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' Dr. Theodore Thomson’s Report
to the Local Government Board on an
’ Epidemic of Enteric Fever in the Borough of Worthing
and in
the Villages of Broadwater and West Tarring.

- e B ——

B. Tuonxe Tuorse,
Medieal Offieer,
June 11th, 12094,

On May 28rd, 1893, the Board was informed by the Medical Officer

Health of the Borough of Worthing that an outhreak of enteric fever was in
ress there, and that measures were being taken by the Sanitary Authoric
to deai with the disease.  This information was followed by a wore detaile!

report from the Medical Officer of Health, received by the Board on June @n
- In this report the epidemic was stated to be abating, and some particular:

were given a8 to the measures that had been adopted by the Sanitary Autl
i rity, and as to the probable cause of the outbreak. In a further report, dato!
June 17th, the Medical Officer of Health gave statisiieal account of the fover
and stated that the epidemic was over. Early in July, however, the Boad
received from the Sanitary Authority, and from medical men and other-
. resident in the place, representations setting forth that a further and move
formidable outbreak of enteric fever was in progress, and urgzing the Boaro
to make inquiry into the cause of this outbreak. 1 was accordingly instructe
by the Board to make inquiry into the eircumstances in which enteric fever
: had been prevailing in ‘]l-'r'-.‘:urth.illg, and to this end I wisited Worthing on
! July 12th and on several subsequent occagions. The facts which, us the resui:

of my investigations, came to my knowledge I now proceed to set forth.

During 15893 only two cases of enteric fever had, prior to the month of

May, been notified to the Worthing Urban Sanitary Authority as having

L _ oceurred in their district. One of these cases oceurred in Janmary, the othe
in February. On May 3rd an additional ease of enteric fever was notified to

the Urban Sanitary Authority, to be followed five davs later by the notifien-

tion of a plurality of eases.  Thenceforward the disease inereased so vapid!s

that by June 9th notification of 284 cases had been received. From June 10:0

to July 1st there wouid appear to have been a lull in the extension of the

disease, for the notifications received during these three weeks amounted to the

1 relatively small number of 19 only. But. on July 2nd, the number of persons
attacked began again to increase, and this so markedly that in the conrs

of July alone no less than 678 fever cases were notified to the Urban Sanitazy

Authority as oceurring in their district. Subsequent to July the epidemic
continued to prevail, although with gradual abatement, through August, Sep-
tember, and October ; but had by the end of November so far diminished, that

during that month no more than nine cases of the disease were notified to the

Urban Sanitary Authority. In all, during the period from May 3rd to the end
of November, 1,315 attacks are known to have oceurred in the borough of

- Worthing, with 168 deaths. b
In addition to the town of Worthing, two neighbouring villages, Broad-
water and West Tarring, participated in this epidemic. During the already-

menticned period of May 3rd to the end of November, 55 cases of enteric
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fever are known to have oceurred in West Tarring and 41 in Broadwater,
9 proving fatal in each of these places. The total number, therefore. of
persons known to have been attacked by enteric fever during this period
in Worthing, Broadwater, and West Tarring amounts to 1,411,

These three places, Worthing Borough, Broadwater, and West Tarri g
lic near together at the foot of the Sussex Downs. Worthing abuts on tﬁa
sea, while the villages of Broadwater and West Tarring lie inland in a
northerly direction from Worthing. Broadwater village lies rather less than
a mile to the east of the village of West Tarring, and both are practically
continnous with Worthing. All three are on the Chalk, which for the most
part lies very near the surface. Acrosz part of Broadwater runs a narrow
alluvial strip; and this is the case in 'i'?nrthmp; also, where, moreover, the
Reading and Woolwich beds are sparingly represented.

The Borongh of Worthing is 1,405 acres in extent, and at the census of
1891 contained 3,044 inhabited houses, with a population of 16,606 persons.
The villages of Broadwater and West Tarring are both in the East Preston
Rural Sanitary District, and contain the greater part of the population of the
parishes of the same names. In view of the limitation of the epidemic to
the village portions of these parishes I had a census made of these villages
during the summer of 1892 ; and in this way ascertained that Broadwater
village then contained 191 inhabited houses with a population of 787, and West
Tarring 229 inkabited houses and 1,070 persoms. The following tables
(Tables I. and I1.) show, from May to November inclusive, the incidence of
enteric fever, as regards both sickness and mortality, on each of the areas
imvaded.

In these Tables, and throughout the rest of this report, the Borough of
Worthing is, for reasons which will presently appear, regarded az consisting
of two parts, termed respectively “ Worthing” and “ West Worthing.”
Reference to the Urban Sanitary Distriet of Worthing, which comprises
* Worthing " and * West Worthing,” will hercinafter be made only under
the title * Borough of Worthing.”

TABLE 1.

Smowixe eeverally for  Worrarsg,” “ Wesr Worrmivg,” Wesr Tarrixe, and
Broavwaren, the Povroration, the Numeer of Esteric Fever Casps ascer-
tained to have occurred in the seven months May to November 1893,

and the rates of attacks per 1,000 of population. \
| 1 |
[ | ]"]minu_ﬂnﬂ_ | Mo. of Cuses :'Lll::l.-r'l:_mtr:
Snnitary Diserict. | Aren invnded by Enteric Fever, | Popalationin of per 1000
| | middle of 1893, | Enterie Fewver. porpukation.
| - =
e | “Worthing” - - | 15317 1,257 820
Borough o orthing =< | West Worthing * 2| 2116 5% 2% 4
Eust  Preston  laral [ | Village of West Tarring 1,070 ] gl
Sanitary District - 1| Village of Brosdwater - THE 41 -| 334

TABLE II.

Snowise severally for “ Wortning,” “West Wortning,” Wesr Tarrivg, and
Broapwater, the Popuiamos, the Numper of Dearns referred to Extemc
Frver in the seven months May to November 1893, and the resulting
death-rates per 1,000 inhabitants.

Tt imaned | Enteric Fever.

| . . Population | Enteric Fever. | Death-rate per
Sanitary District. | mﬂ;“? E_‘!' B tn thi HNo. of Deatha 1,000
- J bl mididle of 1693, Inhabitants.

\ 1A | «Worthing® - - | 15317 | 153 10-0
Borough of Worthing - {: “ Weat Worthing ™ i 2116 15 .
Eust  Preston  Rural || Village of West Tarring 1070 9 g4

Sanitary Distriet - | | Village of Broadwaler - | THT Ll 114

e—— -
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From Table L. it appears that, taking the epidemic as a whole, the chief inci-
dence of affack was on * Worthing " ; that Broadwater and West Tarring were
in this res affected almost equally, but to a less degree than ** Worthing " ;
and that the smallest incidence of attack was on * West Worthing.” From
Table II. it will be seen that relatively to population there were more deaths
in Broadwater than in any of the other three distriets ; and that next in order
comes ** Worthing,” followed by West Tarring and by ** West Worthing,"-
the area last named suffering least from deaths as from attacks. Table 1.,
however, gives a more truat-wurl;hﬁr indication of the relative prevalence ol
enteric fever in these four areas than does Table II., inasmuch as (save in
the cage of “ Worthing "), the death figures being small, deduetions therefrom
are to a corresponding extent unsafe. No doubt the attack fizures in certain
of the areas are also small and to some extent the same objection applies to
deductions based on them ; they are, however, four or five times as large as
the deaths, and therefore the more trustworthy.

These four places differ one from the other in several respects. Of the
town area, the ** Worthing " section contains in very large proportion persons
earning their livelihood in one or other of the occupations common to seaside
resorts, or employed in connection with fruit growing, which 1s a considerable
industry in the distriet. ** West Worthing,” on the other hand, while con-
taining a small proportion of the class that mainly composes the “ Worthmg
population, is largely a good class residential neighbourhood. The inhabitants
of the villages of West Tarring and Broadwater are for the most part in poor
circumstances, and are dependent on fruit growing and on agricaltural
pursuits. The inter-relations of the four places as regards sewerage and
water supply are somewhat complicated. Thus * West Worthing " and about
three-fourths of the village of West Tarring have a common water supply from
the public service of * West Worthing " ; “ Worthing ™ and about one third of
the village of Broadwater have a common water supply from the public
service of “ Worthing”; the parts of West Tarring and Broadwater
not thus accounted for are supplied from local wells. Again, * West
Worthing ” has a system of sewers entirely confined to that district ;
* Worthing " and almost the whole of the village of West Tarring drain into
the “ Worthing " sewers ; while Broadwater village drains entirely into cess-

pools and ditches. For the sake of elearness [ append a table in which these
facts are set forth.

TABLE III.

Snowixa in regard of Warer Sverey and Deavace Arpaxcemests the inter-

relations and the divergences of ** Worraing,” * West Wortnive,” West
Tarrixe, and Broavwater,

=

Sunirary Distriat. ﬂﬁ;:i?:';!!i:tr Water Supply, Dieninage,
Il = Worthing - | % WormmNg” Water- | “ WorTamsG 7 SEWERAGE
Borough of War- | | WOoRKS. Sy STIAL
thing = _1 # West Worthing ™ | “West Worthing "' | West Worthing ™ Sewer-
| | Wterwaorks. | Age Svsiem.
|"| ‘-"illup.:r_ of West | 4 % West  Worthing™ | Almost  entirely on  the
'|  Turring. | Waterworks. | “WorTHING * SEWERAGE
s Preston I | { .{ loeal wells, BYETEM ; the remainder
Rural S ’tu.r;r{l draing into cessponls,

£

| |
Village of Broad- | | “ Wortmixg ' Wa. | Drains into cespools and
Wiler. | TERWORKS. ditelen.

District - -
[ focal weils, |
|

=k

O ToTER.  BW0.=3/M. Wi 20008, A
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Exreric FEveR 18 AND asovr Worrinise 1v rrEviovs YEARs.

| The history of the above areas as regards enteric fever mortality during
[ the past 11 years will be gathered from the annexed table (Table IV.), whers
I have dealt with ** Worthing " and “ West Worthing * together, under the
title “ Borough of Worthing.” I make no attempt to supply death-rates
1,000 living for any loeal area except the Borough; the small size of the
villages of West Tarring and Broadwater rendering, as I have said, caleula-
tions based on the few figures for these areas of very doubtful value.

TABLE IV.

SuowiG vear by year for the 11 years 1383-1893, the Dearns from BEstznio

Fever in the Borowgh of Worrnixg, and in Wesr Tarive and Broap-

| waTer ViiLages; and affording comparison of death-rates from this
| disease in the Borough, and in England and Wales.

JIrarcugh DFHE'{HI'I! I':'il'ldl.zlfl;';::fllé:;i:g'-.;_“rmth[hg -- | X, of 11;;?::._:,' rfr;:]-: Enterie H“ﬁ’-":&:““
Year. : e A Enterie Fover
1 oot [ 20| | et v, B
: 1883 12,180 2 016 L — 0-23
,r 1584 12,650 2 016 - - 024
: 1585 13,040 3 023 | i . — 0-17
i 1866 13,200 ] 008 | Lo | T 018
i 18T 15,350 1 008 | — - 0- 18
' 1888 | 13,800 L grogs 1 0- 17
1880 14,200 2 014 - —_ - 18
155940 146450 = 014 ! —— | rmm 0-15
] 1891 16,722 - 0-00 | — 1 i
1802 17.520 3 a-17 ! - 2 0 15T ;
- 1893 (May| 17,433 LG8 964 | a SN 0 0- 162
|' o Nov.) ' |
| : |

# In Septomber 1804, the limits of the borough were extended, snd the additional popalntion thus inclsded
aceounis in part for the eonsuleralily inozeased population of 1891,

:l f The 1893 fAgues in this edlumn ave those given m the Begisivar-Genend™s guarierly retums a8 to “ Fever; ™

o shey vepresent the deatherate Trom enterie. typhus, sod Smpie or illdefined forms of continsed fever.

| ;Y Fever " death-rate per 1,000 hiving in England and Wales during the second, thied, and fourth quarters of
1653,

[t will be seen, on mu;flariﬂml of the fizures in Table IV. for the Borongh
' of Worthing with those for England and Wales that, antecedent to 1393, this
borough suffered less from enteric fever mortality than the country at large.
Harely did its death-rate from enteric fever equal the mrreapmndinﬁ rate
tor England and Wales. So too with the villages of Tarring and Broad-
water; in them no death was attributed to enteric fever during the first
eight of the 11 years tabulated. In 15891 one death and in 1892 two deaths
were referred to this cause in West Tarring village; but during these two
d vears, a& in the preceding eight, Broadwater remained eutirely free from
fatal enteric fever.
To what, then; is to be attributed the epidemic of enteric fever, that so
suddenly, and with results so serious, invaded all these places in 1593 ¢
With the view of finding a reply to this question it will be necessary to
study in some detail the rise and progress of the outbreak; to note any
differences that may be discernible as to distribution in time and in space of
the fever in the several arcas under examination; and to consider, fu;' each
area and for the four areas eollectively, one and another condition reputedly
causative of enterie fever, in its possible relation to the behaviour of the
disease as witnessed in this epidemic. i !

& fV. i
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Rist axp Progress of tHE OUTBREAK.
The commencement and the subsequent course of the outbreak are exhibited
in detail in the subjoined mhle.s.ec'lfahle V. and VI.. as also in the charts
(I-IV.) opposite and the maps (3-15) appended to this report.

! TABLE V.

