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must eliminate those eaunses which are known to have an influence upon
health, The pages of history show that when the ground waters of our own
or other countries have arrived at a considerable degree of lowness, as evi-
denced by the failure of springs and the drying up of rivers, that such
periods have always been accompanied or followed by epidemic disease,

I might say, at the outset, that in the study of this subject it will be found,
in all probability, that ground water in itsclf, except under eonditions where
it iz liable to pollution, has no material effect in produeing a spreading
disease. As a rule it is only in those places in which there has been a con-
giderable amonnt of impurity stored in the soil that diseases become mani-
fest, and the most common mode by which diseases are, in all probability,
disseminated, is by means of the water supplies drawn from the ground, or
by the elimination of ground air into the habitations of the people. It will
also be found that the periods of low and high water mark those epochs
when certain organie changes are taking place in the impurities stored in the
ground, which ultimately become the canse and lead to the spread of disease.

For the purpose of illustrating the influences of ground water upon health
I propose to deal more especially with the records of Croydon ; not that Croydon
is an exeeptionally unhealthy distriet, for, on the other hand, it is a distriet
extremely favourable to health by reason of the extension of its population
over a maiden soil which has not had time to be polluted by the habitation
of man. In fact, if you wish to get the true significance of the bearing of
climatic influences on health, yon must go into those districts which have
been long oceupied as the residence of man, in which the ground has received
from year to year considerable aceessions of pollution, and on this aceount
the observations made at Croydon are unfavourable; but what does oecur
there is aceentated in other distriets not so favourably located. We have,
however, in Croydon a comparatively perfeet register of Baptisms and
Burials going back to the year 1539.

For years past I have been earrying on observations upon the state of the
ground water within and around this particular area, with a view of discovering
the influences which affect the health of such a place as this, and, in common,
all other places. I have had extracted the date, the place, and the cause of
every death since registration has taken place, and I have had abstracted from
the long register the whole of the burials, separating them to each month of
every year. The Croydon Register of Burials shows that the incidence of
disease in Croydon three hundred years ago was identical with what it is at
the present time.

Croydon is also by no means a favourable place for the study of eertain
types of disease, owing to the fact that it has been subject at certain periods
to various epidemics, the protective influences of which against a second
attack of such disease tends to obseure the law that governs their extension.

One of the climatic conditions which affect health is that of temperature.
Heat and cold have a marked influence in producing disease. The month of
June is the most healthy month of the whole year. As we leave the point
of mean temperature, either on one side or the other, the death rate mt:rc&heﬂpl
but from a different elass of disease.
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compared with the number of deaths in January, Felrnary and March, n'nfl
the temperature of the months of June, July and August, and compared with
it the deaths in July, Angust and September.

During the period embraced in this table the population of Croydon has
increased from 14,881 in 1887, t0 79,615 in 1881, and the population is now
estimated by the local anthority at over 100,000, a figure which in my
judgment is, bowever, too high.

Althongh cold is shown to affeet health, yet, in all probability, cold is not
a natural eondition as affecting the health of children under five years of age.
This has elearly been demonstrated by the fact that the death rate of children
in eold eountries, such as Norway, is absolutely less than that of England,
while in a warm conntry like Italy the death rate of children is higher than
that of England. This is doubtless due to the influences of high temperature,
but in the study of the influence of ground water it is found that the deaths
of children rise in a remarkable degree at the period of low ground water,
and the death rate fluctuates in & remarkable manner under the variation in
the annnal amount of ground water, the rate being the lowest with the highest
around water and highest with the lowest ground water, and, consequently,
if the ground water is plotted on one side of a diagram and the death rate on
the other side, there will be found to be a remarkable parallelism between the
lines. We often have the lowest ground waters in the months of the coldest
temperatures, and, therefore,’it beeomes necessary to separate the influence of
cold as distinguished from the lowness of the ground water. This country
has had the most unhealthy periods when the ground water has been at its
lowest. The following table shows the death rates of England and Wales in
the first quarters of the years f'{.:lpim-.-ing, which embrace all the known low
water periods that have oceurred sinee registration of deaths was established.

Deara Bates, kxerasp axp Wares, o Low Water Pentons.

First Quarter of Year.

Temp. ! Temp.
Year. I;f;:ih Green- | Year. ]%?t;h |Gmn
‘ wich. ] i wich.

