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VOLCANIC ACTION AS A CAUSE OF OUTBREAKS OF
EPIDEMIC DISEASE.!

By Nokr BarpsweLL, M.D,, M.R.C.P. Edin. and Lond,
Deeside Sanatoriwin, Banchory.

Tue subject of the following essay is in accordance with the terms
of the bequest of the late Dr. John Parkin, Fellow of the Royal
College of Physicians, Edinburgh, the founder of the Parkin Prize
for essays on certain subjects connected with medicine. Judging
from his published works on this subject, Dr. Parkin included
under the head of Voleanic Action all the natural phenomena
associated with the molten interior of the earth, namely, voleanic
eruption, earthquakes, etc., and it is chiefly the relation of the
latter to epidemic outbreaks that I have considered in this essay.
Before going further, I will very briefly review what literature I
have been able to find bearing on the subject.

The fixst instance which I can find of any author definitely
attributing outbreaks of epidemic disease to voleanic activity s an
article written by Mr. Webster2 In 1843 a work was published
in Paris by Dutrouleau and Gounet, in which they described
various ailments and lesions which were due to an earthquale?

In 1851, John Parkin, the physician already referred to, pub-
lished a large work,* in which he strongly advocated the claim of
voleanie action to be regarded as the cause of cholera and other
epidemic diseases. He advanced as his arguments the following
characteristics which volcanic action and cholera epidemies have
in common :—(1) Progression along particular lines; (2) more
marked towards the sea and near large expanse of water; (3)
limited duration—periodical veturn, with total cessation in a
particular locality after certain definite periods. His views were
very ably attacked, as not being in accordance with facts, by the
then Registrar-General in his Report on the Cholera Epidemie in
India, published shortly after the appearance of Parkin’s work.
Dr. Parkin wrote a reply in support of his theory, illustrating it
with several maps designed to show the coincidence of cholera
tracks with lines of voleanic action. That Dr. Parkin’s theory
had a fairly wide acceptance, is shown by the fact that his work
was reproduced in a Spanish journal.®

GEOGRAPHICAL DISTRIBUTION OF VOLCANIC ACTION AND
DisgasE—In a map illustrating Geikie’s “ Physical Geography,”
and showing the geographical distribution of voleanic aectivity
throughout the world, the countries most subject to earthquakes are

! Awarded Parkin Prize, 1900,
_ ?'*On the Counection of Earthquakes with Epidemic Discase,” Medical Report,
New York, 1801.
* ** Relation medico-chirurgicale de tremblement de terre."”
* “The Remote Canse of Epidemic Diseases,” 1851,
¢ Bolelin de med. y cirug., Madrid, 1855,
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mining factors. Nor does there appear to be any especially fatal
disease common to voleanic countries in different parts of the
globe. Cholera, enteric fever, and dysentery, as Parkin observed,
are certainly very deadly in many volcanic countries situated in
the tropics, yet the same diseases are comparatively rave in equally
voleanic countries situated in a more temperate zone, and are
replaced, as chief cause of death, by some other malady, ¢.g. malaria
in Italy and Portugal. It seems, therefore, that the presence of
voleanie activity in & country as a whole has no obvious effect on
the death-rate or incidence of epidemic disease. However, it 18
well in this respect to compare the statistics of two parts of one
same country, subject and not subject to voleanic disturbance
respectively. On referring to Geikie’s map of the geographical
distribution of voleanic activity, it may be seen that in the United
States the Southern States on the Atlantic seaboard (in fact, south
of New York) are subject to earthquakes (the earthquakes at
Charleston being perhaps the best known of recent years), while
the rest of the States on the same seaboard are quite free from
such visitations. The volcanic area includes the following States:—
Virginia, Kentucky, North and South Carolina, Alabama, Georgia,
Tennessee, and Florida.

The following table gives the vital sfatistics of the States
included in the voleanic area and of the States adjoining :—

|
State. L | Malaria, Enteric. Phehisis. |
£ e N | |
- (Virginia . : ; 163 237 : |
| § North Carolina : 15°8 | 4476 1 2 ';SE'T i ru-i;in:.?_tes. |
= |South Carolina 3 154 454 J J
=0 Kentucky X : 14:8 313 | i
% | Tennessee . . 16°8 352 ] :
E_ ai-ﬂr.hﬂma. 5 . 1';"2 F3'4 L Ei.q ]1146
= | Georgia . : ) 139 49-1 -
= | Florida . . ; 11°7 I 052 J‘ |
Bversge-, 148 49°8 26:2 | 12676 !
IS BT S . T as R |
= = |
il |
L [Maime . . . 14:8 LEF E
= | Now York . : 178 114 ' |
= | Pennsylvania . ; 14°9 [viH | s |
.::: ! Michigan - : 121 162 L! Ay EJl‘:'I.EE:I'E']fﬂl' the L:!.,:ltll;_ﬁj:gtes.
= | New Hampshire . 1671 30 : !
:‘-3 Vormont . 2 : 151 i '
il Massachusetis . ; 156 a8
= | Bhode Islanud . : 170 0-8
:'a LS
- | G o3
Average . ) : 150 60 180 | 147:0
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Comparing the American and Italian statistics, it is seen that
they show somewhat similar results, namely, an increased death-
rate from malaria, enterie, ete, with a lessened death-rate from
phthisis, in the areas associated with volcanic activity as compared
with the non-volcanic regions. That these figures are not mere
coincidences, and that the inereased death-rate in the districts
described is really due to their liability fo volcanic phenomena,
rather than to other local conditions, ave deductions which I feel
that I should be very cautious in drawing. It does not, however,
seem to me to be unlikely that voleanie action may be one of
various determining factors of the high mortality, especially in
towns possessing anything like modern water supply and drainage
systems.