Snowine fortnightly from March to December 1593, the number of Cases of
Exteric Fever nofified in * Worrnixg,” ~“Wesr Wortmize,” Wesr Tarrivs,
and BroapwaTkr.

e S-S b2 =S B

“Worthing™ | West Worthing ™ Village of | Village of
TFeriod. { population, { popalntion, West Tarring | Braadwnter
L6237}, | 2,116}, [populztion. ],n?ll'l.l {papalation, 787,

Month of January - o 1 -_ | - -

»  Febroary - - | L = | -

o bureh of| - -— —

April 1—14 - - | = - =

/ o 1o=—25 - - — - e
4 s 29—Muy 12 - 0 — 1
May 15—26 - = 184 — .- -

o 2 —June 9 = | 33 -— —
June 1—23 = - | 12 — — s
w Sd=July ¥ = | 146 ! L
July 8—21 - - - | 118 4 { i £
n 22—Ang. 4 - - 15l T | b ! i
Ang. 5—18 - - 120 =T | a5 ! "
l o X0—Sept. 1 - - | 43 & 5 ; |
| 2—145 - = ¥ | I 1 —
o J=—=29 - - | 4l 2 | i | ——
v 0=D)ct. 13 = | a ¥ | a | 1
Chet., 14—27 - . | — | 1 | —
w 2B—Nov. 10 - - | B — i 1 ] -
Nov. 11—24 E - | L 3 | 1 3
w 25—Dec 8 - = | —_— i | — L

|
el . ‘ 1388 | N A& il 4l
TABLE VI.

Siowing the Number of Exreric Fever Attacks ascerfained fo have convnenced
in each fortnight from March to December 1893 in * Worrnive,” © Wesr

l Worrnixe,” Wesr Taermg, and Broanwatek. '
“ Werthing™ [ West Worthing | Village of ' Village of 3
Periad, (popuintion, { populntion, West Tarring | Broadwater
153,307 ) | 2,116 (popalation, L,070). | {population, TA7T).
1
The month of January = 1 -2 — s
is Februnry - 1 _— -— —
. Mareh =~ - — e — . = A
April 1—14 - . -] & = = = | L
w 15—28 - = B —_ — ; 1
o 20—May 12 - = 153 | - 1 - 2
May 13—26 - . 106 —_ -
o 27— June 9 - : a4 = Z 2
June 10—23 - - ag = i -—
o 24_Tuly7 - 3 301 4 f ! 12
July 821 - - - 295 2 3 12
. 22—Aug b - - 110 54 a1 i
Aug. 5—18 . . 7 1 14 £ ,
o IDe=Sept. T - - 30 4 a i A
P 2—15 - - 1 H] 1 | Lk
o LG—uh - - 10 e { o s
w  30—0Oet. 13 - = i ' 1 5 1
Oﬂhlm'——m - - -E. e | (e 2 i 2-
w ZE—Nov, 10 - : 5 @ | s [ I
Nov. 11—24 | - 1 1 - =
WE ﬂ—m & - - — e o ] -
, Totast " Rals NS 1 2lasn 58 ] 55 1I 11
i
F-s = = —_— it B
.3 _Table V. shows f t by fortnight the number of cases notified from
i f March to December, 1893, in each of the four invaded areas, in all of which
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compulsory notifieation of enteric fever (among other diseases)is in foree.
In the charts corresponding to this table (Charts I. and I1.), the notifications
received are shown day by day for a somewhat shorter period than' that
covered by the table. Table VI. and the charts corresponding to it (Charts

1IL and IV.) are based upon the actual dates on which persons attacked are

stated to have first shown symptoms of illness, and are therefore to be
preferred in comparisons as to time-incidence of the disease on one and
another area.

Study of these data reveals the fact that the behaviour of the disease, in the
matter of time-distribution, was not the same in all four invaded areas.

Incidence in regard of Time—In * Worthing " the first caze of the epidemic
would appear (see Chart IIL.) to have occurred in the second fortmight of
April; and in this area, after a sharp outburst cceupying mainly the first
ihree weeks of May, the epidemic abated considerably. This decadence of the
fever did not, however, long continue. About the middle of June, there
oceurred fresh increase in the number of attacks, which culminated about the
cnd of the month and the early part of July in an outhburst of remarkable
ntensity. During the remainder of July and through August and September
the fever in ** Worthing ” was maintained with oeccasional exacerbations but
with gradual abatement. By October it had so far diminiched that in that
month but 18 persons are known to have been attacked. By December the
cpidemic may be considered to have been over, as three attacks only are
known to have occurred in the previous month.

In the village of Broadwater one caze of enteric fever is known to have
commenced in the latter part of April, while two are recorded in the month
of May, and two more in the beginning of June. Having regard to the
comparatively few inhabitants of the village, the ineidence of the enteric fever
thus corresponds in time with the behaviour of the disease in * Worthing,”
although Broadwater suffered less than “ Worthing ™ relatively to its popu-
lation. But in Broadwater as in “Worthing,” there was a marked recru-
descence of the disease at the end of June and in the beginning of July; at
this time, indeed, Broadwater suffered rather more than * Worthing™ in
proportion to its population. After the middle of August the disease would
seemn to have been in abeyance in Broadwater until October, when three cases
are known to have occurred, and ona more person was attacked in November.
it will, therefore, be seen that, making allowance for the element of un-
certainty always attaching to figures dealing with small populations, the rise
and subsequent course of the disease in Broadwater was parallel with that in

© “ Worthing."”

But in * West Worthing " and in West Tarring the commencement and the
progress of the enterie fever outbreak that occurred in these places were in
some respects totally unlike what took place in “ Worthing * and Broadwater.

In West Tarring, with the single exception of one case in the early part of
May, no person is known to have been attacked by enteric fever until June
30th; moreover, the chief outhreak of the fever in this place did not
oceur until the end of July or the beginning of August; that is to say, not
until nearly a month later than the time at which the incidence was greatest
on * Worthing ”’ and Broadwater. After the month of August oceasional cases
are known to have occurred in West Tarring up to November 14th, since
when the disease does not appear to have manifested itzelf in the village.

In * West Worthing " no person is known to have been attacked by enterie
fever prior to June 26th. In this district, as in West Tarring, the chief
prevalence of the fever did not, as in “ Worthing " and Broadwater, oceur in
May and again in early and middle July, but at the end of July and in the
beginning of August. Here too, again, as in the case of West Tarring, the
disease would seem to have made only occasional appearances after the month
of August. J

From the foregoing aceount it appears that as regards the date at which
the disease became epidemic, and, as regards also that at which it reached its
maximum, ** Worthing "’ resembled Broadwater, whereas * West Worthi%ﬁ‘:'
resembled West Tarring ; and, further, that * West Worthing * and West
ring differed conspicuously from ** Worthing ” and Broadwater in this sense.
Distribution over Area.—Differences appear also as regards the extent to
which the total area of each of the four invaded localities was implicated by
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the fever epidemic. These differences are illustrated by the maps, to which I
have alreaﬁy made reference, and which are appended to this report. The
maps in question eover the period April 15th to October 13th, and on them
the cases of enterie fever, as they ocenrred fortnight by fortnight, are
represented by red dots. The fortnightly periods thus illustrated correspond
with the fortnightly periods in Tables V. and VI. From these maps it will
be seen that I:ghe fever was generally and well-migh impartially distributed
throughout * Worthing.” Certain parts of this area, it is true, show now
and then a thicker clustering of spots than is elsewhere noticeable ; but these
are the localities in ** Worthing " which are most densely inhabited, and
where, accordingly, with an equally diffused cause of fever, a closer
aggregation of cases would be anticipated. In Broadwater, also, the dis-
tribution of the discase is observed to be general over the whele village. In
# West Worthing,” on the other hand, this indifference of distribution of the
fever is not found. There was a large preponderance of cases (47 out of o
total 58) in a block of streets oceupying the south-east corner of * Wes:
Worthing.” It is true that this is the part of “ West Worthing " which is
most densely inhabited, containing, as it does, 970 out of the total 2,116
persons in the place ; but, with due allowance made for this faet, the propor-
tion of cases occurring hereabouts shows a very special incidence on this
section of * West Worthing.” A similar special localisation of the fever is to
be seen in the distribution of cases in the village of West Tarring, where s
group of streets near the southern limit of the place was affected in much
greater degree than the remainder of the village. The group of streets
referred to contains less than two-thirds of the population of West Tarring
village; and yet 51, out of the total number of 55 known cases of enteric
fever, oceurred in this particular loeality.

Thus, as regards distribution over area as with distribution in time, the
behaviour of the epidemic in “ Worthing "' resembled the bebaviour of the
epidemic in Broadwater ; while the * West Worthing ™ outbreak resemhled,
in both senses, that in West Tarring. There can be no gquestion then that
the latter two places were invaded in different fashion from the two former.
The disease was co-incident in fime in, and peneral in its distribution
throughout, both “ Worthing” and Broadwater; whereas in * West
Worthing * and in West Tarring the epidemic was later in appearing,
and the fever when it came was to a great extent limited to a par-
ticnlar section of each of thess arcas. These diserepancies mighe, it was
seen, be thought to suggest that the prevalence of enteric fever i the four
invaded places had been due to diverse fever agencies: and. accordingly.
in searching for the factor or factors responsible for the oceurrence of the
disease due regard was had to this aspect of the question.

Cavse or THE OUTEREAK.

In gearching for the factors coneerned in the epidemic prevalence of enteric
fever in these four localities, the general sanitary circumstances, the sewerage
and drainage, the milk and the water supplies were in turn nvestigated.
Each of these possible agencies of fever distribution I shall now pass in
roview,

General Sanitary Circumstances.

In « Worthing " with © West Worthing " * the streets are for the most part
well constructed and are kept clean ; the houses of the poorer classes are in fair
condition ; but in not a few instances open space around poor class dwellings
18 somewhat scanty. HExereta are removed by water carriage ; the prevailing
form of closet basin being the long hopper, not alwavs, however, provided
with a separate flushing cistern. Disposal and removal of house refase leave
& good deal to be desired. The lower partz of the town are liable to
oceasional flooding from backing up of sewer contents by the tide. A con-
ﬁlﬂﬁr&hlﬂ nuizance i3 not infrequently cansed by the odour arising from
decaying accumulations of seaweed on the foreshore. These accumuiations
are sometimes very large, especially after a souti-westerly gale.

In West Tarring + the roadways are on the whole fairly constructed and kept ;
the houses of the poorer class are in some instances in fairly good condition,

* It will be remembéred that these places are under the jurisdietion of one and the same
sanitary suthority, the Town Council of Warthing.

1 Under the jurisdiction of the East Preston Rural Sanitary Antherity.
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" while in others they are old, indifferently lighted and ventilated, and
oceasionally damp and dilapidated. Disp of excreta is partly by water-
closets, chiefly of the long hopper pattern, partly by cesspit privies. Disposal
of refuse is capable of much 1mprovement : removal of refuse by the Sanitas

\uthority is somewhat irregular ; and it i= not umiversal, ag the material is
often made use of by ocenpiers on their gardens.

In Broadwater* a considerable proportion of the houses are old, and some
are badly lighted and ventilated: some are also damp. Roadways are in
moaerate condition of I'E_Imii' and cleanliness. Exereta are disposed of in |
privy cesspits or privy middens, intermittently scavenged ; or by waterclosets,

; chiefly of the long hopper pattern and usually hand flushed. ouse refuse is
| ‘or the most part made use of for garden purposes. '

The general sanitary condition of these fovr places is, as the foregoing
account shows, in several respects unsatisfactory. Nevertheless their defects
are by no means such as to invite an onthreak of enteric fever of the severi
and the dimensions that have been deseribed. And, as matter of fact,
exceptional incidence of the disease was not, in any of the four areas, noticed
in those sections of them presenting most conspicuously defective hyeienic con-
ditions : indeed, large numbers of individual houses were invaded, to the

; sanitary arrangements and surrounding of which little or no exception ‘could '

be taken.

Sewerage and Drainage Avvangemends.

* Worthing." —'The main sewers in * Worthing ” are built in some instances
of brick work, others are constructed of stoneware pipes. They are mnot all
well made or in good condition. The following is an extract from a statement
supplied to me by the Borough Surveyor regarding old sewers :—* I am in-
* formed that, until a few years back, cement was not used for the pipe jonts,
** g0 it may be taken that the joints of the bulk of the old pipe sewers were made
“ of elay. Prior to my appointment in 1891, T am informed it was usual to
 allow the pipe sewers {0 be cut into for house eonnections instead of using
“ proper junctions ; occasional exeavations made bear out these statements:
“ excavations made to the brick sewers show they are not water-tight and that
* silt acenmulates where the gradients are not self-cleansing.” As regards the
aradients of the * Worthing " sewers, the Borough Burveyor stutes as follows :—
“ The general fall of sewers muning north and south is good, with a few ex-
** ceptions ; the main sewer from the south end of Upper High Street to the
* junction in the Park is nearly dead level, with a very slight fall the Wrong
* way, and the Montague Street sewer from Gratwicke Road to Surrey Street
* 1% in the same state; a few of the sewers running east and west are not seif-
* cleansing.” Ventilation of sewers is mainly secured by street gratings. and

: in gome imstances satisfactory, in others msufficient.
Prior to April 1893, when the amount of the “ Worthing " water supply
L was inereased, the sewers were flushed by oceasional release of considerable
- volume of their contenta previously ed uIi» at certain points by means of
movable dises until a sufficient head Dﬁnwnge ad been gained. The surveyor
states that after the increase of water supply in April 1893, * the sewers were
“ well lushed by hose pipes at the man holes prior to the epidemie, and extra
© flushing was done during the epidemic both to sewers and house drains,
* the extra water pumped for this purpose daily often being at the rate of
25 gallons per head over the mormal suppily of 30 gallons per head.”
Owing to the low level of ** Worthing "—of whieh the highest point on the
gronnd surface is but 36° above Ordnance datum, while in places it is only &
above datum—the sewers are tide locked during large part of the 24 hours. The
“ Worthing " outfall sewer 1z a 4 ft. barrel which discharges, about 14 miles
east of Worthing pier, into a 30" iron pipe by which the sewage is carried
out to sea. Some experiments conducted by the Borough Surveyor showed
that * in dry weather the backing up of the sewer at entrance to waterworks
| “ yard durmg tidelock ranged from 2'0” to 3’ 1” above invert, with a water

* Under the jurisdiction of the East Preston Rural Sanitary Authority.

i t Comprehension of the sewernge arrangements of the four areas under dmsmiﬁlﬂh
i facilitated by reference to the sewerage map (map 2) appended to this report. On this map the |
sewers of @ Worthing ™ and West Tarring, which have their H'ﬂl-"-.ﬂfl lI;_Hm in |, are
e lines.

shown Ly ved lines : while the * West Weorthing ™ sewers are shown h]}
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“ supply of 30 gallons per head ; in wet weather the backing up extended
“ to the"bottom of South Street, and, during storms, along Montague Street
“ and up branch sewers.” The amount of backing np thus set forth will be
better appreciated when I state that the invery of the sewer at the entrance
to the Waterworks vard (shown as an irregular blue patch near to Park
Road, Worthing, in Map 1) iz at Ordnance datum level.