1838 | 262 35::3 1564 | 2772 33'::;
1845 | 25 336 | 1865 | 27700 368
1847 | 28': 16°8 1866 | 262 420
1848 | 2779 | 406 | 875 | 275 196
1853 | 26M 37-3 188 | 220 4072
i85 | 2o 33°0 888 | z21°2 jlg
1858 | 2673 385 1o 2301 4174

This table, it will be observed, when compared with the average tem-
perature of the period shows that there are some other influences at work
apart from temperature which affect disease and produce death, and it may
be said with reference to these observations, that up to the year 1875 the
mortality of England and Wales in any quarter of the year (with the ex-
ception of the Beptember quarter of 1849, when cholera was rife) was at
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these partienlar periods of low water greater than at any other time. It is
well known that heat and eold limit the area of partieular diseases, and that
the temperature of the ground has also an essential bearing in the eausation
of disease. Heat has also a tendeney to reduce ground water, and, on the
other hand, intense eold has a similar effect, as in time of frost the surface

waters are frozen and percolation is stopped.
We must also bear in mind in the study of this question that light and

darkness have a material effect on disease. The healthiest monthsjof the
year are those in which the sun is for the shortest period below the horizon ;
the unhealthy periods are those in which there is the longest period of dark-
ness. It has been well said that ** disease walketh in darkness,” and this is
true both naturally and literally, for at present we know little of the causa-
tion of disease. The period of greatest darkness is also that of the greatest
amount of percolation, as it is found that many diseases increase during the
percolation period and decline as percolation ceases, so there is a parallelism
between the periods of darkness and percolation. It is well known that in
malarious countries, malaria is most active at night, and districts which can be
traversed with impunity in daylight become dangerous after sunset. We
have also the experience furnished by Aretic Expeditions. When H.M.F,
A ssistance was 94 days in winter darkness in the Aretic regions in the Ex-
pedition of 1850-51, when the health of its erew is compared with the
Alert in the last Aretic Expedition which was 142 days in Arctic darkness,
it was found that securvy was very much more rife in the ship the longest ex-
posed to the influence of darkness, although both vessels were on an equality
with regard to provisions and other matters.

Dr, Macnamara has observed in India that cholera cases were always most
numerous when the sky was overcast, and in this country it has been ob-
sorved that more deaths take place while the sun is below the horizon than
when it is above the horizon. We must, therefore, in studying this question
make allowance for the periods of darkness, and must eliminate this as a
probable source of error in judging of the influences of ground. When the
question of epidemic disease is studied, it will be found that the black death
of the 14th century, and the sweating sickness, of the 1Gth eentury, the
plague of the 17th century, in modern times cholera, typhoid fever, scarlot
fever, dysentery, diphtheria, all follow the same track, having the same season-
able fluctuations. We may, therefore, look to some common eause which
favours the development of these particular diseases,

In stadying the question of disease, we must also bear in mind that the
eonditions which affect mankind also influence the health of cattle. When
this is more generally known, probably greater attention will be paid to the
study of this question as the means of preventing loss amongst the af,c-::_k of
the country, even if the health of mankind is neglected, but it is curious
that in an enlightened country like England, in which sanitary seience has

had its origin, that a Minister of Agriculture, who looks after the health of
tlie stoek, should be appointed before we have a Minister of Public Health.

Disease affects every seetion of the people. It is however, more potent
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and strongly marked'among the young. Now it would be impossible in the
course of such a discourse as this to draw attention to thejinfluences connected
with every disease. I, therefore, propose to direet your attention more par-
ticularly to what are known as zymotic disenses, the general death rate, and
deaths amongst children under 5 years of age. :

