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Dr. R. J. Reece's Report to the Local Government
Board on the BEpidemic of Enteric Fever in the City
of Lincoln, 1904-5.

W. H. POWER.
Medical Officer,
3rd February, 1906.

[.—IxTRODUCTION.

On January 26th, 1905, a deputation from the Town Couneil of Lincoln
attended at Whitehall, and represented that during recent weeks cases of
enteric fever had become inereasingly numerous, and that locally it was appre-
hended that a serions outbreak of the disease was impending. They accordingly
sought the advice and assistance of the Loecal Government Board. They
added that Dr. Charles Harrison, their Medical Officer of Health, was confined
to his house through an attack of influenza.

The Board asked that certain further information be procured and sent to
Whitehall by Saturday, January 28th. This request was complied with,
and on January 30th I received instruetions to proceed to Lincoln to investigate
the circumstances under which the outbrenk was oceurring.

On January 31st [ had an interview at Lincoln with the Mayor, Alderman
Wyatt ; the Chairman of the Health Committee, Mr. Footman ; the Deputy
Town Clerk, Mr, W. T. Page, Junior ; the City Engineer, Mr. R. McBrair ; the
Inspector of Nuisances, Mr. Curtin ; the Water ETngim:er, Mr. Teague ; and,
after this meeting and at his residence, with Dr. Harrison, who was still too ill
to leave his house.

[t was clear from the data supplied to the Board by the City Council,
and from what I learned at thiz first interview, that Lincoln was experiencing
a severe epidemic of enteric fever. Also it appeared that cases of the dizeaze had
occurred in the small adjoining Urban District of Bracebridge, and in a portion,
New Bonltham, of the parish of Boultham, in the Branston Rural District.
My investigations accordingly were extended so as to include these two
localities in the inguiry.

The Cathedral City of Lincoln, the capital town of Lincolnshire, is
sitnated on the banks of the River Witham and lies in the centre of an
agricultural district. Tt has a largely attended market. There are eorn
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mills and tanneries in the City, which also has a large and inereasing
industry in the manufacture of agrienltural implements and in trades allied
to this manufacture. R

The Great Northern, the Great Fastern, the Midland, and the Great
Central Railways run into the City. There is communication with
Gainsborough and the Yorkshire towns hy water through the Foss Dyke
which joins the River Trent, and with Boston and the Wash by ‘the
River Witham.

The City is annually visited by a large number of tourists.

Lincoln is an assize town ; the Prison is situated in the eastern part of the
‘City ; on the high ground to the north-west, are the Barracks, the depét of the
Lincolnshire Regiment. Other institutions within the City are, the County
Hospital for gencral diseases ; the Workhouse ; and * The Lawn,” a large
private lunatic asylum.

The City of Lincoln consists of two portions, one built on the top
and southern slopes of a hill, which rises abruptly from the plain of the
Wold, and a larger and more populous portion which is built partly on
low-lying ground situated mainly on the southern xide of tllm River
Witham. The terms “up hil™ or “above hill” and “down hill” or
“below hill," are used in Lincoln to describe respectively the neigh-
bourhoods on the high pround near to and around the cathedral, and
thoze om the lower ground to the south of it. The lower part of the
town, the surface of which is only 25 feet above ordnance datum, is
built upon alluvial sand and gravel. The higher portions of the town,
ranging from 100 to 225 feet above ordnance datum, stand on clay over-
lying the Oolite,

Lincoln is one of the old fortified cities, having a castle, as well as the
cathedral, within its walls. Round the castle and cathedral are grouped at
once the best and some of the worst houses of the City. It iz here that houses
are old, and streets some of them narrow and erooked, many houses being built
irregularly, with the result of impeding lighting and ventilation. Beside the
many old dwellings and small cottage property on the hill; a similar class of
dwelling is seen in the narrow courts, alleys and causeways leading from the
river in Waterside North, and Waterside South. The River Witham flows with
a wide curve through the town, and it is connected with a fresh-water dyke
(Sincil Dyke), which starts from the river opposite the waterworks, and,
after flowing through the City, joins this stream again lower down its course, some
miles below Lincoln,

Liability of the district to floods.—The River Witham in passing through
an agricultural district iz joined by a tributary, the River Brant, some five
miles above Lincoln, and by numerous small tributary streams and dykes and
land drains before reaching the City. These drains and streams carry off the
natural drainage of the land ; during heavy rains they become overfilled, and
at times the river floods the lower parts of Lincoln. The last time that this
happened was on 17th August, 1904, when 14 inches of rain fell between 9 a.m.
umtl 8 p.m., with the result that some of the yards at the backs of the houses in
Bridge Street, East Side, were flooded to within 5 ft. or 6 ft. of the back doors ;
meanwhile the storm water rose in the sewers and eseaped through the sewer
gullies in the yards.

The Bracebridge Urban Distriet, formed by the [fc:unt.y Couneil on the
lat April, 1898, is an extension of the City of Lincoln to the south. It has
a population of 17-1800 persons. The houses, mainly of like class with the
artizans” dwellings found in Lincoln, are built on each side of a main road,
which has branch streets leading from it. On the one side the terracez of
houses in these branch streets extend to the River Witham and on the other

towards high ground.
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The Branston Rural District comprises among many others the parish of
Boultham, which has a portion, New Boultham, with a population of 800-1,000

ong, adjoining Lincoln on its south-western boundary. Here artizans'
dwellings, similar to those of the City, have been built, and this collection
of houses practically forms a suburb of Lincoln,

On the high land to the south-east of Lincoln, alse in the PBranston
Rural District, is the Bracebridge Distriet Pauper Asvlum, which receives
pauper lunatics from the County Council areas of Lindsey and Holland,
the City of Lincoln, and the County Borough of Grimsby.,

The City of Lincoln, Bracebridge Urban, and New Boultham, the part of
the Boultham Parish referred to, form an inhabited area which is supplied with
water from the Lincoln Corporation Waterworks, under the Lincoln Waterworks
Acts of 1846 and 1871 : and the sewers of the two smaller districts are
connected with the sewerage system of Lincoln. The Bracebridge District
Asylum is also supplied with the Corporation water, and the amount received
there, as determined by metre, averages 36,000 gallons a day.

The following table deals with the area, ‘fﬂ]]ulﬂtiﬂlll number of inhabited
houses, and with the rateable walue of the districts to which the epidemic
of enteric fever has been practically limited.

Tapre L. showing the ures, population, rateable value, number of inhabited
houses in the City of Lincoln, and in the Bracebridge Urban Distriet,
at the Census of 1901 ; together with like data approximately estimated
for New Boultham, a part of the Boultham Parish of the Branston Rural

Distriet.
Sasitary Distrct, Arca in Agros, [PIRSCLORTRY Rasostle Falu. |1y abived Flouson
City of Lincoln 3,750 48,784 £203,788 10,856
Bracebridge Urban District... 349 1,752 £4,085 At
Branston R. IL & bh i - 177
Part of the Parish of |
Bonltham, “ New Boult.
ham."t !
* A esbimated.

T Area honnded on the enat by the City of Lingoln, on the west by the Midland Railway Companys Line,
on the south by the banks of the main land deain.

A third distriet, the Welton Rural District, adjoins Lincoln, but it does
not receive water supply from, nor does it share in the system of sewernge
of Lincoln,

History, to 1904, or Exreric Fever v tue Isvapep Disterers.

The City of Lincoln forms part of the Lincoln Home Registration Sub-
District of the Lincoln Registration District. Statisties from the Registrar-
(General's Reports are not, therefore, available for the City except in certain
particulars.

The following table (Table IL.) gives the population of the City since
1861 at. the cemsus years, with the estimated nopulation in other “years ;
and the number of deaths from enteric fever, with death rates per 1,000
inhabitants, for the years 1867-1904. The number of deaths from enterie
fever has been extracted from the Annual Reports of the Medical Officer
of Health.

22399 A2



Tapre IL—Showing for the City of Lincoln the population at the eensus
pulation in other years, together with the
number of deaths, and the death-rate per 1,000, from enteric fever for the

years and the estimated

years 1867-1904 inclusive.

Enteric Fever,

S T

City of Linceln.

Year. Population
poof | Desthorate por 1,000,
* |
1861 Census -.. | 20,999 — | — Average
1887 1 viiend rasill: 2/ L2 E5E8T it ~e of
1868 ... | 25,038 11 | 43 Rates
1869 | 25653 23 89
1890 ... ...| ‘26283 2 : 98 |
]
1871 Census --- | 26,766 = Lillifri=
1871 | 26,784 2 | 52
1872 37,900  § B R T
1873 28,543 19 | 66
1574 20 817 13 , 43
1875 30,324 10 13
1876 31,866 13 40 o1
1 32,042 15 |
IBT8 ... 34,065 w | e
1879 ... 35,205 3% | 102
T Y 36,304 13 i 35 ]
1881 Census --- 37,313 = -
1881 37,412 B (1 )
1852 47,411 i T
1 R 38,214 TR
11 B 38,622 7 18
1865 .. .. 30,004 10 25 y
1886 .. .| 239451 g | Lemp - M
1887 30,872 5 12
18588 40,297 11 27
1389 ... 40,727 11 27
185 ... 41,161 11
1891 Census -.. 41,491 - —_
1891 4165 | 2 “04
1802 49939 | & | e
1803 43,060 12 -4
1594 ... 43,732 T 16
1§ LR il 44,446 (1 1
1896 ... ..| 45172 11 2 A0
1897 45,909 6 -4
1595 46,659 7 15
1899 47,420 7 14
EOO0E et s 48,195 B |
1901 Census --- | 48,784 - | -
1901 45,981 H] 1o
14902 49,752 a 06 :
1903 50,594 s 07 07
1904 51,419 3 06

England and Wales.

= mm=cr = o —

Danth-rate par 1000

—  Average
o of
= Rates

g A

JE 7
i
2L
I
I7 '
16

“Is
18
19
17

15
12
10

16
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This table shows that in successive decennia the death-rates from enteric
fever for Lincoln and for England and Wales* have continuously diminished ;
and that the Lincoln rate, which was aforetime above 50 per cent. in excess of
that of England and Wales, has in recent years remained much below that of
the rest of the country.

In relation with the marked diminution of enteric fever in Lincoln in the
early eighties, and the progressive decrease of this disease in following years, it
may be noted that the filtration area at the waterworks was lu-r;:el[y increased in
1878 and again in 1884 ; that a sew system was provided for the City in
the vears 1877-80 ; and that systematic abolition of vanlt privies has been going
on sinee the introduction of the sewerage system.

The Corporation of Lincoln did not take advantage of the powers
conferred on them by the Infectionus Diseases (Notification) Act, 1880, to
make the notification of infections diseases compulsory within the area of
their jurisdiction, though they were advized to do so by their Medical Officer
of Health ; thus such notification was not operative m Lincoln until the
Infectious Diseases (Notification) Aect, 1899, made the notifieation of infections
diseases compulsory in all districts.

For the five years 1900-1904 data are forthcoming enabling a comparison
in the above and other particulars of Lincoln with the Registrar-General’s groups
of towns. The statistics thus obtained (Table IIL.) are, except in the matter
of *“all eauses at all ages mortality,” wholly in favour of Lineoln.