House drains are in few instances properly ventilated and diseonnected
from the sewers. Disconnection of house drains from interiors of houses is
usual as regards sink and bath wastes; but soil pipes are not infrequently
ventilated by shafts of too small diameter, and are 1 some instances devoid
of ventiiation. The majority of waterclosets, however, are situated out of
doors.

“ West  Worthing.”—The description just given of the * Worthing
sewerage and drainage arrangements applies equally to the * West Worthing ™
sewerage and drainage, although the * West Worthing * sewers constitute an
absolutely separate systgm. They are at no ruiul— connected with the sewers
of Worthing or of any other distriet, and they dizcharge by a separate out-
fall into the sea, about a mile to the west of Worthing pier. In * West
Worthing ™ also the sewers back up during tidelock; main sewers have not
always a proper fall, and old sewers are in the condition already deseribed.
_As regards house drainage the unsatisfactory features referred to as existing
in connection with * Worthing ** are equally common in “ West Worthing.”

West Tarring.—The main sewerage arrangements in West Tarring village
resemble the more recently and better constructed sewers of * Worthing,” of
the sewerage system of which the West Tarring sewers constitute a part. The
whole of the West Tarring sewage, save that from 14 houses—which either
drain into cesspools or have no dramage arrangements—passes into the
village sewers, thence into the * Worthing © sewer, and so into the sea through
the Worthing discharge pipe. House drainage in West Tarring resembles
‘that of * Worthing " and * West Worthing.”

Broadwater.—In Broadwater there is no system of sewerage. For the most
part houses drain into cesspools, which are cleansed at irregular intervals.
Disconnection of sink wastes 12 usual, and indoor waterclosets are rare.
House drains are unventilated.

So far then as sewerage arrangements are concerned, it is clear that the
main outbreak, which followed a parallel courze in * Worthing " and Broad-
water, cannot be attributed to sewer emanations, inasmuch as Broadwater hasg
no drainage relations with “ Worthing,” and is indeed devoid of sewers. Nor
was there, assuming sewer emanations as a cause of fever, in * Worthing
itself exceptional incidence of the disease on the inhabitants of houses in
those atreets known to be badly sewered. The two localised, though separate,
outbreaks in “ West Worthing” and in West Tarring respectively present
perhaps behaviour more compatible with sewer infection ; but even in these
mstances there must be hesitancy in attributing the disease to this cause.
For the * West Worthing " and the West Tarring sewers are on separate
systems, aml the sewers of the invaded localities in those areas were in better
condition than those in other strects that escaped or were but lightly touched
by the epidemie ; and, in addition, alinost all the invaded houses in these two
places were properly secured against entrance of sewer air into their interiors.

In short, the bebaviour of the disease gencrally is opposed to any
probability of sewer infection a: a cause. lis behaviour in “ Worthing ”
was similar to its behaviour in Broadwater village, and yet the “ Worthing ™
sewers do not extend into Broadwater village, which is, as has been said, wholly
F:iﬂmut. sewers. In “ Worthing ™ and West Tarring, again, there were striking
differences in the manner of risc and progress of the fever, notwithstanding
that these two places have a common sewerage system. In ~ West
Worthing,” moreover, which has its own separate sewerage system, the
dizease behaved quite otherwise than in ** Worthing,” and instead closely
followed the course taken by it in West Tarring, which is, as already stated,
on the same sewerage system as ©* Worthing.”

In view of these facts, it becomes apparent that a sufficient explanation of
the cause of the outbreak of enteric fever in these four places is not to he
found in infection propagated by emanations from sewers.

O 79785, B
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1 Mitk Svreny.

In the rapidity with which they attained their maxima in the four places
invaded, the enteric fever outbreaks displayed a feature usually to be found
in epidemics of which the causation lies in milk. On the other hamd, the
persistence of these outbreaks, and their slow subsidence, did not harmonise
with this method of causation of the fever, nor was there that especial
incidence of the disease on women and children ® so characteristic of milk
epidemics. It did not seem probable, moreover, seeing that all four places
receive their milk in large part from the same vendors, that two of these
places should have been attacked in April and May, and again in June and July,
while the other two should have almost entirely escaped until July-August.
Nevertheless, careful inguiry was made into the possible operation of milk
supply in causing any of the outhreaks in the four loealities. In * Worthing "
the source of milk supply was ascertained in the case of 1,231 out of the
1,257 persons attacked. The milk supply of these 1,231 persons came from
one or other of all the milk vendors in * Worthing,” who are 15 in number.
Similarly the milk supplied to those persons who had contracted enteric fever
in Broadwater, came from six different vendors; in “ West Worthing ™ from
cight ; and in West Tarring from four sources. Attempt was also made to
ascertain what proportion of the total eustomers of each separate vendor had
been attacked ; but the difficulties experienced in trying to obtain the number
of costomers in each instance were found to be so great as to forbid more
than an approximate estimate on the subjeet. Sufficient was learned,
however, to show that the proportion of cases to customers was in no instance
50 exceptional as to point to milk having acted as the medium of propagation
of enteric fever in any of the ontbreaks in the four places invaded,

Warer Sverry.

In the absence of evidence implicating as cause of the ¢pidemic any one of
the possible agencies thus far discussed, water supply—which has so often
heen found elsewhere to have served as the medium of sudden and widespread
propagation of enteric fever—naturally eame under suspicion.

The four areas affected by the fever are supplied, as stated at an earlier
stage of this report, with water from three sources, viz., the ** Worthing ”
publie zervice, the *West Worthing ™ public service, and local wells. A
proper comprehension of the part that water may have played in bringing
about the epidemic cannot be arrived at without a detailed account of the
circumstances of these water supplies, and the different conditions of dis-
tribution of public water service in ome and another of the several areas.

The * Worthing ™ Public Service.—The ** Worthing * Waterworks are the pro-
perty of the Worthing Corporation, and are situated witnin the borough.
They are depicted as an irregular blue area on the annexed map (Map 1)
showing the distribution of the watermains. The site is an enclosed plot
of ground of about two acres in extent. The Chalk here lies at a depth of
about 18 to 20 feet from the surface, the intervening soil consisting from
above downwards of loamy mould, marl, and chalky marl. The supply is
from certain deep wells and from headings therefrom driven inte the Chalk,
the water being pumped up by an enmgine on the site. This water is not
filtered. The greater part of this supply is delivered directly into a rising
main, by which it 18 distributed to ** Worthing ”* and to Broadwater, but
not to * West Worthing ™' or to West Tarring ; the surplus passes into a
tank situated at the top of a brick tower 90 feet in height. When this tank is
full the engine ceases pumping, and the tank-water is distributed by gravitation
until the tank is about three parts emptied ; whereupon, this supply is stopped
and the engines again pump from the wells direetly into the mains and tank.
The supply, therefore, 15 constant. Tank-water is usually distributed by the
“ Worthing " mains from 6 a.m. to 6.30 aan., and again from 12 noon to
12.80 p.m. The pressure in the mains while the tank supply is being
delivered is about 30 lbs. per square inch. The pressure when water is being
pumped directly into the mains is 25 lbs. during the day and 12 lbs. during
* The incillenee of the fever on sex and age was closely stodied in view of this and of other
consilérntions.
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the night. If, however, the drains and water-mains are to be Hushed during
the night, the full pressure of 25 lbs. is kept up.

This water iz obtained from thres wells with three headings, two of the
headings serving as connecting tunuels between the three wells,  Com-
prehension of the relationships of these oune to another, and of the historieal
ll{gﬁuriptiun about to be given, will be facilitated by reference to the accom
panying diagrams {Diagrams 1. and 11.).

The * Worthing " public service dates from 1857, when the well-shaft
marked A in the diagram was sunk. This well, lined with iron cylinders, has
an internal diameter of 5 feet, and ig 68 feet in depth ; and from the bottom

of the well a 19 in. borehole proceeds for another 300 feet. It yields 4.500.

gallons per hour, and constituted the sole publie supply until 1567, when «
second well-shaft, that marked B on the diagram, was sunk. This well (B), also
lined with iron cylinders, hag an internal diameter of 6 feet, and is 104 feet in
depth ; and from the bottom a 26 in. borehole proceeds for another 300 feet.
It yields 9,000 gallons per hour. At the time when well B was sunk, it
was connected with well A by a siphon; for which a tunnel was substitutedd
in 1880. Thiz tunnel is at a depth of 72-6 feet from the surface, and
is 1135 * 4 feet in length. It has an internal diameter of 6 feet by 4 feet, and
iz lined with brick in cement, a brick being omitted every 18 inches in the
bottom row of each side to permit ingress of water. This tunnel yields some
2,000 gallons per hour. In 1885 the Corporation again sought to augment
their supply, and, with this view, commenced sinking another shaft m the
north-east corner of the waterworks enclosure. But at a depth of only
18 -6 feet from the surface (just before reaching the Chalk and in eireum-
stances unfavourable therefore to the quality of the discovered water), so large
a quantity of water * was encountered that the prc}lmsml ginking at this spot
was abandoned, and another shaft was sunk, also in 15335, at a spot about
G0 feet to the south-west of the abandoned shaft. The new well in this
way provided is that marked C on the diagram. In sinking this well (C) a
small amonunt of water was encountered about 20 feet from the surface, after
which a gradual increase was noted until the excavations terminated. This
well, lined with brickwork in cement, is 72 feet decp, and has an internal
diameter of 7 feet. It was not provided with a borehole, but a tunnel was
constructed leading from well U to the tunnel connecting wells A and B.
This tunnel is 72 feet from the surface, has n length of 234 feet, and
internal dimensions of 6 feet by 4 feet, and is constructed similarly to the
tunnel leading from well A to well B. The yield from this source and
from well C (which supplies the major part) is 7,000 gallons per hour.

The quantity of water derived from these various sources, however, was again
found to be insufficient for the inereasing population of the distries, and,
accordingly, in the beginning of the year 1893 fturther supplies were sought
for. With this view it was resolved to drive a heading in a north-easterly
direction from the bottom of well C, and on March 13th this work was
commenead. As the work proceeded zeveral small fiszures were encountered,
and on April 13th, when the heading was (8 feet in length, the total vield
was estimated at about 60 gallons per minute. On Apml 14th, at 2 p.n., a
large 'fissure, estimated as yielding 2,623 gallons per minute, was ent iuto.
The heading, of which the internal dimensions are 6 feet by 4 feet, and of
which the structure is similar to that of the other tummels, was at this tine

(70 feet in length. So sudden and so great was the inrush of water from the

fissure now struck, that the men employed in the work of exeavation had 1o
forsake their tools and run for their lives. The additional water thus oblained
was forthwith utilised for service to * Worthing ™ and Broadwater, and from
this date forward the supply was derived from all the sources I have
deseribed.

3 The = West Worthing " Waterworks are the property of a Company and are
situated in “ West Worthing * on an enclosed piece of ground, which is rather
more than two acres in extent. T'he position of this site is marked on Map 1.
The soil here resemblea that described under the heading The © Waorthing

LEE L e n Ao

* On waking further excavations this warer was scen to well up from o fissure at the sorfics
of toe Chalk at that point,
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Publiz Servier. The Company's water is obtained from two wells in the
Chalk. " One of these, stated to have been sunk in 1865, iz an iron cylinder
well, 32 feet in ﬂeth. and having an internal diameter of 12 feet. From the
bottom of the well a bore hole, 8 inches in diameter, proceeds to a further
Jdepth of 38 feet. The other well, said to have been sunk in 1887, is an iron
tube well 130 feet in depth, and without borehole. Water is pumped from
these wells at the rate of 20,000 gallovs per hour, and pumping is usually
carried on in winter from 6 a.m. to 11 am., and again from 2 p.m. to 5.30 p.m.
In summer, pumping is from 6 a.m. to 3.30 p.n. with an intermission of ome
hour, viz., 1 pm. to 2 pm. There are no means of storage or filtration, and
the supply, which is limited to ** West Worthing ” and West Tarring, is
an intermittent one.

The remaining sources of supply in the four places, namely, supplies from
loeal wells, need little description. Most of the wells are aLa]]ow and the
are commonly dry steined ; some few, however, are deep and well constructed.

Reference to Map 1 will show the distribution of the two public
gervices throughout the four areas. The * Worthing " mains, which are
limited to * Worthing"” and Broadwater, are coloured blue; the * West
Worthing ™ mains, which supply water only to “ West Worthing * and
West Tarring, are coloured red. I have already stated approximately what
proportion of these places are served by local wells; I now append in tabular
form these facts in detail.

TABLE VII.

Suowixe for each of the four areas invaded by Exteric Fever the Number of
Houses obtaining Water from one and another different source of Supply.