The question may be asked, What is ground water ? The answer 1s, Al
water fonnd in tho sarface soil of the earth’s erust, except such as may be in
combination with the materials forming the crust of the earth. It is mainly
derived from rainfall by percolation ; the ground becomes wetted, and when
fully saturated in porous soils, water passes through and lodges in the
lower portion of the strata and beeomes the free water which we measure in
wells in order to ascertain its relative height from time to time. Ground
waker is also produced by condensation: whenever the ground is colder
than the air, a certain amount of vapour is condensed within the pores of
the surface of the soil, whieh is partially given off at those times when the
goil is warmer than the air, espeeially at night. In dry countries ground
water is prineipally supplied by the infiltration from rivers, as for example in
the Delta of the Nile. In some strata, the whole of the ground water is held
by -eapillarity, as in clay and other soils and rocks of close texture, whilst in
others it is held both by eapillarity and as free water, which somewhat
ordinarily is termed the ground water. The free ground water may be
increased by water passing from the superineumbent strata in which it is
held by eapillarity even without rain, as with the rapid fall of the barometer.
The free water of the ground is a very active agent, and may become the
direct vehicle of conveying for unlimited distances the active properties of
disease. This water rises and falls as a rule every year, forming a wavelike
profile, the rise being much more sudden than the fall. It is also always
moving in particular direetions. As a rule it moves in the direction of
natural outlets, which may be cither the sea springs or rivers; its greatest
amplitude of fluctuation is at the most distant point from its point of escape,
while its least range of fluctuation is elose to the point of diseharge. Asa
rule, when there is a large quantity of water in the ground a large quantity is
discharged, and viee versa with small quantities. It should be noted that
most of our old cities and towns are loecated upon porous soils in which
usually there has been water in the subsoil, no doubt as a matter of con-
venience for the purposes of water supply, and in those periods when these
underground waters were exclusively relied upon to furnish a supply of
water to the inhabitants epidemies and diseases of various kinds were very
much more rife and fatal than at the present time, when such sources of
water supply in the prineipal towns of the country have been abolished. The
mechanieal effect of rain passing into the ground has also an influence in
disseminating disease, beeause all gronnd contains air, and the rainfall
cannot oceupy the space previously oceupied by this ground air without
expelling it.  This air more readily escapes into our houses, the passages to
which are protected from the influence of rain and are left open, while those
outside the house are sealed to the falling rain. On the other hand, all the
time ‘hat the ground water is diminishing there is a tendeney for air to be
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drawn in to occupy the space formerly oecupied by the ground water, Upon
investigation, it will be found that diseases of a certain type are most rife
during that period the ground is filling up with water and expelling the
ground air, and are least rife when the current of air is inwards instead of
outwards from the ground. Of course these conditions are also subject to
variation with the changes of barometric pressure. As a rule, the amount of
free water in the ground eannot with accuracy be estimated by the quantity
of rain, as the quantity entering the ground depends upon the hygrometrie
condition of the ground : but in the absence of other information, the state
of the ground water may be inferred from rainfall records. In some years
it is found that the actual amount of rain which may enter the ground at a
particular period as measured by percolation gauges may be considerably less
than that flowing off ; for if the ground waters are very low, probably more
will enter the ground than flow off in the same year. As an example, in the
Year 1888, aftor the low waters of 1887, but 7 ins, was known to have flown
off the Croydon Drainage area of the River Wandle, while over 181 ins.
percolated through a chalk gange in the same year. Again, in the same
year 1887, only 5 inches of rain passed through the percolating gauges,
while in that year nearly 9 inches flowed off, the balance being drawn from
the store previously left in the ground. In some years there is no low
water, but these are exceptional. However, the records from a well at
Hartlip Place, near Bittingbourne, show that in the year 1829 there was no
low water, the water rose all through that year to June 1880, and this wasa
healthy period. In some distriets, the fluetnation in the ground water has
considerable amplitude. It is not unusunal to find wells in which the water
line may vary over 100 feet between the highest and lowest waters within a
fow months, On the other hand, in certain scaside places and towns located
near rivers the fluetuation is very small, and as a rule the healthiest
districts are those where there is the least vertical rise and fall of the subsoil
water, whieh is the ease in nearly all seaside health resorts. There are also
examples when an undue elevation of the free ground water beyond what is
ordinarily its normal range may produee all the effects which are noticeable
after low water periods. Professor Peterkofer, in his observations at Munich
and elsewhere, established beyond doubt the coincidence between cholera and
typhoid fever with low ground water. If we direct our attention to
American experience, we find the Reports of the State Board of Health
teeming with information upon this very point, and Dr. Draper says with
referenee to Massachusetts, that the charts show that enterie fever, cholera,
diarrheea, dysentery, are more prevalent when springs are low than at other
periods of the year. Imvestigations eonducted by Dr. Buchanan, F.R.5.,
and Mr. W. Whittaker, F.R.8., in 1865, on phthisis in this country, show
that an excess of water in the soil increases the death rate from that disease.
It may be said with regard to all the epidemies of typhoid fever in this
country that, without exeeption, they oceur immediately after the periods of
the greatest low water, and as a rule typhoid fever oceurs at such periods of
the year when the waters are usually low, and on the rise of the water, as in

the autumn.
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The germs of discase wo know ean be earried a considerable f‘f[iﬁt-ﬂ.ljﬂg';
underground throngh the dark recesses of the seil by the movement of the
free ground water, as shown by the exprience at Lausen in 1872. Ic?,n also
point out a easo in my own cxperience in a chalk district in Yorkshire oe-
eurring within the present year, whoro polluted water has travelled under-
gronnd a considerably greater distance than in the ease of Lausen and has
produeed typhoid fever.

In some districts the number of disturbanees or rise and falls in the sub-
soil have a marked influenco upon health; for example, if the health statis-
tics of the City of Chichester are compared with the long record of the well
at Chilgrove near that eity (tho observations in connection with which have
been earricd on by Mr. Thomas Wood and his father), it is found that the =
ereater number of disturbances which have oecurred in the Chilgrove Well
mark the most unhealthy years within the City of Chichester. The year
1888 may be taken as a recent example, when there were three distinet rises
and falls in the water of this well in this partienlar year, and the proportional
mortality within the City of Chichester was the highest recorded in the last
20 years.

That the carth itself does exercise a baneful influence; on health has
been well exemplified by the statistics referring to the unhealthiness of
cellar dwellings, aml which have also established the faet that ground floors,
as a rule, are not so healthy as the upper rooms of our habitations.

The absence of water passing into the ground for a long period natarally
leads to the lowering of the free ground water line, and may Jead to the
drying of the ground above the water line; and it is curious to note with
referenee to small pox that the periods marking the epochs of small pox are
those in which there has been a long absence of percolation and consequent
drying of the ground preceding such epidemics. On the other hand, small
pox is unknown at such periods as when the ground has never been allowed
to dry, or is receiving moisture by condensation or capillarity.