Thg EFFEcT oF EARTHQUAKES IN THE PropUCTION OF EPIDEMIC
Disease.—Taking volcanic phenomena seriatim, I will first con-
sider the effects of earthquakes. When we consider that even in
England earth vibrations are now and again sufficiently severe to
cause leakages from drain and water pipes! it is not surprising to
learn that in towns situated on lines of volcanic activity such a
state of things has not unfrequently been found to exist in a very
marked degree, by medical committees appointed to investigate
the cause of outbreaks of epidemics, eg. in Naples and Yokohama.
That towns thus situated should be of all towns particularly sub-
ject to epidemies of disorders associated with faulty drainage, is
exactly what one would expeet. To give statistical proofs of this
fact is, however, a matter of some difficulty, owing to the impossi-
bility in many cases of getting access to reliable fizures. However,
the evidence which I have been able to collect bearing on this
subject has convinced me that voleanic action in the shape of
earthquakes is responsible for outhreaks of epidemic disease,
especially of cholera and typhoid, ocemrring in towns such as I
have just deseribed, and that these outbreaks are directly due to
the rapid dissemination of the causes of these diseases from an
infeeted locality by means of the water supply, which has become
contaminated with sewage owing to the leaking condition of the
pipes, cesspools, ete. In answer to my request for some informa-
tion as to the attitude of Japanese sanitary authorities in this
respect, Mr. J. Milne, late Professor of Seismology at the Uni-
versity of Tokio, tells me that “ of course wells, water, and drain
pipes are interfered with by earthquakes,” and it is clear that the
making of these struetures proof against danger from earth vibra-
tions is a matter of great importance for Japan, since, as at Tokio
at the present moment, modern systems of underground water and
drainage are rapidly replacing more primitive methods in that
counfry.

ExrERIENCE oF THE TowN or YokoHAMA.—The history of the
town of Yokohama is one of very great interest, as affording

1 Trans. Inst. Civil Engincers.
25 —kn, uEn, S50—XEW SER.—VOL X.—IV.
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succession of shocks of varying intensity continued over a pro-
longed period. The investigation convinced Geerts that “ the
defective condition of the drains was the cause of the bad condition
of the drinking water, and the propagation of epidemic diseases,
such as cholera, typhoid fever, ete.” The result of this report
being sent to the Japanese Government was that it was decided
to introduce into Yokohama a new high pressure water supply,
and to reconstruct the drainage system; and it is evident that it
was fully realised that ordinary methods of such construction
would have to be largely modified in view of the local conditions,
if the new schemes were to permanently save the town from the
danger of leaking pipes and the consequent ravages of epidemics,
to which it had for long been subject. In Mr. Turner’s paper is
an interesting account of the modifications adopted, and it may be
taken as an expert opinion on the question of how best to prevent
damage to underground water carriage systems by earthquakes ;
and since the satisfactory solution of this problem must do much
to improve the health of towns in voleanic countries, I do not
think it is irrelevant to briefly notice the plan adopted. Turner
says that personal observation convineed him that it would be im-
prudent to rely upon obtaining watertight struetures by brick,
magonry, or concrete alone. He therefore encased the service
reservoirs and other water receptacles in puddle freely used, and
prepared and laid with the greatest care, and used lead joints for
the pipes. “Selection and manipulation of the puddle clay, upon
which it was felt that the water tightness entirely depended, was
directed with the greatest care. The clay was thoroughly aérated
and disintegrated by frost during the winter before it was used.
It was then cut, watered, and trodden four fimes in sifw.” 18-in.
main pipes were used, jointed with yarn and lead, depth-of lead being
2 in., and average thickness of joints § in. When laid in gravel
soil, brick-in-cement lining was resorted to. Distribution was by
lead service pipes. With regard to the new drainage scheme, Dr.
(reerts evidently distrusted any form of underground system, for
he recommended in his report “the replacement of drains by
watertight open conduits, with free water flushing.” The drain-
age of the town was thoroughly reorganised and reconstrueted, but
whether or not Dr. Geerts’ suggestions were adopted I have been
unable to find out. The carrying out of these two schemes of im-
provement has proved very satisfactory for Yokohama. Turner
says that the “absence of leakage from any part of the water-
work system, notwithstanding several severe earthquakes and
multitudes of smaller shocks, demonstrates the efficacy of puddle
properly worked in earthquake countries. The health of the town,
as regards epidemic disease, has greatly improved since the im-
provements, the mortality from enteric fever especially having
notably diminished, as veported by Davidson.!
! ¥ Geographical Pathology," 1892,
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Riviera in 1887, and did a great deal of damage. The destruction
of houses, ete., naturally attracted most general attention, but, as
one would expeet, bearing in mind the experience of Yokohama
and Naples, the drainage and water systems also suffered severely.
I hear from residents in several of the towns visited by the earth-
quake, that great cracks were made in the cesspools, and that the
drainage pipes were rendered leaky. For some time after the
earthquake, the well-known Riviera towns had an unenviable
reputation for being unhealthy, and were avoided by visitors in
consequence. Hoping that figures might support the statement
that the earthguake was followed by epidemics of disease, I have
endeavoured to get statistics of the towns in question, namely,
Alassio, Porto Maurizio, San Remo, Mentone, Nice, and Cannes.
I have only been able to get the figures for Nice, Cannes, and
Mentone, and for the following table of the mortality in those
towns from enteric fever I am indebted to the courtesy of Dr.
Bertillon. Unfortunately, to quote Dr. Bertillon’s letter,  Je n’ai
pu vous donner les renseignements que depuis 1886. Avant cette
¢poque, ils n'existent pas.” The table thus gives the statisties for
the year before the shock, the year of the shock, and for the four
following years :—

