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Dr. Thorne Thorne’s Report to the Local Government Board on
an Extensive Epidemic of Enteric Fever, affecting especially
Red Hill, in the Urban Sanitary District of Reigate, and
Caterham in the Hural Sanitary District of Godstone.

GEorGE Breouaxas,
Assistant Medieal Officer,
Tth April, 1879.

On Februavy the 4th last the Local Government Board reecived a commnnieation
from De. H. C. Hilliard, of Caterham, to the effeet that within the previous 10 days
25 cases of enterie fever had come under s notice in that place. The outhreak was
explained to have been sudden in its oeccurrence, and, as the result of some inguiry
which he had made, Dr, Hilliard stated his belief that the disease had been conveyed
by means of the water supplied by the Caterham Waterworks Company.,  Under these
cwrcnmnstances I, on the same day, received instructions to make immediate inguiry into
the causes of the ontbreak. This inquiry was commenced on February Sth, and it was
continued at intervalz until early in the following month.

On reaching Caterham I found that the other medical practitioners in the place had
alzo been ealled in to a considerable nnber of cases of the same dizense. The first
person attacked had sickened on January 19th; a second attack oceurred on January
20th, two more on the 23rd, three on the 24th, and from then up to Febroary 2nd, 1o
which date information was at first limited, fresh attacks in fresh houses had ocenrred
day by day, the total number of houses affected being 35, and the total nmmber of sick
being 47.  The daily number of attacks which came under medical treatment had
varied from one on January 19th, 20th, and 30th w ten on February Ist. This group
of 47 cases, included as they were within a fortnight, was at once made the subject
of i'nquir_\'.

Caterham is situated in the rural sanitary distriet of Godstone, and it has a popula-
tion of about 5,800,  One part of it, which will in this Report be ealled Lower Caterham,
ocenpies o position near to the sonthern exivemiiy or head of the Caterham Valley, a
valley bounded by chalk hills, extending north and south for a distance of about
5 miles, and opening out at Caterham Junction about half way between Caterham and
Croydon. The houses in Lower Caterham eonsist mainly of superior villa residences,
many of which have been built within recent years. The other part, or Upper
Caterham, lies at a higher altitnde at the sonthern end of the range which bounds the
valley on the west. Here also are a number of villas, the old village of Caterham.
one of the asylums belonging to the Metropolitan Distriet Asylumsz Board, and the
barracks of H.M.'s Foot Guards.

The cases of enterie fever above referved to, and which had occurred in the fortnight
ending February Znd, were gpread over a very wide area, some in Upper, some in
Lower Caterham, extending to the extreme outskiris of those places. The houses
attacked belonged to no special class, boili rich and poor having suffered, It was at
once apparent that the disease conld not have been conveyed to the affected houses by
means of any general system of sewers common to the distriet, for by far the majority
of the houses were found to deain into separate cesspools exeavated into the ehalk :
gome of these cezspools, as also the house drains, being elliciently ventilated, others
laving no such ventilation, Some of the houses affected had no arvificial means of
drainare, the liquid vefuse being thrown on to gardens adjoining them. There was also
no poesibility that there had been any common cause of mfection in connexion with he
prevailing means of exerement dih'][nn-‘:ul, vecause there was nothing in common with
regard to such disposal. Mozt of the houses in which the disease had appeared were
provided with waterclosets, a considerable number of which were apparently well trapped
and ventilated, Others had elosets wlneh were fitted with o trap and pan and emptied
into cesspools, and though these elosets were at times a source of nuisance owing to
the abszence of any flushing apparatus, yet they were all situated ont of doors. Others
;qln_g';|i|| WErs lr!'u'l-i.dl_ll.l. with eommon pl'i‘.‘jl_-ﬂ ani a few with earth-closets. The ]]U:.-'j.ihili‘].:r'
of infeetion having been commumicated by means of a milk-supply was next inquired
ill-"";. and it was azcertained that 33 of the houses aleeted received their milk froan
at least five dilferent and completely independent dairies, and that, av the remaining
two., private cows were kept. It was also evident that personal infection eould not in
any way have led to the outbreak.

Furcher, there was no history of any recent prevalence of enteric fever in Caterham.
It was stated that the locality for some years past had been remarkably free from the
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disease, and during the twelve months preceding the ountbreak only one isolated case
could be heard of. This is believed to have been an imported case, and 1t terminated
fatally on August 16th, 1575,

With regard to the water-supply, it was ascertained that out of a total of 558 honses
in Caterham, 419 were provided with water from the mains of the Caterham Water-
works Company, the remaining 139 deriving their supply from local wells or from rain-
water-tanks and barrels. Of the 47 persons attacked during the fortmight January
19th—February 2nd, 45 resided in houses where the water of the Caterham Waterworks
Company was in use, a circumstance which, having regard to the other points already
adverted to, indicated a likelihood that this water had been the means by which the
infection had been conveyed. This view received confirmation when it was further
ascertained that the two remaimng patients, who resided onm premises where private
wells were in use, had, owing to the nature of their employment, not only been in the
habit of spending the day at houses to which the Company’s water was laid on, but
had admittedly used this water.

| further asecertained from Dr. James Adam, Medical Superintendent of the Caterham
Asylum, that no case had arizen in that establishment, where nearly 2,000 patients are
under treatment ; and also from Dr. James Magill, Coldstream Guards, that there had
been a similar immunity from the disease amongst the 500 men under his charge in
the Caterham Barracks. Both these establishments derive their entire water-supply
from o well which belongs to the Metropolitan Asylums Board, and whieh is sunk to a
depth of 462 feet into the chalk. The same has remained true up to the present time.

In the meantime, however, I received information from several sources, notably
from Mr. E. L. Jacob, Medical Officer of Health for the combined samitary distriets
of Surrey, to the effect that enteric fever was also epidemic in Red Hill.