The following table (TasLe 1IL) gives year by wear 1900-1904 for
Lincoln City the population ; the *“all ages,” * infantile,” and * zymotic”
death-rates ; the number of deaths from enteric fever, the death-rate therefrom ;
and the number of notifieations and the attack rate by the disease. Corresponding
rates, so far as they are availuble, for the Registrar-General’s group of towns
(which includes Lincoln) are given for comparison.t

Dieath-rate. Eaterie Fever.
Year. Papulation. . ié 1| 3 | ® I E ﬁ
i | =& s | & 8 | 3
== =M = e . B -
Szl % | @131 % |8 3
|3 |22 | & | S| & |88 | 3
1_
1891 Census | 41,491 i

Lincoln City |

1900, estimated| 48,195 (191 | 152 (178 | 6 | :12 | 19 | -39

&7 Fowns ... e | 4,083,256 | 180 180 | 285 | — | ‘19 — =

| 1901 Census | 48,784

Lincoln City -
{ 1901, estimated| 48981 | 160 | 144 (179 | 6 | 10 | 15 | <30

67 Towns ... e | 4,000362 | 171 63 | 224 | — | I8 | — —
Lincoln City, 1702, estimated 49782 [ 155 | 117 | 102 | 3 'I -0 | 12 2
103 Towns ... e | OA2 085 | 158 165 P&y | — | 18 | — -
Lincoln City, 1903, eatimated 0504 | 18| 140 | 142 ) 4 | 07 ! 32 .| 63
108 Twrens ... we | $706.526 | 146 185 | 141 | — | 11 — —

Lincoln City, 1M, eatimated al,41% | 159 163 | 1-78 a LM 17 33

147 Twens ... e | 4,603,680 | 156 Iid | 208 | — | 10 I - -
i |
| | | ! :

* The death-rate from enterie fever for England and Wales is given by the Registrar-
General only from 1869 onwards,

t In the Registrar-General’s Reports towns are grouped according to their popalation.
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Registrar-General's Group of Towns, which includes Lincoln.—Consideration
of the above data shows that Lincoln compares not unfavourably with the
aggregate figures of the towns to which it iz most nearly allied as regards
population.

Enteric fever in the Bracebridge Urban District.—Since its formation
in 1898, and prior to the year 1904, only two cases of enteric fever have
been notified in this small distriet, which, as has been said, has a population
under 2,000 : one in 1900, and one, an imp::-rtﬁd case, in 1899, In 1904,
prior to the present i*phi&ml.c only one enteric fever case was Ilt}tlﬁﬂ]
viz.,, & lad aged 15, an under g'er‘lent:r, who came under obsgervation on
October 6th. The drains of the house in which he resided are said to have
been defective. His sister had died of * pneumonian ™ in the same house
some time previously, and her death is now considered to have been due
to enteric fever.

Enterie fever in the Branston Rural [strict—This district had, at the
censins 1901, an area of 71,944 acres, and a population of 12,906 persons,
Cases of enteric fever have been notified in it during each of the years 18935
to 1903, for the most part in localities distant from Lincoln. A case
which, h-::wmcr. was probably an imported one, oceurred in Boultham in
1902. In this rural district, a mile or so =outh-east of the City,
is  situated the DBracebridge CLunatic Asylum, which has an average
number of about 580 residents. It was t{m seat of a severe outhreak
of enteric fever, attributed to defective drainage in 1885, when some
108 cases occurred.

The followi ing table (Table IV.) gives the number of notifieations of and

deaths from enterie fever in the Iiranatun Rural District during the period
1895-1903.

Taste IV.—Showing for the Branston Rural District (Population 12,906)
during the period 1895-1903 inclusive, the notifications of and deaths from
enteric fever.

Year. Hotiheations. et
1595 | B 2
1596 ; £ !
1897 7 3
18094 1§ 3

- 1899 1 iz
1900 12 3

i 1901 6 2

' 1902 3 B

l 1904 3 =

j I

During 1904 and prior to the epidemic in Lincoln three cases of enteric fever
weré notified in the Branston Rural District. Two of them, a brother and
sister, aged respectively 18 and 14, were notified on April 25th. They lived
at Nocton Fen, some miles below Lincoln, on the banks of the Witham.
The third case, a boy aged 18, was notified on September 26th, at Navenby,
a village some miles from Lincoln, the fever, it is stated, having been imported
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“from London. At the Bracebridge Lunatic Asylum, a patient, M. J. B, is
‘entered on the weekly list of sick persons on 29th September as suffering
from typhoid fever; her name appears on the weekly list on 20th October,
but it is not on that for 27th October. This case was not notified to the
Medieal Officer of Health.

Tur Rise axp Progress 18 LINCOLN AND ITS NEIGHBOURHOOD OF THE
Exreric Fever Oursrear or 1904-5,

Notifications of enteric fever in 1904.—During the vear 1904, six cases of
enterie fever were notified in the City of Lincoln up to the beginning of the
month of December, as follows :(—

Diate, | Bex. | Age. | Raukdence. ; Remarkn
| |
1. 6 Jannary, 1904 | F. | 25 241, Smiths Road | Died
2. 22 March = | AL ! 10 19, Coningsby Street | Digd®
3. 28 Augest ‘ M. | 25 | 33, Stamp End | Died
4. b Beptember ,, ML | 40 12, Chestnui Street i -
[ l R | 3 34, Tarner Street i -
6. 15 October ' M. |* 18 | 67, Chaplin Street i Died
|

* In the death certificate of this case the canse of death was stated to be * tubercular meningitis.”

Onset of the epidemic—On 2nd December, 1904, H. H., aged 19, was
notified as suffering from enteric fever at 14, Bellevue Gardens, a small house
standing on high &imuml in the west-central part of the City ; it is occupied by
a large I‘.mu!}' and has only two bedrooms. The water closet is outside the
house ; no sanitary defect was discovered., The patient, a young man in
delkmlt.c health, had not been away from Lincoln for seven weeks, No shell
fish had been eaten by him.

No further case veecurred until 22nd December, when one was notified from
14, Minster Yard. No second case took place in this honse, which is a large
one, near the cathedral. The patien . aged 35—had worked during the
day in an office in the city. Later a clerk in this office was attacked, and some
cases ocenrred among the employés of a bank adjoining the office.  The house
drains of the office and the bank i:mmm& were found to be defective.

Two further cases were nuti[l::‘:d on 27th, and two more on the 28th of
December, in different quarters of the city. After this additional cases were
notified in rapid succession, until on January 23rd, 1905, the number thus
brought to the knowledge of the Medieal Officer of ]Imlth since early December
amounted to 29. On Jammn 24th the daily number rose to 13, followed
by 23 on January 25th ; the number notified in the week 22nd ~28th January
amounting to 184, Alw during this week two cases were notified in the Brace-
bridge Urban District, and one ease in New Boultham.

The following table, Table V., sets out the notifications of enteric fever in
the three districts from November 1904 to May 19035,
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TaeLe V.—Showing the number of cases of enteric fever notified week by week
in the City of Lineoln, in the Bracebridge Urban District and in the
Branston Rural District from 27th November, 1904, to Gth May, 1905,

Wekly Puiods, | oo, | TEemerian veore | | o Bu
48, TE4), E 1,762 i i 12 Dikhy,
194, —27 Nov.— 3 Dec. ... | 1 J e =
T O |, [ : - | = £
R e = i bt
MR B o o 1 i = 1 B
85 { e =BL 9 : - =
1905.— 1 Jaw. - 7 Jan. 7 E —_ —
&, =14 3 i -— —
157 (. deias) g 4 : = &
28 o =2h L 124 2 1 (1in New Boultham).
20, =4 Feh L] 26l 5 10 (6 in New Bonltham).
i Feb.-11 ,, 155 : 7 | 5 (b in New Bonltham).
I L 1005 ' 1 : 5 (3 in New Boultham).
19w =35 5 e Ay 1 { 1(lin New Bonltham).
% ., =4Mir .. T i -' -
| (| SRR Saz L) 2 } 2 (2 in New Houltham).
e . =18 ] 1 1
1060 50 FREE ¢ byjly i 33 4 1(1 in New Boultham).
26 , =1A4Apnl .. a8 ! 1 4 {4 in New Boultham).
2 Apl.=-8 23 | 1 1
e R a0 | 2 L
1 RESREE 17 [ -— -
Bl ot ok g o] = =
., =6 May ... b : -— -
B i A

®OF the 31 cases notified in the Branston Rural District, 23 were in the special aren of New Boultham,
T Exclusive of two cases each of which was reported a8 a late period and afer death,

[t appears from this table that 24 cases of enterie fever had been notified
in the City of Lincoln during the five weeks immediately preceding the sudden
and striking i increase of the disease in the week 22nd to 28th January, 1905 ;
and that the week in which the greatest number of notifications was received
was that ending 4th February. Further, it is to be noted that the acme of the
outbreak having been attained, the number of attacks quickly fell off, though
cases continued to be notified until and into the month of May. Not the least
conspienous fact in the table is the cireumstance that, coineidently with the
sudden increase of enterie fever in Lineoln, above referred to, came eonsiderable
prevalence of the disease in t.he ad_]mnmg district of Hrunf-hrldire anid in the
special area of New Boultham in the Branston Rural District ; 37 cases { with
three deaths) being notified in the former distriet, and 23 (with three deaths)
in the latter during the epidemic period.
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The following table (Table YI.) indicates the proportions in which during
the epidemic the inhabitants of Lincoln, Bracebridge Urban and of New
Boultham respectively, were attacked by and died of enteric fever,

Tasre VI.—Showing for the City of Lincoln, the Urban District of Bracebridge,
and New Boultham, a part of the Boultham Parish of the Branston
Rural Distriet, the ecstimated popunlation, the number of attacks by and
deaths from enteric fever from 27th November, 1904, to Gth May, 1905 ;
together with the attack rates and death-rates from enteric fever per 1,000
inhabitants, in each instance,

| Numlar of | Death:

Nomber of |
¥ = Attack rate Dienths rate
DHstrict. P?E:Iﬂrtdu::. M’é“::f".k?r | per 1000 of | frim pzr 1,180
b : l-‘“ KR Popualation. Enteric | af
L) Fever. | Populntion,

|

City of Lineoln ... . sas hldla | 1,008 196 ° | 119 | il

|

- I I

Bracebridge Urban District | 100 2771 W2 : 3 | 1ad
| | |
New Boultham, part of Bonlt- | | | |
ham Parish, Branston Roral | [ |

Dhistrict. .. =i betuH) 23 . 260 3 | L]

Total 5404 1,058 15 1285 Sl

These figures show that the relative incidence of the fever in Bracebridge
was lower in respect both of attacks and deaths than in either Lincoln or in
New Boultham ; and that the attack rate and death rate for New Boultham
was higher than that of Lincoln. The DBracebridge and New Boultham rates,
however, are ealeulated on populations which are numerically small ; they cannot,
therefore, properly be regarded as affording a secure basis for comparison.

