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Tae city of Chichester, in the eounty of Sussex, has, on several
occasions, sttracted attention by renson of its lisbility to repeated
recurrence of enterie fever in serious amount. Thus, n 1563,
Beaton, in & report to the Privy Council on * Circumstances Endanger-
ing the Public Health of Chichester,” called attention to the I'L'wqm-lm:r
with which cutbreaks of cnteric fever were wont to ocour i this
district. Again, in 1878, Dr. Airy, in a report to the Local Goveorne
ment on “ An Ouitbreak of Enteric Fever in Chichester,” alludes
to the persistenes of o high death rate from this eause in Uhe
locality. Yet again, in 15806, Dr. Bulstrode, in & report to the Local
Government Board upon © Prevalence of Enteric Fover in the City of
Chichester,” points cut that “in the decennium 1871-80 tliere wers,
* axcluding a fow distncts in which alterations lind been offected, only
“pome 51 out of 630 districts in wlhich the combined enterie and con-
“tinued fover rates were highor than these of Chichiester; and
“similarly in the next decennivm there were but sixteen districts out
“of the 631 in England and Wales which had higher rates in this
“ respect than Chichester” It may be noted that the oecasion of Dr.
Bulstrode's investigations in 1896 of prevalence of entoric fever
in Chichester, was the occurrence in that year of a serious out-

break of the disease there.

In 1897 there was agan notable recuwrrence of enteric fever in
C]lir.-hm‘lﬂ‘; ;!:lll:l, as resill, cortain residents in Lthe district Irn.\-.-unl‘.ml
to the Mayor a memorial containing request that he ghould “iske
“ immediaie steps to obtain an independent inguiry inte, and a report
“upon, the provalence of mtoric fever in the city, by an experionoed
* engineer and medical office-.”

On June 13th, 18493, the Board received from certain inhabitants of
Chichester & pettiion setting forth that an inquiry, such as requested
in the memorial to the Mayor, by an engineer and a medical officer,
was urgently called for. “Net," continued the petitioners, “a formal
* Inquiry, costing money and stirring up strife, but o walking inguiry
“ by scientific experts accessiblo te all and anxious only to srrive at
“the truth.” The petitioners therefore prayed the Boand ©either to
* make such inquiry, of to take some other step to ascertain the reason
“of the outhreak of typlicid fever, and to apply the necossary remedy.”

Thereupon we wore instructed by the Board to make inguiry inte
tho cirenmstances attending the frequent recurmence of entorie fever
in the city of Ulichester,

To this end we visited Chichester om August Sed, 1898, and
o many  subsequent  oconsions, making inguiry in the sense
indicated. The facts and comsiderations that appear (o us to
bear upon the subject of our inguiry are hercinafter set out at length ;
e saving those conditions, topographical, geological, or sanitary, of which
” account has beon given by Dr. Bulstrode in his report already referred
| to. (®ee Appendix C. to this Report) To these matters bul brief

i ———————

!‘; reference will new be maude, excepl as regards the system of
'r mmga of the district, which will be trested of by ws i
= some detail.  Any changes, also, that have come about in any of

the abeve-mentioned conditioms sinea the date of Dr. Bulstrode:
inguiry, will be duly noted.

| The city of Chichester had, at the census of 1891, a population of
7,830 persons T:“ an arex of 733 meres. Since 1891, howover, the
citv boundaries have twice been extended ; in 1893, and again in 1895,
The present. area of the district is 1,595 acres, while the ation iz
locally estimated as having been about 11,500 in the middle of 1898,
Chichester stands on ground which is for the mest part flat or slopes
| but slightly, the main direction of slope being from north to south.
. The rsml underlying houses is, in most instances, coarse gravel of
varying and, commonly, uncertain deptl; which gravel overlies

the clay of the London and Reading Bods,
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Water supply is  derived partly from ivate wells, rtl
from a public service in 'l-lmjha.nlls Efn the Gu-rporl;-at-mn}:
This public supply is obtained from two wells situated
about one amd a half miles to the west of Chichester,
and mear ihe village of Fishbowrne One of these wells
was sunk in 1874, amd iz deseribed by Dr. Bulstrode in
his qeport.  (See Appendix C) The other was sunk in 1898, and is
Iﬂﬂt feet an deptl.  The upper 163 feet of this sell are lined with
brickwork in cement, 14 inches in thickness, and surrounded by elay
puddle two feet in thickness. Below the brickwork the well is lined
for a further depth of 50 feet with cast-iron cylinders.

In sinking the well, the following layers were encountered : —

Fueet.
Mould ey
“Gravelly loam®™ ... li
* Porous shingla” ... oy
%I;:;]_amd avel T Eg

ing € wns wee vew

Clay .‘IIE‘ Elalilk 4
Chalk wath flints ... . 8B

Both wells are =ituated near the southern maxgin of the Rau.ding
Beds, the Chall coming to the surface along this margin and within a
fow yards of the wells.

Excrement disposal in Chichester is effected partly by the water
carriage sysiem, partly by cosspit privies. Waterclosets drain eibher
to sewers or to cesspools. Sineo 1896 there has been progressive re-
duction alike of the number of houses draining to o 1
and of those formighed with cmpit. privies, with cﬂrmpﬂml-
ing increase i the number of houses fitted with water-
closots draining Lo sewers. Thus, in the middle of 1898
nearly three-fourthe of the louses in  Chichester drained to
sewers; whereas in 1836, Dr. Bulstrode stated that “only o limited
“number of houses were connected with the sewers” More detailed
information on Lhis matter will bo found at a later stage of this report.

The sewerage scheme, as shown in Map F., was corried out in
1893-95, and no important deviations from the original plan have been
diseovered by us. The sewage gravitates to the outfall works,
which are situsie on the banks of the Fishbouwmne Channel, about 1
miles sontth-west of Chichester Cross.  The sewage is there treated wit)
sulphates of lime and alumina in three prmitit!tinn tanks, each having
a capacity of 34,375 gallons. The tank effluent is passed over
some six acres of land, underdrained ab a depth of three feet, and
the “lamd cffluent” passes into a2 coment-lined tidal basin
having a storage capacity of 320,000 gallons. Two precipitation tanks
are worlied at a time, henco their capacity and that of t}:n tidal basin
equal 388 750 gallons.  In normal weather the basin is emptied into
the Fishbourne Channel every second tide during the first three hours
of ¢bly. The normal dry-weather flow is regarded as 250,000 gallons.*
But wa learmed that considerable difficulty has been expc-ﬁem:ad. at the
disposal works in dealing with the large volume of subsoil water which
ab times finds its way into the sewers.

“The following vecord of the averape daily flow of “sewnge" ab
different periods of the year has been compiled from stotistics furnished
by the manager of the Corporation’s outiall works:—

Average daily flow | | Avernge daily flo
Tear. Month. of F-ﬂ.':-,i. |ITﬂ.r.| Month. Eﬂ'&m‘;‘; w
|
1805 | Defober ... | 1686 500 gralloms, ! 1207 | Aogust ... | 623570 gallons.
| Hovember | 342760 w | September | 583400
=, Diecember | 477660 ik B Oetober ... | BELTED il
w | November | 302200
1896 | April ... | B35360 s || Pecomber | 273120
p | May .. 101705000, |
- Jume .| 761600 7, 1508 | Janoary ... | 271430 =
s July | 474,300 - e Febriary D76, 840 e
- August ... | 310E30 R = March ... | 252080 =
L Seprember 450, 500 o = April . | 205280 b
Detoler ... B 5 (M & = Har w25, TED
" | Rovembor | sease0 w | Jume .| 249%s0
- December | 1,108 800 B e July v | RO GRD =
| | . | August .. | 352380 i
1897 | Jnmuary ... | 2.011,300 = i September | 277770 -
oo |aay . Lm0 » | Dctober ... | 254850 "
5 June - | 1521700 £y = November | 272850 -
| auly | sysm w | December | 278120 O
i

* Exclosive of the daily fiow of trade effluents to the sewers, viz, .—

Eﬂllﬂuq,
Tannery

Hirewery = e 40,000



&

From the large quantities of subsoil water admitted dnfo the
sowers, as indicated above, some iden may be formed of the smount
of sewage which may possibly leak from the sewers into the subzoil
when the conditions are favourable.

A good deal of patching and repairs have been carried out sinee the
sewers were laid, with a view of cxeluding the subsoil water. The
pipes aro stated to have been provided with patent joints; however,
it was admitied that in many cases they were laid in flooded trenches,
henca the leakages are not to be wondered at.

We were informed that dunnog the years 13978 leaky sewers were
rectified at the following twenty-nine places : —

Leaks, Laocality. Pasition.

1 Franklin Phu-l\ e e | B9 Feom B 11 towands L. 1.

i | Junction of New Poarkj 3
U 4| * Foad with Franklin Flace { | Manbole L. 2.
1 North Gate ... wvee | 1S K Seom B, 10 tomords B, 9.
| St Paul’s Road e | 3R, B.D SRR
L} Orchard 1Mlace ae ff b EE .. BT FE S
| (1T — |AGEE o, B. & ol BT
1 (1L S (I S | i M) L
i {1 o fekidE S b BB,
1 o, oo fROYER. 5 M D IS, &,
1 | Orchard Strect 3 ., B & B. 4.
1 ; a f 20BE , B 6 B. 4.
1 Orclhian] Termce .. it R e IR B. 7.
1 . R T gl BF B, 8.

I Junctionof West Lane with | o
| i Orehard Torracs ... i Aanhole G, 1.
1 Wiemigrato 4 fb. fromm B 4 T sSEE
1 o wolETRAR o Bl BA B. 3
1 Whyke Read ... vk . ML F e
1 | Do el (S ) L | ST | T A [
1 | T, e (BN . MG e
1 | o, wee | Alamhale M. 5.
1 | D, Do, M. 6
1 | e, Do. M. 7.
1 | Jumcifon of Hogmor ol | I "o

| with Whyke Road... i e P
1 Canal Wharl Do AL 1.
1 Whyke Fiolds Do, AL 5, No, 206, Ordioance
.‘Eil L8
1 o, o L5 D, B y ilin,
1 | Do, e | BBE IR Froms ML S towards M. .
1 | York Read .. SEARR ] T LT | T | ] PR 1
1 1k, we | Manhola M. 10,
Total 29

Tho manholes we inspected appearcd to be well constiruetad, but
three cases we found that the sewers leading from the manholes
were defective, viz, one in the Homet, to the east of the town, marked
B on map F; one at C, south of the railway station ; and one at Old
Place, south-east of the town, marked A on map.

According 1o the deposited plans, the gradients of the sewers are
z inusn'El.nll as the vuluu'.lin-s?whan. nmE:-:g half full, would not be
than 2} feet per second, which may be regarded as rendering the
sewers self cleanmng. If the original scheme has not been departed
from, the sewers have sufficiently good gradients; and if any defects
now exist they must be due to faulty construction snd to the fact
that :Imum of the pipes were submerged when they were lnid, (See
ante,

There iz no systematic ventilation of the sewers by venbilators
at the street level, but ventilating shafts have beon provided. The
shafts are 30 fect high, and about 300 yards apart.

There are sevenicen D(Mkgallon flushing ianks. The contents are
discharged by G-inch siphons in about three minutes.  Fifty dead
ends of the sewers are fushed weekly by vans, each capable of holding
450 pallons.  The sewers along the route are also flushed b{ damming
up the sewsge at various points in the system. Generally, the flushing
arramgements seem to be satisfactory.