At Redhill, inguiries similar to those which I had made in Caterham, had been
undertaken by Mr. Jacob, and to him T am indebted for the greater part of the
detailed information as to the cause of the epidemic in that loeality.

Red Hill, including Earlswood village, the Karlswood Asylum for Idiots, and a distriet
known as Mead Vale, forms the eastern ward of the borough of Reigate, and it has an
eatimated 'E]'EJ]JI.II:LLiU" of 9,500, It is situated about eight miles by road from Caterham,
and it differs from that place in several material respects. It lies on a different geological
formation, namely, on the lower green samd ; it iz nearly throughout provnided with
a modern system of sewers, which iz believed to be efficiently construeted and
efficiently ventilated, and many of the drains conneeting the houses with the sewers
arc also ventilated. But, in regard of the epidemic of enterie fever, the two places
presented certain remarkable points of similarity. In both the epidemic had
commenced at about the same time. In Red Hill, the first twvo attacks were
reported to have occurred on January 20th; these were followed by 3 others on the
91st, 5 more on the 22nd, 12 on the 23rd, and at the expiration of the first fortnight,
viz.. by February Znd, fresh attacks in fresh houses had every day oceunrred until the
total number of houses affected was 96, and the number of patients had reached 182,
The sewers, it is true, were common to the greater part of the diztriet affeeted, but
i this t'Lfﬁ.Ijucb there were some :_-;I,t'ikilzg t‘:'.'!!t'lll,i.l:llll'\'n.. io which reference will be
made, and so far as prior cascs were eoncerned from which the infection could have
been communicated by means of the sewers, there was evidence to the effect that
Red Hill had been for at least eighteen months past quite free from the disease. The
milk-supply of the houses affected was also ascertained by Mr. Jacob fo have been
derived from many sources having nothing in common, either amongst themselves
or with the Caterham dairies. The water-supply for the greater part of Redhill is,
like that for Caterham, derived from the works of the Caterham Waterworks Company,
and 1 found that, as the result of an early investigation of the epidemie, Mr. Jacob
had, quite independently of either Dr. Hilliard or of myself, arrived at the conclusion
that the spread of the diseaze was in all probability duc to this water. Hed Hill
containg about 1,700 houses, and of these 924 had the Company's water laid on
to them. Of the 96 houses affected during the first fortnight of the epidemie 1
habitually drew their water from the Company’s mains, and the listories obtained
with reference to the attacks in the remaining 5 were such as to confirm the im-
pression that the Caterham Company's water had been the immediate cause of the
epidemic.

Thus, at: one of these houses, where ultimately three persons were attacked, the supply
had, it was hitherto believed, been exelusively derived from a rain-water tank, but it was
now ascertained that the Company’s water was, in addition, procured surreptitiously ;
at another. for which there was apparently no water-supply, the Company’s water was
Fm:;m-.ud from a neighbour; and with regard to the remainder, the patients affected
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were not only persons who were employed where the Company’s water was in use,
but several of them had partaken of the water at their meals.

The following evidence, all tending in the same direction, was also during an carly
gtage of the investigation communieated to me by Mr. Jacob.

Mead Vale is a locality within the eastern ward of Reigate borongh. It contains
about 160 houses, of whiclh 140 are econnected with the Red Hill sewers and 20 drain
into cesgpools ; all, however, have their water-supply from loeal wells. Twao attacks
in two different houses had oceurred in Mead Vale, but both persons were employed at
the Barlswood Asylum for ldiots, where the Company’s water was at the time in use.
Of these two houses one had eceszszpool drainage.

In Red Hill itself iz a group of 30 houses which are supplied with water from a well
at the South-Eastern Railwav Station. These houses are in close proximity to and
immediately surrounded by others to which the Company’s water is laid on: both
groups being connected with the public system of sewers.  In the 30 houses veferred
to. not a case of enterie fever had oceurved, whereas from the houses around them,
numerous cases were reportod.

Reigate town also, which forms the western ward of the borough, and has a
population of abomt 8500, but which has a different water-supply. entively escaped,
only two cases, which were undoubtedly imported from Red Hill, having oceurred
there.

Thus, all the facts ascertained in connexion with the eourze of this epidemic up to
February 4th afforded very strong presumption that it had been eaunsed by the use of
the Caterham Company’s water.  All that has arizen since that date  goes to strengthen
this view.

The Caterham Waterworks Company, at the date when this inquiry was ecommenced,
had two deep wells, both sunk in the summit of the high-lying ground which
forms the western boundary of the Caterham Valley near its southern extremity. These
two wells are situated about 30 feet from each other; they first pass through about
140 feet of gravelly soil. consisting of Oldhaven pebble beds with a little elay and flints.
At this depth the chalk is reached ; it consists partly of soft and partly of hard chalk,
the formation being about 310 feet in thickness,  Below this is the upper green sand,
having a depth of about 55 feet.  For about 490 feet, both wells are several feet in
diameter, and they are connected by three adits in the chalk,  From the bottom of the
two wells and from the lowest adit a series of borings have been made through the upper
green sand down to the gault: an experimental boring, which has since become silted
up, passing through the gault into the lower green sand. From these wells the
water is pumped into a series of tank reservoirs, in which it is submitted to Clark's
goftening process, These rezervoirs, some of which are of reeent construction, freely
communicate with each other, and from them the supply is delivered by gravitation.

During the past twelve months a third well and boring has been made for the
Waterworks Company by the Diamond Rock Boring Company. This well is situated
within 90 fect of the others, but it extends through the gault, which is here 343 feet
in thickness, into the lower green sand below: this latter formation having been
reached on February 22nd last.  Sinee 1861, and until the econstroetion of the thisd
boring was undertaken, the water supplied by the Caterham Company was held in high
repute in the district to which it has been delivered, and the freedom from such
disenzes as enteric fever and disrrheea which is stated to have been experienced in the
district, has been to a great extent attributed, especially by Mr. Jacob, to the whole-
some water-supply. Sinee the third well has been begun and prior to the epidemie
under consideration, eertain complaints were indeed made with regard to the water, but
they were ascertained to be due, under ecireumstances to be hereafter explained, to
conditions resulting from the recent Loring operations, which had led to unavoidable
iurbidity in the supply and which had also prevented the process of softening from
being regularly earried out. There i3, however, no reason to believe that this
unavoidable turbidity or temporary hardness of the water prejudicially affected those
consuming it. In short, considering the deep sources of this water, and the previous
history attaching to its wse, it was by no means apparent how it eould latterly have
been the means of produeing an extensive epidemie of enterie fever.