Death-Rate from Enteric Fever : 1886 fo 1891.

Town. | 1m0, 1887, 1888, 1880, 1810, 1801. |
Nice . ; : : 35 49 80 | 80 | (i) 20
Cannes 3 A 13 I 2 G 2
Mentone 3 b 12 2 1 3

Total ! 41 66 115 84 42 2D

The figures show that a serious epidemic of enferic fever broke
out in Nice after the earthquake, and that for the two following
years the death-rate from this form of epidemic disease was con-
siderably more than twice as high as the average for that town.
In both Cannes and Mentone the deaths from enteric were four
times as many during the year after the earthquake as in the
previous year.

Taking the statistics for the three towns together, it will be
noticed that, as compared with the mortality from enteric in 1886,
there was a marked increase in 1887, the year of the earthqualke,
in the following year the number of deaths had nearly trebled,
after which the death-rate (though still above the average)
gradually declined. T hear also from resident medical men that
for some time after the earthquake there was quite an epidemic
of septic sore throats. The data afforded us by Yokohama,
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says that “after the earthquake some persons were attacked
with nausea, aceompanied by vomifing, which recurred or persisted
in some cases for days” Mr. S. and Mr. H. also had nausea,
accompanied by colic and diarrheea. Guiteras in his paper alveady
referred to, when writing on the nervous effects produced by the
earthquake, says “ that the majority of symptoms were evidently
hysterical. The functional disturbances may be classified as
vertigo, nausea, vomiting, diarrheea, and frequent micturition.”
A propos of the same subject, Stuart of Beaufort wrote as follows ;1

“1t was curious to note the number of persons, both male and
female, particularly female, who suffered from nausea after the
earthquake. This I attributed to fear, but many disclaimed any
feelings of fear, and yet continued to suffer from the symptoms of
nausea. In some cases the nervous symptoms were more serious.
In one patient, that of a young lady, hysterical convulsions
developed.

2. dbnormal mental conditions—Dr. Porcher of Charleston
recorded several cases of severe mental disturbance amongst the
numerous list of neurosis which followed the 1885 earthquake.
He attributed them to anxiety and prolonged loss of rest. In an
article in the Medical News he says that two sueh persons will
require to be sent to an asylum, and that another case under his
observation had not (at the time of writing) recovered sanity.
To Dr. Sturge of Nice I am indebted for some interesting personal
reminiscences of the Riviera earthquake in 1887 bearing on this
subject. He tells me that in quite a number of cases real nerve-
shock was produced, which there can be no doubt in several
instances resulted in death. Of equal clinical interest are the
cases of what Sturge calls “late nerve shock,” “consisting of a
state of nervous apprehension, most difficult to deal with, which
developed insidiously a month or six weeks after the shock, in
people of good nerves, who suffered no fright at the time, and
whom one looked upon as quite strong-minded, and out of reach
of nervous disturbances of the kind.” A similar type of case is
described by Porcher, which “oceurred in an active, strong, hard-
working man, who was not unnerved by the shock, but who
had finally to suceumb, with his nerves completely shattered.”
Another observation on the curious mental effect which may be
produced by earthquakes is made by Sekiza of Tokio University.®
He records “that many persons beecame mad, and many more,
thongh not going so far, became sick, or wasted away their
property.”

I was interested to veceive from Prof, Milne the following
advice in connection with this subject: “When treating of
nervous effects of earthquakes, you should carefully distinguish
between the effect on  different nationalities : Europeans are

! * Medical Notes,” U.8. A,
® " Letters on the Great Earthquake in Japan,” 1891,







¥ L5 5 . | L] b i Il
w1 I; 1 - : IE
3 L I Fa il }: 4l



