On the occasion of our visit in November, 1898, there were over
a0l honzes not drained io ithe sewers, alihongh i each instanee
a drain had been carvied from the sewer towards the house as far
as the footway, and an intercepting trap provided. The iron grating
forming the air-inlet for each housoe drain invariably ecincides with the
kerb in the foolway, and this must act as 2 sewer ventilator where the
housa connection has not been made.  We heard of many complaints
about offensive smolls from these intercepting traps on the footways.

S0d Al
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Fever prevalses in Chichesfer,
The following table (Table I.) shows the number of deaths referred

TanLe I.
riod 1870-98, the Nuueer of DeaTHs

ized by the city
0-98. L

referred to Extemic and Costmsven Fevers, in the area com-
prized by the present city of Chichester.®
Kumber of Number | Number of Numher
Year. | Entoric Fever | of Continned | Year. | Entoric Fover | of Continued
Denths, | Fever Deaths. Denths. Fever Deaths,
1
1870 3 | 2 I==5 i
1571 3 1 1 L EETH 4
1872 3 3 18875 3
1578 ] 1 L E S &
1574 3 | 1559 I
1875 il 1 T L E T e
1576 7 | 3 1531
1877 3 | 1392 Fi 3
187s [ | 1 | faltd
1579 ] 1254
1850 5 1595
1811 2 1 1596 2
1852 i | 1597 B
1825 [ | was 1823 | |
1%54 7 ; |
] |
Total Deaths from Enteric Fover 1870-95 ,,. 145
Ther, e, Conginged Fever do. ... 12

From this table it appears that during these 29 years 108 deaths
wore referred to entoric fover, and 12 deaths to continued fover, within
the area now comprised by the city of Chichester. There has been, il
will lie olserved, considerable varation as regards the numbor of deaths
referved to those canses in one and another year. This feature extends
not merely to individual years, but even to periods of years. There is,
for instance, notable contrast between the period 1890-95, on the one
hamd, and 1876-80, or 1896-98, on the other hand. These instances of
rvige and fall of fover mortality in Chichester are also illustrated in the
following table (Table IL), in which the 28 years 1871-08 are grouped
in six periods, for each of which is shown Lhe annual death-rate from
enterie fever per 1,000 persons living in Chichester; while, for purposes
l'.!ii n{:npﬂimn. like data are furnished for England and W as &
whole,

TaerLe II.

Bmowing, for each of six periods of years, the Nuuner of Dearns from
Exreme Feven, and the annual death-rate 1,000 living in
Chichester from this canse : her with the death-rate from the
same cause in England and Walss.

: City of Chichester. England and
1 Wales ; Enteric

Period. | . Fever Denthi

[ Estimated | Enteric Fever E'lﬁ't"': ﬁiﬁr Hinte per 1000

! Population. |  Deaths, per 1000 living. living.
1E71-75 T840 11 0-28 037
157050 &,020 25 0-E& 028
15K1-85 A4 17 =42 0o
1&8G-50 7.920 12 0-23 15
1&01-49% TG0 3 LI 01T
1596-95 11,040 L | 06 017

In this table desths from enteric fever only ame reckoned ; deaths from
continned fover are omitted.  Ieaths from enterie fever, of persons im
from other districts into publis institotions in Chichestor, are not inel
this table

Ttowill b obzerved that the number of deaths from enteric fover is smaller than
in Talble I. This is becanse Table 1. deals with the extended area comprised in
the present Cluy of Chichester, whersas in this table the deaths included anterior
to 1393 are those only that eccurred in the smaller ares that formed Chichestar
before extension of itz boundaries fook pluﬁ:_ The reason for not :Ia:u,ling
thronghout, as in Table L, with the larger area is that it was found diffcult to
meseriain the mpul:l.éun of thia |:|.r“1’:rnlm hefore it became muirelr ineluded in
Chichester, and correzpomndingly difficult, therefore, o arrive ab trostworthy
extimate of enterle fever death ratex in this lnrg':r AT,

* Deaths from entéric or contieved fever, of persons imported into public
institutions in Chichester from other districts, are not incd in this table.
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From this table it appears that, during the quingquennium 1871-TH,
the mortality from enteric fever in Chichester was lower than in Eng
land and Wales as a whole.  In the following quinquennium, however,
tho deatli-rate from this cause in Chichester rose far above that of
thie country az a whole, and did not again fall below that level umntil
15891-95. This improvement in 1801-95, however, was followed during
the period 18968 by reversion of Chichester to an enteric fever
mortality much highes than that of the m:untn as a whole, the annual
death-rate from this cause during that {n: in the city being (G4
per lmmns living, while that n:lf England and Wales for the

Lat 0:17 per 1,000 persons living,

Fu.nher measure of the prevalence of enteric fever in Chichester in
recent years is afforded by the relurns of eases of this dizease
notified as having occurred within the district zince 1830, in which
year the Local Authority adopted the Infectious Disease Notification
Act, 1880,  The following list shows the pumber of these cases notified
year by year during the nine years 1390-D8, exclusive of cases of the
iimase imported into public institutions in Chichester from other

istricts : —

1880 ... 7
1891 ... 1
1892 ... 7
1893 ... 7
1894 ... s 1
1895 ... 2
1896 ... ws 116
1897 ... ae 288

1898 ... . 100

During the five years 189397 the mean attack rate from enteric
fover in fifty towns in England and Wales iz ealeulated, from returns
of notified cases of the disease, to hava been 103 per 1,000 living
vear, while the attack-rate from this disease in Chichester, during
the six wvears 1890.05, wae, as may be estimated from the abeve list,
little more than 05 per 1,000 vearly.  The enteric fover aitack
rate in Chichester, thesefore, during these six years, compares favour-
ably with that of the ity towns referred to, duning the period 1803.97.
But in 1896, 1897, and 1898, there was enormouns increase in enteric
fewver prevalencs in Chichestor, the attack rate from this canse reaching .
10:7, 114, and 87 per 1,OO) in these years, respectively.

As rde  enteric fever in Chichester prior to 1870, we give
no details; noting merely that this fover 15 known to have been
unduly mvﬁlmi in the district anterior to that date. That this was 8o
ﬂ:]:mrs from the report made to the Privy Council in 1565 byDr, Seaton,

peady alluded to. In that rt it is stated that, in Chichester,

" disenses d!.rqdh :lahuﬂ'lh!tl with unwholesome conditions, Hpnrt:llh
ga.amc. enterie, nt-ti,'plmul fever, are never long abacnt, and sometimes
* considerably prevai

It would seom, nuu:.nﬂlllag]v that Chichiester has long been noted os
exceplionally liabls Lo coourrence of fover in serious amount; but
that extra prevalence of fever has cocurred at unecrtain intervals, there
having been, in the past, groups of years characterised by heavy
murtalllg' from fover, altermating with ofher groups of ¥ours in which
there was relatively small amu.nb of [atal fover.

As with the incidence of the fever in time, so also as regards its
incidenes on locality ;: the fever within the area comprized by the
present city of Chichester has been irregularly distributed. This will
appear on study of the appended spot-maps showing

(1.) The distribution of known cases of enteric fever during each of
the three years 180G, 1897, and 1898, (Maps A, B, and C))

(2.) Tho distribution of deaths referred to enteric and continued
fevers d (2} the period 1870-24 (Map D), and during (§) the
period 1885-98 (Map E).

On reference to maps A, B, and €, en which is shown the distribu-
tiom of known cases of fever in Chichester in each of the years 1808,
1897, amd 1898, it will be observed that during those vears the fever
manifested marked preference for certain loealitics; and that these
localities were much the same in each year. All these localities lie
outside that portion of Chichester which is within the line of the old
city wallz, and are as follows: —

(1.) Bomerstown, with some 300 houses (enclosed by 2 blua line on

maps).

{2) The neighbourhoosd of Orchard Street and Fraoklin Place,
mm:ipmug about 180 houses (enclosed by a green line cn maps).

{3.) 8t Pamcras and the Hommet, comprising aboeut 250 houses (en-
elosed by a brown line on ).

(1) A proup of houses in Porifield, about 330 in number {enclvaed
by 2 purple line on maps).
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It appears also from these maps that the portion of Chichester that
lies =wtlon the line of the old oty walls (enclozsed by 2 pmk lime on
mape), eomprising aboul 6800 houses, suffered but little from the fever
duriug the three vears in rluﬁtim

Bul cxamination of maps [} and E, on which is shown the distribu-
tion of deaths roferred to enteric and continued fevers during the
eosecutive pericds 1870.84 and 1885.98, tends to suggestion that
the distribution of these fevers in the past has not always.
accorded, as regards locality, with that indicated by maps A, B, and
C, as having been manifested in 1896, 1897, and 1493. Map E,
which deals with the perisd 1835.98, does indeed point to a distri-
bution of the dizease like to that indicated in mape A, B, and C; but
eludy of map I, which has to do with the period I870-84, sugpests that
the distrilmtion of enteric and eontinued fovers, as evidenced by deaths
from these diseascs,in that period differed materially from their dlistribu-
tion in the period 1885.98. For in the former period, the area within
the line of the old city walls, so far from exhibiting that comparative
immunity from the fever which it appears afterwards o have ©ox-
hibited, wonld zeem to have suffered from it in nearly as great degres
as those arcas without the line of these walls that have been noted as
sulfering heavily in 1396, 1897, and 1808,

The distribution of the fever indicated by these is set out,
as regards the pericds under consideration, in the following table

able I11). A chart alzo iz annexed {Chart 1.), showing the numbe;
of deaths from enteric and continued fevers in Chichioster vear by year
during l!ilm period 1870-98 within and without the line of the old
citv walls,

TaeLe III.

SHOWING for the whole of CHICHESTER, and for each of certain
arcas in CHICHESTER, the total number of houses, and the
numher of such houses known to have been invaded by
Exrenric FEVER in 1596, 1897, and 1898 and showing also
the mumber of DEATHS referred to Enterie and COSTISUED
FEVERS in each area during cach of the periods 15370-84 and

TRE5=105,
| Nomber of honses | Number of deaths
Total | known to have hean | referred to Enteric
| Number | invadod by Enterin | and Continoed
Arca. of Fever In Fevera during
| houses |
| (1808}, | 3
i i 1596, | 1587, | 1598, | 1870-84, | 1885-95,
|
Within the ol walls ... | oss | 4 6| 13| 2
Bomorsiown =] aon | 1% b1 B ] 11
Portfield ... e | 335 13 | W 21 11 ¥
6. Pancras anil The Hornet | 53 | 0 12 ] 1l i
Orebizrd Steeet and Frank. 150 11 10 1 I 3
lin Plase. I | |
Otheier snreas Bls | 12 11 i o4 10
The whole of Chickester ; oD | 79 | 10 |_7_1'_l 81 39

From this table it appears that during the period 187084, 81 deaths.
were referred to enteric and continued fovers in the district comprised
by tho present city of Chichester, and that during the following peried,
188598, no mere than 39 deaths were referred to these fevers in
this  district. Further the iable shows that of the BL that
occurred  during the earlicr poried, 22 were deaths of persons
residing within the line of the old city walls, and 59 were deaths
of persens residing without the line of these walls; whereas of the 39
fever deaths during the later period, only two were deaths of persons
residing within the line of the old city walls. It has to be borne in
mind, indeed, that during the earlier period, the population within the
line of the old walls amounted e more than one-fourth of the total
population of the district comprised by the present city; but, even
if it be taken as having been nearly onethird of this Eotal
population, it will be seen that the proportional incidence of fatal
fover at that time on the area within the walls was nearly as
grent as on the areas without the walls. In the later period,
the proporiion of total fever deaths that oceurred within the walls
was on the contrary small and inconspicnous. This change of
incidence of fatal fever within the limits of the district is also shown,
in graphic form, by the accompanying chart. (Chart I.) As regard.
local distribution of the fever prior to 1870, it 13 noteworthy that D



(]

‘Bealon, in his report o the Privy Council, already quoted, states thab
‘it war most prevalent abont %mmglawn, :1.mlFtEIIta.t. “parts of 3t
“Paneras were starcely less bad” From which it would seem
probable that at this still earlier period the local distribution of the
fever differed from that of the intermediate period, 1870-84, and bore
‘resemblance rather to that which characlenszed the later period,
188598,

Cavszation oF THE FEVER.