With a view to the elucidation of this point, it was first sought to ascertain whether
any pollution of the water had taken place in the mains after it had left the Company’s
works, owing to mtermissions in the serviee. This appeared at first to be possible,
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for not only was the ocenrrence of such intermissions reported to me, but during the
course of this part of the investigation two waterclosets were found in Caterham, the
water-supply for which was derived from service-pipes which passed direct from the
main into the closet pans without the intervention of ecisterns, and were fitted with
serew-down taps. The reported intermissions were, however, on investigation ascer-
tained to have been temporary stoppages in the supply, caused by the freezing of ihe
water in service-pipes, and 1 was azsured by ihe Secretary to the Company that for at
least many months past the Company’s pipes had remained always full and under
pressure. No intermissions, it was added, had oceurred even during repairs, the
service not only being a constant one, but the fixing of new service-pipes being in
addition always effected nnder pressure whilst the mains are fully cluu'guul. Moreaver
the physical eircumstances of the two elosets, improper as they were, did not appear
such az would in fact have permitted entrance of any foulness from them into the
water pipes. No such dangerous services to waterclosets were found in any other
portion of the distriet supplied by the Company. and in the two eases above referred
to they have since been done away with,

I next made inquiry with a view of asceriaining whether any accidental contami-
nation of water in the reservoirs, or in the mains, could have resulied from any
irregularities in the supply during the recent boring operations or otherwise. I
found that during the course of these works, and owing to the turbidity which has
been referred to, the Caterham Waterworks Company had on several oceasions procured
an additional supply, which was pumpéd inte their mains from two sources: the one,
the deep chalk well belonging to the Caterham Asylum, the other, a well at Kenley, a
place situated in the Caterham Valley between 3 and 4 miles to the north of Caterham.
This latter well, which iz also sunk m the challk to a depth of 150 feet. belongs to the
Kenley Waterworks Company, and i supplies the rapidly inereasing groups of willa
residences at Kenley and in the immediate neighbourhood.

With regard to the water derived from the well at the Caterham Asylum, it must
be noted thatit eeased on December G0th, 1578, and was not resumed until January
30th and 31t last, when a further supply was delivered into the Company’s mains. Now
if the water delivered by means of the Caterham Company’s mains was the vehicle by
which infeetion was conveyed, that mfection must have been first distributed throngh
them about 10 or 14 days prior to the oceurrence of the first cases on January 19th
and 2041, that is to say, between Jannary Sth and 9th; and sinee no water from the
asylum well was for many days prior to or subsequent to that period being delivered
to the Company, it cannot have been coneerned in the distribution of the infeetion. The
evidence, too, already quoted as to the immunity of the asylum and the barracks from
the dizsease. renders any further eonsideration of this water as a possible source of the
infection guite unnecessary.

The supply from the Kenley Waterworks Company was delivered continuously
every might into the Caterham Company's maims from November 26th, 1878, to
January drd, 1879 ; it was resumed again from January 5th to the 10th, after which it
was discontinued until the nights of January 14th and 15th; this supply finally ceasing on
the morning of January 16th. This water was therefore pumped into the Caterham
Company’s mains for the period (Jammary Sth to 9th) above referred to as that during
which the distribution of infection must have commenced. Though the Kenley water,
if it had had mischievous quality, would thus have had opportunity of doing mischief,
thiere iz absolutely nothing to suggest that it possessed such quality. On the contrary
[Kenley itself, which never ceased to be supplied from its own well, remained quite free
from enterie fever during the whole course of the epidemie. Further, I was informed
that there are good engineering grounds for believing that little or none of the Kenley
water ever could have reached Red Hill, and it ean therefore have had no concern in the
fever there.

Many other points relating to the method of distribution of the Caterham Company's
water were inguired into, but none led to any explanation of the eireumstances of the
epidemice,

As the Board are aware, suggestions of danger to the water in the deep wells of this
chalk district, due to the prevalence of a system of cesspool drainage, have from time to
time been made, and owing to this, as also to local representations, special inguiry
was made as to the possibility of the soakage of filth from the surface soil around
either of the Caterham Company’s wells. Both the wells which were in uge prior
to the epidemic are steined with brickwork down to the level of the chalk. Not
only is this brickwork not absolutely water-tight, but there was ascertained to be
a somewhat free communieation of water between the new boring and the other
wells, and henee both the Company’s premises and some neighbouring ones were
examined, with a view of ascertaiming whether any means existed favouring the
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pollution of the water in the method indicated. On the Company's premises a cesspool
was found, but it was cemented and evidently water-tight. This cesspool has sinee
been done away with. A similar one is stated to have been found some ten months
earlier, and thiz was also at the time abolished, the soil for a considerable distance
around being at the same time eut away. The only other cesspools in the vieinity of
the wells, are the following : 1st, One situated ata houze about 1,100 feet to the south of
the wells.  This is a cemented tank, the contents of which are pumped on to the land.
2nd, One which iz situated at some stablez about 360 feet to the north of the two older
wells, and about 270 feet in the same direction from the new bore : but this was originally
constructed as a rain-water tank, and it is known to be water-tight. 3rd, Another on the
SR pl'emim.'s. and situated about 570 feet from the older wells, and about 450 feet from
the new bore. This eesspool iz about G feet in dismeter and 15 feet in depth; it s
stated to be dug in a clayey soil, and its eontents overflow on to some meadow land.
It is not cemented and it is believed to he “ nearly * water-tight, Danger of soakagze
into the Company's wells from this cesspool is probably very remote, if at all possible.