It should also be noted with reference to the effects of ground water upon
dig:ase that often these conditions may be artificially produeed. It is curious
to note that in the first epidemie of typhoid fever in Croydon in 18562, that
previous to its outbreak the ground water had been artificially lowered under
the town 6 feet by the destruction of a mill dam and the provision of a sub-
soil drain for the express purpose of lowering the ground water, and it is also
eurions to note that Dr. Neal Arnotf, who reported upon this particular
epidemic at Croydon, gave in his report an instance whieh vecurred in the
year 1825, where, after the construction of a sewer and the drying of the
ground which was marked by the drying up of the ponds in its particular
neighbourhood, an outbreak of typhoid fever oceurred. It is a matter of
common experience that in all old towns formerly ramified with cesspools,
often deriving their drinking water from loeal wells, it is not at all infrequent
when works of drainage are first introduced which have a tendency to lower
the snbsoil water, that typhoid fever oceurs which is not unusually ignorantly

attributed to the new system of sewerage.
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We possess in this eomntry a number of records with regard to the height
of the ground water, and these records ave multiplying yearly, and probably,
when the importance of this question is more appreciated, we shall get a
further inercase. The registration of deaths in this country only commenced
in July 1887, We have in many parts of the country complete records of
the underground water which will earryus back beyond the date when registra-
tion of deaths commenced, and by comparing the records which we now
Possess with the registration of deaths, we are able to show that the relative
height of the ground water has a material bearing on health, Tt would be
impossible, in the limits of an addross of this kind, to partienlarise all the
various diseases as influenced by underground water. I trust the informa-
tion about to be given will farnjsh some useful material to any person desir.
ous of studying the influence of ground water on any specific disease, 1
may, however, point ont to those that are ignorant of the fact, that an in.
vestigation of this kind has been made in the ease of London and New York
by our Fellows, Dr. Buchan, and Sir Arthur Mitehell, M.D., and a published
diagram of London mortality shows at a glance the incidence of every class
of disease which has oceurred during a period of many years, and it will
e apparent to any one who will study this document that certain discases
have their allotted seasons and conditions under which they are more or less
rife.

The study of underground water will show that certain diseases are more

rife when waters are high in the ground, and others when the water is low, -

The conditions that bring about and accompany low water, however, have by
far the most potential influence on health, as all low water years are, without
exception, unhealthy. As a rule, the years of high water are usually healthy,
uxeept as often happens when high water follows immediately upon marked
low water, when on the rise of the water an unhealthy period [invariably fol-
lows. This has been already referred to and pointed out in the tables, which
show the very high death rates that oceurred in the first quarters of the
year following marked low water periods. The most unhealthy periods are
those which indieate the first passage of water through the ground, Periods
such as these are indicated by Dr, Arbuthnot, when he wrote * The surface
of the earth being by drought first shut up and afterwards opened by rain.'r
He also pointed out what is found to hold good in modern times, that the
breakinggup of frosts was followed by the commencement of epidemic dis.
case, and he specially mentions the constitution previous to the plague og
London as being very singular in breaking out after a hard winter frost, last-
ing till nearly the end of March, a sudden thaw, the ground covered with
water from melted snow and ice and great heat suceceding.

Many epidemics, espeeially of cholera and typhoid fever, have been traced
to particular rainfalls. The majority of the zymotic diseases follow the
period of percolation and are most rife in the lowest water year,

Low water years are also equally dangerous to eattle as to man. The year
1714 was a remarkably dry year, when but 11°19 inches o frain were recorded
as falling at Upminster. In that year the burials in Croydon were over
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double those of the preceding year, and in London the burials rose from
21,057 in the preceding year to 26,569 in this particular year. Another dry
vear was that of 1742, when 15°7 inches of rain were recorded at Lyndon,
In that year the burials in Croydon were almost three times as numerous as
in the following year, whilst the burials in London in that year were 82,169
as against 27,488 in the following year. In both these years much cattle
died from murrian.

There have even been greater periods of drought recorded than in the
years mentioned; but without exception they have exercised a baneful
influenee, and so, in modern times, the periods of drought mark the periods
of disease. On the other hand, wet summers are usually healthy. Those
years in which there has been no low water are those in which the health
has been invariably good. In the year 1829 the records of the well at
Hartlip Place show that there was no low water at the usual period in that
year. The waters rose continuously through the year to June 1880, and so-
too, with other years in modern times, such as the years 1860 and 1879, and
these are all healthy periods.

We must also bear in mind, in stndying these questions, that the rates of
mortality are by no means so reliable as the rates of sickness. Unfortu-
nately, however, in this country we have not the rates of sickness at present
available. In Japan, however, there is every year recorded both the number
of cases arising from certain zymotic diseases as well as the number of deaths
taking place, and as the seasonable variation of temperature in Japan is
almost identical with that of our own country, we can observe in that country
the inflnences of climate upon particular diseases. So, also, in countries in
which there is a chronic state of dryness, as in Egypt, it is found that the
health is materially influenced by the height of water in the ground. A low
Nile marks an unhealthy period, and the most unhealthy periods oceur while
the ground is filling up with water, as, for example, at Cairo, the average
height of the Nile for 6 months, from January to June 1888, was 13-88
metres, when the death rate was 48'1; in the same period in 1889 the
average height of the Nile was 18:5 metres, and the death rate was 49-1.