It appears from the foregoing account that in locking for an
or agencies which shalll be held as salisfactorily mmﬁuting mfﬁg
prevalence i Chichestor, several considerations must be borne in mind.

First of these is the fact that undue fever prevalence in Chichester is
mo new thing, and therefore that explanation of former as
well as of reeent cocurrences of high mortality from this
cause iz necessary lo  salisfaclory solution of the problem of
its causation. It may indeed be that, apart from  limited
occurrences  of fever due to temporary conditioms, the more
mllmt persistence of fever in serious amount in Chichester has

due to more than one agency. This possibilily has especially to
be borne in mind in regard of the recent reappearance of fever in
epidemic form in the district after a considerable period of comparative
guicscence.

It lae aleo to be borme in mind that the fever in
Chichester has varied very considemably in amount from bime
to time, and that, since 1870, there have been two groups
of years during which the death-rate from this canse has
been below that of England and Wales. In view of the small size of the
district and of the population concerned, less gignificance may be held
to attach to this consideration than wonld otherwizse be the casze; it 1s,
neverthelese, not devoid of importance.  The proelivity of the fever for
particular quarters of Chichester hag also Lo bo remembered.  In this
connection  the special incidence of the fever on eortain areas in
Chichester recontly manifested in three sucemssive vears, as also the
diversities of ils loalisation in earlier yoars and in recent years, more
particularly call for consideration. As with distribution in time, how-
ever, 8o also with distribution in place, the smallness of the areas
amd pepulations concerned must not be lost sight of as tending to
qualily the value of indvetion from data of this sort.

With these considerations in mind, the possible agencies of fever
prevalence in Chicliesler may be reviewed in the following order: —

. Foods (milk ; shellfish),
. Wader,

" Rainfal and subsoil water.

. Other agencica.

- B

Foons,

Undey this heading milke and shellfish will be considered briefly in
their possible relationship with fever in Chichester. It is not suggested
that cither milk or shcellfish is to be regarded ns an agency accounting
for the continnance of unusual' amount of fever in Chichester over many
years; rather these arlicles of food require consideration
as possibly having lind ocensional relations of cansative sort
with fover provalence. Thos, as regards milk, it appears
that in the spring of 1879 an outbreak of cnteric fever
occurred, reganifi]ng whick local inguiry was made by Dr. Airy,
at that time one of the Board's inspectors. Dr. Airy, as result
of his investizations, came to the conclusion that this outbreak was
due to infective material conveyed in milk. In all zome 50 persons
wers ablacked, and six died. These six persons resided in “"l:-.slglute
and Orchard Strect, just without the ciy walls, and may be noted as
mainly eﬂnsﬁtubing the clump of spots shown in and near the Westgnie
in m ;

Thai-u is no record of milk having given mse to other oecurrence of
fever in Chichester in serious amount during the peried 137095, Tn
1896, Dr. Bulsirode made careful investigation in this sense, but found
no evidence that milk had had concern with the prevalence of fever in
Chichester that year. Like investigation made by us regarding the
fover of 1807 and 1898 failed to show any relation betwern milk and
the disease. In both those years the milk supplicd to honses invaded
by the fever was oblained from some twenty different sourees, and in
1o instance was thera special incidence of fever upon houses furnished
with milk from any one of these twenty sowrces.

As regards possible relation between fever and shellfish, the only
evidence we have been able to obtain has concern with the outbreak in
1898, Im that year 100 cases of enteric fover are known to hawe
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occurred in Chichester. In eighteen of these cases there j history
the attacked persons having consumed cockles, and of this I;enl e %
been fﬂ]]DWHlI on the same day or on the next day by vomiting a
diarrheea. These symptoms, it is stated, became gradually mora
marked, and, some ten days after eating the cockles, enteric fever was
d.m%'umed_h_v the medical attendant. ~ But the evidence available
while not inconsistent with the thesis that in some cases the infective
makerial of the fever had been conveyed by cockles, was insufficient to
warrant definite conclusion on this subject. It is noteworthy, however
in this connection that many cockles =old in Chichester are derived
from mud-flats liable to pollution by sewage: and that the proess
of cooking o which these sheilfish are subjected seldom, if ever, is
such as can be trusted to destroy enteric fever bacilli in their inte:fi-:rr.
Be this as it may, the suggestion of relationship between cockles ana
enteric fever in 1898 extends to less than onefifth of the cases known
to have eccurred in that vear.

Watkn.

At the present time Chichester is furnished with water partly from
a public supply, partly from private wells. The analyses, chemical
and bacterivlogical, that have been made of the public supply are con-
sistent with purity of the water, although the circumstances and
surroundings of the sources of this supply are not quite satisfactory.
The two wells from which the water 1= pumped are indeed sunk
through the Reading Beds to the Chalk, but they are within a
few yards of the margin of the Heading Beds, and at this margin
the Chalk comes to the surface.  Just whore the Chalk comes
to the surfaice is a stream polluted by sewage; a condition
of things which canmot but be regarded as invalving some risk
of pollution of the water pumped by the Chichester Cor-

ration from these two wells. The domestic wells that
orm the remainder of the Chichester supply are sunk in the gravel
on which the town stands, and are, by !!lwir posir.inu and structure,
liable, in most instances, to dangerous pollution. Annexed to this

rt will e found chemical analyses by Sir Edward Frankland,
F.R.8., of two samples of well-waters taken by one of us on November
13th, 1808, (Sec Appendix A.) It will be scen that in both in-
stances the analysis indieates a water 5o polluted a5 to be unfit for
domestic use.

Prior to 1874 the whele of the area comprising the present districk
of Chichester was supplied with water from domestic wells, In
1874 watcer began fo be furnished from one of the wells constituting
tie present public supply : water from the other well wos firse
supplicd in July, 1898, By 1896 little more than half the houses in
Chichester were being furnished with water from the public supply.
If, therefore, water has played material part in distribution of fever mn
Clichester, this part, prior to 1874, had concern, not with the publio
water su!:p]_;', which was then non-existent, but with domestic wells
only, There was much fever in Chichester for o considerable number
of conseoutive years after 1874, but there iz no evidence as to what
proportion of fever cases occurred in houses furnished with the public
supply as compared with those having local wells. Evidence of this
gorl, however, is available for exch of the three years, 18968, Aas
regards 189G, Dr. Bulsirode notes that 26 per cent. of houses fur-
nished with the public water supply were invaded by emteric fever;
while 29 per cent. of houszes with shallow well water were similarly
imvaded, hat 13 fo sy, in 1596 the Irwlmrtimml incidence of fever
on the two classes of house was proctically the same. The followin
statement indicates what was the incidenee of the fever on each o
these twe clazses of house in 1897 and in 1808 : —

139?-_‘&:‘?.'3!! pumber of houses in Chichester on July Ist, 1897,
wrd
Number of these houses with public water Bﬂ%p‘p] , 1638,
Number of these honses supplied by local wells, 902,
Number of houses with public water supply invaded by
enteric fever, GB, or 4°1 cenft.
Number of houzes supplied hy local wells invaded by enterie
fever 33, or 3 -6 per coent.
lﬁﬁB.—Tﬂlnlmnumhcr of honses in Chichester ion June 1st, 1893,
25700
. Number of these hiouses with public water supply, 1705.
Number of these houses supplied by loeal wellz, B65.
Number of honses with public water supply invaded by
enteric fever, 44, or 2'6 cent.
Wumber of houzes supplied by local wells invaded by enterie
fever, 32, or 3-7 per cont.
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From the foregoing figures it will be seen that in 1897 the

mﬁﬂna] incidence Uctgﬂlllﬂ'i.l: fover on the two classes of houwsa uﬁﬁ

Litthe, and that in 1398, although the resembiance in amount of
incidence was not so close, vet the difference was not such as Lo slggres),
that one clazs of waler supply had had maierial concern with dissemina-
tion of the fever rather than the other.  An hypothesis that in each
of these years both the public water supply, and a considerable num-
ber of local wells situated widely apart, sumultaneously became vehicles
for tranzmission of the infective material of enterie fever, 15 too remobe
from probability to require serious consideration. There is not, there
fore, ground for belief that water played any notable part as a fever
agency in Chichester during the years 18963, It is, however, more
difficult to armve at conclusion as to the share water may have had in
dissemination of fever in Chichestor in years anterior to 18596, and this,
because, as already stated, evidence of the sort available for the period
18968 is lacking as regards earlier years. It may, indeed, be assumed
that for a consmdemable number of years after 1874, when a puble
waler supply was imtroduced to the district, most house: continued to
derive their water supply from shallow wells, many of them liable to
dangerous pelintion, & condition of things sufficiently likely to conduce
to undue prevalence of entenie fever. It 15, however, open to doubt
whether, if water had been the maun agency of fever dizsemination
during tliose earlier vears, the very small proportion of deaths from
this caunse in the area within the line of the old ity walls in later years
—as for mstance during the period 1585-95—was to have been looked
for co-incidently with =erious prevalence of fatal fever in other arcas
i Clichester.  For within the old walls, oven so recently as 1898,
thers were no fewer than 1200 wells (out of a total of 474 in the
wholo district), of which the water was the sole supply available
Lo cerlain premises for domestic purposes ; and it may reasonably be
suppesed thal, in years before 1898, the number of such wells within
the walls was stall greater.

SEWERAGE.

Prior io 1895 all houses in Clichester wero cither undraimed or
were drained to cosspools.  The presont sowerage system of the distriel
was commenced in Seplomboer, 1803, and was not completed until
1895 ; the first connection of any house Lo the sewernge svsieom boing
made in March of the latter year.

8o far, therefore, as undue provalence of fever in Chichester is
cancerned, Lhe sew syslom a5 AN agency 15 excluwded, unless in the
three yvears 18968, If the sowerage svastem has had material share
in propagation of enterie fover in these three yesrs, it may be hold
that there would be likely to have been a materinlly greater incidence
of the disease on houses conneeted with the sewers than on those not go
connccted.  As to this the facts are as follows: In regard of fover
in 1896, D, Bulstrode found that “ the percentage incidence on tho
“wliole of the undrained houses in the town was slightly in excess of
* that upon the whole of the drained houses.”

As regards fover in 1897 and 1892 the following figures show the
relative incidence of the disease on howses drining 10 the sewers
and houses nol so draimed : —

IHEIT.—-T?}tEi&mmIm of houses in Chichester on July lst, 1897,

Mumber of these houses drained to sewers, 1,493,

Mumber of these houses not drained to sewers, 1,047,

Number of houses drained to sewers invaded by enterie
fover, T2, or 48 por cent.

Number of houses not drained to sewers invaded by enteric
fover, 29, or 2:8 cont.

'.'SEi-B.—T?}L:?mnmuhﬂ of honses in Chichester on June lst, 295,

Number of thess houses drained to sewers, 15871,

Number of these houses not: drained fo sewers, 690,

Number of houses drained to sewers invaded by enterie
fever, 58, or 3:1 per cent.

Number of houses nob drained to sewers invaded by enterie
fever, 18, or 26 per cent.