The following table (Table VIL ) shows the incidence of the fever on each
of the several wards of the City of Lineoln :—

Tapre VIL—Showing for each of the six wards of the City of Lincoln the
number of houses in each ward with the percentage of these to the total
number of houses in the City, the number of notifications of enteric fever
in each ward, and the percentnge of these to the total number of
notifications, together with the number of notifications in excess of one
wr honsge, and the total number of houses invaded, the percentage of the
{mu.-au.-e invaded to the total number of honses in each ward, and the
proportion of houses to each invaded hounse.

| = a g [=a = z Tz Ex L g
32 | 5|38 |37 [§ |3 | f3 |sEe
= T - = s = A= | - B Eu
| & z 7 = £ = 45 | Ze i z
' E w2 = (=" == ¥ B Fe (33832
Warids, 2 = 2 B 8 g E 1¢§ | 'E'E et
— - ay o w2 . o=, | 35% &
= Gl b ] (1% [ = | wmw = mouE
¥ |E25| & |85 |5.8| B3 %éég‘ 23 |Zmgs
= gET | £ g Su=| Sf |BEE | ] §=18.
5 |238| 8 (258|828 32 | 255 | 5% i
“ - -] = i = - -
(1) i | @ Ay (5] LY (i) i (8] | (93 L1y
| | r
Minster .. .. oo | 1068 15m9) n7| | 07 a1 | 1| limoi-ss | ges

|
Carhalme ALl I?'IE] 137 | 13-62 26 116 1417 | 1, 1812 | & G2

|

]

Castle ... ... ..| 1885 1508 155 1540| @ 122 | W0 | 1, 1512 66l
Abbey .. . e | 2273 1eesz| 68| 1670|  4s e | 17| 1, T8l BB
Witham ... 1,041 1581 189 | 1879 | ) 145 17-70 | 1, 13-33 74T
Park .. o .| v1se| 17s8) mio| sses| e | eon | sema| 1, 1002 9se

12,277 D000 | 1006 | U ark B10 | JO0-00

225 It
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It appears from this table that there was irregularity of incidence of the
fever in the several wards of the City of Lincoln ; those most severely affected
having been the Park and Witham wards, while the Minster and Carholme
wards suffered least,

The succeeding table (Table VIIL) shows for the City of Lineoln {similar
facts are not obtainable for Bracebridge Urban District and New Boultham) the
mmeidence of the fever in relation wn‘h age and sex, as regards both attacks and
deaths, and also the corresponding attack and death-rates per 1,000 persons
living of each age group.

Tapre VIIL—Showing for the City of Lincoln the number of attacks by and
deaths from enteric fever at all ages, and in several age groups, and the
corresponding attack and death-rate in both sexes rmm 27th November,
1904, to Gth “m' 1905.

Number of I Death-rate per
Deathy. |

Nomber of | Attack pate per
Age ||':ul:i'm.||.1:{"."|. Numlsr Nu::hr | Attacks, 1000 living.
iFronps, l'u]ru!nli.mn Mulea, | Fomalbes, |

Mules, Fem:.]{\-t Males, |I?r~||1 nles| Mules. Fnua]r.-!: Muales, |F"¢mﬁ.thl

[
| |
—_n -
o |

5,242 , 2566 | 2,676 | 50 36 | 295 | 127 ) 1 I 039 -~
5—10 | 5,018 | 2477 -z..'..n! 99 | 55 | 400 | 2r6| 4 1| ret | o
m_mi £ | 2405 | 2433 | 84 | 77 | a49 | ar4| 9 1 374 | 163
15—25 5 10617 | 5148 | 5469 | 159 [122 | z00 | 25| 18 | 14 I 350 | 256
:r_\wi 2,545 T T T O O (el B e o P
i i i 07 :5~33"‘I 48 | 43 | 165 | 129 | 10 i I 25 | 210
45 10731 | 074 5557 | 38 | 30 78| 54| 17 T | &29| +26
upwm-dsl . | | |
Total . i | | I7 | el |
% ummi il (i ) - "’”'i { AL L Bt ,-,.-.s'-‘: 181

This table shows that at all ages, and for each age group, males suffered a
ereater incidence of attack than did females, and that the fatal ineidence on
males was likewise greater than on females, except in the age group 25-35 years.

It appears: also that there was special ineidence of attack on children and young
adults, those in the age group 10-15 years being the greatest sufferers.  The
Ilf'itrh-!'ilfl!., however, was highest among persons between the ages of 15-33 years.

In the next table is set out the case mortality of the enteric fever in the
vArious age groups.

Tase IX.—Showing for the City of Lineoln between 27th November, 1904,
and 6th May, 1905, the number of persons attacked by and the deaths
from enteric fever, at certain age croups, and the case mortality, at each
of these age period,

|
| = . Number of
Namter of Number
Age Gronps, | ;l'c-mm.c . of Be"thb' Tl"f"'
! Attacked. | Deaths, ?LE:L.-:E
' | |
i e e e et — e
[ Under 5 yeas 4 f 2 238
[ d—10 154 | h 325
10—13 161 [ 135 #07
15—25% 251 | 42 11-35
| 25—35 I 169 o 1538
! 3 —45 o1 17 1868
_ 45 and upwards. | o e d5-29
AR ety T8 | 18 P L
Taotal. .. ! 1.008 | 119 11-51
|
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Thiz table shows that with increasing age the liability to a fatal
termination to the illness became progressively sreater. -

The following table (Table X.) shows the number of houses in the City
of Lincoln invaded by enteric fever ; and the number of houses in which more
than one ease of the fever ocenrred, with the house-invasion rate,

TapLe X.—Showing for the City of Lincoln the number of houses invaded by
enteric fever between 27th November, 1904, and 6th May, 1905, and the
number of houses in which movre than one ease of the feu-.r oecurred ;
together with the rate of invasion on the houses in the whole of the City,
and the percentage in each instance of the invaded houses having one and
having more than one case of the fever.

1 1 ry
|
| % ! Pereontage of
Batimated| Total | Perconte 'rl;r:::: Fumber | Xumber | Humber L:":Illhh‘-r | ¥umbor | invaded honses
numbor | number | ageof [T lm!'nl Touses | of houses of howses'nf housesof Jouses having —
af of houwses|  howas g !'Il'[b.]l o with three with fonr| with fve | with six

honses, | invadid, i:wnplin-n g COEEE, | cases, CNAOE, | CREED OREAE, More

| e oo Pl ome

| { | L,
12.2‘”' 1D i3 ; TG T | aje | a9 4 : 1 B 1538

|

| | | | | |

* One of these cases was nozified after 6th May. 105,

The eases ocerring in Public Institutions are not included in the above
figures,

These figures show that in all 63 per cent. of the private dwelling houses
in the City saffered invasion by enteric fever, and that of the honses invaded
as many as 86 per cent, had not more than a single case of fever.

Of the cases that oceurred in private houses about 3%°1 per cent, were
removed to hospital ; these cases were removed from 330 per cent. of the
invaded lonses,  In houses where more than one case oceurred the Orat case
notified was removed in 35T per cent.

Doulitful eases of Fever.  Type of Fever.  Prevalent Influenza—In a very
larze percentage of the enteric fever cases notified, the disgnosis was confirmed ]n
Widal’s reaction. In one tvpe of case, of which there were a good m.:m'
though all the initial signs and symptoms of enterie fever had been pl'c_m,nl.
Illf_. patient appeared to  he convalescing favourably towards the tenth day

his attack ; nevertheless, in the third week luemorr hage from the bowel
nm.ul“rw]. I It.nﬂing from the intestines was, indeed, fairly common among the
patients, and many severe cases oceurred.

At the time of the outhreak of enteric fever, an v!:ii|ﬂr1:i: aof influenza
pre vailed in the City, with the result that in many cases there was diffienlty
in distingmishing between the two diseases. But ‘of the patients taken into
hospitals the course of the disease showed that very few mistakes had been
made in diagnogis.  In March and Avril, 1905, several notifications of enterie
fever were receiverd of patients who for some weeks previously had been under
treatment for influenza, and who appeared to have developed enterie fever whilst
convaleseing from influenza.

The l‘piflﬂmiﬁ of enteric fever broke out rluring the Christmas school
holidays, henee it happened that children veturning from Lineoln to boarding
sehools in different parts of the conntry developed the dizeaze after their return
to school.  Also in several instances persons from Lineoln fell siek of the
fever in London and other places.  Enteric fever was also introduced into the
Welton Rural District, which adjoins Lineoln, by servants sent to their homes
when they fell ill in Lincoln and before the nature of their ailment was known ; ;
there was no spread of the disease in this district.

HEE It

g
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Sanitary Condition of the City of Lincoln, Bracebridge Urban, and
New  Bowltham.

City of Lincoln.—The sanitary administration of the City is carried on
by the City Council acting as o Sanitary Authority. This work is apportioned
to Committees, of which those prominently concerned, administratively, with
this outbreak of enteric fever were the Health Committee, the Water Committes,
and a Special Committes formed during the epidemie, with the lla}*c}r as Chaie-
man, to deal with the question of the water supply to the town.

There are no “ slums,” in the ordinary aceeptance of the term, in Lincoln,
From time to time the clauses of the * l'[uu:sing of the Working Classes Aet ™
bave been put in force, and insanitary houses closed, until they have heen
placed in a sanitary condition.  * Down hill,” for the most part the houses are
of comparatively recent ereetion ; there are whole sireets of small houses newly
built, to accommodate the artizan elass.  Thongh some of the houses of the
poorer classes, especially those on the banks of the river, are old and often
dilapidated, and their interiors dirty, such honzes are the exception and not
the rule. The town has a distinctly clean appearance, the streets are well
scavenged and the houses well kept. The nnmmﬂ[ houges built appenrs to
keep pace with the demand for dwellings, and overcrowding of persons in houses
exists to a small extent only.

Pigs are kept in considerable number, and often in insanitary surroundings
in the City ; and with the growth of the City certain small farmhouses, with
their improperly drained farmyards and cowsheds, have become surrounded
by extension of the building operations. Some of these cowsheds are defective
in drainage, ventilation, and cleanliness, and there are slaughter houses and
common lodging houses in need of attention at the hands of the Sanitary
Authority. There is, however, an excellent public abattoir, and two of the
common lodging houses are far superior, and one especially =0, to many to be
found in large towns.

Bracebridge rban District.—The houses in thiz district have been built
at different periods.  There are houses which are old, damp, and somewhat
dilapidated, short strects of comparatively modern houses, and similar streets
of houses quite recently erected. It really is a district in which there are old
houses which have become, as it were, absorbed by extension of building in
comparatively recent years, and it constitutes rather less a suburb than a
portion of the City of Lincoln. Taken as a whole the sanitary condition of
the district, though it cannot be deseribed as bad, nevertheless leaves the
impreszion that it compares somewhat unfavourably with Lincoln, prineipally
on aceount of the existence of nuizances in greater proportion,

New Bouwltham, on  the other hand, contains few if any old houses.
It is largely oceupied by certain manufactories ; and the artizans and work-
men employved in these factories live in comparatively modern dwellings in
the vieinity of the works. Such nuisanees as exist are mainly due to the
erection in the rear of out-houses for live stock and to other unwholesome
conditions familiar in districts inhabited by the working classes,

Brief description of the Water Supply, Sewerage, louse Drainage and Disposal
of Fxcrement in the arca invaded by Eutevie Fever.

Water Supply.—The Corporation of Lineoln arve the proprietors of the
waterworks.

The water supply is derived partly from the land drains which receive
surface water from a large tract of agricultural country, partly from water
which colleets in old extensive excavations for sand, and partly from water taken
from the River Witham above the point where this stream reaches the City.