. ot Wo. of | .| Mo, of Houses
it 3Ll Ares invaded by Enteric | " Nao. of Houser on Pabl 5
Sguitary Disrice. i,-ﬂ_"_"' = I.I;II;E:;:! thr:;t-. 1LEEW L;::r%:]'{a
r “Worthing I 2u90 2,550 31 =
A% Worthing " Service)
Borough ﬂrIWErﬂ:Ii'I:IE'{ | West Worthing " B4 192G 21
(" Wezt Worthing ®
. Service)
| West Tarring Village | 229 169 60
| (* West Worthing ™
Fast Preston Ruml‘ﬁ'. Bervice)
Sanitary District -7 |
| Brosdwater Village | 1 i 126
| | ("% Worthing * Serviee)
|

T

T< iz now, in the light of these faets, desirable to reconsider the data re-
specting the time incidence of the fever given in Tables V. and VI. and in the
corresponding charts. Reference to Charts 111, and IV. will show that the
first fever case of the epidemic in ** Worthing,” attacked on April 16th, was
tollowed in a few days by many more cases; and that in Broadwater the first
case, oceurring on April 27th, was followed by two further cases in May :
whereas in * West Worthing "' no case whatever of enteric fever oceurred in
either April or May, and in West Tarring one case only oceurred (in early
May) during these two months. With the exception therefore of this
solitary case in West Tarring, to which I shall return later, every one of the
cases (with which this Report deals) commencing in ithe months of ﬂq;ri]
and May occurred in * Worthing” or in Broadwater; moreover, az has
already been noted, the further course of the epidemic in these two places
was very similar. .

These two places, * Worthing ™’ and Broadwater, it now appears, possess
to some extent a common water service, that, namely, from the * Worthing ”
Waterworks, from which are supplied almost the whole of * Worthing ™ and
rather more than one-third of Broadwater village. If, then, the ** Worthing
water service were the means by which enteric fever was disseminated
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throughout these two places, two results should follow, namely,—(1) That
relatively to the total inhabitunts in each area more persons should be found
attacked by the fever in *“ Worthing,” where there are fow local wells, than in
Broadwater, where there are many local wells; and (2) That persons in both
places, residing in houses supplied from local wells, should be found to have
suffered less fever than their neighbours who used * Worthing ” water.

Of these espectations the first has been shown (at an earlier stage of this
Report) to have been fulfilled: * Worthing” people, as a matter of fact,
suffered, relatively to the population in each instance, three-eighths more fever
than Broadwater people. The second, therefore, now requires consideration.

In = Worthing ” there are 31 houses supplied with water from local wells,
and of the inmates of such houses eight were attacked ; or one person per four
houses. On the other hand 2859 houses in the place are supplied with
“* Worthing " water, and of the inmates of these houses 1,249 were attacked ;
or one person per 2:3 houses. This smaller incidence on houses supplied by
local wells tends, moreover, to be reduced siill further when the Ffacts
as to the persons suffering fever in them are studied in detail. For of these
eight persons it has been ascertained that four had frequently drunk
“ Worthing " water unboiled, and other two had drunk lemonade made with
“ Worthing " water. Whether or not the remaining two persons had used
this water eould not be definitely nscertained, but it is worthy of notice that
the earliest of these remaining cases oceurred in Beptember, by which time
the * Worthing ’ soil may easily have become so far fever-fouled as to expose
the water in local wells to considerable risk of pollution.

In Broadwater, on the other hand, 19 out of a total of 65 houses
on the “ Worthing ™ Service were invaded by enteric fever ; whereas
of 126 houses supplied from local wells only in 1. did the disease break out.
Thus in Broadwater the fever invaded ome out of every 3:5 houses on the
“ Worthing " Service, and only one out of 10 supplied by loeal wells.  Simi-
larly of the 267 persons who inhabited the 65 houses on the ** Worthing ” ser-

viee, 27, or 10 per cent., were attacked ; whereas of the 520 persons inhahiting

the 126 houses supplied from local wells, only 14, or less than 3 per cent., suf-
fered. But the contrast here between the two classes of houses and of personsis
much more striking when, from those taken ill although residing in houses with
local welle, there are deducted such as are known to have drank © Worthing
water. Thus of the 14 Broadwater persons attacked by fever, notwithstanding
that they lived in houses supplied from local wellg, two were at service in and
were brought home ill from “ Worthing,” and other two were at work daily
in * Worthing.” These four persons all of them admitted having drunk
* Worthing " water unboiled, as also did three more of the 14,  OF the re-
maining seven (of the 14) one was removed home ill from ** West Worthing
where she was in service; two occurred in houses in which there had been
previous cases ; and one (a child) was subsequently declared by her medical
attendant to be suffering not from enteric but from searlet fever. The re-
maining three (of the 14) are unaccounted for. In this way it appears that of
the 41 Broadwater cases no less than 34 had been in the habit of consuming
“*Worthing ” water ; one was not enteric fever, and as regards only six is there
the statement that they had hot before their illness used * Worthing” water.

It is evident, therefore, that there was comparative immunity from enteric
fever of persoms, whether in “ Worthing ™ or in Broadwater, who habitually
consumed water from local wells; and that there was heavy incidence of the
d:&ease on those who used the water delivered by the public serviee in these
places.

But if the = Worthing ™ public service has been in fault, evidence should be
$urthunmiug ag to some alteration in its constitution parallel to the observed
outbreak and maintenance of enteric fever among persons consuming it. In
!.'-hiﬂ- aspect, the modification of this water service involved in the addition to
it of water from a new source in April, 1893, at once presenis itself for
examination. Accordingly it is necessary to consider in detail the relations
}.::i:ween the provision of the new source of supply and the outbreak of enterie

Ver.

The first case of the epidemic in “ Worthing " and Broadwater was
notified on May 3rd, and was quickly followed by several others. Enquiry
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as to the actual dates on which all these persons first fell ill, established
the faet that the first attack oeeurred on April 16th, the second on April 19th,
and the third on April 21st.  These, and one or two other cases oceurring
towarids the end of the month, were followed, from April 28th onwards, by
what may be called the main body of the first outbreak. But, as will be
remembered, the large fissure, from which by far the greater part of the new
supply was drawn, was not cut into until April 14th; only two days, there-
tore, before the first of these attacks. This fact, notwithstanding that the
ineubation period of enteric fever may be shortened when water is the
metiam of transmizsion, is of a aort to raise doubt as to connection between
the admgsion of water from the fissure in guestion and the outbreak of the
fever ; and a fuller account has, therefore, now to be given of the proceedings
that took place in driving the heading from which the new supply was in the
spring of 15893 obtained.

In my previous and more curtailed account | noted that the very large yield
from the fissure struck on Aprii 14th was at once utilised. But 1 did not
state what became of the water. relatively small in amount, which had been
cneounterved in the new heading prior to April 14th, and this 1 now do.
Biefore excavation of the new heading was commenced, a sluice valve had
been fixed in the tunnel leading from well C to the tunnel between wells A
and B. This sluice valve, which was fixed in the tunnel near its departure
from well C, was intended to prevent water from well U, inclusive of water
from the new heading, gaining access to the public service during progress of
the new works ; since these were necessarily of a nature to cause some turbidity
of the water in well . The fixing of this sluice-valve was completed on
March 11th, and on March 13th excavation of the new heading was begun.
The heading was driven during the daytime, and lined with bricks in cement
each night. Meanwhile the water derived from the new heading in course of
excavation, with that from well C, was to be pumped up and either discharged
on the surface of the waterworks enclosure, or utilised for street-watering and
sewer-flushing. But the water in gnestion was not entirely thus disposed
of, for the pump again and again became blocked (owing, it is said, to
carelessness on the part of the brick workers at night!: and when this
happened the sluice valve was opened, and the acenmulated water allowed to
pass into the public service. Further, whether or not the pump was in work-
ing order, all water that accumulated in well C on Saturday afterncons and on
Sundays was allowed access to the public service. So that the inhabitants of
* Worthing ” were drinking water in small amount from the new heading for
some days before April 14th. The yield from the new heading prior to April
14th, estimated, it will be remembered, at 60 gallons per minute, was derived,
it is not unimportant to know, according to Mm Harris the water engineer,
mainly from a small fissure eut into on Aprii Tth, when the heading was 35
feet long. :

In vigw of these facts it may be inferred—given infective quality of the
water encountered in the new heading—that the few straggling cases that
oceurred between April 16th and 22nd may have been infected through the
medium of the small quantity of water intermittently added to the public
service from this heading at a period antecedent to April 14th. The main
outbreak, however, of late April and early May, oceurred, as shown in Charts
ITT. and IV., a fﬂrt.nigiht to three weeks after the date on which the large
fissure was2 ent into ; that is, not until water from this new gsouree had some
time constituted a considerable proportion of the total supply. The ineubation
periods in this way indicated, alike for the initial cases and for eases ineluded
m the epidemic outburst in May, are accordingly altogether consistent with the
total fever during April and May, in * Worthing © and Bmgldwﬂtﬁr, having
been due to infection conveyed in the water derived from this new heading.

[Bur, while these facts are such as not merely to harmmli:un with =a
theory that the “ Worthing” public service acted as the medium of in-
fection, but even to cast upon that service the most serious suspicion, a sinall
amount only of the enteric fever prevalence in “ West Worthing " and Wast
Tarring, the other twoinvaded areas, is susceptible of similar explanation. For,
as has been shown, no part of either of these places receives water from the
* Worthing * public service. i

=
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As regards the earlier eases in these localities, indeed, much the same
history was obtained as in' regard of those persoms in “ Worthing 7 and
Broadwater, whe, notwithstanding that they rﬁi:}cf] in houses supplied by local
wells, nevertheless suffered fever. Thus, in West Tarring, the person attacked
in early May was a domestic servant in * Worthing * who was taken to her
horme in West Tarring after she had fallen ill. Similarly every case (except two)
known to have ceeurred in West Tarring up to the end of the second week in
July, either had resided in ** Worthing * and gone home to Wesi Turring on
falling ill, or was at work daily in * Worthing * and had drunk unboiled
_ water there. Of the two exceptions, one had drunk aérated waters manufac-
tured in “ Worthing ' : the other is not to be thus aceounted for. So, too, as
regards * West Worthing,” of the first six persons attacked (up to and inclusive
of an attack on July 20th), four had drunk unboiled *“ Worthing ” water : the
two others could not be thus accounted for. There can be no guestion, there-
fore, that the occurrences of the disease in ** West Worthing ~ and West Tarring
up to mid July are to be regarded as part and parcel of the outbreak in
“ Worthing " and Broadwater. Buu the cases that occurred in thess places
in the latter part of July and the early portion of August require altogether
different explanation. None of these persoms are kuown to have drunk
“Worthing " water. Here, then, we have at “ West Worthing " and West
Tarring, outbreaks,—later than the “Worthing " and Broadwater outbreak, but
t.hemslﬁves concurrent. in point of time,—which are not to be explained on a
hiypothesis that the ** Worthing " water had been acting as the distributing
agent of the enteric fever. The consideration of the causation of these two
outbreaks will be resumed later.]

As to the fever in * Worthing ” and in Broadwater which has been pro-
visionally referred tc the ** Worthing " water supply, the question arises
whether any circumstances have transpired pointing to the possibility of this
service, especially the section of it which has appeared to be implieated in
the fever, having heen exposed to dangerous pollution.

The ** Worthing * waterworks are on ali sides surrounde:d by inhabited houszes
which drain inte the * Worthing " sewers. Reference to the previously given
diagrams (Diagrams l. and IL) will show the relation of the waterworks to
the more important sewers in the neighbourhood ; and also it will be seen from
these diagrams that on the site itself there exist certain 3EWErage arrange-
ments now disused. These are deserving of particular consideration.®

The sewerage arrangements, now disused, in the waterworks enclosure,
date back to the time when * Worthing ” sewage was delivered in the
enclosure by the main sewer (entering it from High Street, which lies to the
west of the waterworks,) into two brick tanks. These tanks, shown on the dia-
grams, were each 36 feet in depth, and their contents used to be pumped to
a sewage farm, or into a neighbouring water-course, known as the Teville
Btream. The tanks, marked respectively * sewage well " and “ chain pump
well,” were connected at their bottom by a mn. pipe. From the * sowage
well ” two carriers passed in a south-easterly direction out of the waterworks
enclosure. One of them was a 15 in. stoneware pipe, the other a 12 in. rising
main made of irom: and by both sewage was conveyed to the sewage farm.
These pipes were about 2 feet below the surface of the ground. From the
“chain pump well * three 15 in. storm overflow pipes pagszed side by side in a
north-easterly direction out of the enclosure; two of them dizcharged into
the Teville Stream, while the third discharged into the Park Road sewer.
These pipes were constructed of earthenware, and were laid side by side at a
depth of about 15 ft. from the surface, In 1880, sewage pumping at the
waterworks having been brought to an end, the sewer from High Strect was
bricked across at two points; one within the waterworks enclosure, the other
in the street outside ; the “ Worthing " sewage from thiz time being made to
pass along the new main sewer shown by a red line running north-cast on the
west side of the enclosure. At the same time the sewage tanks within the water-
works enclosure were filled up with earth. The carrier pipes, however, passing
from the “ Eﬂmge-we.nll " to the (now disused) sewage farm, although rendered

® The dingrams show the water and sewerage arrangements on the site and in its neigh-
bounrhood 18 they were on April 14th, 18093, when the new water supply was struck,
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useless, were nevertheless left undisturbed; and they remained so until
September 1892, when those portions that lay within the waterworks enclosure
were taken up. Meanwhile the three overflow pipes from the * chain pump
well * had been, in 15885, blocked up at the north-east corner of the enclosure.
The method employed in thus dealing with them consisted in taking up about
10 feet of the piping, and building a wall of bricks in cement across each end
thus exposed, and filling in the space between the ends with earth. Accor-
dingly, in April 1883, none of these structures had for 13 years been in
nse for dealing with sewage, though the three overflow pipes from the * chain
pump well” remained, save for a length of 10 feet in each instance, intact.
As before, two of them passed into the Teville Stream, while the third
remained connected with the Park Road sewer. In the summer of 1893,
when these overflow pipes came to be examined, they were found, at various

vints between the north-east corner of the waterworks enclosure and Park
toad, cracked and broken; and they permitted leakage of their contents
into the surrounding soil.* The particular pipe conmected with the Park
Boad sewer had, between the waterworks enclosure and Park Road. a fall of
about a foot, the exact levels being as follows :(—

tIn waterworks enclosure near well C - - 590 ft. above 0.D.
A few yards outside north-east corner of enclosure 538 ft. .,
TAt junction with Park Hoad sewer - e ST i R

If these data be accepted as correct, backing up of sewage through the
Park Road sewer into this overflow pipe from the * chain pump well” need
not, in view of the Borough Surveyor's experiments, quoted on p. 8 of this
report, occur under ordinary circumstances; but it almost certainly would
oceur when heavy rainfall coincided with a tide-locked condition of the sewers.
Under these conditions sewage would pass up out of the Park Road sewer along
this pipe to the spot at the north-east corner of the enclosure where it was
blocked ; and would necessarily, owing to the leaky state of the pipe, escape
into and pollute the surrounding scil. Sewage pollution of the soil, accor-
dingly, might have oceurred in this way, at least up to a point within 30 feet
of the spot beneath which lay in the Chalk the new heading made in 1893.