In 1898, it will be perecived, the riion of dromed houses in-
vaded by enlerie fever was but slightly in excess of the proportion of
undrained houses so invaded. In 1897, however, the propoertional
incidence of the dissase was matenally heavier on drained than on
undrained honses. Tt was, in fact. nearly twice as heavy on the former
elasg, and in view of this cirenmstance, it iz desirable to consider the
relationship of the fever to drained and undrained houses t|:|. fhosa
particular neighbourhoods where it was most markediy prevaient in
Chichester in 1897,

These neighbourhoods, as may be scen from the spot-map for that
year (map B), were four in number, viz., Somersiown, Portfisld, 8t

N2 ®
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Fancras and the Hornet, and the vicinity of Orchard Street and
Franklin Place. The number of dwellings invaded by the fever in
1897, and the condition of these dwellings as regards drainage, in each
of thoze neighbourhoods, appear in the following table: —

TarLe IV.

' BHOWING, for coertain areas in CHICHESTER, the toial number of
Houses in each area (in 1898) together with the number in
each instance, of theze Hounzez, invaded by EXNTERIC FEVER

in 1897,
| T-rta'iluh'umlmr !fumber of Number i-f l'iumht-radof
2 i DILECS heellin in vl inwad
Neighbourhood. | . weishbour- | invaded by | Dwellings | Dwellings
hood (1%95) | Enteric Fever.| Dmined. Undrained.
A S — —
Egmerstown ... 05 | 36 33 3
Portfiald S JAnN 1 b 9 17
=4, Pancras and 253 1 i2 o 3
Hortaet, 1
Orchard  Street 120 | 10 7 3
and Franklin
Pl

It appears from this table that the bulk of the inmdenco of the fever
on deained houses in 1897 was in Somerstown, whore the number of
feverinvaded houses that wero drained was eloven times that of fever-
invaded houses that were not drained. Bub it also appears from the
table ihat in Portficld the main incidence of the fever, relative
as well as actual, was not om drained houses, but on undrained
houses. This contradictory resull is not to be looked for if sewer-
ago lad been the main ageney of fever distribution in 1397,
It would, however, bo comsistent with the operation of some
ather ageney which chanced to display much the sume q]ngrm
of activity in meighbourhoods in which there were unequal
proportions of houses drained to sewors; thus bringing about a large
number of invasions of drained houses in theso districts whero con-
nection with the sewers had been genorally made, bub fewer invasions
of drained howses where such connections were seantier.  From this
point of view the following tableis instructive. It gives for each of the
three years, 1896, 1897, and 1898, the number of houses connected with
the sewers and the number of howses invadod by enteric fover in thoss
yoars in cach of the four neighbourhoods dealt with in Table IV., and
also in that part of Chichester which lies within the old walls: —

TAaBLE V.

SHOWIXG, for certain areas in CHICHESTER, the total number of
honges in each in 1898 : and the nomber of these honses
conuecied with the SEWERS, as also of those imvaded by
ExTERic FEVER, in each instance, in each of the three
vears 1806, 1807, 1808,

| | [ |
| Xao, of - Ko, of - Wo, of
o Nowoof No, of | No af
| Total H:::f' Hogses “:c::_“' Honsgs “:;'f Housen
Neighbours Na, of | nected I'iu.w:u_luql neted m‘l;;}“l nected in‘;‘rdd
huocull. Houres | with | . with : with .
| (1562, | Sewers, !ﬁ?:.‘f:: S, ?.:‘::;"‘ ﬁe‘war&.:‘ F'E'.’::;:'
June 1l in 1606 T fin vaer. | TURO N | o 1808,
|
Within the l G52 174 i ki I [ 433 13
old walls, |
HaormErEtowh. . 303 127 1= 251 1 285 ]
Portfichd | 5. 41 13 113 26 175 21
81, Tancras an3 Y | b | L4 | B 133 L]
nnil the Hor- |
(7L
Crrehuerd B reet l =ik L] 11 139 10 154 10
and Frank-
lin Place. r

Careful consideration of the figures in this table tends strongly to
suggestion that during the three years 1806-8 there has been in
Chichester some fever agency acting independently of t-hamw:r
system. As regards that part of Chi that lies within the old
wallyp it will bo observed that in 1896 and 1897 the amount of fever
was small and ically the same, notwithstanding that in the mean-
whila the of houses within that area coonected with the
sewers had risem from 174 to 346, In 15898 thore was some
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mereass  in the nomber of houses invaded by the fever
in this neighbourhood: npot, however, to extent sufficient to
render this one of the areas espocally affected by the dizease
in that year® As rds Somerstown, it 15 noteworthy that
whila this district suff heavily with the fever in 1896 and 1897,
wet in 1898 it suffered hardly more in relation to its population than
that part of Chichester that lies within the old walls.
And yet, by 1898, nearly all the houses in Somerstown had
become connected to the sowers: indeed, of the aress dealt with
im the table, Somerstown, it will be observed, contains the
largest ion of drained houses. Porifield, on the other hand,
is a neighbourhood that has been slow to awvail itself of the sewerage
wystem, nearly half of the houses in this area still remaining uncon-
nected with sewers on June 1st, 1898, Yot Portfield has suffered con-
siderably with the fever m ecach of the three years 18065, more
especially in 1897, for which year the incidence of the disease on drained
and undrained houtes has already been given. Si Pancra: and the
Hornet is another distriet in which connection of houses with sewers
has gome on slowly; at much the same rate, indeed, a= in Portficld.
Here, too, the fover incidence has been considersble ; but remarkable
in tus, that it has declined in amount year by year from 1896 to 1808,
notwithstanding that there was going on during these years material
mddition to the number of houses connecled with the sewers. In tha

iglibourhiosd of Orchard Street and Franldia Place the amount
of fever would seem to have remained stationary during the three
voars, 180G, 1897, and 1808; nevertheless during this peried the
nimber of houses connocted wilh Lhe sewers rose from 65 to 154, out
of a total of 180 in this aren.

The abzence of parallelism between the behaviowr of the fever in
these soveral neigh{::uﬂlmls and the sewornge conditions of the arcas
in question is, in our judgment, not consistent with those conditions
hawing had material concern in dizsemination of the dizemse. Neverthe-
less we deem il desirable to briefly consider views held in Chichester,
by persons who maintain that the especial incidence of the fever on
certain neighbourlicods is roferable to these neighbourhonds being
situate on the highest parts of the sewerage system.  They
contend ‘thalt sewer air, presting to the highest parts  of
the sowergne storn, has found outlet thers, and has, when
charged with the infective material of enteric fover, brought
about am outbreak of that disease in those Imlibleia where
the highekt parts of the sewerage system ocour L may
wery I;fri'inuﬂy be questioned whether in o system of sewers
wontilated as are those of Chichester, sewer air would move in the
manner claimed; but, however this may be, we have studied the
levels of the sowerage syslom and of the groumd in Chichester with
a view to consideration of how far these levels fovour behaviour
of the sewer air in  the manner suggested.  As  result
wie have ascertained the fnllnwi_in,g facts concerming the several neigh-
bourhoods dealt with in Table V.

Within the ofd walls—In the northern half of this neighbourhood
the levels of the sewer-inverts range from 38 to 42 fi. above Ordnanes
Datum, and the ground surface levels from 45 to 51-6 ft. above
Ordnancs Datum. In the southern half of this neighbourhood the
levelz of the sewer-inverts range from 32 fo 38 fi., and the ground
surface levels from 42 to 48 -4 fi. above Ordnance Datum.

Sonterstown.—The sewer-invert lovels range from 36 to 42 i, and
the ground surface levels from 42-8 to 48-5 ft. above Ordnance
Datum,

Purtfield —The sewer-invert levels range from 38 to 48 ft., and the
ground surface levels from 483 to 53 ft. above Ordnance Datum.

&t Pancras and the Hornet.—The sewer-invert levels range from
47 to 43 ft., and the ground surface levels from 45 -4 to 50 -9 ft. above
Ordnance

Orchard Street and Franklin Place—The sewer-invert levels rangs
from 28 to 37 ft., and the ground surface levels from 36 -5 to 45 :7 f&
above Ordnance Datum.

1t appears from thess data that in Portfield, where there has been
congiderable fever provalence, the levels of sowerinverts and of
surface are decidedly higher than in the other meighbourhoods dealt
with. But, on the other hand, Somerstown, which suffered so severely
with the fever in 1896 and 1897, is on a part of the sewerage systom
which is no higher than that of the northern half of the area within the

* [t may be obeerved that of the 13 honses invaded in 1595 in this neighbour-
ood. four were among thoss in which the fever was locally referred to
consumpiion of cockles.

302 B2
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old walls, where there has been but little fever; while the ground
surface levels of ithe northern half of the latter area are somewhat
higler than those ai Somerstown. The neighbourheod of Orchard
Strect. and Franklin Place is, as regards levels of sewers and ground
surface, the lowcst of all the areas in Table V., and yet this i= an
ares that suffered markedly from fever in 1806, 1307, and 1898,
These facts are in direct contradiction to belief that the fever has
displayed prefercnes for these neighbourhoods that lie more highly,
whether as regards levels of sewer-inveris or of pround surface. And
we may cite, as further contradiction of such belief, the small
amount of fovor during 1896-8 from the upper parts of Broyle Road
{north of Infirmary Terrace), where there is (exclusive of the burracks)
a population of some 150 persons, and which is the highest part of
Chichester, the sewer-invert levels reaching nearly 100 f&. above
Ordnance Datum, and the ground surface reaching 105 ft. above
Ordnance Datum.

There remains to be dealt with a further local suggestion in this
eonnection ; namely, that the sewerage syslem, while not aeting as a
direst fever agency, may have brought about the outbreaks of enteric
fever i Chicliester in 1896, 1897, and 1898, by causing, as result
of the necessary exeavalions, disturbance of sedl containing infective
material. A hypotliesiz of thiz =ort, be it obaerved, doesz not require
# greater proportion of invaded houses among those drained than
among thowe nndrained. and to a corresponding extent is diffioult
cither of cuppert or of rofutttion. If, howover, the dis.
turbance of =0l cansed by ]nying trenches for sewers  had
the suggested relationship with fever prevalence, it is diffi-
eult o comprehend why owtbreak of the disease did not
come about  sooner. For the sewerage works were com-
menced  in September, 1203, at  the BOWEEe ontfall  worles,
whenee trencling was carried on towards the town, which
was  reached in  January, 1894; and trenching continued
in the populous parts of Chichester during 1394 and esrly in 1895,
Nevertlicless, only ono caze of fever s known to have oceurred in
Chichester i 1894, and two in 1895, By the middle of 1898,
when the fever assumed serious proportions, the sewerage systom had
been completed about a year.

RaisFarl Axp Svpsoln WaTER.

Rainfell —Appended Lo this rt will ko found o record of the
daaly raimfall m the neiglibourk of Chichester during each of the
thros years 1806, 1897, and 1898, while the number of notified coses
of enterie fever will appear, in weekly periods, from the annexed charts
(Charts IT., ©., I, E.). On theso charts are also shown the amounts of
weelily rainfall in these years,

In 1896, after three widely soparato] coses earlier in the FOAr,
fever began (o be seriously provalent in Chichester towards the end of
May, four cases being  nofificd on  May 2ath-26th. (Ses
Chart II. C) These were followed by soveral more cases,
notificd on June Hth and days following. If, after iniection, some
eighteen days be allowed for incubation, dingnosis, and notification
of the disease, timerelation between these cases in May and previous
rainfall does not appear.  For in May, 1896, there was no rainfall,
save on the 20-29nd, when 0:55 imch is recorded as hoving
fallen. It may, however, be contendod that timerelntion existod
between this reinfall and the series of cases in early June referred
to, which wers notified sixteen to eighteen days after ifs ocowrrence.
Continuously heavy amount of fever in Chichester in 1806 did
not set in until July 7th, and time-relation between this increased
activity of fever and ocourrence of rainfall during June is not indicated
by the chart.