The water is subjected to filtration through sand before heing zent to the
eonsumers, It is pumped throngh riging mains, which serve also as distributing
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maing, to two reservoirs situnted on high ground on opposite sides of the City ;
from the reserv oirs, which between them hold roughly one day’s supply, the
water gravitates to the town and distriet when pumping ceases, or when the
demand for water exceeds the quantity pumped from the waterworks,

The Lincoln water mains extend into the Bracebridge Urban Distriet,
and into New Boultham, and, with the exception of a few scattered honses on
the outskirts which obtain their water from local wells, the water from the
LII]I;UIH Corporation  Waterworks constitutes the supply of these places. It
i also supplmr{l to the Bracebridge Lunatic Asylum and to twenty-five private
residences in the Branston Rural District outside the area of New Boultham,

A full aceount of the water supply iz given in Appendix L*

The Sewerage System.—The City of Lincoln i sewered practically
thronghout its inhabited arvea. The branch sewers join up to two main sewers,
which in turn are connected with a large tank, from which the sewage is
raised by pumping to the sewage farm on the outskivts of the City. After
treatment at the sewage I’um the sewnge efluent is discharged into the
Sincil Dyke, which opens to the River Witham some miles heluu the City. To
this sewerage svstem are connected the sewers of the Bracebridge [rhan
District and of New Boultham. All the houses in New lmultlmm and 90
cent. of those in Bracebridge are drained to sewers that connect with those rr1'
Lincoln. The sewers in the two last-mentioned areas, as well a2 in Lincoln, are
for the most part ventilated by voad gratings, but in the central part of the Ciry
ventilating shafts have been’ suhqtlfutwl Curmn gsewers are flushed auto-
matically, others are flushed with water from ecarts. In certain parts the rain
water and road washings are dealt with by a separate system of sewers, which
discharge into the Hiver Witham.

Honze Drainage, isposal of Frerement and Refase.—In Lincoln, Brace.
bridge, and New Boultham, houses geners lly drin to glazed earthenware
socketed pipes; ventilation of honse drains and ui]ﬁmlmmtmu of houses from
sewers are commonly satisfactory, save that where outdoor waterclosets exist,
disconnection from the sewer 15, as a rule, dependent on one trap.  Lincoln is
mainly a waterclozet town, and most of the waterclosets are situated outside the
houses. In Bracebridge, on the other hand, some two-thirds of the houses
are served by vault privies, while in New Hml]t]ﬂm about GO per cent. have
waterclosets.

\ detailed 1lcsmli:hun of the sewerage, house drainage, and methods of
disposal and removal of exerement and refuse is given in \ppwuhx I1.

Cauvsarion or tne Fevee.

In endeavouring to account for the origin and spread of the fever which,
in epidemic form, invaded the City of Lincoln, the Bracebridge Urban District,
and New I!uultlmm, in the eireumstances that have been deseribed, no ageney
can be regarded as affording a satisfactory explanation unless it be common to
the three uwmlwl areas, and of a sort m}mhll- of disseminating the malady in a
fashion not inconsistent with the facts observed.

Regarded from this point of view, unwholesome conditions of individual
dwellings and their surroundings may be dismiss:d from consideration, as not
conceivably serving to account for more thana fractional portion of the epidemie,
S0 also with particular methods of exerement disposal, regarding which,
however, there is, it may be noted, material difference in the three areas
involved.

There remain for consideration, among the agencies commonly regarded
as apt to be associated, in causative fashion, with prevalence of enteric fever,
milk, sewerage and drainage, and water supply.

* This water supply has not in the past been considered satisfactory, and the cirenm-
stances agsociated with it have from time to time been brought to the notice of the City
Council by the Loeal Government Board,  See especially pp. 27 and 28,
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In this instance, the investigntions made with a view to ascertaining
whether milk had been the vehicle of transmission of the fever, lent no support
to such a thesis, [t was Ffound that the first 48 cases of the disease derived
their milk-supply from no fewer than 32 different sources ; and, throughout
the whole course of the epidemic, the facts ascertained in relation with this
question failed to sugoest that milk played a part as a distributor of the
infeetion, whether in Lincoln, Bracebridge, or New Boultham,

Sewerage and Drainage.

As has been stated, one system of sewers serves Lineoln, New Boultham,
and the great majority of houses in the Bracebridge Urban District ; and the
conditions of honse drainage are much the same in each, Here then there ia an
agency, common to the three invaded areas, which is presumed to be a possible
mepns of distributing the infection of enteric fever.  Dut if the fever IIHLF in this
instance gpread by such ehannel, there would, it may reasonably be contended, have
occtrred very special incidence of the disease on houses to the interiors of which
sewer-nir conld, by reason of defective sanitary fittings, gain access. In each of
the first 25 houses invaded, however, the interior was efliciently disconnected®
trom the house draing, nor, moresver, could sewer-nir have gained access to the
interior of 21 of these houses by means of defective =oil pipes, inasmuch as they
were not provided with indoor waterclosets, Indeed, out of a total of 834
invaded houses, in regard of which information of this sort iz available, only 73
had indoor waterclosets. Again, had sewers played an important part in
causation of the epidemic, it iz to be anticipated that there wonld have
oceurred special incidence of the fever in velation with a particular sewer or line of
sewers, more especially in the early stages of the outbreak. Bug, as matter of
lact, no such special incidence was observed. The first 25 cases oceurred at
spots widely apart and in every quarter of the Uity of Lincoln ; while the
subsequent  progress of the epidemic was characterised by like behavionr
throughout all the three areas involved. Nor was any spegial incidence of the
fever noted in relation with dead-endz of sewers ; nor on the higher pares of the
invaced areas, which are maintained by some to be particularly hiable to invasion
by disease transmitted by sewers, There was, indeed, greater incidence of the
fever on the low-lying Park and Witham wards of the City of Lincoln than on
other wards of the City, as will be =een on reference to Table VIL (p. 9).
For, whereas the percentage of houses invaded by the fever in Lincoln as a
whole was 63, the percentage of such invazion waz 9°34 in the Park ward and
7747 in the Witham ward ; while the percentagze invasions in the Minster and
Carholme wards were but 4-63 and 352 respectivelv. It is in these low-lying
wards that difficulty was experienced, by reason of the natnre of the ground, in
laying satisfactory sewers when the present sewerage system of Lincoln was
“installed (see Appendix L1, p. 35) ; and it may be contended that the sewerage
conditions in these wards stood in some fl{r;_'ruu of eausative relation with the
areater amount of fever experienced there than in other parts of the City. On
the other hand, it is to be borne in mind that these two wards are inhabited
mainly by the working-class, which usually comprises a disproportionate number
of persons at ages most susceptible to enteric fever, and which lives under the
conditions rendering the individual more prone to contract enteric fever than
is the ease with the well-to-do class.

As appears in Table V. (p. 8), eight of the 31 cases of fever known to
have oceurred in the Branston Rural Distriet did not reside in New Boultham,
andl accordingly did not oceupy honses draining to the sewerage system commen
to the three invaded areas. Twof of these cases ocenrred in the Bracebridge
Lunatic Asylum. With one exception, all these eight persons had been frequent

* The house drainage of the olfice where “ FE.W.," the second notified case, worled
daily were, however, defective. See p, 7.

1 Omeof these cages is cerfified as having died from acute phthisia. The cireumstances,
howover, seem to poind to thiz person having suffered from enteric fever also.
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visitorz to Lincoln. It is, however, questionable whether this fact may properly
be held to account for their having contracted the fever, if sewers are to he
regarded as the agency whereby transmission of the disease was effected.

As result of inquiry into the incidence of the fever on the five chief public
mstitutions within the City of Lincoln, in relation with the thesis of sewer-
infection, it appearved that three of these were invaded by the fever, while two
escaped.  One of those (the Prison) that escaped does not drain to the
Lincoln sewer ; the other, as well as the three invaded, does. Those invaded
suffered proportionally much less tham did Lincoln as a whole, with the
exception of the workhouse, to which reference will he made later. DBut, in view
of the small number of persons concerned in each instunce,® and of the small
proportion of them who were of ages at which enterie fever iz of most frequent
oceurrence, no conclusion as to question of relationship at these institutions
between the fever and sewerage conditions could properly be arrived at.

The several facts and considerations set forth, while not inconsistent with
sewernge conditions having played some part in the propagation of enterie fever
in the invaded areas, do not support the view that in them is to be found the
source of the epidemic, and that to them may be referred the greater or even a
large share of the fever witnessed ; and, indeed, the very manner of ineeption
of the outhreak would seem to negative such an hypothesis. For its acceptance
it s necessary to postulate practically simultaneons contamination of widely remote
points of an extensive system of sewers with infective material as to the origin and
manner of conveyance of which it is not possible to form any reasonable
coneeption,

Water Supply.

On the other hand the behaviour of the outbreak is consistent with a theory
of water-horne infection.  The oceurrence of a few cases of enteric fever, '|.|.'id!:]3r
distributed, and followed at no long interval by sharp and =udden increase of
attacks, rapidly culminating in an onthurst of explosive intensity, are features
that have L&en frequently noted in association with epidemic prevalence of this
disease when caused by specifie pollution of a public water supply.  As may be
seen on reference to Table YV, {|l. 8, and to the (H and charts that MCCOI Pany
this report, it was in this fashion that the fever manifested itself in this instance.
Thus : following upon a ease notified on the 2nd December and another notified on
the 22nd December, there ocenrred in the course of four weeks 23 additional
cases scattered widely over Lincoln : then, in the course of a single week, that
ending January 28th, ensued great and sudden inerease of the fever, no less
than 124 eases being notified ; while, in the week ending the 4th February,
which formed the culminating point of the epidemie, the number of cases
notified attained to 265.

As has been already stated, Lincoln, Bracebridge, and New Boultham
derive practically the whole of their water from the public supply of the Cor-
poration of Lincoln.  This water is also furnished to the Bracebridge Lunatic
Asylum,§ which is in a part of the Branston Rural District on the side
of Lineoln opposite to that oceupied by New Boultham, and to twenty-
five private residences in that district, but not in New Bounltham. Two
of these private residences were invaded by the fever, as also was the
Asylum. In this Asylum, which has a population of 380, only two cases
are known to have occurred, the first of these hnjug the one already referred
to as certified to bave died of acute phthisis. This case was notified on
the 16th February and died on 23rd April.  The other ease was notified on
Tth April, and, for a reason which will presently appear, is not likely to have
contracted the fever through drinking the public water supply. She moy,
however, have been infeeted by the first case, whom she nursed. The known
ncidence of the fever on the Asylum was, therefore, slight. It is to be burne
in mind, however, that the proportion of persons in the Asylum at awes at
which enteric fever is most liable to ocenr is well Lelow the averace, and also

“ }\:::_Iit'_ of these institutions has & population amounting to as much as 300.
T This institution is not on the Lincoln Sewerage System.
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that the water consumed in this institution is stated to have heen boiled before-
nse at an early stage of the ontbreak, viz., on and after the 23rd January. In
addition to the foregoing, four other eases of fever are known to have oeceurred
in the Branston Raral ﬁihlri{;t. outzide New Boultham. None of these persons
resided in houses furnished with the Lincoln water, but three of them were
frequent visitors to Lineoln, and are known to have drunk unboiled water there.
The fourth is stated to have drunk tea only when in Lincoin.