But this overflow pipe-sewer is not the only sewer near the waterworks enclo-
sure which, on examination made in the summer of this year, was found
to be defective and permitting leakage into the soil. Another such was the
Park Road sewer itself. This sewer, constructed of 12 in. stoneware pipes
jointed with clay, permitted leakage at several points, some of its joints
gaping widely. It lies parallel to the east side of the waterworks enclo-
sure at a distance therefrom of 150 ft., and is-at it nearest point some
160 ft. from the spot under which lies the extremity of the new head-

* All these pipes contained solid deposit, but it was of different character ineach. The pipe con-
nected with the Park Hoad sewer was about half full of moist sediment, which was of black colour
throughout ; the pipe iying next to it was about three.quarters full of drier sediment, black on top
and of prey colour elsewhers ; and the thied pipe contained o deposit about two inches only in
depth, black on the surface, but white underneath and evidently composed of chalk. In view of
the exient io which the * Worthing " sewers back op, 3 would follow ihat when this ook place
in wet weather the pipe connected with the Park Road Sewer might fill with sewsge, whereas the
pipes going to the Toville Stream wonld not. Tt might, indeed, be held that the presence of
sewage in the pipe conneeted with the Park Hoad Sewer is indicated by the character of its con-
temts ; and that the tainted but less foul eharacter of deposit in the adjacent pipes iz explicabla by
leaknge from the Park Boad Sewer pipe contaminating the contents of the other two, of which the
nearer showed most pollution.  This different condition of coutents of the overflow pipes, how-
ever, was founid 1o obtain also in the case of those portions of them loft in the walerworks
enclosure, which were cut off in 1853 fiom the remainder of the pipes. The condition of
their contents, therefore, cannot with  probability be aitributed to recent backing " up of
BEWILE, A wore Fru[mhlq; Qxlshululir_m of the condition of their contems @8  founl in the
fmet that in 1845, prior to the blocking of these pipes at the norih-east corner of cnclosure, the
water ohtained From well C, then in eourse of eonstruction, was pumped inte one 58 ihese ovorflow
pipes by which it wos cartied off. The pipe into which thizs water passad was the ene now eon-
taining a clean chalky deposil 3 and, if it be sssumed thae the contents of all these pipes had
formerly been bluck, it is conceivable that this water eleansed the pipe into which it discharged,
gl to some extent affected alzo the pipe lying next to this, to which it would gain partial access
owing to the Lroken condition of these pipes. These considerations, bowever, do not militate
against the conclusion, based on the data provided by the borough surveyor of Worthing, that
oeonsional lncking up of sewage would take place along the overflow pipe connected with the Park

BEwWEr,
T These measurcments are from LI, level o the invert of the pipe in each inslance.
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ing. In addition, to the west of the waterworks enclosure lies a 3-ft. brick
barrel main sewer, some 210 ft. distant from well C, and some 250 ft, from
the extremity of the new heading. This sewer was also found to be in 4
leaky condition near the waterworks enclosure. Since it lies at a con-
siderably greater depth than either of t-]mﬂf. already nrf_ulﬂ'r[ to, it 15 ful
of backed up sewage when tide-locked ; that is to say, twice every 24 hour-.

It is sufficiently obvious, therefore, that the soil overlying the Chalk I
which were sunk the wells and headings furnishing the water supplied t
“ Worthing " and Broadwater, was liable to sustained pollution by sewage. 1
does not, of course, necessarily follow, l}cﬁnuse‘thc overlying soill was thus
liable to pollution, that water taken from headings deep below in the Cha!
would likewise be liable to dangerous pollution. Sueh pollution would, how-
ever, be very likely to occur if surface-water were to readily gain access throusl
the Chalk to the water below, and there is reason to know that free commun -
cation did as matter of fact exist between the soil above the Chalk and the
new heading in the waterworks enclosure. It will be remembered that in
the deseription given, at an earlier stage, of the “ Worthing ” waterworks,
reference 13 made to the fact that in 1555 a shaft that was being sunk near
the north-east corner of the enclosure had to be abandoned owing to the large
amount of water of very doubtful quality that was encountered within
186 ft. of the surface. The water in this experimental shaft was at the time
observed to well up from a fissure in the Chalk; and this fissure was situnted
almost directly over the spot to which the new heading had been driven when
the large inrush of water of April 14th, 1593, was encountered.

With the view, therefore, of ascertaining whether or not the fissure in questios
communicated with the new heading, I eaused the old shaft of 1885 to be re
opened to a depth of 22 ft.; and mto thiz re-opened shaft [ had thrown, o
August 17th, a ton of salt in solution. A sample of the water contained in wel|
C was taken just before the salt solution was thrown down the shaft, and afrer-
‘wards samples of this water were taken at intervals on the same and on the tvo
following days. These samples were subsequently chemically analysed for
chlorine. The addition of the salt solution oecupied a period of an hour and a
quarter, viz., from 11.30 am. to 12.45 p.m.. and by 1 p.m., as will be seen
by reference to the figures set out in Appendix A., the chlorine in the water
of well C had enormously increased, while it had returned to its usual
proportions a few hours later.

This experiment suffices to indicate that the fissure at the bottom of the
abandoned shaft freely communicates with the new heading,” and it is evident
that, given contamination by sewage of the ground above and in the neigh-
bourhood of that fissure, dangerous material could readily zain access to the

blic water supply. Had circumstances permitted, similar experiments would

ave been :}und}:.lpﬁtﬁd with the overflow pipes from the chain pump wsll and
with the Park Road sewer. But, owing to a misunderstanding of earlier in-
structions given, a considerable length of these pipes had Deen already
removed, and the ground filled in; and with the result that the conditions
were so much changed from those prevailing in April that the value
of experiments in this direction would have “been open to much doubt.
However this may be, it 18 now abundantly evident that opportunities for
dangerous pollution of the “ Worthing ™ water supply were not lacking, and
it remains but to note the actual econdition of this water as shown by chemiecal
and by bacterioscopic examination.

Sevéral chemical analyses of the * Worthing ™ water before as well as after

_the date on which the new supply was utihzed, are given in Appendix
B., and from these it will be seen that, as not infrequently happens, chemistry
failed to detect any definite impurity in the water. But the results of
bacterioscopic examinations, given in Appendix C., furmizsh conclusive
evidence of contamination of this water supply by ficcal matter. In a sample
taken from well C on July 26th, and submitted to examination on July 27th,

—

* This was subsequently eonfirmed in another way. In the course of some diving uperationsz
in the new heading at o Iater period, it was observed that air bobbled wp through the water
stunding in the bottom of the abandoned ghaft, and  that this phenomenon was vepeated whenever
the divers were at work at the extremity of the new heading,

£ TOTES. U



18

there was found a considerable amount of baecterium coli, a certain index of
foecal pollution.  Again, on August Sth, another sample was collected drop
by drop during a period of 24 hours from the rising main which distributes
to * Worthing”’ and Broadwater water from the combined sources of the
* Waorthing” waterworks. This sample was submitted to examination on
August 9th and in it was found the enteric fever bacillus, as well as abundance
of Lthe bacterinm coli.

Thus the chain of evidence against the * Worthing "' water is complete. It
has been shown that the epidemic of enterie fever in ** Worthing ” and Broad-
water was intimately related in point of time to the admission to the
* Worthing ”* service of water from a new source of supply ; that thereafter
the disease became general thronghout the areas supplied by this serviece ; and
that within the limits of these areag the incidence of fever was almost
wholly on houses supplied with this water. Further, it has been shown that
certain apparent exceptions to this rule, weve, for the most part, persons who
had elsewhere consumed the water in question. And now it appears not only
that this new source of water supply was open to dangerous contamination, but
also that, by the aid of bacterioscopic examination, demonstration is forth-
coming of such contamination having actually oceurred.

Attempts to ascertain whether specific infection from a previously known
case of enteric fever i the distriet might have gained access to the water
supply, were unsnceessiul. Only two cases notified as enteric fever oeenrred
in “ Worthing ~ in 1883, prior to the prevalence at the end of April. One of
these died in the infirmary on January 17th, of what was eertified to have
been typhoid fever and pneumonia, But this date is three months anterior
to the outbreak now being considered, and it is difficult to suppose that
here iz to be found the souree of the outbrealk. Moreover, it would seem
that doubts exist as to whether this was in reality a case of entenic fever.
The other cage of enteric fever was one that proved fatal on February
20tk in West Buildings, “ Worihing.”  This person was, throughout
her illness, treated at the place above named. wage from that louse
would, on its way to the outfall, pass along the main sewer lying to
the west of the waterworke enclogure, which sewer, it will be remembered,
was found to permit leakage into the surrounding soil. But this case also
oceurred at an interval sufficiently distant to justify hesitation in accepting
it as a probable source of the subsequent outbreak. Dr. Kelly, the mediecal
officer of health for the distriet, has suggested that excremental fouling of
the new heading by workmen employed in its excavation, a fact of which he
possegses evidence, may have been the cause of the April and May outbreak.
No evidence, indeed, is forthcoming that any of the workmen employed
were at that time suffering from enteric fever, though of course it is not to
be denied that elight and ** ambulant™ attacks of the disease are not always
recognised. However this may have been, the sudden multiplication of attacks
11 the beginning of July, may, with some probability, be attributed to pollu-
tion of the water supply on a large seale by infective material, derived from
the cases of the April and May outbreak. The excreta of almost all these
persons would, like those of the fatal case of February 20th, pass along the
leaky main sewer that lies to the west of the waterworks enclosure; and, in
addition, it has to be borne in mind that the defective Park Road sewer,
which was connected with one of the overflow pipes previously referred to,
received the Infirmary sewage. In the months of May and June, a large
number of persons suffering from enteric fever were admitted into and
treated at the Infirmary. Into this institution were admitted 27 cases during
May, 14 during June, and 9 duriu%mq]'u!}r. No cagzes of enteric fever were
admitted after July 9th. The Park Road sewer was reconstructed in June,
but up to June 26th the old sewer remained in uge. Accordingly up to this
date, enteric excreta were passing along a defective sewer situated on the east
gide of the waterworks enclosure, in addition to the enteric excreta passing
along the west side in the main sewer already referred to. :

There still remain for consideration the fever-prevalences in * West Worth-

ing ' and West Tarring, both of which developed, it will be remembered, long
after the epidemic had become established in “ Worthing " and Broadwater,
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Bach of these other fever-prevalences—in * West Worthing” and in West
Tarring respectively—is divisible, as will be seen from Table VI. and Chart
IV., into two series of cases consisting :—

{1.) Antecedent to mid-July, of a series of earlier cases, few in number,
ani irregularly distributed in both places, but tending chiefly to affect
one particular locality in each. _

(2.} During, and in weeks subsequent to, mid-July, of a considerable out-
burst of fever almost entirely localised in “ Waost Worthing ™ and West
Tarring, in that section of each of these areas which had already espe-
cially suffered from the malady.

The first series, i.e., antecedent to mid-July, has already been aceounted
for; the persons attacked during that period, whether in “ West Worthing
or iz West Tarring, having almost without exeeption become infected in
“ Worthing.” It is the outbursts, constituted by the sccond series of cases,
in “ West Worthing ** and in West Tarring respectively, that require explana-
tion, and for the following reasons :—

va.) They were found not to be {lirnr'.l.'t'lly referable to antecedent fever either
in Worthing or in their own localities.

(1.) They were not attributable, as has already been shown, either to defec-
tive general sanitary eircumstances or to infeective emanations from
sewers or drains.

(¢.) Milk supply, as has been shown in a previous section of this report,
did not aid in the dissemination of this fever.

(d.) They could not be considered, if regard be had to the escape of large
sections of each locality, referable to water-supply, unless limited areas
of their common water service ean have become infected simultaneously
by separate (or preferably by a single) fever agency.