In estimating the risk, regard has been had to several points which I propoze 1o
note here, not 20 much beeause of any danger believed 1o have resulted from thiz eesspool
up to the present date, but mainly by way of caution as to the construction of cesspools
in this locality in the future.

In the firse plaee the eluvey vatore of the seil {8 eelied on 1o prevent soakage,  From n deseription of 1he
sl in this ]]ni;rrh.'lmr[_‘-nri_w[ which I have received from Mr, W. Whilaker of Her Maje:v's Geologienl Surves.
it appuears that ihe hill in which the waterworks and the above-named promises are sitnated is an outlior of
pebble-zravel (belonging to the Olihaven Bols), vesting ievegulorly on Al chalk, sod fanked on the north-
weal amd novth by an irvegular deposit of pelibdy loam, of much later date, which masks the junction of the
Oldlven Beds snd the Cholk,  The Ohthaven Beds a1 this point consist io o grent extent of o deposit of well-
rounded fling pobbles in psndy mairvix, bot in places are ivregolor mosses of aongolor ilings in o loamy maiviz,
nnl:]_ El is IIi_'.{II.I"h' |:||,'u|:q|'|,||¢ 1_!l4|.l. IIH‘- {"I".‘-e-.'-lm:ﬂ il:l queeﬂimn hI'L‘q ||_'|' H fﬂl"luuuh_‘: J||;u_"i|'|1_'|:|1. |_1|:1-|| simk in e |_'|iI 1 b
latter places. Not only can such o soil not be relied on elsewhere in this vieinity, bt there is no seeurity thiad
the chalk itzell may not ho met with, =0 ivregulnr is its surfaee,.  Ddecd, acconding o M Whitaker, it
appears that on ene side of one of (the Company’s wells 3 is met with ot o depth of $6 feot, on the other at
L feed, i that it may alzewhere come much nearver to the ﬁnri‘nm.—ﬂfmin, the dip of the straia at this pr-E:n:
18 northwards af an angle of alont five n[l!gl‘('[':-_ and lath Lhe “"'llilll'l'-ﬂlrllll:'. nnidl the |!|||-'.\‘ of mmdlerpronnd waler
are siated to b fn the seme diveotion,  Ienec it has been asonmed by some, that the dunger of soakage fvom o
mssljml situnted ok o reszonalde distanee to the north of the wells peed pol peceive serpous considerats
Thix northward flow of the updergromind water iz however enly one of the eloments to be considered.  Within
the cones from which these wellz nre supplicd the flow of the water iz, owing to the existenc: of fissures in the
chalk, if not, also to otler eauses, ot times io other divctions,  Thos, durving the boring operations which loave
been enrried on by the Dismond Bock Boring Coy, it was foum] necessary o pump into the bore fisel aloni
B000 gallons of witer every howr, (o facilitne tho proeess of horing, and special arrmngements bod been made
Lo piceive the waper as it vose from the bore imte tanks, from whenee after subaidenee it might again be orilsed
for the same purpoze,  Shortly after these arrangements boad been eneried ont, however, it wae found ihat
::Ir||u|,1_1_g|| this bope 1= sitwnted o the novth of the other welle the whaoale of thi=s water l-u'n.p:-n‘l |]|'|u||'|::;1, 0
fizznre which Jowl Becn renehed in the ehalk, amd whick iz belioved oo e about 14 fest in I|;||J|'_{r||, anil threned
this fizsare the water fonnd s way in a souilerly dircetion throngh the intervening 90 feet into the otfer
wells.  This it was that lod to the tarbidity in the eapply which had been complaine! of,  Seanewhod s
ceeurrenees have beor abaerved witl regaed 1o woter whicl lus beew allowed o run to waste on the s
Oin one goension the waste water wis Ill.ﬂllih'li ko 2 hollow 2 L abwit 170 Fear to thee enst of (e wells - *
it disappenied, bat il was soon ascertained to b reforning into the wells at o depth of 420 foet, that is about
the level of the = apper :»|:|I.'i||;_"" .H':I:pl!l_\.'in,-." them, amd i was fownd neeesaary o diseontinge the proeess, (g
another ovension the wa<le wnted was lod |:|_'|' weenng o a0 trencl o a spol on the F]l:l]u' of the hill to the cast of
the works, and ahout 320 feet from the wells. From this point alzo it found it= way back 1o the wells,  Duder
the cirenmstanees narested i is clear that, alilongh tlees ave no grounds for belioving that donger s ne
prisen from ihe existence of any cosspools near the Company’s wells, vet o system which allows, withis the
dirainage: aven of a well, of snakags from N'-'-upl'-ftl!-i. is 4'l||-'|'inl.'le-|:l.' one calling for immediste remedy on the pas: of
the Banitery Anthority,

Cirenmstances haid, however, in the meantime come to my notice whieh had led io
the inquiry with reference to any possible contamination of this water-supply being
extended in another direction.

During the latter part of 1878 and the beginning of 1879 the Caterham Waterworks
Company (“r;'.-n.-‘:truchs!i an adit from one of their old wells up to the new bore which was
then being sunk. This adit is situated in the chalk at a depth of 455 feet, it measures
6 feet by 4 feet, and is 90 feet in length. A number of men were employed in this
work, some of them being in the well below, others on the surface.