Tn 1897, after notification of four cases in April and May, fever
began to manifest serious tendency to increase on June 12th, between
which date and June 25th seven cases were mnotified. (See
Chart 1T, D)  Continued prevalence of fever in serions amount
ensued at the end of June and in early July. Timerelation, however,
between these occurrences of fever and preceding rainfall does not
appear in the chart; unless the peried of incubation of the disense
had been nnusually short, in which case connection in the fiburu'c_smsua
may be claimed belween these fover occurrences and the rainfall in the
last week of May, and on June 17th-19th.

In 1 after occurrence of & considerable number of
amtmﬂfgcim fever became and eontinued seriously prevalent in the
commencement of the second week of June. (See Chart T1. E) On
3av 19th and 20th, some tweniy days prior to commencement of
this eontinued prevalence of fever, there had fallen in the neighbour-
hisod of Chichester 074 inch of rain.  As regards the antecedent fever
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cases, these, it may be noted, commenced as carly as January 3rd,
and are known to have amounted, betwoen that date and June jth, to
no fewer than twenty. Between these earlior cases and occurrence of
rainfall no frusiworthy time-rclation can be treed.

These data as to occurrences of rainfall and of fever in Chichester in
189G, 1897, and 1898, are not, therefore, such as to support inference
that in these vears there has been sustained association of these con-
ditions in the sense of causze and effect. The evidence, however, does
:I:I.Lhﬂt ﬁl“dﬂ possibility of there having been oceasional relationship of

LE

Subsoil water.—On Charts 11, A, B., C., D, E., the weekly varialions
of lovel of subsoil water in Chichester are shown for the period June,
18M, to December, 1898. These variations are shown for woekly, nok
daily, periods, for the reason that the observations on which the chart
is baszed had been made only once a week.  The record, therefore,
shown in - diagrammatic form on the serics of charts, is to bo
taken as showing, not all the osciliations of level of the subsoil
water, but merely ils general curve of rise amd fall through-
ot the period dealt with. Comparison of this curve with the wmfiy
occurrences of fever exhibited upon the chart shows that the outhreaks
of enteric fever in 18396 and 1397 commenced in each instance when
the level of the subsoil water was falling with some rapidity : but
that in 1898 the sertous prevalonce of fever ecourred at o time when
the level of the subsoil water was indeed falling, thongh its fall was
very shght.

As regands the actual level of the subsoil water at tho times of
occurrences of fever, 1898 differs materially from 1897 and 1896, as
18, seen im the serics of chiarts For, in 1893, when fever
became  seriously  prevalent, the™ level of the subsoil  water
was not quite 28 ft. above Ordnance Datum, whereas, at the times
of like cecwrrences in 1206 and 1897, it was 32 ft. and 325 fb., re

tively, above Urdnance Datum.  Furthermore, it is worthy of note
hat while there was in 1805 and 1896 considerable resemblance
between the general lines of rise and fall of subsail wator, there weore,
in 1895, but two known cazes of enterie fover in Chichester, wherens in
1896 there were 116 such cascs. These data are not such as to en-
courage belief that there has been definile rolation betweon the goneral
rise and fall of subseil water in Chichester and the ocourrence of enteric
fever there in 1596, 1897, and 1898,

In this connection it may be noted that there is some lecal belief in
Chichester that enteric fover is apt to appear in this districe when the
subsoil water, aficr having submerged the sowers, falls agnin below
their lovel. With a view to aseertaining if relation of this sort could ba
made out, the varintions of level of subseil water in the Portficld
district, ag recorded by weokly gangings of » woll there, have been
considered in connection with sewer lovels in that neighbourhood.
The record in question extends from the latter part of June, 18304,
to the end of May, 1898, and it shows that the subsoil water was above
the lovel of the sower mvert on the following dates:—

November 26 and Decembor 3 ; 1804,
Jamnary 7, 14, 21, 28 ; 1805,
Febrnary 4, 11, 18, 25 : 15805,
Janmary 25 ; 1807,

Fabroary 1, 8, 15, 22.: 1897.

March 1, 8, 15, 22, 20. 1897,

April 5, 12, 19, 26 ; 1897,

Tt appears from this record that the Portfield sewers were submerged
by the subscil water in cerfain weeks in the end of 1830 and the
beginning of 1835, the water falling below their lovel subsequent to
February of the latter year. In 1895 two cases of enteric fever ara
lmown too hawve in Chichester, one in September, the other
in October: of these, the S'-epl.emba‘r case wWas in rifield. S0 far
as can be pathered from the weekly maugings, the subsoil water had
been three or four feel below the sewerdnvert levels for some four
months before this case ccowrred. In 18396, when thirteen houses in
Portfield were invaded by enteric fever, the subsoil water is not
recorded by  these gauging: as having submerged the sewers
in that neighbourhoed at any time. In 1897 the Portfield sewers seam
to  hawve n submerged during February, March, and Apnl;
and in that year a case of fever ocewrred in Portfield on April 13,
followed by two more in May. In later months several more cases
oceurred ; twenly-six houses in all being invaded. In 1895, up to the
end of May, when the record of weekly gaugings of the Portfield well
ceases, the subsoil water is not recorded as having rizen to within six
fest of the sewer-inverts. Nevertheless in this year twenty-one honses
in Portfield were invaded by enteric fever.
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The subsoil water levels shown on the series of charts were obtained
from gaugings of a well situated near the Chichester Cattle Market.
This well was selecled as being more centrally siuated than any
other in Chichester of which gaugings were available. Near this
well the level of sewer-inverts is about 34 it. above 0.0, and there, as
may be observed by reterence to the scries of charls, the subsoil water
is recopded as having been above the level of sewer-inverts one weelk in
January, 1895, and during most weeks of February and March, 1897,
but not in either 1896 or 1895

These fact= do not afford support to the hypothesis that ocourrence
of coteric fever in Chichester has had relation with the submergence
of sewers by the subsoil waler.

The relations of subsoil water levels to ground surface
levels also require brief reference. The well, from the gaug-
ings of which the subsoil water levels shown in  Charts
IT., A, B, C, I, E wers denived, 1= situnted near Chichester
Cattle  Market, on  the south-easterm border of the area
deseribed e thas report as wethin fhe line of the ofd walls The
ground surface level at the mouth of the well iz 456 48 ft. above Ord.
nance Datum.  From consideration of the subsoil water levels shown
on the series of charis, it accordingly appears that these lovels ranged
between 11 and 19 fi. below the ground surface level.  Wookly gang-
ngs of aowell in the Somerstown |mig|:|.hn'||rlmud imcliented that there
the subsol waler lovels ranged between 5 and 11 ft. below the ground
surface level. As, however, the record of gaugings from this wall
ceascs i October, 1895, the lower limit of subsoil wator lovel there is
not strictly comparable with the lower limib indicated in the Cattle
Market well ; simee the subsoil water levels in Chichester in 1397 and
15888 touched n lower point than in 1804, 183956, or 1896, Weekly
gaugings of a well in St Pancras indicktod that the subsoil waber
levels ranged from 6 Lo 18 [t below the level of the ground surfnes.
SBimilar abservations of a ‘well in Porffield showod the subsoil water
leviele thers as having ranged between 11 and 20 ft. below the ground
surface level. The gnugings of a well in one of the areas in Chichester
(Wiyke) which lias in recont years been characterized by comparative
immunity from the fever, indieated that the levels of the sub-
soil water below the ground surface mnged from 8 Lo 16 ft.  These
comparative figurcs as to subseil water levels in yoference to the
ground surfaee in diferent parts of Chichester de mot appear o
indicate relation between these eonditions and fover prevalence.

Oraner Feven Acexcios.

From the {oregoing facts and considorations it does not appear that
stfficient. explanation of the continued recurrence of serious prevalence
of enterie fever i Clichester is Lo bo found in relation with any of
the fever agencies hitherio discussed. i

Neither milk nor shellfish can be regarded a5 kaving been associated
in any notable degree with the recurrent outbreaks of enteric fever in
the district.

The evidenee is not. conzistent with water having been 2 main factor
in dissemination of the disease in recent years; while, as regards
occurrences of fever in former years, the available data do not afford
ground for definite conclusion on the subjeet.

For fever in those carlier years, the sowernge system, then nob
existent, cannot be held responsible, while the evidence furnished as
regards recent outhreaks does not point to material concern, direct or
indirect, of the sowerage system with these ccenrrences of [ever,

Bustained relation beiween rainfall and fever prevalence is nok
suggested by the evidence, although there may have cecurred from
time to time direct association of one with the other

The weekly records of the fluctuation in level of subscil waber
do mot indicate conncelion between  these  fuctoustions  and
outhreaks of the fever, although it has to be borne in mind that
maore exact data such as would have been afforded by record of daily
variations in the levels of subsoil water might have supplied indiea-
tione not apparent in the weckly curves, Be this, however, as it
may, indication of eorrelation ween edther ramfall or subspil
water floctuations and occurrences of fever, would be but one
gtep towards complete explanation of the frequently reeurrent activigy
of the infective material of enteric fever in Chichester. The resson for
the presence of this material in this district in the amount or in the
gualily sufficing for repeated manifestation of fever there, would sill
be to seek.

Of the knovwn agencies of enteric fever other than those already dis-
cuzsed, but one remains for consideration: and to that one, or fadling i,
to some causative eondition as yeb unrecogmized, we are driven by a pro-
cess of exclusion.  This ageney, vet remaining for consideration, is soil. Tt
may be that the conditions of the soil upon which Chichester, or some
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ions of Chichester, stand, ave such as to foster in & higher degree
than do those oldaining in most soils, the vitality and morbific power of
the infective material of enteric fever. Present knowledge as to what
may be the particular zoil conditions favourable or unfavourable to this
infective material i= somewhat scanty. The researches of Dr, Sid
Marlin and Dr. Robertson seem to indicate that soils rich in orgamie
matter are more favouralble to the vitality and growth of the bacillus of
anteric fover than are solz in which there iz little or ne organic matter ; *
and they afford also some information as to the influence of tempern-
ture, moisture, and the presence of other bacterin on the growth of this
bacillus in soil.  As regards the fivst of these conditions, that, namely,
concerned with the presence of organic matter in the sml, there would
secan Lo be good reason for belief that the ground on which the more
populous parts of Chichester stand is fouled, and has long been fouled,
to considerable extont in this way. For, in addition to the soakage
of surface filth inte the soil, wsual in populous neighbourheods,
Chichester suffers from an additional source of soil pollution in the
lealty cosspools and cesspil-privies which, until ome bhree yvears ago,
formed the sole metheds of disposal of all s excrementitions matters ;
and which, even now, remain m the distoct o considerable amount.
In go far, therefore, as the amount of organic matler in ol may
raliably be gauged by the potential sources of pollution of that seil,
Clitchester may be regarded as presenting this cendition more markedly
than do many other town distriets. 1t 15, however, necessary not only
to consider Chichester in this aspect as compared with other places,
but alse Lo compare soveral areas in the city, one with another, as
regards degres liahility of the =il to fouling; and thiz beeause of
the manner of distribution of fever in Chichester in recent and in
former years, and also Leeause of Uio periods of comparative quicsecnes
of fever in this district, alluded to earlier in this report.

