d.
Cr. 8vo. 6s.

TROLLOPE (Anthony).
THE WARDEN. Cr. 8va. 15. boards.
5. Bid. cloth.

BARCHESTER TOWERS. Cr. 8vo. 1s.
boards. 15, 64. cloth.

VERNEY (Frances Parthenope).

MEMOIRS OF THE VERNEY FAMILY
DURING THE CIVIL WAR.
piled from the Letters and Illustrated by
the Portraits at Claydon House, Bucks.
With a Preface by 5. R. GARDINER, M.A.,
LL.D. With 38 Portraits, Woodcuts and
Facsimile. 2 vols. Royal 8vo. 42s.

- VILLE (George).

THE PERPLEXED FARMER : How is |

he to meet Alien Competition? Trans-

lated from the French by WiLLiam
Crookes, F.R.S., V.P.C.S, &c. Cr.
8vo. 5s.

VIRGIL.,

PUBLI VERGILI MARONIS BUCO-
LICA,” GEORGICA, AENEIS : The
Works of VirGiL, Latin Text. with Eng-
lish Commentary and Index. By B. H.
Kennepy, D.D. Cr. 8vo. 105. 64.

THE ENEID OF VIRGIL. Translated
into English Verse. By Jouxn CoNing-
ToN, M.A. Cr. 8vo. 6s.

'J"'I:.’E POEMS OF VIRGIL. Translated
into English Prose. By Joun Conmng-
ToN, M.A. Cr. 8vo. 65,

THE ECLOGUES AND GEORGICS
OF VIRGIL. Translated from the Latin
by J. W. MackaiL, M.A., Fellow of
Balliol College, Oxford. Printed on
Dutch Hand-made Paper, Royal 16mo. 5s.

Com- |

 WAKEMAN (Henry Offley, M.A.) and

? HASSALL (Arthur, M.A.).

ESSAYS INTRODUCTORY TO THE
STUDY OF ENGLISH CONSTITU-

TIONAL HISTORY. By Resident
Members of the University of Oxford.
Cr. 8vo. 6s.
WALFORD (L. B., Author of “Mr.

Smith ).

THE MISCHIEF OF MONICA : a Novel.
Cr. 8vo. 2s. 6d.

THE ONE GOOD GUEST : a Story. Cr.
ava. s,

TWELVE ENGLISH AUTHORESSES.
With Portrait of Hanxax Morg. Cr.
8vo. 45. 0d.

WALKER (Major A. Campbell-, F.R.G.S.).

THE CORRECT CARD : or, How to Play
at Whist; a Whist Catechism. Fep. 8vo.
2% b,

WALPOLE (Spencer).

.\ HISTORY OF ENGLAND FROM THE

! CONCLUSION OF THE GREAT

' WAR IN 1815 TO 1858.
8va. bs. each.

THE LAND OF HOME RULE : being
an Account of the History and Institu-
tions of the Isle of Man. = Cr. 8vo. 6s.

WELLINGTON (Duke of).

| LIFE OF THE DUKE OF WELLING-
TON. By the Rev. G. R. GLEic, M.A.
Cr. 8vo. 35. 6d.

WEST (B. B.).
. HALF-HOURS WITH THE MILLION-
AIRES : Showing how much harder it is

| to spend a million than to make it, Cr.
dvo. bs.

| WEST (Charles, M.D., Founder of the
Hospital for Sick Children).

THE MOTHER'S MANUAL OF CHIL.
DREN’S DISEASES. ' Fcp. 8vo. as. 64,

WEYMAN (Stanley J.).

B vols. O,

LIFE AND CORRESPONDENCE OF
RICHARD WHATELY, D.D., late

Archbishop of Dublin. With Portrai,
Cr. 8vo. 10s. 6d.

WHATELY (Archbishop).

ELEMENTS OF LOGIC. Cr. 8vo. 4s. 6.
ELEMENTS OF RHETORIC. Cr. 8ve,
45, 64,

[Continued on next page,

THE HOUSE OF THE WOLF: a
Romance. Cr. 8vo. 3s. 6d.
WHATELY (E. Jane).
ENGLISH SYNONYMS. Edited by R.
WaaTeLy, D.D. Fep. §vo. 3s.
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A CATALOGUE OF BOOKS IN GENERAL IITERATURE,

WHATELY (Archbishop)—continued,

LES%DTNS ON REASONING. Fcp. Svo.
LS8, it

BACON'S ESSAYS, with Annotations.
8vo. 105, 6.

WHIST IN DIAGRAMS : a Supplement

to American Whist, Illustrated ; being a
Series of Hands played through, Illus-
trating the American leads, the new play,
the forms of Finesse, and celebrated coups
of Masters. With Explanation and Ana-
lysis. By G. W. P. Fep. 8vo. bs. 6d.

WILCOCKS (J. C.).

THE SEA FISHEREMAN, Comprising the
Chief Methods of Hook and Line Fishing
in the British and other Seas, and Remarks
on Nets, Boats and Boating. Profusely
Illustrated. Cr. 8vo. bs.