Inquiry was made as to whether any of these men had ailed whilst at their work,
and it was ascertained that one of them who left work some time in January was
believed to have been ill, although no inguiries had been made eoncerning him since he
quitted the works. This man I sought out, Mr. Jacob ncrrmnllmn_\'ing me on the occa-
siom. At first his wife only could be found, but subsequently an interview was lad
with the man himself, and from the statement of the two the following history was
obtained :—
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J. K., aged 32 years, the man in question, resides in Caterham, and he entered the
service of the Caterham Waterworks Company on October 25th, 1878, being employed
as a lnbourer in the construction of the new adit referred to. The position 'ﬂb-sigllu.;l 0
him was that of ** loading man,” he being employed in the adit below in attaching to a
rope, let down from above, the bucketz by which the excavated chalk was raised to the
surface, and in again receiving those buekets when lowered full of bricks and cement,
required for the work in progress. Owing to a temporary inability of the pumps to
keep down the water below the level of the adit, work was discontinued on ;]L'EL'I'!IIIL"I'
14ih, when J. K. was discharged, and it was not until December 29th that he was
again sent for to resume the place he had formerly ocenpied. When he returned he
was in perfect health, but “in about aweek,” de., about January 5th, 1879, he felt
himself ailing. Hiz symptoms, which, according to his statement, steadily inecreased,
woere at first loss of appetite, reeurring attacks of shivering alternating with a feeling of
heat, great paing in the limbs, which he attributed to rheuwmatism, but which instead of
being confined to any of the joints, were deseribed both by himself and his wife, as
an “aching all over,” and diarrheea.  As the symptoms became aggravated, he was so
exhausted during his work and became so * giddified " that he was more than once
drawn to the surface, and immediately on his return home he was compelled to go
to bed.  More than onece his wife noticed that he was *light-headed " 1n his sleep.
All this while the diarrhcen continued, the man making a great effort to remain at
his work, beeause, as he explained, he had had no employment between the 14th and
29th of the previous month.

With reference to this man’s diarrheea it is necessary to make the following expla-
nation :—Both from his own statement, and from that of others, it appears that all the
men who worked in the adit were expected to make such preparation before descendin
the well, that no oceasion should exist for relieving themselves below; but shoul
such necessity ever arise, and should there be at such a time any diffieulty or delay in their
bemg drawn to the surface, the buckets which were regularly being raised to the
surface were to be used for that purpose. J. K. states that he strietly complied with
these regulations before deseending. but that notwithstanding all hislefforts, the purging
under which he was labouring was such that he was compelled to evacuate
whilgt in the adit “at least two or three times” during naeli shift, the shifts
lasting apparently from 8 to 12 hours each according to circumstances.  Indeed, as time
went on, the man's diarrhoea must have been congiderable, for besides the attacks which
came on whilst in the adit, he almost invariably suffered from it, before descending,
immediately after ascending, and also at his own house. So matters continued until
January 20th, when work was again suspended for two days on aceoumt of a rise in
the water level.  But during the night of the 21st he was so much worse that he was
unable to rise next morning.  Aceording to his wife's statement he found he eould not
stand when he got up, and returning to his bed suffered from * shivering down the back.”
“aching amd exhaustion,” and later on severe abdommal pan came on, which compelled
him to lie with his knees drawn up: he was also * burnimg hot.”  "This pain was looked
upon as * eramp,” and was alleviated by linseed-meal poultices which were apphied by
hiz wife, The more severe symptoms, ineluding the diarrhoeea, having subsided, he was
two days afterwards able to get up for a while, and from this time convalescence
appears to have set in.  No medical adviee was sought, mainly. as he explained to me,
owing to his straitened cirenmstances. When I saw him, on February the 8th, he
had the aspect of a man who had recently suffered From some acute disease; he was
still very weak, and it was obvious that he had greatly lost flesh.

As the suecessive points in this history were learmed, more and more resemblance
appeared to a mild ease of enterie fever. until, after the whole of the above story had
been learned and after the man himself had been seen, the diagnosiz of this fever could
be made with a considerable degree of certainty.  Then inguiry as to the man's move-
ments at the pl-l'ind when the cauze of hig own fever must have been -up[ﬂ‘n’r]'l‘u. hl‘m!g]lt
out the faet that he had spent December 25th and 26th at Croydon, so that he had had
opportunity beyond what Caterham then afforded for getting the fever.

On the morning following my interview with J. K., I proceeded to Croydon, with a
view of ascertaining whether any clue could then be obtained with regard to the
possibility of the man having in any way been exposed to the poison of enterie fever
on Deecmber 25th or 26th; the only accurate history of his movements during those
two days relating to that part of them actually spent in Croydon. It appears that
on the days in guestion there had been a gathering of hiz friends at the house
of a relation. The information which 1 obiained there was, however, entirely
negative : at the same time it wag evidently incomplete and otherwizse unsatisfactory.
For, after the lengthened examination to which J. K. had been subjected on the
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previons day. he apparently apprehended the objeet 1 had in view, and during the
game evening, some one had gone over from Caterham, and had evidently informed
the relative at '[Jm:l.‘dt}n of my intended visit, As the vesult of thas, certain informa-
tion velating to the residence and antecedents of some of the visitors at the gathering,
and desirable for the completencss of my investigation, was practieally refused me.  In
making inquiry as to the possibility of any local source of infeetion, | received the azsist-
ance of Dr. Philpot, Medieal Officer of Health for Croydon. The only samiary defect,
with regard to the premises themselves, was the existence out of doors of a pan-closet,
trapped and eonneeted with the public sewer, but not provided with proper means of
flushing. Tt is, however, noteworthy, that at one of the small group of cottages in the
side street in which the house in question was situated, it was learnt that during the
previous October and November there had been a case of *low fever™ in a ehild,
and that shortly before Christmas the chuld’s father had suffered from * acute
diarrhoea.”

I have now no hesitation in taking it as a fact that a man ill of emteric fever from
Jannary 5th to the end of the month was oceupied tlul*itlg the first furl;uight. of that
period at work in the well of the Caterham Waterworks Company. The fact. it will
be observed, is not inferved from any consequences of it, but simply from what was
geen and heard of the particular individual.