[t appears, therefore, that not only was the fever prevalent throughout the
three popmlons areas almost wholly served by this public water supply, but al-o
that it wa=s :L'Ls.-em;in.lﬁl 'I.'."H! |1 E,hl:‘: diﬁll‘lhlltinn of H.ili:: :-'-IE[rI:I]}' outaide thum; nress,
although, it is teue, in but small amount in o sparse population.  This fact, and
the manner of inception and progress of the outhreak, already deseribed, afford
around for presumption that the public water supply of the Corporation of
Lincoln was concerned in the dizzsemination of the fever. (Juestion arises,
accordingly, whether the cirenmstances of this supply were such as would
suggest its liability either to dirvect infection with the specific contagium of enterie
fever or to pollution of a sort commonly associated with such specifie infection.
[n Appendix [. to this Report a detailed deseription of the sources of the
Lincoln supply iz given ; and it appears from this account that at several
points washings from manured ground, farmyard drainage, domestic sewage,
and other polluting matters ean gnin access to the supply. It appears, also, that
heavy rains are likely to lead to inereased danger of pollution of t.l{':r: supply in the
above wavs, and that, a= matter of fact, such rains occurred in December, 1904,
and January, 1905, Study of the data given on pages 22 and 23 of Appendix 1.
indicates relationship between rainfall in these months and subsequent oceur-
rences of fever in the invaded arens.  Moreover, it would seem that the amount
of * purification " of the water likely to be afforded by the inadequate and
irregrular filtering arrangements shown to have existed at the waterworks was
probably still further diminished by oceurrences of frost during the two months
in question.

It is, indeed, rendered abundantly clear by the particulars given in
Appendix [, that this public water supply has been liable to pollution of a sort
involving serious danger of its contamination with the infective material of enterie
fever. Thus, heavy rains conld greatly inerease the amount of this pollution and
its accompanying danger, while at the same time diminishing such protection to
the consumer of the water as may be looked for from the filters at the
waterworks.  And further it is seen that such rains did, in fact, ocenr immediately
antecedent to the outhurst of the fever,

Search was made for the bacillus typhosus, the specific micro-organism of
enteric fever, in the water of the public supply : and, from a sample taken from
one of the sources of this supply on ]'t‘.‘L‘t’ﬂ:ll‘_'i." 1st, a micro-organism was
recovered which resembled the bacillus typhosus in all essential respects. A
similar micro-organism, which was regarded as possibly being the bacillus typhosus
somewhat altered in character by sojourn in the water, was solated from a
sample of sediment taken from the * Fl.lrc-\'.:-ﬁ:ur tank.” which receives the water
after filtration, at the waterworks om February 11th.

Leview of the foregoing facts and considerations may reasomably be held
to justify inference that the fever which affected the City of Lincoln, the
Bracebridge Urban District, and New Boultham, owed its origin to specific
]]I!H‘I.H-i.l]ll of the public water supply shared in common by these places ; and
that this supply was the medium whereby the infection was transmitted in the
large majority of the eases during the epidemic which ensued. But, however
strongly the evidence available may support this thesis, it cannot be regarded as
excluding the view that a proportion of the eases is not to be aceounted for in
this way. For reference to page 26 of Appendix . shows that chemical
treatment of the public water supply, with a view to destruction of infective
material it might contain, was commenced on the 11th February, and bad so far
prﬂgreﬁ,ifxl in days following as to afford ground for presumption that this water
was no longer a vehiele of infection by the 22nd Febroary. [If due allowanee
he made for inenbation and notification of the fever, it would follow, on this
presumption, that eases notified after the 15th M:Inrﬂill would not be referable to
infection conveyed by the public water supply. From the 16th March to the
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6th May, however, 177 cases of enterie fever are known to have occurred, OF
these, 156 occurred in private houses, and 21 in public institutions. As regards
the 156 resident in private houses, there had, in 74 instances, either been an
antecedent case of the disease in the house or the person attacked had been
exposed to infection by nursing the sick. As regards the remnining 82
explanation of this sort was not forthcoming, and the source of their infection
could not definitely be traced. They were distributed throughout the invaded
areas, and in few instances only were the houses in which they resided
discovered to be in defective sanitary condition. A similar persistence of
enteric fever, after an implicated water had ceased to be considered operative in
causing enteric fever, was observed in the Maidstone epidemic of 1887. In
Maidstone, this continuance of fever was referred in part to direct infection from
Frex-iuus cases, in part to infection of the soil by the miero-organism of enteric
ever conveyed thither through leaky drains and sewers or in other fashion easy
of comprehension.  Like explanation may be entertained of the persistence of the
fever in this instance.®

Of the 21 cases of enteric fever in public institutions after the 15th March,
18 oceurred in the workhouse, which has a population of some 280 persons.
These cases were notified between the dates of 1st April and Gth May, and seem
to have been referable either to direct infection from person to person, or to the
consumption of water from a well within the workhouse grounds.  This well was
resorted to on the 18th February, the date on which the use of the public water
supply was ordered to be discontinued, The cireumstances of the workhouse
well were such as to render its water liable to risk of dangerous pollution ;
it is not, however, clear in what way specific contaminatign of the water can
have occurred.

Before closing this Report, I welcome the opportunity of expressing my
appreciation of, and my thanks for, the unvarying courtesy and assistance whieh
I experienced from the members of the Corporation of Lincoln, their officers,
and from many private persons, Nor can I omit a reference to the excellence
of the work done in Lincoln during the epidemic. Whatever may have been
the sins of commission or omission of their predecessors, the Corporation, ably
supported by their officers and by the citizens, in the hour of trial did their
duty and dealt with the varying circumstances of the epidemic in a resolute,
prompt, and efficient manner,

RICHARD J. REECE.

i —

* In this connexion it deserves to be borne in mind that in all extensive onthreaks of
enteric fever there is gronnd for suspicion that a not inconsiderable number of cases
escape notifieation, a8 in the case of persons suffering from mild attack and experiencing
only & feeling of malaize. Such person, going altogether unireated, and possessing as he
does the power of communicating the disease in itz severer forms to healthy people, is
in 3 sense mdre dangerous to his fellows than the subject of a severe atlack, which heing
recognised  brings about isolation of the patient, along with mengures for limiting the
digseminadion of virus multiplied within his body.

Buch mild cases of enterie fever, acecmpanied with bal miner svinploms of illness
would, during the enteric fever epidemic in Lineoln, have been peculiarly liable to have
been overleoked owing to the prevalence of influenza in that eity.

22300 s
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APPEXDIX 1.

LINOOLN WATER SUPPLY.*

Efistory of the Waler Supply.—Prior to 1847 the water supply of Lincoln was for the
wiost part derived from wells, thongh doubtless persone living on the banks of the Biver
Witham and the Sineil Dyke supplemented their sapply from these sourees,

In the vear 1846 a company obtained power, by the Lincoln Waterworks Act, 1846, {o
supply the City of Lincoln and its immediate neighbourhood with water ; and in the year
1547 the Waterworks were commenced, and completed in 1848, at a cost of £24000, These
works, which were among the first of their kind erected in Eogland, consisted of one
impounding reservoir, one gerviee regervolr, and two filter beds. The Waterworks were
provided with pomping power equal to 35 horse-power.

The imponnding reservoir, the Harteholme Lake at Skellingthorpe, 2ome two milez from
Lineoln, of irregolar shape and depth, has an area of 2} acres and an estimated storage
capacity of 20,000,000 gallons. It was constructed by exeavaling in 4 natural depression
or small valley and building an embankment. The service reservoir at Westgate in the
City, close to the eathedral, I8 an aneovered reservoir having an average longth of 162 feet,
widdth 96 fecd, depth 8 feet, area 15,502 agqunare feot, and a cubic eapacity of 124416 feef,
the astorage capacity being estimated at abont 777,000 gallons. The pumping engine amd
the two filier beds were placed at Bonltham, on the banlk of the River Witham opposite
Lineoln, at a point where the Catchwater Drain opens into, amd the Sincil Dyke leaves, this
stream.  The filter beds received water from the Harlzsholme Reservoir by gravitation,
Fach bed was 62 feet long and 41:5 feet wide, the areg being for each bed 286 square yards,
or a tolal of 372 square yards. The gource of the waler fowing into the Hartsholme
Reservoir is stated to be from sand and gravel underlying moorland,

This supply to the City, which was a constant service, commenced on 26th March,
1343, at a time when the population was estimated at 17000 persons, It wasz calenlated
that 250K} inhabitanta conld be daily supplied with 200 mllons of water per head,

Tnder the Lineoln Waterworks Act, 1871, the Corporation purchased the Waterworks,

With the inerease of the population (ghown in Table I1.) wldifional works were
regnired. In 1375 a gecoml service reservoir was constructed on the Croas Clit Hill in the
Branatom Bural District, This is an uneoversd reservoir having a mesn length of 220 feef,
width 1200 feet, depth 10 feet, an area of 26400 square feet, and capacity of 264000 cubic
feet, and estimated storage capacity of 1,650,000 gullons.

In Mareh, 1832, two impounding reservoirs were added.  These are situated on the
west and east side of the Midland Railway line at Boultham, abont ene mile sonth-west
frome the pumping station, and are excavations from which sand has been dog.  They ara
pown a2 the Midland and Boultham Ballast Pits or Holes.  The water from these hallast
holes paszes by gravitation direct to the filter beds at the pnmping station. The Midland
Ballust it has an average length of 616 yards, width 88 vards, depth G feet, area 11}
and an cstimated storage capacity of 160NN gallons.,  The Boultham Ballast Fit hag an
average length of 242 varde, width 110 yards, depth T feet, area 54 acres, and an estimated
storage capacity of SO0 00 mallons,

Prioe to 1885 the pumping power waz LOSO OO0 wallons per day ¢ in that year another
enrine was added, eapable of pnmping L3N mallong per day, a8 the old engine made in
1836, pumping 460,000 gallons a day, could not be relied on for regular work.

In 18G6 a filter bed, having an area of 330 square yards, was added, amd in 1878 the
cwo original filter beds were enlarged by adding to ench a length of 64 feet, and width of
41 feet, the area of each heing 724 sguare yands, making a total filtering area of 1,626
square yards, In 1884 two other filter beds were added. They were 122 feet long hy
61-3 feet wide, area of each S0 square yards; bat the filter bed of 5350 square yards aren
ceonstrueted in 1566) at this time ceased to be used, 8o that the filtering area wag increaged
Ly 1,330 square yards,

At the time Dr. Harrison reported on the water supply in 1885 the impounding and
gerviee reservoirs and the filtering aren were as follows :—

Ninpounding Reservoivs,

One at Hartsholme (Skellingthorpe), estimated capaecity ... 20,000,000 guls,
(ne at Boultham, Midland Ballast Pig, ., 22 e 16,000,000
e at Boultham, Hﬂll"hull;‘:iil."ﬂ.ﬂt- Eit, . " v SO0

SR

45,000,000 gala,

® Iy 1E84 Dr, Harrizon made a report to the Corporation of Lincoln respecting the water supply of the
City. 1 am indebted to this report for most of my information eoncerning the history of the Waker Supply of
Linaoln,
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Service Resrrvoivs, uncovered,

1. Wegigate, 124,416 cubic feat . - e TTT.000 zals.
2, Cross CIfF TTill, 264,000 -,.uhu:-. fer:l e e LGOOLODND

2,427,000 gals,

Filter Feds,

One area ik i o fida =quare yards.
One area e SR G645 L
One area 3800 =
e aren rew wia E, 7 | . -

20056 sgnare voamds,
e —
To these filter beds two more were mlded in 1904, sach havips o fillering area of
T20 sguare yards.