This comparison cannot, with our present means of knowledge, be
made with accuracy. DBut consideration of the rolative amount of
poverly in several areas in Chichicster may cast somoe light on this mal-
tor; sinee, ax @ rough guide to the amount of potentizl soil pollution in
urban communities, it may be gonorally accopted that the poorer the
neiglibourhood the greater will these potentialities be.  In Chichester,
the poorest neighbourhood is S Pancras, while Somerstown and Port-
field ave of somewhat beiter class, The arer that liez within the old
walls comprises, on the whole, fairly good class dwellings ; with, how-
ever, the exceplion of ene or two sireelz which are of no better quality
than those in St. Pancras. The Orchard Street and Franklin Place area
iz, at tlie Opehard Street ond, much like Portfold ; while honses in the
neighibourkicod of Franklin Place are of better cless.  As regards fever
prevalence in recent years, the arcas in Chichester that hove sulfered
most have been Someorstown, Portficld, St. Pancras and the Flornet,
and Orelinrd Street and Fraonklin Place; while within the old walls
there has been but little fever. The four first-mentionsl areas hoave
been set down in the order which, as regards proportional amount
of fover, thoy suffered: thers iz, however, but little difference in
this respect belween one and another of these arcas. In the main,
therefors, the distribution of fever in Chicliester in recent years would
socm to have been such that the poorer neighbourhoods, in which
fouling of the soil is likely to be greater than elsewhere, suffered most
heavily. Bub it 18 noteworthy that, as rogands fever in Chichester
in earflier years, a like distribution is not observable during the period
1870-84, During this period the area that lics within the line of the
old walls suffered with fever in nearly the sime proportion as the rest
of tha district, and this, m}twilhﬁ:mﬂing that at that time the cha-
racter of the population in each of the soveral areas under conaidera
tion wonld seem to have been much the same az i recent years.
Nor does the fever scem to have exhibited preference, during this
period, for the poorest ueighbourhoods in the area within the line
of the old walls.

Indication az to the degree of potential soil pollution in these areas
may also be hoped for from consideration of the methods of excrement
disposal in them: and, accordingly a statement of the proportion of
houses in ecach area still draining to ecsspools or served by cesspit-

privies, ab the end of 1898, hove f—
Proportion of Proportion of
—_— Monsex Dirnining Haowsas with
ta Cesspoals. Uesspit Privies.
Fer cent, Per cent,
Within the O1d Walls . cd 48 a9
Homeratown 0-3 13
Portficld ... 5o & 14
St Pancras and the Horoet ... e a3
Orchard Strect and Franklin Place .. none | f3
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It appears, therefore, that at the end of 1898, the area within the
ﬂlﬂﬂ:&' walls had somewhat the largest prulmrtm of howses cither
drained to cesspools or served by cesspit-privies, while St. Pancras and
Portfield came next in this respect. Obviously, however, this state of
mai-!.u:ﬂrs at l.-lli: ':;.il:l of 1898, m a town a8 Chichester, with a
recently introduced sewerage system, cannot be taken as a puide to
what exizted even a few years ago. Prior to the i.nbmdmt.iniwuf the
sewernge system in 12895, houses were served either by water-closets
drained (o cesspools which would seem to have allowed most part of
their contentz to escape into the swrrownding soil, or by cesspit-
privies, alzo of lsaky sort. DBy which of these two methods of excre-
mend disposal the greater amount of soil tion would be brought
about is difficult to say ; nevertheless, the tme to which one or obher
method formerly obtained in the several neighbourhoods under con-
gideraiion, ¢ here be stated.  From information furnished on this
subiject it would seem that, prior to the introduction of the sewerage
gystem in Clichestor, houses in the area within the line of the o
walls either deained 1o -:-:ﬂﬂwuls or had cesspit-privies, with, however,
a majority of the former class.  Somerstown, Portfield, St. Paneras,
Creehiard Stroet and Franklin Place, were almost entirely cesspit-privy
districls. The Hornel, however (comprised in the ares of Bl Paneras
and the Hornet), had about as many howses furmished with water-
closets draiming to cosspools as with cesspit-privies. It appenrs, there-
fore, that in rgcu.'x-m- vears Lhe fover Ims?jinpl:lln: min, c?ﬁgﬁy adfected
those of the areas under consideration that may be termed mEc?,- pri
acighbourheods, appearing in less degree in the area within the w
where eesspouls, as well as cesspit-privies, abounded. But this apparent
preference of the fever for cesspit-privy neighbourhoods does not extend
to those parts of Chichester not included in the soveral areas selected
for special consideration.  Those other parts, which were mainly
cosspib-privy  neighbourhoods, lave had but little fever in recent
years.  An illustration of this is afforded by the neighbourhood
of Whyhe; an area with somo 420 Immm, ]_'ring to the zouth-cast
of 1he ceniral portion of Chichester. This area was formerly served
almost, enlircly by cosspil-privies. Novertheless in the three years
1896-7-8, but 15 houses in Whyke are known to have been invaded
by the fever. It has also to be borne in mind that during the earhier
period 1870-84, cesspeol and cosspit-privy neighbourhowds stem to have
suffercd from fatal fover in much the same degree.

These considerations as to the dogres of potential soil pollution in
Chichester, and in several particular areas in Chichester, regarded in
relation with the varving preferonce of eateric fever now for one and
now for another arca, together with occasional periods of romparative
immunity of the whole district from this disease, do not favour belief
that theso potentialities as to  soil pollution are in them-
selves  sufficient explanation of the long continuance of this
fever in serious amount in Chichester.  Aml, indesd, although
thess puu-mi:llilit-:: have beem and  still are, in  Chichester,
greater than they should be, and although they are greater
than in many other urban communities, yet it is difficult of belief that
there are not still other towns in this country where these potentiali-
ties are as oreat as in Chichester, but where, nevertheless, fever has not
prevailed to so serions an extent.  Further knowledge, thereiore, would
geem necessary for discovery of the causation of the serious prevalence
of enteric fever in Chichester, Thus, it does not necessarily ensue that
two soils subject to the same degree of potentinl pollution, ib'"'.. L effect,
become and eontinue equally |mTI||tﬂl. It mey well be, and is, ullail.lml_-':?lJ
even to be anticipated, that polluting matters disappear more readily
from some sols than from others ; 3o that the latter, {“.'ﬂlllwhen subject
o the same degree of pollution, nevertheless are in o habitually fouler
econdition than the former. But how this mav be in Chichester we
know mot. It is known that for the most part Chichester stands on
surfaco mould and gravel overlying the London and Reading Beds;
Dt it iz not known what iz the thickness of this sheet of sravel save
at one or wo pointz, nor what, if any, variation there mey he in the
character of this gravel. There is like want of knowledge as to
wariations in quantity and quality of the surface mould covering the
gravel, Mor is it- known what may be the influence, as com-
pared with that cxercised by other seils, of :snm!n a soil as
that ymderlying Chichester upon organic matter reaching it in the
way of bringing about conditions more or less Eamwhlie to the
vialilily and morbific power of the infective material of enteric fever.

The above, however, constitute but a small part of the total wonli-
tions HP‘!‘.IIZ‘ﬂ.‘Ii'I:IiII':{ to  sml, regar&ing which IZ-I'IEI'_B 15 0o l_dﬂ-
quate knowledge, but which may count for much in determining
its suitability or otherwise as a medivm for the life and growth
of the ecnteric fever bacillus. Thus there is some lnow-
ledge, as already stated, concerning the degree of meisture of
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soil and the degree of soil temperature best adapted to this organism ;
but as to the qualilics of Chichester soil in these respects n:rgmfurma:
tion is available. Again, the relations between the enteric fover hacillua
and other microorganisms in soil may conceivably have important
bearing on the life and activity of the t'n:;-mcr, Snmg’mus may it-a‘m
orranizms chnoxions to the enterie fever bacillus, others may contadn
organisms that encourage the h or intensify the virulence of that
bacillus. Yet of this aspect of the matter all but nothing is known. *

In our judgment, hiypothesiz that the prevalence of enterie fever in
geripus amount in Chichester is referable to the existence there of seil
conditions especially favourable to the viability and growth of the
infeclive material of this disease, is mot inconsistent with the facts
asceriained by us and set out by us in this report.  But. on the other
hand, such hypothesis, while not inconsistent wilth these facts, does not
at present afford adequale cxplanation of features that have character-
ised the fever in its distribulion in time and place in Chichester,
Fuller knowledge of seil conditions in their relations with fever
provalence may account for these features ; without that knowledge it
18 not possible to arrive at definite conclusion.

The likelihood of acquiring such knowledge would be materiall
enhanced by widening the scope of inguiry directed to this end.
Investigation, in thiz connection, of the cireumstances of certain
places other than Chichester, may be looked to as not unlikely to afford
helpful information on this subject. As instance, carcful comparison
of the eimilarities and dissimilarities in  local  conditions
obtaining in places cxceplionally prome to eaterie fever with
those obtaining in places that suffer but [ittle from enteric
fever, would seem to be indieated. Such  investigations
would nesd to be supplemented by skilled  research on the

of the statistician, trlc logast, the chemist, and the bacterio-
ist, and would entail onged and anduous labour in all their
aspocts,  They are, nevertheless, in owr  judgment, urgently
called for in the interests not only of Chichester but alse of
not a fow other localities in this country whero enleric fover is
endemically provalent in such amount as to take, year after year, a
toll of deaths greatly in execess of the proportion claimed by this diseaso
in England and Wales as a whole.

We desine 1o express our thanks Lo the fellowing persons for informa-
tiom furnished by them o us in relation to matlers concerned with our
inquiry :—Mr. Armold, Town Clerk of Chichestor® ; Sir Robert Raper,
SBuperintendent Registrar of certain districts near Chichestor;
Jones, the Medical Officer of Health for Chichester, Our thanks are
also duo to Mr Baldwin Latham, M. Inst.C E., for the valusble in-
formation reganding fluctuations in the level of subsoil water at
Chichester, quoted in this report. We would also especially record
our senso of obligntion to Mr. Baunders, the City Surveyor, to whom
wo are indebted not only for much statistical and other information,
but also for work done by him in conncction wilth the maps contained
in this report, and for sustained assstanes l!:rml.giml.l.t. the coifae of

o - Toeonore THouso,
J. T. Magsm.
Juna 12th, 18949,

PosTECRIPT oX EXTERIC FEVER IX CHICHESTER IN 18309 : BY
Dr. THEODORE THOMSON.

Tue year 1899 has been, like the three years immediately proceding
it, marked by recurrence of emteric fever in Chichester in notable
amount. By tha eond of Boptember, 76 rcases of this diseass
had beon notified to the local authority as having occcurred
within their district—exclusive of enses imporied into publie institu-
tions in Chichester from other districts. Six of these cases oconrred

—

* Acoount of interesting rescarches on this anbject by Do Sid Martin
will be found in the forthcoming Report of the Medical Oficer o the Tocal
Government Doard, 150600,

* While this report is passing through the press, we regret to learn that Mr_
Arnold has unhappaly died,

3092 o
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The majority of the cases, it will be seen, ocowrred during the
months of May and June

During these nine months of 1899, cloven deaths were referrad
o enlerie fover in Chicheder - a Fatality rate of 14 -5 per cent.

The most. noteworthy feature of the fever of 1899 has concern with
its distribution in place; which was remarkable in this, that the
comparative immunily of the area within the line of the old walls
from the discase, noted ax having obtained in recent years, is mno
longer evident.®

The following short tabular statement indieates the incidence of
the fover of 1899 on louses in the whole of Chichester, as well as in
eerfain areas, aleeady specially referved to in the foregoing Report.