But now let us sece what those consequences would have been. If this man’s stools
could llj' any means have found their WiLY into the water of the well in whielh he had
been working, and being enterie fever stools could thus have led to the development
of the poison of that disease in the well, the effect on the water comsmmers ought
to have been noticed within from about 10 to 14 days after the date when the
diarrheea first came on.  And this, in effect, is precisely what did take place, the
epidemic having commenced on January 19th and 20th in Caterbam and Red THill
respectively. This remarkable concurrence of dates led to a more detailed inguiry
as to the course of the man’s diarrheea whilst working im the adit. He admitted
that the purging was very copious, in short thatit “ran from ™ him; indeed, when at
home, he was, becausze of the suddenmess of its onset, unable to resort to the eloset. He
further admitted that owing to lis frequent use of the bucket whilst at work, com-

laints were made by his fellow workmen on the surface ; but he stoutly denied that
Eg«. had ever been so pressed by necessity, or so influenced by those complaints, as to
relieve himself in the adit without waiting for a bucket. But even accepting his
denial, there were undoubted means by which his evacnations could have found their
way into the water. Aceording to lns statement, the bucket was used as a closet when
it was empty, when half full, and when full; he added, however, that when it was
full he first took some of the chalk out and subseguently replaced it. During an
earlier stage of my inquiry 1 had oceasion to descend one of these wells, and 1 noticed
that any article let down by a vope, by 15 ozeillations to and fro, came into constant
and somewhat violent contact with the walls of the wells, and on inguiry of J. K.,
whether the same did not take place with the bucket, he admitted not only that
this was so, but that some of its contents frequently fell over a stage into the water
below.  Oun farther inguiry, he added that some portions of his evacuations probably
did so also. And he further stated that the looseness of his bowels was such that the
bucket itself must almost of necessity have been stained with them. This bucket,
which was merely emptied out above, then received, as already explained, materials
which were used in the construetion of the works below. Here then were the stools of an
enterie-fever patient, from about Janmary 5th onwards getting into the Caterham
[Jumlmuy'ﬁ water and distributed with that water to the distriet served ||_1,' the l"ulu,'r:m:;,

Now we know from ample experience that enteric fever is produced, and produced
with the maximum of certainty, when the specific evacuations of that disease arve
consumed by a population.  Again, it is a matter of expericnee that where enterie fever
hag been {'ﬂlli‘[!}-‘l’l‘ t]li'ull:_';h water, some fn‘:'hn'ght has t:H_,'hJ]J.‘J." between the distribation
of the waterand the oceurrence of the disease among the community served by it
Bui a fortnight after Januwary 5th is the very day when the first case of fever ocewrred,
and :hll'i]lg‘ the fu:'{ll.ig.’;l'll Fﬂllmvin,:.-; npaon thie ]]m'iml .]i;mu;.,r:l- ath to 20th, €.e., from
January 19th to February 3rd, the disease became widely spread thronghout Caterham
and Red Hill ; the distribution of the fever heing limited, as we have already seen,
to houses supplied with the water of the Caterham Company. There can, 1 think be
no doubt but that we have in the man J, K. the cause of the disease which followed.

Hitherta, however, I have only dealt with the eourse of the epidemic up to February
2nd, namely. during the first fortnight of its progress, and I have only referred to it
in so far as it related to Caterham and to the town of Redhill. With regard to these
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two places no diminution in the epidemic was apparent until about the 11th and 12th
of February. Up to about the 20th February, the disease continued exelusively to
atitack persons l'L*ﬁFi]iJl}.{ in hougez to which the Caterham {_'01|1[Ja]|_1."5 water was land
on, or it seleeted from amongst those who habitually used another supply. those
who had partaken of the Company’s water oceasionally, either whilst at tllmir work
or during a visit to houses to which 1t was laid on. After this time, however, the
disease became, as might have been predicted, somewhat move diffuged, and several of
the later cases oceurred in houses where there had been previous ones.  Up to the end
of February the total nmmber of attacks coneerning which information had been
obtained, and including 13 cases in which the dates of attack could not with any
accuracy be ascertained, was 305; of these 224, of which 9 terminated fatally.
oeenrred 1 the town of Redhll, and S1, illchl(“ng 2 fatal eases, at Caterham. 5

The area of the Caterham Company’s water service, however, includes other places
than those hitherto named, and inguiry hag been made in these places as to cireum-
stances that should confirm or digprove the conclugions thus far arvived at. The
information thuz obtained, though not all as intelligible as that relating o Caterham
and Red Hill, was, however, found to be in harmony with it when all the facts were
aseertained.

This water was, together with another supply, used at the Harlswood Asylum for Idiots,
this establishment standing in an isolated part of the eastern ward of the borongh of
Reigate. In this establishment the first case ELl? wared on January 28th, and between
this date and February 15th, 35% persons in all were attacked, 33 being patients and
5 servants.  Five fatal cases oceurred amongst the patients.  Dr. Grabham, the medieal
superintendent, informs me that having mnoticed that the attacks were limited to
those who were somewhat habitual water consumers, and apparently influenced by
the turbidity which the Caterham Company’s water had presented for some time past, he
eut off that supply on February Sth, and limited the establishment entively to a supply
derived from local springs. The last attack in the asylum took place on February
21st, that is within a fortnight after the use of the Company’s water was discontinued.

Between Caterham and Redhill, and in the course of the main leading from the
former to the latter place, the same water is supplied to a few houses in Godstone and
Bletchingley, both in the rural sanitary distriet of Godstone, and to a few in Nutfield,
within the rural sanitary distriet of Reigate.