Dr. Harrisom reports (1835) that :—

The service iz constant and, a8 & rale, without cisterns.  In Lincoln. and in the special drainage district
of Bmwhﬁdﬂﬂ, alsoait 3300 hionses anre :ih.p..r:liﬂt, [:']Tilr_r alsind p;q]t:m- per sl e dlfem 0 45 00 ;u.m-ph-.
During Decamber, 1854, 550,584 gallons wers anpgliod daily,

The Lincoln Waterworks Act, 1871, which enabled the Company to sell the Water-
works to the Corporation, alse gave power to take water from the Upper Witham River,
and from the Pike Drain and Catchwater Drain which flow inte the River Witham, and
from the Prial Brook which opened into the Hartsholme Reservoir,

Water from all the sonrces mentioned above contributed to the supply of the Uity of
Lingaoln in 1404,

[n addition to this water supply from ihe Corporation Waterworks there is n supply
known as the © Condnit ** water. jl)‘illm'l water gpringz from the limestone in the Mainwaring
Eatate in the east of the City, and iz bromght moest of the way in iron pipes, bat about
a0 yards of the ol lead pipes are still left in. [t is laid on to drinking fountains in the
city at Baggeholme Road, Free School Lane, Iigh Bridge, and in the High Street at
St Mary's-le-Wigfords and 8t Peter-at-Gowls Charches, There is also another water
known as the * Spa™ water ; it emerges on the south side of tli&nﬂi Central Railway. Tt
containg iron, and has been dronk for mediecinal purposes.

In the older parts of the City there are a considerable pumber of surface wells, the
water from which was not used, except for flushing purposes, afler the public water
gupply was installed., During the epidemic of 1.3, however, some of these wells wera
again taken into use for household purposes,

The Staf of the Waterworks consists of :—

One water engineer, Mr. Teague, Junior.®
Ome foreman.

Two engine men.

Three boiler men.

Seven filter hed men,

There are alzo eighi torneocks and inspectors, and two elerks in the office of the water
enginger at the Corporation offices, and casual labourers are engaged as required.

The foreman, a man aged T3, died of pnenmonia a few days before my first visit to
Lincoln,

There have only been iwo water engineers st Lincoln. My, Tengne, Senior, the first
engineer, came fo Lincoln {o erect the pumping wachinery in 1847 ; he was subgequent|y
appointed the water engineer, and he hold the appointment ontil 1895, when his son was
eleeted to the office.  The salary is £300 per annuwm.

I"umpmg Povver,—At the Waterworks are thiee engines, One i a Worthrm,t:m triple
expansion engine fitted with duplex pumps, and said to be capable of pumping 1,700 1]DD[
gallons of water in 24 hours, This i8 the pump which is generally in uze. The second is
a rotary engine, which is stated fo be nhl]v to pump HT6,(K gallong in 24 howrs ; and
the third engine is a single action Cornish (beam) engine, capable of pumping 1337307
gallons in 24 hours. This engine I8 only wsed when the Worthington enging is Leing
repaired, or when its boilers are being eleaned.

Weeler Recorils.—No systematic or written records have been kepd at the Lineoln
Waterworks as to the number of gallong of water entering the Waterworks from the varions
sonrced of supply, nor of the number of gallons of water pumpead to the town, nor of the
dates on which lilter bheds have been pot ont of action for cleansing purposes,  The Water-

® Mr. Teague resigned Lhe appointment of water engineer, mnil towanls the beginning of July, 1905, was
suceneded by Mr. Neil McKechnic Barron, Iate water enginesr of Margate

PHHETY (s



20

waorks have no automatic mechanism for recording the amount of water entering the
Waterworks, or passing through individual filter beds, nor any means of controlling the
rate of filtration except by the closing or opening of sluiee valves by workmen.

I found it impossible to obtain, with any approach to aceuracy, information on the
above points, owing to the absence of any written records,

Mr. Teague, Junior, the water engineer, supplied me with the following data. They are,
apparently, based to a cerlain extent on the number of hours the various engines were at
work, and must only be regarded as indicating in some measures the operations at the
Waterwaorke,

In VFebroary, 1805, the daily quantity of water pumped was 1,913,307 gallons. Hinee
March, 1000, this rate of pumping was maintained—

One engine lifting e LABT.307 gala.
And another s e aT6,000 .,

1,913,307 gals.

Filtration—"The filtering area was 2,956 square yurds when all the filter beds were in
use, and 2,126 square yards when one of the beds was out of action for cleansing. When
all the filters were at work the rate of filtration was 649 gallons per sguare yard daily, or
3§ inches per hour. When one bed was being cleaned the rate of filtration was %00 guilons
per square yand daily; or 8 inches per hour.

_From May to August, 1904, a new filter bed having been added, the filtering area was
5676 or 2846 square yards, and the total amounnt pumped daily being l.Tm,OEH]I gallons,
the amount filtered per square yard per day was 462 or 600 gallons, at the rate of 4 or 5}
inches per honr.

But at times, owing o dry weather, 2,276,000 gallong were pumped in 24 hours, the
number of gallons filtered being 620 or 796 per square yard per day at the rate of 5} or 7
inches per hour,

On August 208k, 1904, an additional filier bed of 720 square vards area was added, but
one of G438 square yards, which had been in use sinee 1847, was pot oot of work and ita
contents entirely cleared out and renewed.

_ From August 20th to November 19th, 1304, the number of gallons punped daily was
LT0OMMKD ; the number of gallons fAltered per square vard 450 or 580 the rate being
§ or § inches, according as all the filters were in uge or not,

But in arder to keep the rezervoir at Cross Cliff Hill sufficiently full to snpply the
Bracebridge Asylum, every Monday the amount pumped was 2,276,000 gallons. Thus on
one day a week the number of gallons [illered per square yard was 606 or 777, and the rate
5% or 7 inches, according a8 all the filtera were nged or one was out of action.

After Novembor 19th the fhlter bed previounsly pont ont of work to be renewed was
again taken into use, and pamping was carried on at the rate of 2,370,000 gallons during
the day and of 1,700,000 during the night. The total amount thus yielded in 24 howrs was,
therefore, 1,988,000 gullons. During the day, according to whether all the filters wera in
nze or one was out of work for cleanging, the nnmber of gallons filtered per sqnare yard
wonld he 518 or 638, the rate being 4]3 i :I% inghes, During the night these figures
would be 300 or 476 gallons per square yard, and the rate 3} or 4§ inches per hour,

I am informed that it is impossible to state when the filter beds were individually in
and ont of wse, or the exact number of gallons of water pagsing through the filier heda at
any given time,

In April, 15, towards the end of the enterie fever outlreak, an additional filter bed
wna gommenced ; it was anticipated that this bed would be completed towands the end
of June,

In the abzenee of anbgidence reservaoirs, the water passes, on entering the Waterworlas,
to the filter beds direct; all of which are uneovered and exposed to the inclemeney of the

weather in wintier.

The Waterworks are on the banlks of the river, and some years ago the floods completely
covered these filter beds,

The filtering material of each filter is 3 feet of fine Trent sand and 1 foot 6 inches of
gravel, The depth of water resting on the filter beds i8 1 foot 6 inches.

The outflow of the filiered water from the filter beds is controlled by means of valves,
which are opened or closed aceording as the amount passing through is considered to be in
excess of what is believed io be the average rate of filtration for a given filter, or as the
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demands of the pumping engines have to be satisfied. When the water in the inspection
pipe is seen to stand at 12 or 15 inches below the level of the water in a filter bed, that bed
i& shut off for cleaning. The flter heds are seraped abont onee a month ; vceasionally less
freguently than this; somelimes more frequently, as, for instance, when the water from
the Hartsholme Lake or Reservoir is becoming founl with vegetable matters,

The method of cleanging the sand of the filier bed is peenliar, The water is lowered
in the filter bed and the surface sand is seraped off to a depth of three-quarters of an inch
o an ineh, and this dirty sand is dealt with in the sand-washing machine. The sand when
cleaned is relaid, not all over the surface of the filier, but over only about an eighth of it,
beginning across ore end of it o a depth of G inches, making, as it were, a step. When the
filter is next cleaned the whole snrface is scraped and the clean sand again lIaid down across
the filter, beginning from the edge of the raiged layer of the sand from the first cleaning,
#o that the whole surface is covercd with a fresh layer of samd in the course of nine
months, As the proces is continned the depth of the filtering layer of sand at one end of
the filier becomes congiderably reduced. The Water Engineer could not say why this
process was adopted ; it was done in like manner by his father.

After relaying the surface sand, water is run on to the bed and allowed to stand for
sone time before the bed is nsed ; this water passes into the supply.

At times when a film, deposited from the filtered water, rapidly covers the filter beds,
and filtration becomes raore difficult, instead of lowering the water, and eleansing the super-
ficial sand, the sorface sgand is raked over from the gidea to a distance of abont ten feet
from the edge of the filter bed ; thus removing the obstruction offered to the passage of
water over the surface thus broken. The central part of the filter bed, about one-half
of the whole area, remains with the deposited scum untounched, amd eonsequently
the rate of filtration becomes unequal, the sides permitting water to pass, and the
central part allowing little water to filter through, Practically what happens ig that
the guantity of water filtered is passed through about one-half of the whole arca of the
bed, which, as shown above, is liable to be unduly thinned at one end of the filter bed.
A procedure of this aort invites a breakdown in effective filtration,

I am informed by the Water Engineer that during prevalence of frost, hot water
from the condensers of the engines is ran on to filter beds that have been cleaned,
before they are taken into use, to prevent the sand freezing ; amd that when the water
standing on the filter beda becomes frozen, it is broken ronnd the edges by the men
emploved at the Waterworks,

Sand Washing.—The dirty layer of sand scraped from the surface of the filter
beds is washed mechanically in an apparatus, consisting of a series of inverted cones or
hoppers, into which the dirty sand with hot water from condensers in the boiler is
sucked by siphon action, and driven under pressare and violently agitated.  This apparatus
ig =id to be eapable of washing 120 cubic feet of sand per hour. The result on the
ganil of thig washing, as shown by a bacterial examination of the washed sand made
by Dr. Houston, is extremely gosd. The water used in the sand washing is disebharged
into the River Witham between ithe onifallz of ihe Catehwaier and Pike Draing, and as
eoulidl be geen after some new sand of light colour had beem washed, this dirty water
ir sncked back in part to the Waterworks with the incoming water,

I am informed that the original land owner objected to the water used in sand
washing being discharged infe the Dalph,

Pure Water Tank,—When the wator has passed through the filter beds it is received
into a pure water tank capable of holding some 4,000 gallons. The water from all
the filter bedz discharges to and mixes in this tank whenee it is pumped into the
rising maing, The foreman or engine driver has to maintain about three feet
of water in this tank, and he ascerining the depth by dipping in o staff, there being no
autometic register for this purpose. Tf the water falls to or below three feei, he angments
the supply by turning handles controlling the sluice valves at the filtors and permitting
more Water Lo pags.  This man is supposed to regulate the fow from cach filter bed; ano
it ia left entirely to his judgment to torn on more water from one filter bed miher than

the others; the filters must be made to zupply the pure water tank or the pumping
must cedse,

The waler as Bltered when 1 first visited the works wag clear, bright and eolourless,

Ingide this “ Pure Water Tank ™ is a small tank into which unfiltered water is passed
to be raised by one set of engines to the filter beds, This matter will be referred to later,

Method of Working the Plant.—The pumps are kept at work day and night, but
pumping ceases from midnight Saturday until 6 pm. on Sunday, snd again from
midnight on Sunday until 6 aun. on Monday, save in exceptional eirenmstances,

Rizing Mains,—~From the Waterworks the water is foreed into rising mains. One
main 16 inches in diameter, reduced to 15 inches in the High Street, takes the water up to
the Cross CLIF Hill Res=rvoir; a second rising main 12 inches in diameter earries the water
to the Weest Gate Iill Reservoir, There iz alzo ad-inch rising main which does not discharge
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inte a reserveir.  There are a few hongeg in the Bail and the North Gate Hill near the
cathedral which can only be provided with water when the pnmps are at work, as the
regervoirs are not placed sufficiently high to snpply all the City.