- WILLICH (Charles M.).

FOPULAR TABLES for giving Informa-
tion for ascertaining the value of Lifehold,

. Leasehold, and Church Property, the
Public Funds, &c. Edited by H. Bence
JoxEes. Cr. &vo. 10s. 6d.

WITT (Professor). Translated by Frances
YOUNGHUSBAND.

THE TROFAN WAR. Cr. 8vo. zs.

MYTHS OF HELLAS : or, Greek Tales.
Cr. 8vo. 3s. 6d.

\ THE WANDERINGS OF ULYSSES.
Cr. Bvo. 35. 6d.

THE RETREAT OF THE TEN THOU-
SAND : being the Story of Xenophon's
¢ Anabasis’. With Illustrations. Cr.
Bvo. 35 Gd.

WOLFF (Henry W.).
RAMBLES IN THE BLACK FOREST.
Cr. 8vo. 7s. 6d.
THE WATERING PLACES OF THE
VOSGES. Cr. 8vo. 3s. 6d.
THE COUNTRY OF THE
With a Map. Svo. 125,

WOOD (Rev. J. G.).
HOMES WITHOUT HANDS: a De-
scription of the Habitation of Animals,
classed according to the Principle of Con-
struction. With 140 Illustrations. 8vo.

75. net.

INSECTS AT HOME  a Popular Account
of British Insects, their Structure, Habits
and Transformations. With 7oo Illustra-
tions, &vo. 7s. net. . :

INSECTS ABROAD : a Popular Account
of Foreign Insects, their Structure, Habits
and Transformations. With Goo Illustra-
tions. 8vo. 75. net.

VOSGES.

[

WOOD (Rev. J. G.\—continued.

BIBLE ANIMALS: a Description of
every Living Creature mentioned in the
Scriptures. With 112 Illustrations. 8vo.
75, net,

STRANGE DWELLINGS: a Description
of the Habitations of Animals, abridged
from * Homes without Hands’, With 6o
Illustrations. Cr. 8vo. 35, 6d.

OUT OF DOORS : a Selection of Original
Articles on Practical Natural History.
With 11 Illustrations. Cr. 8vo. 3s. 6d.

PETLAND REVISITED. With 33 Illus-
trations. Cr. 8vo. 35. Gd.

BIRD LIFE OF THE BIBLE.
Illustrations, Cr. 8vo, 3s. 6d.

WONDERFUL NESTS. 30 Illustrations.
Cr. 8vo. 3s. 6d.

32

HOMES UNDER THE GROUND. 28
Illustrations. Cr. 8vo. 3s. 6d.

WILD ANIMALS OF THE BIBLE. =29
Illustrations. Cr. 8vo, 35, 6d.

DOMESTIC ANIMALS OF THE

BIELE. 23 Illustrations. Cr. 8vo. 35, 6d.

THE BRANCH BUILDERS. =28 Illus-
trations. Cr. 8vo. 25 64.

SOCIAL HABITATIONS AND PARA-

SITIC NESTS. 18 Illustrations. Cr.
8vao, 25,
WORDSWORTH (Charles, D.C.L.,

Bishop of St. Andrews).

ANNALS OF MY EARLY LIFE, 1806-
1846, 8vo. 155,

WYLIE (James Hamilton).
HISTORY OF ENGLAND UNDER
HENRY IV. 2vols. Vol.I. 1399-1404.
Cr. 8vo. 10s. 6d. Vol. II. [In the Press.

ZELLER (Dr. E.). .
HISTORY OF ECLECTICISM I[N
GREEK PHILOSOPHY. ‘Translated
by SaraH F. ALLEYNE. Cr. 8vo. 10s. 6d.
TEHE STOICS, EPICUREANS AND
SCEPTICS. Translated by the Rev. O.

J. ReiceEL, M.A. Cr, 8vo. 155.

SOCRATES AND THE SOCRATIC
SCHOOLS. Translated by the Rev. O,
J. ReicueL, M.A. Cr. Bvo. 10s. 6d.

PLATO AND THE OLDER ACADEMY.
Translated by Saran F. ALLEYNE and
Arrrep Goopwiy, B.A. Cr. 8vo. 18s.

THE PRE-SOCRATIC SCHOOLS: a
History of Greek Philosophy from the
Earliest Period to the time of Socrates.
Translated by Saran F. ALLEYNE. 2
vols. Cr. 8vo. 30s.

OUTLINES OF THE HISTORY OF
GREEK PHILOSOPHY. Translated
by Saran F. AvLneyne and EVELYN
Apporr. Cr. 8vo. 10s. bd.

10,000/1/g3.

THE ABRERDEEN UNIVERSITY PRESS.







i -
i u —
i -.'- .
'
f ’
e
—
- -;_ z 3
Fes v
] -
- .
- » ¥ “a
i
=
._.,_ﬂ' &
5
.
'
'
e ;
g
- .
' .
) !
E
. py -
.
.
S '
3 s I3
&
B 5
"
'
.
- '
T
. - . »
. . £ N
T ey . fo=ietD
k " 5 .
. \