Out of 622 houses in those three villages, U6 were provided with the Company’s
water, and in 94 out of the 96, fever prevailed. Of these 9, six were in Nutfield. No
cases ocenrred in Godstone. ;

One more loeality is supplied with this Company’s water, namely, Warlingham, which
lies abont 3 miles to the north of Caterham, between that place and Kenley, One part
of Warlingham, which is known as Whiteleaf, is a hamlet situated at the foot of the
chalk hills, bounding the eastern side of the Caterham Valley ; the other part lies on
the hills, and i known as Warlingham village. The population of "r’if'nrllinghnm Wil
773 in 15871, and the Caterham water is laid on to 156 houses, viz., 102 in Warlingham
village, and 54 in Whiteleaf. Throughout the course of the epidemie only one person
ig believed to have suffered from enterie fever in Warlingham, the attack occurnng in
a child 9 years of age. It is known that the Caterham Company's water was regularly
drunk by this child at hie home, but since he attended a day school in Caterham to
which the Company’s water was also laid on, 1t becomes impossible to speak with
authority as to where he contracted the disease.

In view of recent investigations into the intimate pathology of the infectious fevers,
the contagion of enteric fever itself must probably be regarded as particulate, and
when contained in water it mnst probably be viewed ag beld in mechanical suspension,
rather than distributed throughout it after the manner of a chemical solution. Under
these cireumstances its distribution throughout a large body of water would probably
be mot wholly regular, and its passage into and through mains receiving the water
might not be uniform, either in point of time or in the direction taken.

Ho far, however, there is tml.hill!.:' in the case of the Earlswood z\.ﬁ.}']lllt._ or of the inter-
mediary villages, but what is confirmatory of the experience of Caterham and Red Hill.
The actual rates of houses attacked are not ideniieal in the several places ; butl it could
hardly be expected that they should be, for incidence of disease on any partieular house

* Two of the cases ainongst 1he seevants are, o the Tabile appended, ioeluded o the aitacks ot Bed T,
The persons attacked bl their bouses in that plwe aod were atanded there,
§ This number does not inelude several houses in which imported eazes sckened with the diseasze.
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must have been determined by a multitude of minor cirenmstances ; and any small
group of houses, whether in Caterham or Red Hill, or in some outlying village, had a
chance of being attacked to a greater or less degree than the average of houses
snpplied with the Company’s water. As one of the many circumstances to which 1
refer, I may mention frost as affecting the water-services of houses.  During the time
that the Caterham water wag mischievous there were many frosts, o much so that the
notion of intermission arose. At Godstone this was specially noticed. The inequality
of incidence, more at Nutfield, less at Godstone, then, iz only what might have been
anticipated.

But there remaing the ease of Warlingham, which has appeared at a first view more
difficult of explanation. This is a village somewhat largely served by the Caterham
Waterworks Company, no less than 156 honses being supplied from that Company’s
maing,  Amongst 156 houses, we should expeet al the Caterham and Red Hill rate to
find some 12 houses attacked. But bevond the single ease referred to, nothing was
heard of the disease in the village. Why was this?

In proceeding to consider the answer to thiz question, let the special sitnation of
Warlingham, in regard to its water mains, be first observed.  The village of Warling-
ham lies about three miles from the Caterham Water Company’s works, and for the
greater part of that distance it has a special three-ineh main to itself and to a few houses
hetween Caterham and Warlingham. The eapacity of this main and of its branches is
somewhat over 12200 gallons. What if this main can have Dbeen charged with a
different water and not with the water from the Caterham Company’s wells ¢

Now, in a former part of this Report, I have told of the Kenley water being used to
supplement the Caterham Water Company’s supply during certain portions of the time
when the Caterham wells were, for reasons named, furnishing a diminished and—as
the result showed—an injurious supply. The Kenley water was, however, not mixed
equably with the Caterham water. It was pumped into the Caterham Company's
mains at one particular point.  Awd fhal potel was af the extveme further end of the Wear-
linglham !'u-ﬂ.m}:ﬂu_f the systemn. Before the Kenloy water could get to the Caterham
Company’s reservoirs, it had to fill the whele of the three-inch Warlingham main and
its branches, besides one other larger main near to Caterbam.  Every night an amount
of Kenley water, which is varionsly estimated, but which at the lowest estimate
averaged betweeen 13,000 and 14,000 gallons, was pumped nto this Warlingham
gystem towards Caterham. and every day some 12,000 gallons of this Kenley water
wonld have to be consumed at Warlingham before Warlingham could obtain a drop of
water derived from the wells at Caterham. While this was going on there was for
each house at Warlingham a supply of some 70 gallons and more of Kenley water
to be got rid of before any of the Caterham water eould be proeured.

It is true that on particular nights, and those during the time that the Caterham
well water had dangerous properties, this pumping of Kenley water was not going on.
From January 11th to January 14th, move or less of Caterham water must have found
its way in the direction of Warlingham. Whether it actually got there before it was
met and driven back again by the Kenley supply, which on the 14th was again intro-
duced into the end of the Warlingham main, or whether the Kenley water pumped in
before the 11th was all that the village ever received during that interval, is more than
ean be deecided with any degree of certainty. :

For my own part I am quite prepared to believe the latter of these alternatives, the
more &0 as | ascertained that the consumption of water in Warlingham was, at the
special period referred to, as also during the greater part of January, at its minimum.
For, owing to the exposed position of the service-pipes and taps, and to the hard frosis
which then prevailed. hardly any water at all had in several parts of the village been
obtained from the mains for several days ; the inhabitants resorting to rain-water which
iz largely stored in the village. And even when the Company’s supply was proeurable
it was, owing to the same cause, a mere “dribble.”* This however, is abundantly
clear : the delivery of the harmless Kenley water to the village of Warlingham was so
gpecial and was continued during so large a part of the time when other places were
being injuriously affected by the Caterham water, that the chances of suffering from
any injurious influence carvied by the latter water must have been out of all proportion
less in the case of Warlingham, than in the case of places that got the bulk of their
supply from the Caterham wells. And I am inclined to believe that, in the single case
of enteric fever reported from Warlingham, the opportumity for infection did not
oceur in that place, but that the disease was contracted in Caterham.