The rising mains are alzo the distribnting mains, supplying the houses en woile,  1f
less water ix pumped than is required for use in the honges, water from the reservoirs
runs down to sapply the deficiency. During the day the demand iz greater than the
amonnt pumped, but during the night the reverse iz the case and the reservoirs are re-
cplenished. “The town iz thus supplied partly with water pnmped direet from the Water-
works and partly from the storage reservoirs, except during cessation of pumping at the
weel end or for repairs, when the supply i2 entirely derived from the reservoirs.

Watter piging,~—Many of the mains and beanch pipes ladd down in 1847 are corroded
mued leaking : it i8 stated that so rotten are some of these old iron fp]p-us that, wlhen
npcovered with o view to detection of leakages, they fall to pieces if lified from the
gronnd., Owing to some of the mains having to be laid in ground which is* shifting sand,™
allvantage has been talken of the sewer manholes ag a support, and in some instances the
water maing are built into the brickwork of the manholes ; in fonr instances, indead, the
witer main is actually carried through the manhole.  Occasionally, owing to the shifting
of the s, these water maing become broken, the fracture always aking place at the
point where the main joins the brickwork of the manhaole,

Civcemstanees aagociofed with e Wealsr Supply of Liveoln will reference bo visks of
poltution.~Between 1877-1880 the City was provided with a sewerage system. Dr,
Harrisom points ont in his report of 1885 that the daily qoantity of water requirad in
Lincaln where water clogets were becoming more in use was ab least one million gullons,
and he procesds to show that the guantity available from the above-mentioned sources was
not suflicient to supply the requirad amonnt.  As regards the Gltering area he states thot,
allowing for one filter to be ont of use for cleansing, the beds conld Gller 25 mallons per
square fool per hone, or 1,148,080 mllons daily, * a quantity quite satficient for the present
wants of the Cigy."

Dr. Harrisom comments on the various sources of supply, and he fornishes in his
report cliemical analyses of the waters. Coneerning the ballast pits, he writes :—

This water is stated to rise ap throngh o bed of gravel and sl sl gives good results on clismioal
e nation.

The Prial Brook, which rises in Doddingion Plantation, is abont three miles in lengih.
It drains a laree tract of agrieolioral land and woods to the west of the City, and, after
passing under the Doddington Rowd, flows inte the Hartsholme Lalke or Reservoir. At
the time of formation of the lake the Prial Brook was deepened by excavation, and its
banks were rmised,  Another sourvee commences on the Doddington Road and passes into
a lake at Stone's Place, the overflow from which flows into the Hartsholme Reservoir,

This water consists entirely of dminage from land and containg a large guantity of
suspeniled matter,

Dr. Harrizon aualysed samples of the water from the Hartsholme Reserveir, the lake
ab Btone’s Place, and from varions parte of the Prial stream.  He writes :—

Not ope of the woaters, as taken, is Bt for domeatic purposes,

The Pike Dmin commences about six milez from the Waterworks in the Parish of
Engle, Tt is formed by the junction of nmmerons ditches, or “ draing,” as the dykes
conatructed to drain the flat agrienltnral country in this part of Lincolnshive are called.
The greater part of the water is derived [rom the drainage of arvable land, but it alse
reecives drinage from farmyards and sorface water from roads. It crosses the road at
Thorpe, and again near Hykeham Station, and for 600 yards skirts the side of the road
from Lineoln to Newark, and after passing under the Doddington Road, enters the east
end of a small lake at Boultham near the Waterworks. 'T'he outflow from this lake
digcharges into the River Witham near to and above the Waterworks, The intake from
the Drain to the Waterworks is situated some 20 yards from the point where it enters the
FivET.

The Pike Dmin is nnprotected thronghout all its course. No villages drain directly
into this drain, but there ig no donbt that a large amonnt of fleh would be washed into it
after heavy minfall,

Concerning the Pike Drain, Dr. Harrison writes :(—

I collected water at various pasts . . . . along the sourse of this stream, and all the samples show
wigns of considerable contamination by organio matler.

The Catchwater Dirain rises some distance beyond the village of Skellingthorpe (34
miles from Lineoln), through which it flows, receiving pollution from farmyards and house
draing, and washings from manured ground, and it iz liable to contamination from cattle,
zeese and ducks. Az it flows into the Witham it runs along the side of the Waterworks.
The intake, a 1d-inch pipe. from the Catchwater Drain., as it pasgcs the Wutf.-rwur]r.a.
was in existence in 1371, and was probably put in at a much carlier date. It is placed
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gome 200 yards above the outfall of the drain to the River Witham, and water from this
source has been in nze for many years. There is also at the Waterworks a by-pass throngh
which water from the Catchwater Dirain can be introdoced into the City supply withont
‘pazzing through the filter beds. 1 am informed by the Water Engineer that this hy-pass
s never been nged during his period of office.

In his report, Dr. Harrison dismisses the Catehwater Dirain with the words .—

I= linble to pollution, amd the water does not give satisfoctory resulis on avalysis, This water, |
unpderstand, is not weed,

As regards the River Witham, Dir. Harrison writes 1—

1 have cxamined the viver, and taken sampies of the waternt . , . varions peinte , . . within
s few miles miles of Lincoln the river iz still =0 contaminated with unoxidiesd sewage as o be unfie for
domestic purposes ; and putting aside the anfavourable chemical econdition of the water, o river receiving
drainase and effinent from s large town (Grmotham) conld not with ooy degree of safety e used for domentie
P s, [t is nnwise aml dangerous to take water from a sonree known to be polloed or lable to pallnkion,
and trast to the purifying efects of filtration to render it safe for consumplion.

It is clear that ai times the River Witham provides the bulk of the water sapply of
Lincoln, Towarle the cloze of the snmmer the Hartzholme water iz cnt off, and in the
absemce of any appreciable rainfall, the water in the Ballast Pits falls low, and little or no
water flows down the Pike and Catchwater Drmins,  In the summer monthg the river s
largely drawn upon, and ag it supplies water to the Foss Dyke Canal, which lemls from
Lincoln o the River Trent at Torksey, when the water is drawn off for consumption in
Jarge gquantity i the summer, it s necessary to pamp water from the Trent inte the Foss
Dyke to make np for the water drawn off for the supply of Lincoln, It is said that at
times when these pmnps are at work, the flow of the river iz reversed and that water from
Brayford Pool, the point whare the Foss Dyke joing the Witham, flows up stream to the
Waterworks ; in these circumestances water from the River Trent might lind itz way into
the City supply of Lineoln. The Foss Dyke is regularly traversed by barges, which come
from the River Trent to Brayford Pool.

At the time that I first visited the Waterworks on 12t Felwnary, 19005, there was very
litle, if any, water flowing down the Catchwater Deain, It was stated that when the
number of gallons pnmped from this source exceeds the amount of the water coming down
the Catchwater Dirain, the flow of the water in the lower part ig reversed, and the wator
from the River Witham fows np the Catchwater Drain and is pamped inio the Waterworks,
When I first saw this stream the water from the River Witham was distinetly passing ap
the Drain to the intake at the Waterworks. The same ocenrrence was obzerved at the Pike
Drain, the River Witham water also supplying the bulk of the water entering the
Waterworks at this intake,

At the Waterworks the water from the Pilee and Catchwiter Dming prgszes into small
receiving wells amd g raised by the pumps (o a tank 8 feet by 4 feot by 5 feet placed at a
height safficient to allow it to flow to the Alter beds by gravitation throngh o pipe 15 inches
in dimmeter, If more water is pumped than can pass te the filter beds it falls back inte the
smaull tank or ig returned by pipes to the receiving wells, The amount of water passing
from the Catehrwater Dmin can be seen and can e pauged in ome of thege receiving wells,
but that from the Pike Drain cannot, as it is piped to and pumped from s receiving well
which is coverad over and from which any surplus passes on to that well which receives
water from the Catehvater Drain,  The water from the Harlgholme Beservoir flows vy
gravitation, in a brick ealvert, 24 inches In diameter, direetly o the Blter beds. Thias
eulvert is sail to be in need of repair, and to leak ; possibly at times it may bring snbsoil
water to the Waterworks, At one part of its conrse it appears to be laid below a ditch
which, until the second week of Febraary, 1905, received drminage from Hartsholme Farm.

The water from the reservoir at Hacteholme is shat off in the sommer months on
aceonnt of the vegeiable or gelatinons material which iz bronght down to and chokes the
filter beds. The supply from this source is not resumed uniil after the fitgt frosts of the
season have freed the water from this material,  The supply was eut off in May, 1904, and
was not again laid on ontil Febroary 28ed, 1905, Since that time the water from the
Harisholme Reservoir has been made to flow over a shallow weir at the Waterworks o
that the amount entering can be ganged, i

The water from the Ballast Pits flows by gravitation in an iron pipe, and joins the
brick enlvert from the Hartsholme Reservoir some distanee from the Waterworks. The
two ballast pits, Midland and Boultham, are connected with one anotaer by means of an
iron pipe which passes under the railway line. The ouniflow pipe is in the Boultham Pit
which lieg the nearer to Lincoln Waterworks. This outHow pipe cannot Le seen, but its
position can be appreximately determined as the pipe passes to a brick chamber on the
bank, the cover of whieh is kept locked. When 1 visited these Balist Pits, Mr. Teague,
the water engineer, informed me this chamber only contained a sluiee valve for turning
the ontflow from the Ballast Pits on or off ; he had not the key with hine at the time,
It has since come to my notice that the water discharges directly from the Pits into this
chamber, and is screened throngh a coarse sieve before it passes on in the pipes to Lincoln.
Not far from the Ballast Pits, sand is being exeavated for building purposes, and doubtless

these excuvations will become the receptacle of water which would otherwise find its way
io the Ballast Pits,
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I was informed that there was no means available for gauging the quantity of water
coming into the Waterworks from eiiher of these two last-mentioned sources of supply,
but the amount passing from the Ballast Pits conld have been ganged in the brick chamber ;
and that from the Harisholme Reservoir can now be calonlated as it flows over the weir at
the Waterworks.