It will also be found in studying this subject that those distriets which
draw their water supplies direet from the ground are usually most subjeet to
epidemics, and disease is much more marked than in districts in which the
water supply is drawn from rivers supplied from more extended arcas, or
from sources not liable to underground pollution. In the ease of Croydon
one portion of the district (under three-fourths) is supplied with water taken
direct from the ground, whilst the remaining portion is supplied with water
from the lrii‘i'er Thames: It is_curiuua to note that even so recently as 1885
thc.'u zymotic denth. rate in the districts supplied with underground water was
twice as great as in that part of the distriets supplied from the Thames, and
in this particular year 41 deaths of small pox ocewrred in the district, not
one of which is recorded outside the district supplied by the undorgr;unﬂ

water,
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Cholera.

I propose now to deal with the zymotic discases as aflected by ground
waler, beginning with cholera, Cholera is known to attack with the greatest
viralence places of low elevation, the very sinks of impurity. These places
have to eontend not only with their local impurity, but the impurities which
are carried by the movement of the ground water from places at a higher
altitude into them. Cholera ordinarily breaks out when there is the least
ground water, and a high air and ground temperature is also neeessary for
its development, and as & rule the low positions are favourable to the pro-
duetion of these high temperatures. Dr. Macuamara says, with regard to
cholera, it is more rife in low alluvial soils, and that it advances from east
to west, or it advances exactly in the direetion from the least to the greater
recoried falls of rain, and, ns a consequence, just in proportion with the
lowness of the ground water, which will be first lowest in the eastern distriets
and last lowest in the western districts. It has also been observed that
cholora follows rainfall. After the drought in India of 1860, followed by
rain in 1861, cholera broke out, and it has been observed by Dr. Macnamara
and others that rain is connected with the development and dissemination of
cholera poison, and that in India no wide-spread epidemic can oceur unless
during or after rain ; but, on the other hand, it has also been noted that
excessive rains will remove the disease, probably from rapid pereolation and
the cleansing of the soil from the germinal matter, or producing a state un-
favourable to the development of the germs. It shonld be noted, with
reference to the epidemies of cholera in this country in 1882, 1847, 1864 and
1865, that these periods were all years of low ground waters.

The following table shows the incidence of cholera and small pox in
Caleutta for 26 and 29 years respectively :—

TABLE Sumowmwg DEarns FRoum CHOLERA Fom 26 YEARS, AND FRom Smarn Pox ror 26
yeass v CancurTa.—Coxrmnen 8y Da. Macrieksox,

| Cbolera, 'E‘ = |
Total —p & Avernze | Hange of|. e
Month. Number |= £ 32| Rainfall. Tempcra- Tempera-|- P{ﬁ?ﬂ'hﬂs
of |[EH g g ture. | twore. mnde.
Deaths. (0 =
h [Inches. i
Janmy Fra BABEEE RS ?lsn '+=5 n‘z'l 63‘* l?"} H NE HW
Februaty .... .....| 9346 2845 oz | 742 17’3 |N NE KW
March . ....ce.....| 14710 | 493¢ Ry | Sarg 163 |WEW S
APl iiaecisienas| 19382 $249 e ! 46°6 147 |8 WBW
My e 13335 2261 429 590 111 (S8 W
PETAr e B e 6325 1254 121 Bz ga (BBW
July  .iceeeee Lo 3979 555 | 139 840 64 |5 SESW
ﬁ,uguﬂl saEms BEE R 3!*-'-& 22] r‘*.* Kl‘ﬁ' 5‘:- E’HE S‘h‘r
Beptember,,...cee..| 3935 18g 1o B35 66 BEWW NW
October .....s ---- bzl 147 47t 811 &8 WESNW
November ......... | 3323 132 oge | 754 142 (NNE NW
Decembor .uuvsuens B15g 570 oIy | 669 1634 MHNENW

1t is curious to note the marked parallelism in India between small pox
and cholera. But this parallelisin between these two discases is not confined
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to that eonntry, nor to small pox only. In Japan, where the Bﬂﬂjﬁﬂﬂﬂmﬂ
variation of temperature oceurs at the same period of the year as wi th us,
but has a greater amplitude, they have for six of the zymotie diseases a
registration of sickness ; and an examination of these sickness returns shows
the same results as in India. The following table shows the rates of
sickness in Japan for a period extending from 1879 to 1887, the population
of the country being estimated at a little over thirty-nine millions in 1887.