There are, however, certain facts in connection with the * West Worthing™
water-serviee, which is, as jusl staled, common fo the fwo places, that teml
to throw some light on the matter. These facts in no way throw discredit
on the water at its source, which, as has already been stated, is the Chalk
below the town, the water being pumped from a couple of wells furnished
with boreholes. Chemical analysis of this water (see Appendix B.) has
invariably attested its purity, and no change has been made in the source of
the supply during several years. Moreover, such enteric fever as has in
other years oceurred in the arca supplied by this service has never been dis-
tributed in fashion suggestive of contamination of the water supply as a whole.
If, therefore, the * West Worthing ™ water is to be thought of as concerned
i the localised fever witnessed in 1893 in *“ West Worthing ™ and West
Tarring, there is almost involved a presumption that this water supply became
contaminated after withdrawal from its souree ; namely. in the mains of the
water-company. And there is, to say the least, possibility that specific infec-

,tion in this sense of these water-mains, or some of them, may have occurred in
1893 ; as will be seen from the considerations that follow.
The conformation of the ground in “ West Worthing ™ is such that its
+  highest points are to be found along a ridge which runs through it from
east to west. This ridge is to the north of a line drawn east and west
through the centre of the place. From this ridge the ground slopes
ently on one side to the south and on the other to the north. Most of the
uses in * West Worthing " lie on the south of this ridge ; and all the houses
in West Tarring to the north ofrit. The water-mains follow the contour of
the ground. As the** West Worthing ” water supply is usually intermitted for
a considerable interval of time between the afternoon of one day and the
mﬂm]i:g of the next the higher portions of the water-mains tend to become
emptied as the waler flows down into the lower portions of the service.
I have satisfied myself by personal inspection that this sondition may exist,
and the accompanying diagram (Diagram I1L) illustrates this state of things.
The invaded area in * West Worthing " is at the lowest inhabited point of &e
slope on the southern side of the ridge; the invaded area in West Tarring is
at the lowest point of the slope on the northern side. If, then, any infective
material were to gain access to the higher “ West Worthing ” water-mains it
wonld, under the conditions deseribed, gravitate to these two areas, and tend to
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lodge in the water-mains there. Owing to the kind of street-hydrant with
which nearly all mains on the * West Worthing ™ service are fitted the contained
water is espeecially liable to risk of pollution from matters cast on the road-
ways. The prevailing pattern of hydrant iz that known as the * hall-
hydrant,” of which illustrations arve annexed. .

This hydrant consists of an iron pipe which communicates with the
water main below and in which is enclosed an ebonite ball. Thiz ebonite
ball 1s driven by the pressure of the water below up against a flange lined
with india-rubber, and when thus situated prevents eoress of water anc ingress

f foreign material. The whole is enclosed in an iron box with keyhole; the
'd of the box being usually flush with the surface of the roadway. The
nterior of the box not infrequently contains filth which has gained access by
he keyhole of the hydrant box. When the pressure in the main falls below
4 certain amount, stated to be about 6 1bs. per square inch, the ball drops, and
filth from the hydrant box or from the roadway may readily pass into the
water mains. 1 ascertained by actual inspection at a time when the engines
had for several hours ceased pumping, that the balls in the hydrants of the
* West Worthing ™ service actually had dropped in the majority of instances,
and that fouling of water in the mains below was thus rendered possible. In-
fective material, therefore, might in this way have gained access to the mains
of the * West Worthing " water service, near the summit of the ridge above
referred to, and might then, owing to the conditions that I have just described,
have especially affected the two loealities in which the disease was found
chiefly to have prevailed. As matter of fact, there wagin 1892 a small outbreak
n * West Worthing ” and West Tarring which was localised in mueh the same
way as the outbreaks now under disenssion, and which Dr. Kelly. in his report
on that outbreak, attributed to infeetion of water mains through ball hydrants.

With a view of asecertaining whether the water in the “ West Worthing ”
water mains differed bacterioscopically from the same water at its souree,
samples of the supply were submitted to Dr. Klein from the rising main at the
water-works, and from a tap in Brunswick Road, a street situated in that see--
tion of “ West Worthing * where there had been exceptional prevalence of
fever. Unfortunately, however, this was not done until August 21st, when the
acmes of the fever outbursts in “ West Worthing™ and West Tarring were
passed : and, whether for thiz or for other reason, the result of Dr. Klein's ex-
amination of the water was negative. Neither in the water trom the rising
main, nor in that from the main situated in the fever invaded section
of “ West Worthing ™ was either the énteric fever bacillus or the bacillus
coli discovered. (See Dr. Klein's report in Appendix C.) But while this
bacterioiogical evidence fails to afford confirmation of the belief that specifi-
cally infected material had gained access to the * West WU!'thiJ}g" water-
supply, it cannot be heid as proof that this water was free from infection at
the time when fever was most prevalent (during the period mid-July to mid-
August) in the invaded areas, nor, indeed, tliat it (or some of it) was not
gpecifically polluted at the time when the samples were collected. Fn:n?eclﬁc
crganisms are usually present in water in small amount only, may
reacily be absent in small samples selected for examination out of the total
bulk of water.
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17pon a balance of considerations I incline to helief that the fever outbursis
m * West Worthing” and West Tarring, during the period mid-July to
mid-August, and in subsequent weeks, are referable to Iocalised infection of
water-mains in the invaded sections of these places.

In what particular way the water in the * West Worthing "' water mains may
have become specifieally infected there is not suflicient evidence to show.
It has heen suggested that the ** West Worthing * and West Tarring outbreal-
might be explained by the fact that during a few days in July and Augusi
15393, the “ West Worthing = streets were, for the first time for 2! vears.
watered with © Worthing ™ water. This step was taken owing to an unusuall,
heavy drain on the “ West Worthing ™ supply, which was being utilised to il
with drinking-water tanke scattered about ** Worthing." Tt is easy to see tha
if the * Worthing ™ water nsed to water © West Worthing " streets containe
infective material, contamination of the * West Worthing ” water suppl
would readily take place when the balls of the hydrants had dropped dur o
intermission of water-pressure in the mains; and that ** Worthmg " wato
distributed by water-carts along the crown of the ridge before deseribed,
would gravitate during intermission of the * West Worthing ™ service to the
lowest points of the water mains in “ West Worthing " and West Tarring
rearFective]y.

here is, however, some discrepancy in the evidence as to the exac
date on which ** Worthing ” water was first employed in this way. The fore-
man, whose duty it is to look after street watering, maintains that *“ Worthing
water was thus used for the first time on July 25th, whereas the - West
Worthing " Waterworks’ books show that no * West Worthing ™ water was
used for street watering from July 25th to August Sth, both dates inclusive.
There was no rain on the 25th or 27th July to render sireet watering unme-
cessary. But even assuming the 25th to have been the date on which the
* Worthing " water was first employed for street watering, the eircumstance of
its employment cannot be considered as accounting for the earlier part of
the outbreak, 7.e., that on July 27th and days following, unless, indeed, the
ineubation period in these earlier eases was more than ordinarily brief.

Examination of the rainfall register given in an appendix (Appendix D.
suggests that possibly infective matter may have been washed during a rain
storm into the maing when the hydrant balls had dropped from Tossene|
pressure. It will be noticed that there was heavy rainfall about the 15th and
16th July, that is, some 12 days before the commencement of the outbreak, an/
at a time, therefore, consistent with relation of eause and effeet between th
Exce!}t-iuna.l rain fall and the outburst of fever in *“ West Worthing " and Wes:
Tarring. A considerable amount of rain fell also on July 19th and 20ch,
and again on July 2drd.

The conelusion to be arrived at on the whole of these facts is that the
subsidiary outbreaks in *“ West Worthing " and West Tarring resemble the ont-
breaks in * Worthing ” and Broadwater in their having been due to infective
material which gained nccess to and was distributed by the water-service. But
they differ from the manifestations of the dizease in * Worthing " and Broad-
water in so far as tlil‘?"y were not general throughout the whole of “ West
Worthing * and of West Tarring, but were almost entirely limited to two
localities in these areas; and they differ also in that the evidence points
rather to local infection of water in the mains than to pollution at its source,
a8 was the case with the ** Worthing * service. IHow the infective material
of enteric fever gained access to the ** West Worthing ™ water-mains there
is not sufficient evidence to show. ]

Acrion 1akexy pY THE Towx Couxcie or Wortnmxg as Urpax Sawrrany
AUTHORITY.

I‘? view of the outbreak of fever in May, 1893, a special meeting of the
Sanitary Committee was held'on the 15tk of that mouth and the following
recommendations were made, viz.:—

“(a.) To empty, cleanse, and hot limewash the reservoir on top of the

water tower.
“(b.) To cleanse and flush out the water mains, hydrants, and dead ends of
maing.
O
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“(c.) That notice be given to the inhabitants, by placards and by
ailvertisement in the loeal papers, to boil all water and milk previous
to use.

“ {d.) To flush the house drains and sewers.

“(e.) To disinfect excreta of infected patients.

“(/-) To provide hospital accommodation, and nurses to attend the sick.

“(g.) To submit samples of water to bacteriological analysis.”

Consequent on these resolutions the following steps were taken, viz. :—

The reservoir on the top of the water tower was emptied, cleansed, and hot
|i1|]u‘i'i'ar;1|{3|1 lh“'”lg ”1!..' lligllf- ﬂf t}l“ lﬁﬂl—lﬁlnll Maj'. T!’_l_is P!"um:h“t wis
repeated on June 1st and on September 22nd.  The work of placing hydrants
at all dead ends of watermaina not already provided with these was begun on
May 15th. On the same date the water-mains were flushed and the hydrants
blown cut. This flushing of water mains was frequently repeated every day
for a fortnight, and at occasional intervals up to the end of November.
Besides the publication of warning advertisements in the local papers, a eard
was sent to each house in the horough cautioning the inhabitants against
the use of unboiled water or of unboiled milk. Printed notices and handbills
coutaining similar mmstructions were freely distributed on several oceasions.
Samples of water were taken and sent to Professor Urookshank, King's College,
Luncﬁm, for bacterioscopic examination, ag follows :(— s

From well €, May 16th (this was broken in transit).

From tank, May 15th.

From well C, May 22nd.

From well C (two samples), June 5th. y

At subsequent dates the following further steps were taken in connection
with water supply :—On June 17th a circular letter was sent to all owners of
property and house agents in the borough, requesting that all drinking water
cisterns ghould be ¢leansed and wiped dry. In the case of empty houses this
was required to be done forthwith. Tanks for a speeial supply of water for
drinking and cooking purposes were placed at convenient points in the
streets on July 18th. At this date, and for some time afterwards, water was
supplied to these from the * West Worthing " Waterworks.

On July 29th, under direction of the Sanitary Authority, an attempt was
made by a skilled diver to close the fissure in the new heading from well C at
the Worthing Waterworks, but without success. A second and more carefully
considered attempt was made on August 23rd by two experienced divers, but
this also failed. The object in view in making these attempts to close the
fissure, was the exclusion from the ** Worthing ** public service of the water con-
tributed thereto from this fissure. In this way it was hoped that further
pollution of the public water supply would be avoided.

Steps were also taken with the view of aequiring a new and pure water
supply of a permanent character. To thiz end, and in consequence of an
application made by the Worthing Corporation for loan of 3,000l for pre-
liminary expenses in connection with works of water-supply, a publie inquiry
was held at Worthing on August 1st by the Board's Engineer Inspector,
Mr. Arnold Taylor. At the inquiry it appeared that the source of such new
water-supply had not yet been decided on, and up to the beginning of 1894
no definite scheme of works fora %ermanent. water-supply had been submitted
by the Sanitary Authority to the Board.

Meanwhile a shaft was sunk in the Chalk near the village of Broadwater,
from which, it was hoped, a temporary supply would be obtained sufficient
in amount to enable the Worthing Corporation to entirely and at once
dispense with the existing polluted public service. From September 4th
onwards the street tanks, before referred to as furnishing the inhabitants
with a special supply of water for drinking and cooking purposes. were filled
with water from this new well near Broadwater ; and on September 22nd
these Broadwater works had so far progressed that it became possible to
pump the new supply into the mains of the * Worthing " pubhe service.
Since September 22nd, therefore, the polluted supply haz been entirely
replaced by the Broadwater supply. For a time, however, the street
tanks still continued to be filled from the Broadwater new well, the water
in the mains, which bad not as yet been disinfected, being supplied chiefly
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for drain-flushing purposes; but, according to Dr. Kelly, the Medical Officer
of Health for the horough of Weorthing, many persons probably took their
water direct from the mains for drinking and cooking purposes. 'The
provision of this temporary supply of water from the Broadwater well
was due to the energy of Mr. Alderman Cortiz, a member of the Worthing
Sanitary Authority, at whose cost, indeed, the necessary initial works were
taken in hand. Later, with the view of disinfecting the water-mains of the
“ Worthing " service these were, on the evening of October 21st, charged
with limewater, and were kept so charged during the two days following.

Trolation of Persone at.‘rm!':.-r% by Enteric Fever.—In the abzence in Worthing
of hospital accommodation for infeetious diseases, the following speeial arrange-
ments were made for the isolation of cases of enterie fever :—0On May 16th the
Committee of the Worthing Infirmary set aside nine beds for the treatment of
enteric fever, and on May 19th two hospital tents, each containing eight beds,
were erected for the same purpese in the Infirmary grounds. The following
places were subsequently converled temporarily into hospitals for the recep-
tion of enteric fever, namely :—On July Tth, the Richmond Convalescent
Home ; on July 12th, the Newland Road Mission Room; on July 15th, the
Lyndhurst Road Primitive Methodist Chapel ; on July 17th, the “ Travellers’
Rest™ lodging house ; on July 18th, the Retreat, High Street : on July 26th,
Myr. Ralli's private hospital on Marine Parade. In all 422 enterie fever cases
from the borough of Worthing were admitted into one or other of the fore-
going institutions. A staff of nurses was engaged for each of these places,
and, in addition, the Nursing Association provided, at the expense of the
Warthing Corporation, nurses to attend the sick at their own homes. Pony
carriages were used to convey these nurses from house to house; and in this
way persons treated at home were visited at least once and frequently twice
each day.

Convalescents —Accommodation for convalescents from all invaded areas
was provided in homes temporarily taken at Goring, Findon, as well as at
Chichester House and Milton Housge, Worthing. Expenses in connection with
these homes were met by the * Mayor's Sick and Poor Fund.”

Diginfection.—Infected rooms found ro be overcrowded or in a dirty state
were fumigated with sulphur and afterwards cleansed and whitewashed.
Disinfectants were supplied gratis to inhabitante of the borough from May
Sth to the end of August. After the latter date they were supplied to the
hospital institutions only.

ain flushing —During continuance of the epidemic special gangs of men
were employed in flushing, by means of fire hose attached to street hydrants,
the draing of houses invaded by fever. This was done daily in the majority
of eases and at least three times weekly in the remainder.

Acriox oy tHE East Presrox Rupar SANITARY AUTHORITY.