BHOWIXNG for the whole of CHICHESTER, and for each of certain
arens in CHICHESTER, the total number of houses and the
number of spch houses known to bhave been invaded by
ExTERIC FEVER during the nine months Janusry to
Hepiember, 1RO,

fnmlm nﬂ Houses
| . | known to have been
Arca. Total Number of | Gy vaded by Enteric
| s | Fewver, January
i [ b0 Beprem bar, 1889,

Within the 014 Walls GRZ I
Bomerstown ... e 6
Paorvield 335 i
Bt. Pancras and the Horne: 253 13
Orehand Street amld Franklin Place = 5
Other Areas ... 527 12
The whole of Chiclester .. iie 2 AR it

It will be seen from the above table that the area within the
old walls not only sulfered proportionally as much from the fever as
the whele of Chichester; but alse relatively more than some of the
other areas for whoh the disease has in recent yeers manifested a
marked preference. The area which continues to show a comparatively
high incidence of the fever is St. Pancras; which is, it will ba
romembered, the poorest nuiﬁhlmurhmd in Chichester. It mvay be
noted that in the neighbourhoed of Whyke, an ares referred to in
the body of the Report, enly 5 houses out of a total of some 420
houses in that area, were invaded by the fever in 1859

Of the total number of houses in Chichester, 1,971 were receivi
the public water supply on Ma'i.* Ist, 1899; while 609 derived their
water from private wells. Of the former class of house 41, or 2:1
ner cent.,. were invaded by the fever; of the latter class 17, or 2:8
per cent. were invaded. ‘There swas, therefore, & somewhat greater

* It is noteworthy that the incidence of fever in 15939 has been greater in the
north-western quarter of the area within fhe line of the old walls than on other
portions of this area. Also that the fever, in this year, exhibited marked pre-
ference for the peorer neighbourhosds in this ares
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incidence of the disease on houses deriving their water from privade
wells than on houses supplicd from the public service.

The number of houses in Chichester drained to sewers on May 1st,
1899, was 2,133 : the number of houses not =0 drained was 447. Of
houzes drained to sewers, 49, or I -3 per cent., were invaded by the
fover; while of houses not eo drxined, 9, or 2 por cent., Were invaded.
The relative incidence of the disease, therefore, on these two classes
of houses was almost the same.

Tnvestigation failed to reveal relation of causative sort between
milk supply and the fever,

During May and June, when the fever prevalence was at its height
in Chichester, there was considerable suspicion locally that the con-
sumplion of eochkles, infected with the specific contagium of enteric
fever, was responsible for the ocourrence of no small number of cases
of the diseafe. As result of careful inquiry it appeared probable that
certain person® had aclually contracted the fever in this way. In-
vestipations on this subject were made locally in late July and early
August, by which time nearly 70 cases of ewteric fover had been
reported to the local authonty. As regands these cases it appeared that
in 20 instances cockles had been partaken of within & month of the
onset of illness: the remainder of the persons attacked by the fever
had not partaken of cockles within that period. OF the 20 referred
to, 18 had eaten of cockles within 3 weeks of attack. In some in-
ietances, however, this relation in time between consumption of cockles
and cccurrences of the fever constituted the only apparent ground
flor attriluting the latter to the former. But, a= regards 13 of these
20 persons, probability of causal connedtion was indicated by other
evidence ; such as nearly simultancous omset of symptoms of the fever
in two or more ng whe had partaken together of cockles some
Ken or fourteen ag.;;rm\-innﬂy; or the ocowrrence, within 24 hours
of consumption of les by several porsons, of sickness, followed, a
weel or two later, by development of enteric fover in one or more
of the consumers. In most imstances it proved impossible to ascer-
tain whenee the cockles had  been derived : but, az notod in the body of
the Report, many cockles known to be obtained from mucd-flats liable to
pollution by sewage, are sold in Chichester. The share of the fever,
however, which can reasonably be referred to consumption of cockles, is
ibut small. The 13 cases roferred to peowrred in 4 houses: the
romaining 7 cascs, arding which evidence of causal connectiez
between the fever and consumption of cockles is less trustworthy,
involved other 4 houses.

October 2nd, 1899,

Treopore TroMson.

a0as



APPENDIX A.
DRINKING-WATER.

Memorandum No. .— Previous Sewage or Animal
Condaminaiion.

THERE is reason to believe that the excrementitious matters which
exist in scwage ave often possessed of inteusely infectious properties ;
Fnjcjlk E’lmt Ifmaglu mixing with water, even in the minutest proportion,
3 . by such properties, to spread icular diseases among popu-
ladions which drink the water. L

Thus is explained the pecunar power which impure waters have been
shown to exercise on many occasions, in promoting great cpidemics of

hoid fever and cholesa.

he existence of an infections property in water cannot be proved by
chemical analysis, and is only learnt, too late, from the effects which
the water produces on man. But though chemistry cannot prove any
existing infectious property, it can prove, if existing, certain doegress
of sewagecontaminalion. And every sewnpecontamination which
chemistry can trace ought, prima facie, to bo held to includa the
possibility of infectious properties.

Nearly the whole of thie animal matter which gains aceess to drink-
ing-water consists of sewage, that is,—solid and liquid excrement.

he eolumn headed g-ﬂe“m Sewage or Animal Contamination,”
m the accompanying analviical table, expresses in terms of ava
London sewage, the amount of animal matter with which 100,000 lbe,
of cach water vwas, af one time or other, contaminated. Thus
100,000 1bs. of the water of Well B at Chichester had beon polluted
with an amount of animal matter equal to that contained in 15,958 1ba.
of average London sewage. So far as chemical analysis can show,
nearly the whole of this animal matter had been oxidized and converted
into minerdy and mnocuous compounds at the time the anolysis was
mado: thore is, however, always a risk lest some portion (not detectable
by chamical or microscopical analysis) of the noxious constituonts of
the :m'Fi:m] animal matters should have escaped that decomposition
which lias resolved the remasnder into innoeuous mineral compounds.
But this evidence of previous contamination impliess mueh more sk,
wiien it ocours in water from rivers and shallow wells, than when it 18
met with in the water of deep wells, or of decp-seated springs. In the
case of river water there is great probability that the morbifie
matber sometimes present in anmmal exerols will bo carried rapidly
down the stream, cscape decomposition, and produce disenss in thoss
mersons who drink the water; as the organic matter of sowage under-
goes decomposition very slowly when it is present in running water,
In tho ease of shallow-wellwater, also, the decomposition and oxida-
tion of the organic matter are liable fo be incomplete during the rapid
passage of polluted surface water into shallow wells. In the cose of
deepwell and spring water, however, if the proﬁ‘r}tifm of previous
contamination do not exceed 10,000 parts in 100, parts of water,
this risk is very irconsiderabls, and may be led ns nil if the
direet access of water from the u strata be rigidly excluded; be
canss the excezsive filiration to which such water has been aul:-jmtra&
in passing dowzs=rards troush so great & thickness of soil or rock, and
the r:q:;:iff oxidaiion of the organic matters contained i water whoen
the latter percolates through a porous and aeratod soil, afford a con-
sideralle guarantes that all noxious constituents have been removed.

Tt follows from what has been slready stated thabt chemieal
analysis cannot discover the noxious ingredient or ingredients in water

huted by infecled sewage or animal exereta; and as it cannot thus

istinguish between infected and noninfected sewage, the only perfectly
gafe course is to aveld altogether the wse, for domestic purposes, of
water which has been polluted with excrementitious matters.

This is the more to be desired because there is nnfr:u:tiﬂ.ﬂ process
known, whereby waler, onco contaminated by infected sewage, can be
so purificd as to render its domestic use entirely froe from msk.

evertheless, as it is very difficult in some localities to obtain water
which has not bern more or less polluted by excrementitious matters,
it is desirable to divide such previous contaminated drinking waters
into three classes, viz.: —
1. Reasomably safe water.
2. Suspicious or donbifnl water.
3. Dangerons waber

Reazonably Safe Water —Water, althoush it exhibits previous
sewaps or animal contamination, may be regarded as reasonably safs
when it is derived either from deep wells (say 100 feet deep), or from
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: ded that surface-water be carefully excluded
Mﬁmmmﬂ that the proportion of previous contamina-
tion do not exceed 10,000 parts in 100,000 parts of water.

Suspicious or doubtful water is, 1st, shallow-well, river, or flowing
water which exhibits any pmporuun, however small, of previous
sewage or animal contamination: and, 2nd, deep—we'llnr Epnng v.a.tqn‘
-comtaining from 10,000 to Eﬂ,ﬂﬂﬂ parts of previous contamination in
100,000 narts of water.

Dangerous water is, 1=t, shallow.well, river, or I'Inmng waker which
axhilits more than El}ﬂﬂﬂ parts of previous animal contamination, is
100,000; Znd, shailll:rW-wcﬂ, river, or flowing waler containing loss
than 20,000 part of previous comtamination in 100,000 partz, but which
18 Imown from an actual inspection of the weli, nver, or stream, to
receive sewage, either discharged into it directly, or mingling with it
as surface drainage. 3drd. As the risk attemding the use of all pre-
viously comtaminaled water increases in dircol proporlion to Irha
amount of such contamination, deep-well or deep-seated spring water
exhibiting more than 20,00 parts.of previous contamination in 100,000
must be rded as dangerous,  River or running water should only
be placed in the second.class provisionally, pending an inspection of
tha ks of the river anu tributaries; which inspection will obviously
transfer it cither to the class of reszonably =afe water if the provious
contamination bo denved exclusively from spring water, or to the class
of dan s waler if any part of the previous contamination be traced
to tho direct admision of sowage or excrementitions matters,

E. FravgraxD,
Amnalytical Laboratory,
The Yews,

Reigate, Surrey.

Water-Analysis Labortory,
The Yews, Reigate,
Btx, November 19, 1898,
Herewith I enclose results of analysis of the two samples of
shallow well water which you sene here for cxaminetion from
Chiclhiester,

Both these waters contain only a small proportion of organic matter,
but they are derived {rom very :mpum sources, and the organic matter
is of animal origin. Well B is the worst. Nearly one-fifth of the
waber of this well hag been in the condition of average London sewage.

The water of both wells is dan to health, and therefore unfis
for domestic usa. Both wells ought to be closed.

I am, Sir,
Your obadient sorvant,

E. Frangrann,
Col. J. T. Marsh, R.E.

RERULTS OF ANALTSIS EXPRESSED 1IN PARTE FER ll.:lﬁ_ﬂlﬂl_:l,
Colleeted by Cok. MarsH, 12ih November, 1805,
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APPENDIX B.

RAINFALL FOR 1896 ; 1IN INOHES.
Becorded at Chichester SBewage Works.
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RaixrFaLL FOR 1807 ; 18 INCHES,
Recorded at Chichester Sewage Works,
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Recorded at Chichester Sewame Works,
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APPERDIX C.

EXTRACTS from Dr. BuusTionDe’s REPORT to the LOCAL
GovERSMENT BoarD upon PREVALENCE of EXTERIC FEVER
in the C1TY of CHICHESTER.

The chief indusirics of the district are those connected with agri-
culture, brewing and tanning, The city is the market tewn of the
surroninding districts; a ecatile market, the Imrg-eat in the south of
Eng‘hud., i held here fortnightly, and the Cathedral attracts numercus
vigitors,

The main streets of the eity, which are wide and well.constructed,
run directly north, south, east, and west, and in the centre of the aty
stands the old market cross. The town is traversed by the Lavant
and by leanches of this river, some of them artificial.  In winter the
river and itz branches give passage Lo a deal of upland water,
but in summer all lllefn chr:nc]fﬂiml tngmumn dry or to contain
more or less clongated pools of stagnant waler.