Japax,—InFrcTIOUS AND CONTAGIOUS DMISE ABES,

: E g &l

Bd | B2 | B8 | BF | 52 [ 38
Year. 23 8= 32 éfr 29 @
35 |83 |83 | &2 | &4 | &F

515 = & | “a a

=

Jan. 1879 to June 1880 .| 162637 | 4709 | Ioogz 1280 816g 23410
July 1880 to June 1881 .. 1580 | 3415 | 17140 1838 5047 1527
Ju;g Enftii?mhﬂ.l.?%] } 9389 342 | 16999 1107 6827 564
ISHI—.. A e EE R R 5[53! I]QS Igsﬂ 1015 433{‘ ﬁ:g
e R by | 1271 187 6q 2307 | 21173 412
R go4 | 1703 | 23279 | 2237 | 22702 | 3459
R aaaay 13824 | 12759 | 29504 2798 | 47377 12302
E R e i 155623 | 73337 | Gbzzy4 3265 | 24326 8225

b A R R 1228 | 39779 | 47440 2741 16149 | 2487

It should be noted that cholera, as a rule, has not the same monthly
incidence as small pox. The question of high temperature, which materially
affects cholrea, wounld appear to have, if any influence, the contrary effect upon
small pox as upon cholera., While the general conditions of ground water
which bring about cholera also bring about small pox, the climatic
conditions, however, that aceompany these diseases are of an opposite

character.
Small Poz.

The true significance of small pox must be studied probably not so much
in our time as in periods gone by, when it was very much more fatal. Itis,
therefore, interesting to note that Dr. John Arbuthnot stated with referenco
to small pox, that he found that it was most fatal during hard frosts and cold
North-easterly winds, Small pox is almost always preceded by a long period
of the dryness of the ground measured by the absence of percolation. It
should be noted that with reference to the year 1871, which was a very fatal
year, the smallest amount of percolation recorded oceurred. The Register
at Apsley Mills shows that but 1-86 inches of water passed into the ground
in the whole of that year, and so it has been with other years, for taking the
Croydon records it will be found in the autumn of 1870 small pox com-
meneed m Croydon after a very dry period, and continned to the autumn of
1871. In 1876 an outbreak again oceurred after a very dry period, and
continued till the antumn of 1877, and exactly the same conditions aceom-
panied the outbreaks of 1881 and 1882, 1884 and 1885, It is quite elear
that small pox ouly oecurs after intense dryness of the ground. Since
September 1885 there have been no deaths from small pox recorded in
Croydon, bat during the whole of that period (5 years) there has been but
one month when no measurable quantity of water percolated through a gravel
percolating gauge 1 yard deep, and that was in October 1886, a period when
the ground was naturally moist ; but in 1884, when small pox last broke out
it wag preceded by 7 months in that year when no weasurable quantity {.E'
water percolated through the same gauge. Maving regard to the incidenee




13

which has been ghown to exist between small pox and other zymotie diseases
which are capable of being transmitted by water and are propagated by
unsanitary conditions, it is almost absolutely eertain that small pox is propa-
gated and disseminated in the same way as cholern and other diseases under
the peeuliar climatie conditions to which I have drawn attention,

Typhoid Fever.

The conditions affecting typhoid fever are very marked, and are eapable of
absolute proof. The disease is most prevalent after a dry time and the first
wetling of the ground or percolation from any eause taking place. The
quality of the ground water as shown by Professor Petenkoffer does not appear
to haveanyjinfluence upon the disease, yet all authorities agree that it is largely
disseminated by well and other waters linble to contamination at low water
epochs. Typhoid fever is always more rife while the waters are rising in the
ground than when they begin to diminish. In the first great epidemie of
fever in Croydon, in the autumn of 1852, which oeceurred with a very rapid
rise of the subsoil water after being remarkably low, and after the artificial
lowering of the water to which I have already rveferred, it is established
beyond doubt that the waters in this distriet in the year 1852 had been re-
markably low. In the 20th Volume of the Proceedings of the Institution of
Civil Engineers, page 199, attention is drawn to the fact that in this par-
ticular year the supply of water in the River Wandle (one branch of which
rises at Croydon) was so deficient, thatithe mills were compelled to be shut down
three hours cut of every 12 hours, and then there was still}a deficiency of water.
The low water periods which oceurred in 1854 are well anthenticated, for this
particular year was an universally low water year. In 1868 there was
another low water period, not so low as the year 1354. 1In 1865 and 1866
there was a further epidemie of typhoid. Preceding this epidemic the
Croydon branch of the River Wandle was known to have been absolutely
dry, and 1875 and 1876 was the last great epidemic, when again it was
reported that the Croydon branch of the River Wandle was again dry, and
since that period no such degree of lowness of the springs has been «x peri need
at Croydon, and the sanitary works erected sinee that period have, in my
judgment, added mueh to the sanitary condition of this place.