Similar precautions in the matter of warning inhabitants against drinking
unboiled water or unboiled milk, and as regards disinfection and drain flushing,
were observed in the villages of West Tarring and Broadwater. These places
are devoid of hospital accommodation for infectious diseases and accordingly the
following temporary arrangements were made. At West Tarring the public
Reading Room was on July 14th utilised for the reception of cases of enteric
fever, and on August 9th the Infants’ School was devoted to the same purpose.
In all 32 patients were thus accommodated. At Broadwater the Publie
Reading Room was, on July 20th, employed for the reception of cases of
enteric fever, of whom 22 were in thiz way accommodated.

The history that has been set forth of the severe outbreaks of enteric fever
in the four areas of * Worthing,” “ West Worthing,” West Tarring, and
Broadwater, adds one more instance to the already lengthy list of examples
of the disastrous consequences that may result from a specifically polluted
public water augpér. rom it, as matter of first instance and of chief import-
ance, the | Sanitary Authorities should learn the necessity of supplying
a water pure at its source and free from risk of pollution after collection and
during delivery. To fulfil this end they cannot display too great energy in
pushing on the works necessary for the provision of a pure supply of a per-
manent character. The present supply procured frow the well near Broad-

C 4
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water village, while undoubtedly preferable to that which it has replaced, is
nevertheless not one that can be rezarded as beyond risk of contamination.
It iz too near the villnge of Broadwater and to other human habitations to be
beyond suspicion of polintion. And indeed certain bacteriological analyses
that have been made of the water supply by Dr. Klein, and of which an
account is given in an appendix to this Report (Appendix C.), suffice to show
tliat the water contains impurities which are of a character raising suspicion
‘liat it may in ité turn become specifically polluted so as to distribute disease

roughout the urea of its supply. It iz therefore most desirable that a

ter of undoubted purity 31101:]51 be made available for use as soon as possible.

irther, the avoidance of risk of local pollution of water-mains should be a

atter of the most zerious care to the Sanitary Authorities of the districts
«meerned,  That this is liable 2o occur in the case of an intermittent supply
delivered through mains fitted with ball-hydrants is unquestionable ; and
aceordingly this matter should receive most careful consideration.

The sewerage arrangements of the several areas dealt with in this report,
are very unsatisfactory. In addition to the defective condition of many sewers
in “ Worthing” and * West Worthing ” due to faults of eonstruction and to
insufficient fall, the two sysfems of sewers which serve © Worthing,” * West
Worthing,” and West Tarring are tide-locked, and consequently sewage
backs up in them during large part of the 24 hours. In Broadwater, again,
there is no proper system of sewerage at all; such drainage as exists being
into cesspools or into fields and ditches. Tt is the duty of the respective
Sanitary Authorities to remedy these defective conditions without delay. The:
need for action of this sort has been recognised by the Worthing Town
Conneil who have made applieations to the Board for sanction to a loan of
36,3001, for works of sewerage. Enquiry as to the matter of this appli-
cation was on December l4th, 1893, made at Worthing by the Board's
Engineer Inalrectnr, Mr. Arnold Taylor.

ther admimistrative hortcomings, referred to in the body of this report,
those, for instance, in connection with house drainage and disposal of refuse and
excrement, deserve the attention of the Sanitdry Authorities of * Worthing,"
“ West Worthing,” West Tarring, and Broadwater; but in the first instance
and principally they should deal with the important questions of how to pro-
vide pure and sufficient water supplies and efficient sewerage arrangements.

My thanks are due to the mayor and members of the Town Counecil of
Worthing ; to Mr. Verrall, town elerk of Wnrt.hiuf; to Mr. Aspinall, borough
surveyor of Worthing, and his assistants; to Mr. Harris, engineer to the !
Worthing Waterworks ; and to Mr. Vail, inspector of nuisances in East
'reston Rural Sanitary Distriet, for much information and sustained assistance.
1 have especially to thank Dr. Kelly, medical officer of health for the West
Sussex combined distriet, of which the invaded places form part, under whose
supervision the maps and charis appended to this Report were made, and who
aided me in many other ways. Also I would expressly recard my indebted-
ness to Mr. Gardner, inspector of nuisances for the borough of Worthing,
for a great wariety of data collated for me by him with much care and
trouble. o

THEODORE THOMSON. i
January 9th, 1894.
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SHOWING, in_parts 100,000, the amount of Chlorine present in certain samples of
Watcr ml]eclm Well Cof the * Worthing " water-works prior, as well as
subsequent, to pouring & ton of salt in solution down the 1885 shaft { re-opened
for tlas purpose in 1893)*

Sample. | Date und Honr when Sample was taken. | CHOTRe Facts
g
A Aungust 17¢h, at 11030 wm, - | a'n
B 11 :: el Pt » - S0 R
C 1 v LL] 3- LBLE = - H5e8
Iy R g el
E H‘ 58 P ) 1. - - a'v
F v NBEH, ok .05 . - = 50
G RS ) B T, 4 a0
H S R T T - . 50
! . i ow AL te - 500 .
K o 19th, at 9.30 a.m. - . a0 |
L 13 i T 7 P, = - 51 |

APPENDIX B.

CHEMICAT, ANALYSES oF “ WorTHING © a¥D oF “West Wortiize " Water
“ WorTHING " WATER.

Roport on a sample of water reecived from Me. W, Horne on June 11th, 1885,
Bample econtained in o Winchester quart bottle, stoppered.  Stopper tied down with

‘string.  No label on bottle.

The water is slightly turbid and, on standing, yields a little deposit consisting chiefly
of mineral matter but containing a few animaleule. It has a very sligh;g_v sty
smell.  The amount of albuminoid ammonia yielded is somewhat high, and indieates a
slight pollution, probably by surface drainage: this is also indieated by the strong
traces of nitrons acid present, and the amount of oxygen absorbed from permanganate
which, although not high absolutely, is rather higher than it should be in a pure deep
well-water. The water is rather hard but becomes soft on boiling, and it might,
perbaps, be advisable to submit the water to a process of softening.  All other features
are s B i

Axaryricarn DeTaiL:
Appearance - - - - - Blightly turbid.

Very  light greenish
Galoues .- i T 5 7 '{ brown,
Tuﬁ‘h ‘q.r bt e - - - - —
Bmell - - - - - - Very slightly musty.
Deposit - - - - - - Slight (brownish).
Nitrous acid - : 2 = = trace.
Phosph, acid < - - - - Slight trace.
Poisonons metals - - - - - None.
®  Hardness before hoiling - - . - 21 degrees, Clark.
. after boiling . - : ; Sl ok g o0
Oxygen absorbed from permanganate - - g ggﬂ grmins per mallon.
B]llﬂl!ﬂ]& g b 2 = By = : [ n
Nitrie acid - - - . = 1=4d * "
Total dry vesidue - - - - - 2T-16 1)
~ Lolour of residue - - - - - Very pale yellowish,
! BN, . . S Blackens very slightiy
3 Behaviour of residue on ignition - - burna off veadily:
g I'I“'hu'i - “.ﬂ“. oy = ﬂ.m?u

LU
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s

= Worrtnie ” Waren.

RIIIPHI'I.- on ﬂl'l'llph: of water received from Mr. Charles T, Gardner, Health D‘E[H‘ll't--
ment, Town Hall, Worthing, taken from well C. from water at surface of the well.

The water 1= clear, almost colourless, inodorous, aml yields no deposit on standing,
It shows no indieations of pollution I}J’ WL and surface drainage, tuk has all' the
characteristies of a pure Chalk water. Tt is rather hard, but not to an ohjectionable
degree, and becomes soft om boiling. It would, however, be improved for general
domestic purposes by being submitted to a process of softening.

ANALYTICAL DETAILS,
Taken Moy 2nd, 1593,

Peasonous metals - - Maone,

Appearance - - - - - Clear.

Coloar - . - - - = Almost coloarless,
. Smell - - - - - - Inodorous.

Deposit - - - = - - None.

Nitrous acid - - - - None

Fhosphoric acid - - - Btrong trace

Hardness before boiling - - 208 degrees Clark.
w  ofter boiling - - - - &0 =
Oxygen absorbed from permanganate - - 0035 grain per gallon.
Total dry residae - - = = 2716 s
Colonr of - - . = - White
Darkens wvery slightly ;
" burns off very readily

[}
i

Beliaviour of residue on ignition

Chlorine - - - - - = 273 grains per gallon.
Nitrie acid - - - - - 144 i
Ammonia - - - - - = 000056 1
Albminoicd ammonins - - - = (D02s 3
Medieal Schools, A. DUPRE.

Caxton Street, Westminster,
May Gth, 1893,

“WortHING " WATER.

Report on a sample of water received on May Sth, 1893, from Mr. Charles T. Gardner,
Health I}epm't.meut.,anu Hall, w:!bﬂlillﬁ. -E'ia.mplu was taken 30 feet below the surface
of-water standing 27 feet below ground level in well C.

The water is clear, almost colourless and inodorous ; it gives no deposit on standing.,

The present sample is a distinet improvement on that of May 3rd, 1893 ; and the
water has now all the characteristics of a pure chalk water, showing no signs of any

pollution by sewage. 4

AnaryTican DEeralrs.
Taken May Gih, 1593,

Appearance - - - - - Clear.
Colour = = = - = - Almost eolourless.
Smell - - - - - Inudorous,
Deposit - - - - - - None
Nitrous acid - - - - = Nonwe,
Plosphoric acid - = * - - Trace.
Poisonous metals - - - . = None,
Hardness before boiling - - - - 1492 degrees Clark,
w  after boiling - - - - 47 i

Oxygen absorbed from permanganate - - 0006 grains per gallon.
Total dry residne - - - - - 2T1G "
Colour of - - - - - ‘White. :
Belaviour of h_‘::licluf! on ignition - - Dﬁ:;i?ﬁy_smiu L
Chlorine - - - - - - 2407 grains per gallon.
Nitrie acid - - - - = 18 i
Ammonia - - = - - - 000168 f
Allbminoid ammoni - - - 00y 8

Medieal Sehools, A. DUPRE.

Caxion Stroet, Westminster,
May 12th, 1893




“WestT WonrHiseg " WATER.

Report on a sample of water received Aug. 10, 1886, from the West Worthing Tm-
provement Commissioners, Hﬂ.luph‘: contained in a Winchester (uart :tt.upwm! bottle,
secured by red tape and sealing wax, wax unbroken. F

The water is clear, of a very pale greenish colour, and is free from smell.  On standing,
it yields a minute trace of deposit, chiefly mineral. Tt is somewhat havd, bt becomes
Fairly soft on lnui].i'r‘lf__". It has all the chameteristies of o pure deep well water, and con-
stitutes a first-class drinking water, although for general domestie purposes it would be
imrpm'l.'ul] by softening.

The analytical details are given in the table annexed :—

Appenranes - - : . = Clear.
Colour - - . - - - Very pale greenish.
Smell - . - - - = Inodorous.
Deposit - - - - . - Minute trace.
Nitrous aeid . - - - - None,
Phosphorie acid - - - - - A vrace.
Poisomous metals - - - - - Nome.
Hardness before boiling - - - = 190 degrees Clark.
- after boiling - = - = b -
Oxygen absorbed from permanganate - - (011 grains per gallon,
Total dry residue - - - - - 2380 e
Colonr of residus - - - - - White.
Behaviour of vesidue on ignition - - ! Dl‘-ﬁ:d‘il-m blacken: no
Chlorine (in chlorides) - - - - 259 grains per gallon,
Nitric acid (in nitrates) - - - - 168 ,.
Ammomia - - - - - - A
Albaminoid ammonia . E - - 00011
Ang. 13th, 1586, A. DUPRE.

“ West WorTHiNG " WATER.
D ﬂupi'r:’ef H-l'jln.l-ﬂ!.

Report on sample of water received on January 14th, 1592, from Mr., Gardner,
Sanitary Inspector for the Borough of Worthing.

. Sample contained in a Winchester quart bottle, stoppered ; stopper sceurved by tape
and seal, both uninjuved ; bottle labelled “ Water from West Worthing Waterworks
* Company ; drawn from tap on the mans, Janudry 14th, 18927

The water is bright, nearly colourless, and inodorous ; it yields no deposit on standing.

The water 1z of high c:rg:mi:: purity, and does not show the slighteat trace of Iﬂlllllilmll
by acwagre.

It has all the characteristics of a wery pure chalk water, practieally uninfluenced by
its proximity to the sea. [t is perhaps a trifle hord, thougl by no means to an objection-
able degree, and beeomes soft o hoiling.

H Axarynican Dersns
Appeavanee . - - - - = DLiniglit.
Caolour - - - 5 = = MNone,
=mell - - - 2 - - None,
Ireposic - = - - - - Nome,
Nimu aeiil - - . . - Nuone,
Phosphovie acid - . - - - Hlight trace.
Poisonons motals - - = = - MNone,
Hardness before boiling - - - - 18 degrees Clark.
b after boiling - - - S L
Oy alsorbed from permanganite - - (-0 gm‘ins per g.u.ll-rm.
Total dry residue - - - - - 2548 i
Colour of residue - - - - -  White.
Behaviour of residue on jgnition - - - { ”12:::3: ai‘fﬁﬂq”?ﬁgﬂﬂf:
Chlorine - - - - - = 259 grains per gailon.
Nitrie acid - - - - = 126 b
Ammonin - - - - - - 0000 i
Albuminoid ammonia - . - - (r0033
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APPENDIX C.

srMdariEs of D, Kleins Reports on Samples of * WorrHing” and of “ Wesr
WorTHING * Waters submitted by him in 1893 to Bacterioscoric ExaMixartios,

The following samples of water were submitted to Dr. Klein for examination * :(—
A. * Worthing " water supply, taken July 26th.

E. Do, il taken Aungust Sth.

C. * West Worthing " water supply, taken August 21st.

D. DD. II{L II'[L d{l.

. T, o, taken December Tth.