In former times the Lavant received much slep-water and not a
little sewage. but these sources of pollution are now far fewer than
formerly ; drains are being rapidly cut off from the river, and made-
to discharge into the reemmtly constructed sewer si,'slrm. There wern,
howewver, at the time of my visit, sundry privics, the contents of which
oozed through the bank into the channel at St. Pancras, and s
water was hero and there being cast into the bed of the stream. This
talo of affairs was excoplionally well marked behind some coblages,
Wos, 90594, n 5t. Panceras, the inmatez of all of whi:;hgul; ritl of their
| rater into the channel, and obtained their drnking water from a
well hard by; om the opposite bank was an offensive privy used by
the tenants of the eottages referred to.  In nddition te sundry sources
uf]mlllltim: in 5t. Pancras, all;]lrwnler enters the channel at intervals
at other parts, and at one place, near Southgnte, a housa drain
discharges into it. TIn Orchard Street therg are also sundry sources
of pollution. The eulvert running from near Eastoate bo just beyvond
Southgate is brick-bottomed, and by this means is kept clearer from
deposit tham would otherwise be the case; but bencath Orchard
Strect and thereabouts, where the bed of the river iz unbricked and
irregular, there is & thick deposit in ils bed of offensive matter.

As a general rule, there is in Chichester but litile wﬂmrﬂwding of
howses upon arca; usually = curtilage of some sizo i3 attached to cach
houss or group of houses. There are, however, exceptions to this
rule; notally, in some of the pocrer parts of Sb. Pancras, where seme
few houses have practically no curtilage whatever, while others abut
upon the Lavant, and, as has beon sid, dispose of their slop-water
and other refuse in the river. In spite, however, of the fact that
houses, even of the poorer sort, are generally provided with curtilage,
it ean rarely happen, that sufficient space obtains to safely allow of
oxercment and slop-waler being deposited inte one or more holes in
the pervious soil, and of pure waler being obtained from another.
In certain of the premises which T visited the conditions of the yards
was extremely unwholesome ; and although in some cases the houses
had recently been drained, the work had been now and again done
in such a careless manner that the present state of the yard surface
was probably no better than before. Tt may, foo, be remarked in
repard of several houses that T visited, and which had been recently
drained, that the privy vaults had, together with their contents, per-
haps the accomulation of some years, beon simply filled in, and not,
as they should have been, carclully empticd, their bricks removed, and
their sites carefully cleansed. Tn one ease which was brought pro-
:m'neu!.!r.— to my notice, and where enteric fever was prevailing, the
buried privy contents still at times made themselves manifest on the
adjoining wall; and in other instaness complaints of a somewhat
similar nature were heard of.

e Werkei Sﬂ"upfy u_f Chichiester.

The city of Chichester is supplicd with water partly by private wells,
partly Ly the Chichester Watirworks Company. The wells are of
that Jind known as “ shallow ™ ; ie., they are not sunk tbrough any
impermeable stratum, but consist of excavations sunk in the gravel
overlying clay. These wells are drysteined, and thus are but im-
perfectly protected apainst flth soaking through the =il In the
majority of instances the water is raised from these wellz by means of
pumps; but in some cases, especially in that part of the town which
15 rural in characler, water is often raised by means of o windlass, and
wills are coverad over with wooden lids, vigl.ich frequently gre not sa-
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fitted as to protect them from the influx of surface water, The pl:l&'lbiﬂll
of these wells was, in the great majority of cases which I inspected, a

onge, Frqu-mlllel' wells were found but a little distance
removed from non-watertight privics and cesspools, to which referenee
will shortly be made; and it was obvious that the water contained in
them was in dangor of becoming fouled by infiltration of cesspool or
privy contents. In numerons instances the exact position of the well
was & matior of surmise only, the present tenant of the dwelling having
had no occasion to ascertain its whereabouts. A large number of these
phallow wells in Chichester have been made to furmsh water for
ohiemical oxaminadion, and many have been pronounced highly
polluted. It is clear, however, whatever may be the finding of the
chemist or of the bactericlogist as regawds any given sample, that a
vory large numbor of the Chichester wells are in very rlangarous

i,

The Chichester Waterworks Company oblain their supply from a
woll which was constructed in 1874, and which is sih-tmm:i on the
Portsmouth Road at o point distance some 1} miles weat of the centra
of the city. The well has a total depth of 47 feet from the floor of
the engine house, the first 17 feet being lined with 9-inch brickwork,
tho J'anmjning 30 feed with wn'nnghl.. iron cylinders. In reference to
tha geological strata through which the waell is sunk, it may be recorded
that after passing through the superficial soil and gravel, the combined
thiclkress of which, I am informed by Mr. Shelford, the Engineer, is
but o few inches, a stiff clay was encountercd which conbinued to »
dopth of 234 feet. At this point chalk marl was reached, and after
penetrating this for some 2} feet, water enbered the weil in large
quantities, The remainder of the well shaft peactrates chalk marl
ancd Chall,

Tho water is raised by means of two engines, each mp:hhlu of throw-
ing 10,000 gallons per hour; but the total maximwm average yicld
of the present well is, it appears, not more than some 15,000 gallons
per hour. By working beth engines ab full speed the waler may bo
quickly reduced to its lowest point, e, 29 foet below the engine floor.
If the engines are now stopped the well will fill up to the level of tho
overflow in 23 minutes, and to within 10 foet 6 inches of the floor
in 12 minutes. At the preseal lime the consumplion of waler in the
ui'l.g.r necesxitoles constant pumping, and it iz contemplated, t herefore,
that additional borings for water will shortly be necessary.  The water
is pumped up into a main passing through Chichester, wheh il supplies
on its way Lo roservoirs sitoated on the north of the cily. One of
thess reservoirs is ab the ground level, the other some 40 Foct. higher,
The = capacity is at prosent 200,000 gallons, cach of the above-
mentioned reservoirs holding some 100,000 gallons. The higher rescr.
voir is for the supply of the barracks and all parts of the Llown that
aro situated above the level of the Infirmary.

The draft on the ground level reservoir (capacity 100,000 gallons),
when no water is bang pumped intoe ib, is found to be aboub 8,000

- !!ons per hour, so that the capacity of the reservoir is only about
wurs’ supply.

The water Ifmu this well has been analysed on several occasions.
On Mareh 10th, 1879, Dr. J. Muter, F.C.8,, ounced the water to
b & water of very cxecellent quality indeed. :

In April, 1893, Dr, Frankland reported that *the water possessea
a very high deores of organic purity, and it is in cvory way well fitked
" for diettic use. Tt iz of most exeellent quality. It is slightly barder
“than Thames waler, but will seffen down to less than two degres
* of hardness upon Clarke's scale, or 26 per 100,000."

Ercrement and Refuse Disposal,

Excrement is disposed of parlly by means of a recently constructed
sewer system, partly by means of privy cesspils and ecsspools.  Use in
the above sense of the public sewer system is an inereasing one.

The privy cesspits are capacious recepiacles situated in €he curtilagze
of the houses; they are lined mosily with brick, bub nob in such a
manner 18 to render them water tight. Over the cesspits are erectec
nmmmmlam privy structures, and, in numerous instances which I saw
these ced were muel dilapidated, while their Qoors which coverec
part of the pits were, not univequently, found unsafe. The ces=pit:
in a very large number of instances are in situations which mmust ha
reganded as unduly near the houses which they serve Thoy, tos, am
often within a few feet of the well from which the drinking water of
households iz derived, in civcumstances which cannct fail to sericusly
endanger the wholesomeness of the well water. Even where the coss-
pils have been done away with, and the houses connectod with the
sewers, I found, as 1 have zaid, that, in not & few instances, the it
had been simply filled up, and not, as it should have been, uﬁgy

I
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aug out and cleansed.  The cesspools are, like the privy pits, not water-
tight; they are, as a rule, coverad over in such & manner a8 to conceal
their whereabouts, and in many cases the occupier had only a very

notion as to the lecality of his cesspool.  Tn only a few instances
are they properly disconnecled from drains, and some of them appoear
to ventilate directly into the soulleries or kitchenz of the houses.
Everywhere cesspit and cesspools are numerouns ; in fact, it would seem
that the whole of the gravel upon which Chichester is built is riddled
with them. Some that had been covered over and forgotten wero
breught to light during recent operations connected with the drainage.

The emptying of the cesspools and cosspits is left to cceupiers, who
vxercise their own discretion in the matter. As regards some of the
premises which I visited, the dates, or, even the fact, of the last empiy-
ing of the cesspool could not be called to mind. It is certain, too,
from the infrequency with which cesspools require to be emptied, that
the greatest part of tlicir fluid contents must find its way into the
gravel umderlying Chichestor.

Although the Town Council do not undertake the removal of exere-
ment, they lend their assistance by letting ont * buns ™* for the purpose.
Doubtless Lhie fact that a charge is made for these buns disconrages
frequent emplying of cesspits and of cesspools.

Howee Refuse 158 removed iwice \\'m,-k]:,.' 'I,l:r the Town Counel, and
deposited upon an open space near the cemetery to the cast of thie

town.

Isolation Aveonmodition.

In 1888 the Local Government Board after local inguiry sanctioned
a loam for the purposes of an isolation Imﬁpitn.l. Tha |It‘.-zd|:rit:l-l 15 st od
in the Spitalfields Road, to the north-cast of the city, on & site consist-
ing of some 3 acres of land. The present buildings consist of what is
practically a slight modification of the Board's plan B., i.e., of a block
of six compartments, three of which face in one and three in an opposite
direction.  Each group of threo consists of & large ward 24° x 18/ x 137,
a nurses’ ante-room 14 = 14%7% 13", amd o small ward for one bed
12/ % 13" % 13". There i= thus, upon # basis of 2,000 cubic feet per
bed, accommodation for, say, ab most cight patients in sll.  Tf, how-
over, lwo diseases aro being treated in hospital ab the same time, there
is obviously at most accommodation for bub four cses of cach disease,
#.£., thren of one sex and enc of the other,  Clearly the accommodation
is insufficient for the population of the now oxtended district. There
is also am administrative block, consisting of x kitchen, sitting-room,
and senllery on the ground floor, and three boedrooms on the first floor.
In addition, there is a block of outhowses, comprising a loundry, dis.
infording room, morluary, ambulanee house, fuel house, tool shed, and
wee. The ambulance is & converted hrougham ; but # hos not beomn so
modified a8 to enable a patient to be introduced into the vehicle in
a recumbent position, a point of considerable importance in some
instances,

Dizinfecting Apparalus,

The Town Council have not provided proper disinfecting apparatus ;
instead, fumigation wih sulphur of clothing and bedding is pactised
in one of the outhouses at the hospital. Tt s to be regrotied that the
Aunthorily pessess no apparatus such as would serve for satisfactory
disinfection of sueh articlez. Possibly one of the outhouses in question
might be dealt with so as to afford proper housing areommodation
for a modern © disinfector,” one room llﬂiug useil for infecied, the other
for disinfected, articles.

Byelares,

AL the time of the outbreak the Town Council had ne byelaws in
force. Byelaws, however, relating to new streets and buildings, and
to otler sanitary matters, liave been submitted to the Loeal Govern-
ment Board, with a view Lo their being put in foree in the district.

Adopiive Acfa.

The Infections Disease (MNotification) Act, 1889, iz in force in thia
district, as alse is Part 101 of the Public Health Acts Amendment
Apt, 1890, and the Private Streets Works Act.

Hegulations.

The Town Council have made regulations nnder the Dairies, Cow-
sheds, and Milkshops Orders, 1885 and 1886. The cubic space ré-
quired for each cow is 800 feet.



present City of Chichester year by year diring the period 1870 -98.
Fach blue square represents o death. from this canse in the toled aree
exclusive of the area within the line of the old walls.
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