I must now direct your attention to the distribution of the cases of fever
whieh oceurred in the last epidemic at Croydon, and will compare them with
the conditions which accompanied the epidemic of typhoid fever in Paris in

1882. Dr. Bucbanan, in his report upon the outbreak of typheid fever in
Croydon in 1875, gives the distribution of cases throughout each month of
that year. The epidemie, however, continued through 1876. The figures
of 1875 show that there were two periods within that year when the discase
was at its greatest intensity, namely, in April—a most unusu 1 period—and in
October, the disease oeeurring in the spring of 1875 at a much later period
than the ground waters ordinarily commence to rise. The cause of this out-
burst at this period of the year is clearly shown, as it oceurred on the rise
of the ground water, which was delayed to the period when the discasc
eventually oeeurred, as is shown by the records of the state of the ground
water within the higher portions o the Croydon drainage area, and which show
that after a very low water period the waters began to rise in November
1874, and were rising up to March 1875, when they fell, rose slightly
June, and fell again and rose again between September and Oetober ; there
was a fall in November and a rise again in December. The following
table shows the height of the water in the well at Caterham Lunatic Asylum,
loeated near the head of the Croydon Drainage Area, at the dates given, to-
gether with the number of eases of fever ocenrring in 1875 and the deaths
from fever in the three last months of 1874, through 1875 and the four first
months of 1870,
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|
Level of Reported | Deaths
Yoar, Date. Water Date CnEes Di from Fever
Ordance § Fover in at
Datum. Months. | Croydon.
1874 | 23 October ....| 22803 October _..... |No record. —
5 November ..| 23253 Novembar .,.. s —
5 December. . .| 23853 Dacember ..., 5 1
1875 2 January .. .| z6c'53 JRONALY . 2 vvwss- i3 1
1 February ....| 28753 Febroary ...... 53 I
2 Mireh ......| 2o0'og March ........ 79 4
T April., ,eaa-:| 298°5% 0 | R e 186 ]
t Moy civaeees| 27603 N s e bae 39 1o
| 1 dune ........ aforey | JUDS cuvenanans 10 3
TJUlY srrwnasa| zH8703 TolY ainsnunsss 18 4
| 1 August......| 26303 | Augosti,....... 32 3
| = Beptember ..| 26003 Hoptember ... g 5
| = October ....| z61'03 October . .....| 175 i3
5 November ..| z57'03 November,..... gz 19
1 December. ... zgﬂ'o_ﬂ, Decomber .... 71 6
1f76 I January ....| zootgg JADDAEY  wsesss No record. 1o
1 Febroary ....| zorog Fobruary ...... 5 g
T March ... | 2q94'0% March ..uuwess 5
EApPril.sessaas| 372703 ],:Ipril sesran ’ i ‘ 2 |
21[“}— EEEEEEER 3“‘*'“3 1 H amEmeE e & " —

It should be noted that the water in Croydon itself, which is some miles
lower down the valley, would not ordinarily begin to rise until a later period
than the waters in this particular well.

In Paris, in 1882, an exactly similar state of things oecnrred ; the epidemic
of fever broke out, as shown by the records published by the late M. Dorant
Claye, C.E., after a slight rise in the ground water. All the outhreaks of
typhoid fever which have been investigated in this country have oeenrred
under similar conditions. As a notable example, the outbreak which oecurred
at Terling, a village having a population of about 900 persons, in which,
between November 1867 and the 18th January 1868, there were 208 cases
of typhoid fever. It is mentioned by Dr. Thorne, who inquired into this
epidemie, that all the wells in this village had become dry previons to the
outbreak of fever, and the discase made its appearance at a time corresponding
with the first replenishment of the water in the wells, after being so
exceptionally low. Since 1868 numerous recorded epidemies of typhoid
fever have oceurred, accompanied by exactly the same eirenmstances as regards
the state of the ground water,

There has been a considerable amount of evidence colleeted in Paris, and
also in this country, that outbreaks of typhoid fever ean be traced to particular
dates of heavy rainfall, clearly establishing the fact that rainfall is associated
with these epidemies, and, eonsequently, we are not surprised to find that
often there exists a parallelism between rainfall and typhoid fever. In
judging, however, of the efiects of rain npon the subsoil, the direet measure-
ment of a well will not give, as a rule, the first indication of the commencement
of water percolating through the ground, for the simple reason that if the
quantity passing through is very small, it has no appreciable effeet upon the
height of the water in the ground itself, for the ground water is like a reservoir
that at certain periods receives water, but it is also flowing out of it and no
increase will be visible in the store until the rate of supply exceeds the rate
of exhaustion. When, however, we do perceive there is a check in the rige
of the waters, or they hecome stationary, we may conclude that percolation
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has commeneed. It may also bo a matter of considerable importance to note
that in all the epidemics of fover which have oceurred in Croydon the
universal testimony has been that women and children and teetotalers snffer
the most, and in Dr. Buchanan’s report on the last epidemic of fover it is
shown that out of every 1,000 houses in that part of the district supplied
with water taken direet from the ground, 104 were invaded by the disease,
but in the distriet outside this area, containing at least a fourth of the whole
population of the place, only 7 per 1,000 were attacked. The significance of
these facts ought not to be withount its warning to all who are answerable for
the public water supplies of our country.
Diphtheria.