F. * Worthing " femporary supply from Broadwater, taken November 20th.
1. 1o, do. EE:. do. taken November 304k,
H. b, da. i, cli, taken December Tth.
i. I o, il o, clix elis.

K. Dher. i, o ilis, ., da.

Methods of Eramination,

The methodls of examination resorted to were as follows.  With the view of ascertain-
ing the quantity of micro-organisms per enbic centimetre of the water under investizution
the ordinary method of plate cultivations was employed. This plan eonsists of adding to
nutrient gelatine in o fluid state a small quantity of water to be examined (the ameunt
emp!uym[ \‘ﬂl‘}'il]g from one ec. to o fraction thereof), slmking the wixiure so a8 to aid
distribution of the water throughout the gelatine, and then pouring the mixture on
plates. These plates, on which the gelatine mixtore solidifies, are then transferred to an
ineubator and maintained at a temperature of 20° C. : and IIIJ.-" ﬁulﬁequunt observation the
number and natureof the organisms that grow on the gelatine are ascertained.

Another method was resorted to in searching For partienlar mierobes in water from a
siven sonree, and for the following reasons :—

() The baeillus coli and the enterie fever baeillus, when present in drinking water,
exist there [or the most part in relatively small proportion. Thus, if ooly a amall
gquantity of water, such as one ce, be examined, it is likely that the organism,
sparingly present in the total bulk of water, may not be present in & small sample, although
present in a larger bulk.

(b) If the number of other micro-organisms amount to several hundreds or inore per e.c.
—and this iz usually the case when water is unfiltered—there is risk that the numerous
colonies of these may on plate eultures obseure and prevent recognition of scantily pre-
sent, bacillns coli or enterie fever bacillus,

(c.) Oneg of the bacteria most Prequently found in water is the baecillus noreseens
|.i+|l11."H|!43I1:’:. which ETOWS mueh more mpil"_‘,f than either the Dbacillus coli or the enterie
fever bacillus, and liguifies gelatine very quickly.  Abundance of the first-named
bacillus in the water under examination would accondingly, by liguefaction of the
melatine mixture, tend to prevent detection of either of the last-named bacilli,.  With the
view, therefore, of overcoming these diffienlties the following means were adopted :

(1) A considerable bulk of water (from 1,500 to 2,500 e.e. ) was submitted to exami-
nation. For this purpose the quantity to be examined was passed through a sterile Berke-
felid filter, which retsined on its outer surface all or 1|LJ.~|.r|:|.' all thie p:u't-i::ulnbe matter
contiined in the water. The matter thus retained on this outer surface was then broshed
with u sterile brusgh into 20 ee, of sterilised water and mixed therewith, OF this mix-
ture 1 o was added to cach of a series of ;:t:]u.lilm I_I]ll.ErL"F.i anel brotht tules. Au:urtlill_gly
these tubes and plates eontained all or nearly all the particulate matter of the total
guantity of water selected for examination.

(2.) To prevent lIhHlﬂl]'illg of the haeillnz eoli or the bacillus of enterie fever
by other organisms that grow more rapidly than they, or that soon liquefy the gelatine,
a small quantity of phenol was added to the enlture media. For this purpose a 5 per
cent. watery solution of phenol was used, and this solution was added to the eulture media
in the proportion of 1 of the former to 100 of the latter. The added phenol, which does
not interfere in any way with the growth and multiplieation of the baecillus coli or of
the bacillus of enterie fever, exerts n marked inhibitory effect on such water bacteria as
bacillus fluorescens ligueseens, the Fmteu:: vulgaris, and others; anl, by retardation or
B“]:Frﬁ.ﬁﬁ.lﬂn in this way of growth of these latter organisms, better p;:rxh.m.it-}? I8
affordid of detecting in waters examined the presence of the bacillus coli or of the
bacillus of enteric fever.

* TIn sueh case a gallon of water, collected in a clean jar, was scnt for examination, Prior to callection of the
samopbe 1he jar was nipsed with water from the souree from which the sample was sboat to be taken.
4 Beef broth : alkaline: with ope per cent, peplone and one per coot. salt added.
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The gelatine-plate and broth-tube caltures thus prepared, were incubated at a tempe-
rature of 200 C. and of 37 C. respectively.  From growths of the bacillus coli or the enteric
fever hacillus obtained in these ways sub-cultures were made in the ordinary manmner.

Fentuyes chavacteristic of Bucilluz Coli and of the Enteric Fever Bocillus,

B ————— — —— —_—

Bagillues Coli. . Enteric Fever Bacillus,

Shorter and less mobile than the enterie fever | Longer and more mobile than the bacillus coli,
hueillng, |

Forms gus bubbles in gelatine shake culiure, | Does not form gas bubbles in gelstine shake
rulinre.
Cordles milk in 1=2 davs at 37° O, | Dows not enrdle milk,

lrgmwn in broth for several days forms indol. | Gives no indol resction when grown in broth.

e ———— e

The above tabular statement embodies the chief “distinctive features of the baeillus
coli and the enterie fever bacillus, derived respectively from the contentz of the
healthy human intestine and from the tissues of enterie fever. Other points are as
follows. In gelatine stab-culture amd in gelatine surface culturves these bacilli are alike
in general appearance save in two respects, viz.: (o) that the bacillus coli grows faster
than the enterie fever bacillus, and () that in gelatine stab-culture the former organism
forms on the upper surface of the gelatine o larger plate-like growth than does the latter.
On gelatine plates both organisms form oo tlie surface of the eulture medinm colonies
which present the appearance of flat, evenated, or irregularly outlined patches, thinner at
the periphery than at the eentre, translueent by transmitted light, grevish by roflected
light; while coloniez of both organisms, growing beneath the surface and embedded in
the pelatine, are rounder than surface colonies, and appear of a brownish colour by
transmitted light. Neither organism liquefies gelatine. Their growth on agar and on
potato affords no definitely distinetive feature ; although, as a rule, the bacillus coli forms
on potato a brownish growth, while the bacillos of enteric fever forms on the same
medinm a colourless growth.

BerorTs 0N WATERS SUBMITIED TO EXAMINATION.
“ Worthing " Water.

.':i'musi",nﬂe A, —Taken pn Jul_y' 2iith from Well C. of the » “’m‘t-hillg " waterworks,

Cultivations were made on four non-phenolated gelatine plates in the ordinary manner.
In thiz way the following common water bacteria were izolated.

{ex.) Bacillus fluorescens |iq1IE‘!iIZBLIB; found m all four plates.

(8 Coeei, non-liguefying and liquefying ; found in a.llpl'nur plates.

{e.) Bacillus mesentericus ; found in three plates.

() Proteus vulgaris; found in three plates.

{e.) Bacillus luoreseens putidus; found in two plates.

Cultivations in four phenolated broth tubes and six phenolated gelatine plates were
made with the particalate residue of 2500 ee. of this water sample driven through
a Berkefeld filter, and with result as follows. Six varicties of organisms were isolated,
which presented the following features - —

{a; All six formed gas bubbles in gelatine shake enltures,

(b)) Five eosgmlated milk rapidly; while one made the milk thick but did not

produce eomplete coagulation.

(e.) Five gave the indol reaction ; while one did not give this 1 caction.

The appearance of the colonies formed by each of these organisms on gelatine plates,
their manner of growth in shake and stal cultures, and the morphological charaeters of
the mdividual OTEANISINE Tﬂrll!illg thege colonies were t.“sil'n.] of baeillus eoli. At least
five, accordingly, of these six organisms arve to be regarded as bacillus coli.

No enteric fever bacilli were wsolated from this water.

Somyple B—Collected, on August 8th, drop by drop during a period of 12 hours from
the riging wain in the “ Worthing” Waterworks vard.* Of this water 1,500 ce. ]
were passed through a Berkefeld filter ; and the particulate residue on the filter was |

distributed among several phenolated broth tubes and phenolated gelatine plates.  In all

these tubes and plates the bacilluz eoli developed abundantly ; and, in addition, a few l
other eolonies were detected—two in one plate and one in another plite—which, on
sub-eulture, presented, morphologically as well as culturally, all the characters of the
enteric fever bacillus.

* The water passing alosg these maine is derived from all the wells, tunnele, and headinge in the = Worthing
Witerworks yard, and jncludes, sccerdingly, water from well C. and {rom the new heuding, 2
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“ West Worthing” Water

Sample C.—Taken on August 21st from a honse-tap connected divectly with a main
situsted in a street within the area of * West Worthing ™ that showed exceptional-preva-
lenee of enterie fever,  In this sample search was made only for the bacillus coli and the
bacilluz of enterie fever.  Neither of these ui'ga.niﬂmu was recovered from the eulfares
made,

Sepple D—Collected, on August 21st, drop by drop during & period of three hours
from the rising main in the © West Worthing " Waterwaorks _\m':ll. As in the case of
Sample C, search was in this instanee made only for bacillus coli and the enteric fever
bueillus ; and here alse with negative vesnlts,

Sewaple B —Taken, on December 9th, from a tap in a house situated in Bronswick
Boad, West Worthing,  This water was found to contain 230 microles per ce.; and
of these microbes 50 were liguefying organisms.  Search was made for the bacillus coli
amed for the bacillug of enteric fever, But with negative results®

Waorthing Temporary Supply from Browdwoter Well,

Sumgale F—Taken from water mains in “ Worthing ™ on November 20th, 1393, The
waker in the mains was derived from the new well at Broadwater.

With the view ﬁflmli!’.ﬂalﬁllg thie number of mcrobes per o, of this water, enltivations
were made on four ondinary gelatine plates, (L cc of the water being used for two
of these and } ce. for the remaining two. As result it was found that microbes
were present to the very large amount of 50,000 per ce. Of these microbes from
TOOM) to 12000 were liguefying organisms.  In searching for bacillus coli and the
bagillus of enterie fever 1600 ce. of water were employed. Among the colonies
appearing in cultures made frem the particulate residue of this water on the Berkefeld
filter, apme were obaerverd which in aspect, sise, and Hlmpe_ hore o distant resemblance to
vne or other of the bacilli songht for ; but, in sub-enltures, the growtls that appeared from
these Jdid not show fundamental eharacters by which any one of them conld be identified
as either bacillug coli or the bacillus of enterie fever

Sample i —Taken, on November 30th, from the well at Broadwater from which was
ubtained the Worthing temporary supply.  The procedure adopted in the case of this
water was the same as that employed for Sample F. Az in SBample F. there were about
Al 000 micrabes per coe; but of these only some GO or 80 wers Ii{|l1£~1:1jring CIFAnIsms, i
proportion much smaller than obtained in Sample F.  In Sample G. organizsms distantly
restembling bacillug eoli and the enterie fever baeillus were observed ; but as'in the case
of :-?.-unplc . these could not on sub-ealture be wdentified as Mlmlgilag to either of the

species they resembled.

Simple H—Taken, on Deecember 7th, from the veservoir in the town in the

Worthing © Waterworks yard, The water in this reservoir was at that time derived
Fromn the new well at Broadwater,

This water was ascertained to contain 8800 mierobes per ce.; of these microbes 150
were liguefying organisms.  Several colonies were also observed which bore resemblance
to either the bacillus coli or the bacillus of enteric fever; but none of these, on further
cxamination by sub-culture, presented Features chavacteristie of either of the speeics they
'I'EF\'-E!T[III':II{"TI..

Sample [—Taken, on December Tth, from a house-tap in * Worthing." ' The water
vhtained from this tap was derived from the new well at Broadwater,

The number of mierobes per ce, of this water was found to be 600 ; and of these
microbes 10 were liguefying organisms, Search for bueillus eoli and the bacillus of
cpberie fever revenlod the !mmum!rur two ecolonies IH."II.CI"i.IIg resemnblance o colonies of
these organisms, They were, it should be noted, different m appearance from those
noted in Sample H. as also resembling baeillus coli or the enteric fever bacillus,  The
YT (1 T m:mpﬁﬂing the two colonies found i bimup!c I. resembled the bacillas of
enterie fever in their mrent motility, in their size, in their inalality to form gas bhubbles,
i their aspeet when growing on gelatine, whether in its sorface or in its substance, in
the slowness of their prowth, awd in their inability to euedle milk or to form indol:
but they differed from toe baeillus of enterie fever in not forming threads and chains,
and in ot growing at all well at 37° €. Therefore these organisms could not be regarded
as enterie fever baeilli,

.‘r'vr:,i'.lrpfﬂ K.—Taken, on IDecember Tth, from a house tll‘:&ri]ﬂ % Wmthiug." The water
obtained from this tap was derived from the new well at adwater.

The number of microbes per ce, of this water was found to be 600 : among which
were not observed any liquefying organisms, Search for the baeillus coli and the
bacillus of enteric fever revealed in the cultures that were made the sence of two
colonies emct.l_i,’ similiar in the characters 1:.|||_-_'§=r prﬂ.‘ll!li‘!!d to the two colonies deseribed
in connexion with Sample 1.*

= Dn Japeary 29th, 1584, while this report was possing throogh the preds, thiee samples of the Hroadwaier
supply amd coe of the ® West Worthing ™ E-u_plpﬂy were forwarded w0 Dr. Klein fof examination. OF the three
warnplen of the Brondwater supply one was taken From the well at Hroadwator, one from the reservorr o ghe
“ Worthing " water-tower, apd oue from a mpin o~ Worthing,”  The threw hlst-mentioned waters
vespontively, BB micrabes per coc, D12 micpobes per o, and 161 microbes per ee. The ™ West W " wader
cuntained 196 mierobes per co. 1o pone of theeo four samplos wan any bacillian diseovered presenting fomida.
smenzzl enltural charscters exhibited by ihe baeillas coli or the bacillus of enteric fever.




a1

APPENDIX D.

—

RecisTenr OF RATNFALL 1% 1503,
Kept at Ellesmere, Worthing, in the County of Sussex, by Chas, Kelly.

Time of Observation, 9 wm,

Rain Gauge.

Diameter, 5 in
Height of top above Ground, 1 ft.

Sen Level, 26016 in.
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