* The mean toimpoerature on the wrass as registered by D, Addom af the Caterbam Azylum from ._]':'|.|11|:|rj'
Bth to rllllllrm“]l' Jlst inclusive was 2167 Fahr, it having varied from 12°0° Fabe, on the 13th tod 5 Fabr.
om thes 1.':1.'!1', el gl USZ'H."[‘LI'IH.T bsth at the Caterham ,"n,:-u:.'ll.rnl wewl @t the Guarids Barencks i 4o the efTee
that during the kate severe weather in January last the consumption of water was reduced nearly one half.

L 105, B
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Rightly looked at, T judge that the almost complete, if not the complete, exemption
of Warlingham, iz a very considerable confirmation of the view I have expressed with
regard to the origin of this epidemie.

In the Table appended to this Report 1 have shown the daily distribution of the
cages of enteric feverin all the places supplied with the Caterham Company's water. The
total number of cases up to the end of February is 852, The total number of deaths
is 21. Since that date only a few scattered cases have ocenrred.

Throughont, the disease was typical enteric fever, the patients exhibiting the
characteristic rose spots and diarrheea, and some of them suflering from severe pulmo-
nary and intestinal complications, the latter including perforation of the bowels,
whiclh in four eazes wag the immediate canse of death. }.’u!_\\'iblmhmliiug this, however,
by far the majority of ihe cases were of an exceptionally mild character, and although,
when subjected to examination, they were ascertained to be ecasc: of genuine enterie
fever, it iz certain that, had it not been for the prevailing epidemie, no medical advice
would in many cases have been sought, and some of the patients wounld not even lave
taken to their beds. By far the majority of those attacked were children ; and amongst
adults, women were more frequently attacked than men. This distribution of the
disease is by no means uncommon in epidemics in which water is the vehicle by which
the infection is conveyed, for children drink much more water than adults, and
amongst the latter, men as a rule drink legs than women.

Bemedinl Measwies,

Immediately on ascertaming the ecircumstances under which it was evident that the
water supphied by the Caterham Waterworks Company had become polluted, T took
steps which led the Samtary Authorties of the various districts concbrned to issue
notices informing the publie that there were grounds for believing that the water
in question had become accidentally contaminated, and cautioning them as far as
possible, until further notice, not to use the water, or if no other supply could be o=
cured, to have it thoroughly boiled before use. This notice wag eirenlated on J"ulu-mnj-
10th. I also advised the Waterworks Company to adopt the following measures :—1st, to
pump their wells dry, if possible ; 2nd, to serape the walls of the wells and adits, afterwards
seouring them thoroughly with a strong disinfecting fluid ; Srd, thoroughly to cleanse the
reservoirs and wash them with disinfectants ; and 4th, tosaturate with & stimilar fluid all
the soil in the vicinity of their works where the chalk from the adits had been deposited.

Owing to the foree which the springs supplying the wells exhibited at this time of
the year, the Company after long continued efforts in this divection, found it impossible
to pump their wells dry. They, however, pumped to waste an amount of water
considerably exceeding one hundred times the total contents of the wells and adits,
and having materially lowered the water level, the walls of the wells and adits
were thoroughly eleansed and zeoured with a disinfecting flnid ; large quantities of
disinfectants being also thrown into the wells themselves. The reservoirs were
thoroughly cleansed and disinfected, and the soil in the vicinity of the wells and
reservolrs was again and again saturated with disinfecting duid.®*  Measures wers also
taken so to flush the mains as to thoroughly clear them of all deposit. In short, the
Company acted with considerable energy and promptitude in adopting all measures
which were found possible to do away with the results of the accidental contamination
to which their water had been subjeeted ; and in view of the manner in which these
measures had been carried out, 1 on March 5th communicated to the several Sanitary
Aunthorities my opinion that, although in the absence of any test capable of showing
the safety of the water it was difficult to speak on the point with authority, yet
thought the time had arrived when it might again be distributed by the Company
without danger to the public health. I am glad now to add that nothing has since
oceurred which leads me to believe that the expression of this opinion was premature.

In all the sanitary districts concerned, the officers of the SBanitary Authorities visited
every house where enteric fover was known to exist; disinfectants, with advice as to
their proper use, were distributed, and besides other precautionary measures, immediate
steps were in many eases taken to sever any direct connexions existing between the
houses and either sewers or cesspools.  To these steps, and as regards Red Hill to the
efficiency of the system of sewerage, must probably be attributed the few secondary eases
which avose. At Red Hill eonsiderable energy was displayed in temporarily providing the
public with another water-supply, water carts being used to eonvey it from louse to
house. In some parts of the district an alternative rsup%}lj' was not procurable. DBut
everywhere people having private wells opened them freely to the general public. Some

* Having rvegovd to the sumtum in which the wells and sdits were constrneted, ehloride of lime was the
disinfectant recommended for 1hese several purposes.  Permanzanste of polash was in sddition also mixed with
ithe water itscll.
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old wells, the contents of which were, to say the least, of a questionable character, and
the use of which had very properly been abandoned for some time past, were re-opened,
and the anthorities should now endeavour to have them again closed.

During the courzge of the lengthened inquiry on which this Report iz founded, 1
received the most ready co-operation from all whose assistance I found it necessary to
seek. Throughout the distriet all the medieal men regularly supplied either Mr. Jacols
or myself wi1ﬁ lists of their eases ; the Chairman and Secretary of the Caterhamm Water
Company placed all the information they possessed and the personal assistance of their
siaff at my disposal, and from the officers of the Sanitary Authorities I received similar
help. Mo Mr. Jacob my thanks arve especially due.  The detailed inguiry, in so far as
it related to the districts wnder his medieal surveillance, was !ll:li!l!_}-‘ conduetad E_I_".' hina,
The advice tendered to the Sauitary Authorities in those districts was the joint adviee
of us both, and the investigation was in several vespects materially facilitated by the
valuable suggestions which he made.

Local Government Board, R. THORNE THORXNE.

April Tth, 1579,
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