Diphtheria, aceordinglto a communieation made at the last International Con-
ference on Hygiene at Berlin, like typhoid fever, is propagated by excremental
poisoning of the ground, and we know it is disseminated almost in the same
way a8 typhoid fever. We know that it follows typhoid fever in parallel
lines, but it requires the very opposite conditions which are necessary for its
development that oceur in typhoid fever and small pox. A damp state of the
ground marked by extreme sensitiveness to percolation of rain is the condition
which is essential to the development of diphtheria. With typhoid, a dry
ground is essential to development, as we approach one or other or both these
conditions, so typhoid or diphtheria supervene. It follows in its ineidence
typhoid, and occurs in the percolation periods. In this country, diphtheria
has not been separately registered until recent periods, for some years it was
registered as a type of scarlet fever; we have no record in Croydon of its
existence before 1849. In 1858, however, it became to be recorded with
some degree of regularity. During the whole of the last 5 years the ground
at Croydon has been in a continual state of dampness, as indicated by the
records of the percolation gauges, and during the whole of that period
diphtheria has been more or less rife, and generally inereasing throughout the
conntry.

Scorlet Fever,

Searlet Fever follows the state of the dryness of the ground, which is
essential for its development, and it oecurs in the percolation period. The
conditions that precede small pox are those favourable for the development
of this disease. Henee it is most rife in the years preceding small pox.
Like small pox the dampness of the ground for any considerable peried in
any particalar locality may check its development, or render it less
virulent, and it is most rife in low water years.

Measles.

It is curious to note with reference to this disease that in Croydon it
apparently follows the opposite law to that of typhoid fever in the years in
which there have been epidemics of typhoid fever, as in 1852, 1864, and in
1875 ;: when the conditions were favourable to the development of typhoid,
there were no deaths, or very few, from measles, This disorder is least
prevalent at the low water periods, and is mostly rife at and near high water
periods. In this respect it follows the same course as small pox, and as a
rule measles is most rife in a year following a low water year, especially
when it happens to be also a low water year.

Whooping Cough.

Dampuess of the ground is an essential condition to the development of
whooping cough. It is a disease which causes a large number of deaths,
and has been particularly rife during the past five years, during which time
there has been a marked dampness of the ground. It destroys, in Croydon,
three times as many persons as small pox, and it is most rife and fatal in all
those years when small pox is absent. It follows the percolation period in
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its ineidénee, inercasing with percolation and diminishing as the waters in
the ground subside.
Diavrha,

It is generally supposed that dinrrheea is almost cntirely influenced by
bigh temperature. There is no doubt whatever that high temperature has a
marked infloence “in the development and spread of this disease, but by
comparing the records of any particular years with the temperature, it must
be observed that there are other influences also at work, and it is found that
diarrhaea is generally more prevalent in a low water year than in other
years, that is with a very much colder temperature in a low water year we
get a very much higher death rate from this disease. For example, in
Croydon in 1854, which is a very marked low water period thronghout the
country, the average temperature for June, July and Augnst was 59%4. In
the following year, the temperature of the same months was 61°-1. In 1854,
the deaths were over five times as numerous from this disease as those which
ocenrred in the warmer year, very clearly establishing the faet that diarrboea,
influcened as it is by high temperature, is also amenable to the conditions
which produece low ground water, and that the organic changes which take
place at such periods in the ground affeet all sources of water supply, the
temperature of which, rather than the season, governs the course of diarrhea.

Dieaths of Children.

Whatever errors may exist as to the eause of death amongst children, there
can be no doubt as to the ages at which children die. In ¢omparing the
deaths of children under 5 years of age with the state of the ground water,
it is found that there is-in Croydon an exaet parallelism between the state of
the gronnd water andthe death rate of sueh children,

Greneral Death Rate,

It should also be noted that the general death rate of a distriet is amenable
to the state of the ground water, being influenced like the deaths of children,
but in a less marked degree, yet, nevertheless, years of drought and low water
are always found to be the most unhealthy.

In concluding this subjeet, I desire to impre:g upon you that the health of
communities is influenced by the sanitary condition under which they live,
and disenses of a virulent type are producible by very opposite climatic
conditions, but are always most rife and most fatal in those distriets in which
there is the greatest chance of the ground being polluted. It is essential for
the conditions of a healthy life that the soil upon which we reside should be
freed from every chance of pollution, and every step should be taken with
this view. It is also important in studying the eansation of disease, that
very much more attention should be paid to matters referring to the hydro-
metry of the soil. I should like to see a eonsiderable extension made in the
establishment of percolating gauges, and that all Meteorological Observatorics
should possess such an instroment.

It is also essential in the study of the cause of disease that the registers
of sickncss, which are now required to be taken in many of our towns, should
be published in ample form every year by the same authority, and should be
available for the use of all investigators. I trust that what I have said may
be of some interest, and will be the means of gotting enlisted into onr ranks
a larger number of observers, particularly those who ean devote their time to
the elueidation of the various metoorological conditions which affeet tho
healih o cople.
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