During my early visits to Lincoln, it was clear that nearly all the water pumped from
the Waterworks was derived from the River Witham. The water from the Harizsholme
Reservoir was cut off ; that in the Ballast Pits was low and supplying but small quantity,
and as the pnmping had lowered the height of water unduly, this source of supply
was gtoppeid for a time on Febroary 23nd, 1905,

Apart from the Hartsholme Lake, which may be considered in the sense of a storage
reservoir, but from which water is only deawn during one portion of the yvear, and the
Ballast Pits, there are no storage reservoirs, in which water can be ponded and undergo a
HJIEF?L?I]I}: gelf-purifieation by depogit of suspended matter, &e., before it pagses to the

r beds,

The land traversed by the Prial Brook, and the Pike and Catchwater Drains is
chiefly of a light sandy nature ; it is highly cultivated and is at times manured with night
goil and town refuse. Snch material from Bracebridge Urban District is disposed of on a
field about half & mile from the Ballast Pits.

The Pure Water Pank.—To select a place which is actually inside the © pure " water
tank, for the construction of a tank intended to receive unfiltered water, and exhauvst water
from an engine room, is a procedure which seems devoid of wisdom. This ingide tank,
examined after the outbreak of the epidemic of enteric fever, seemed on superficial
examination to be possibly not free from leakago.

The Waderworks Urinal and Closel.—At the Waterworks are a0 pail closet and a nrinal
for the use of the workmen. The contents of the pail are emptied by the workmen on
land, cnltivated as a vegetable garden inside the Waterworks enclosore, and dug in. The
drain from the wrinal passed belween the filter beds and discharged into the Delph, a
stream which ultimately empties into the Sincil Dyke, This drain was, as I understand,
originally Iaid with open joints, which were afterwards cemented on the top, the bottom
halves of the pipes, however, remaining uncemented. Tt also took the min water from
down spouts, the boilers, and an ornamental fountain,  When tested in April, 1005, by the
City Engineer, morve water eame ont from the dreain than went in from these sonrces, It
ia laid below the level of the floor of the filiers, in sandy so0il which is full of water, and
apparently served alsn as a land drain ; posaibly shonld a filier bed leak, 2 fact not
congidersd to be unlikely, the water thus flowing from the filter beds wounld find its
way into this drain and, perchance, from the drain to the filter bed.

After the epidemic of enteric fover became established in the town, it was congidered
advisable to digeonnect the drain at the wrinal, and this was done towards the end of
March or the begioning of April by the workmen at the Waterworks under the
auperintendence of the Water Engineer, and a new line of pipes, about a foot bhelow the
surface of the ground, was laid in a direction away from the filter beds, and carried round
the engine-house and through two shallow chambers and eonnected with a pipe which
wad afterwards found to be the exhaust pipe of the engine. This drmin was tested by
Mr. Mortimer, the survevor of the Branston Rural District Conneil shortly after it was
Inid dewn, and it waz found that the deain was defective. L was sneovered the
following duay, when it was seen that the lovels were not properly Inid, and the joints
not properly cemented ; practically every joint leaked. T am informed that the urinal
was afterwards drained to an unventilated ceaspool,

It iz hardly to be expected that workmen emploved by the Contractor at the new
Loring mow in process af the Waberworks would on all occagions resort to the nrinal which
is gome distance from the place where they work., IL has been reported that homan
excrement has been seen on the banks of the Catchwater Drain between the stream and
the embankment which separates it from the Waterworks., 1 did not myaelf obrerve this,
but on the side of the Catchwater Drain, remote from Waterworks, | notiesd what seemed
to be undoubtedly human feces.  This spot is easy of access not only from the Waterworks,
but from the town, as one foothridge crosses the River Witham from the suile of the Sinol
Dyke to the confines of the Waterworks, aml ancther erosses the Catchwater Draln as it
pasaes the Waterworks and only a few vards distant from its ontfall to the river. More-
over, on the Waterworks side of the river runs & public footpath, and the pullic have
eagy aecess to the locality.

Figher foll.—Lincoln ig a eity to which anglers come from places connected with
Lincoln by the railway. They arfive on Sunday mernings in large oumbers from
Nottingham and other large towne, as far away 53 Sheflield. They bring their provender
for the day, and take up their positions for fishing along the banks of the River Witham,
tﬁr the most part above the Waterworks intake. Doubtless they add to the pollution of
the stream.

Cobteges al the Walerworks.—Inside the Waterworkis enelosure dre two cottages fon
resident workmen. These have pail closeis the contents of which are buried in the kitchen
garden. Their slop drainage pasaes to a pipe which discharges inte the Delph between the
river and the Waterworks.
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Situated on the banks and nearer the sonrce of the River Witham than the City of
Lineoln, is the town of Grantham, which has a rateable value of £72,402, and had, at the
cengus of 1901, a population of 17,593 persons. Grantham is distant from Lincoln 22 miles
as the crow fies, bat 35 miles by the course of the River Witham, and belween Grantham
and Lineoln, and on its banks are the following villages :—

Popalation of the
vil Pariahis,

140 «es  Belton oo Grantham Barml Distriet.
1587 eer  SBysbom .. e Claypola i &
413 -« DBarkston ... g o 5
EH e Marston aus aan waa o £l £ EE
200 wo  Hougham ... ans " " "
153 EETY wﬁﬂbﬂmuﬂh 198 bl AL " " n
747 e Long Bennington = " "
A cluster of houses at Claypole o i i

Water Mill.

a2 wee  Olaypole ... e o = o i
i | «» Barnhy-in-the-Willows ... Newark i i
b .. Beckingham . et .o Claypole o &
154 o otapleford = " H
171 we  Norton Disney ... i & = o
614 wr  Bassingham A - = = -
109 we  Thurby ... R 2 i s s i
84 «.  Haddington «s DBranston " +
178 cee  Aubourn ... e - 2 =
94 o Bouth Hykeham ... cith = - i

551 .. North Hykeham.. .. .. = & i
and the Urban District of Bracebridge (Population 1,700-1,500).

The Medieal Officeras of Health of the :disiriets have furnished information as to the
notifications of enteric fever in 1904 in their districts.

Claypole Rural Distrief.—Nocase of enteric fever was notified in this district in 1904,
but between the dates October 218t and 26th, inelnsive, two young ladies visite:d the village
of Leng Bennington in this roral district and developed enterie fever on their return to
Grantham Urban District and the Wheatley Urban District near Doneaster. The Grontham
easa is referred io later.

Frantham Rural Districl.—Three cases of enterie fever were notified in April, 1904,
and the patienis all resided in one house at Bitehfield, some miles from the River Witham.,

Newark Rwrad District.—No case of enteric fever at the village of Darnby-in-the-
Willowa.

Dr. Berry, the moedical officer of health for Grantham Urban Disteict, informed me
that the number of cases of enteric fever notified in the town was as follows ;—

Nuomber of eases of

Taar. enteric fever.
j ML) oo
1901 ... e |

In the year 1904 fonr cases were nofified, one each on March Gih, June Gih, June 28th,
and November 18th. The case notified on November 15th was that of a young lady aged
20, and the illness terminated fatally. She had, a5 has already been stated, visited Long
Bennington, a village on the Hiver Witham betwesn Grantham and Lincsln, on October
21st, retarning Lo Geantham on Oetober 261k, She was atbended in her illness by De, Berry,
and he ayw hor st on November 9th, when she had aleeady been i1l some days.  She
was treated at her own home in charge of two professional nurses, and as soon as
suspleion arose that the illness might prove to be enterie fever all excreta were disinfected
before passing to the house drains, and the sewer was flushed daily,

No further cases were notified in Grantham Urban Distriet until Januoarey 25th and
February Jnd, 1905 ; this latter case was imported from Lincoln.

Frantfham Sewage Foerm—The sewage farm of the Grantham TUrban Distriet is
gsituated ab Marston, four and a-half miles from Grantham, near the banks of the Biver
Witham, into which its efflnent from two ontfalls 8 discharsod. This sewnge farm
comprige2 abont 110 acres of fairly flat land, almost sandy in charmeter, 1t is underdrained,
anil the system adopied is downward filiration by brond irerigaiion ; there are some
40 acres of grass land, amd seven acres of Ozier beds, The amount of sewage breated
per day varies between S00JHK and 10000 gallons under ordinary circumstances :
in times of beavy rain this amonnt is considerably inerensed,

The manager of the farm iz Mr. Wm. Preston Mazon, whe has been in chapec
since 1857,

At the time of my visit on Febroary Oth the farm appearsd to be well managed,
and earefully worked, and the efinents ag they passed Crom the outfalls were satisfactory

2399 n
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o far as smell, absence of colonr and clearness were coneerned. Indeed, the sfuent

passing into the River Witham compared favourably with the water flowing down the
BLream.

The greater part of the Bracebridge Urban District is connected to the main sewerage
system of Lincoln, but part of the district is not thus conneeted. This latter portion,
in which there are no water closets, is mainly on the banks of the River Witham, The
householil slop and surface water from the howses on both sidez of the main street,
toguther with the washings from the roads, pasa by aubsidiary drainsg to a main surface
water drain, locally known as the Top Water Drain. This is a large earthenware pipe
which empties into a diteh, which in torn opens into a dyke which, after skirting the
back ol Dracebridge village and taking additional surface and slop drainage, passes
on to discharge into the River Witham abont half g-mile above the Lincoln Waterworks.
The sewage from the tramway depdl discharged into this surface water drain prior
to the epidemic. This depdi, at which twelve men and eight boys are employed,
anmid whers some 22 horser are stabled, whose stalls drain fo the commeon drain of the
depit, and where there is also a urinal and a vaolt privy, was taken over by the Lincoln
Corporation in July 1904,

The drainage of the depit was on Janmary 28th, 1005, disconnected from the sarface
water draing, and therefore from the River Witham, and conpected with the sewers,
The ditch and dyke, which nobody appears to own and which were in o foul state,
were cleaned ont by the workmen from ihe Lineoln Waterworks on January 31si.
The opening from ihe dyke io the river was then dammed with earth roughly placed
acrogs it, amd the foul liguid flowing in ponded behind this temporary dam. A heavy
shower of rain would probably cause the storm.water to carry away this dam, thus
snildenly liberating to the river a large collection of foul material.

By the Lincoln Waler Works Acts, 1871, it is in effect enacled that any person causing
ollation of the varions waters from which the Corporation devives ifs water supply is
izble to 2 penalty of five pounds, and a daily penally of twenty shillings for each day on

which the offence continues. 1t was manifest on inspection of the water arca that this
power of the Corporation to protect its water supply against pollution has been very
indifferently exercised,

Chemical and Bacteriological Eramination of the Waler.~When the deputation of the
Corporation came to the Local Government Board on January 26th, 1905, they stated that a
sample of the public water supply had been taken in the first week in January and snbmitted
to analysie. The repert, dated Janmary 1Tth, is given in Addendum. It states that
“ from a chemical point of view the water is not fit for drinking,” and that the total
number of micre-organisme in this water is not excessive, but that the presence of intestinal
bacteria must be regarded as evidence strongly suggestive of pollution with sewage or faeal
wator,

Bamples of water entering the Waterworks from the Catehwater Drain and Fike
Drain and of the filtered water in the pure water tank were taken by me on February 1st
and forwarded to Dr. Klein, who commenced his examination of them the same day.
On February 11th some sediment from the pure water tank was sent to Dr. Klein.
Details of his report on the examination of these waters are annexed. Briefly 1
may state that, a8 regards specific pollution, he found in the water of the Catchwater
Dirnin o microbe #in all essential respecis ™ the same as a lnboratory ﬂ%mc:mml of Bacillus
typhosus, and somewhat similar organisms in the water of the Pile Drain, in which
water he also fourkl a microbe corresponding with Gaertner's Bacillus, No microle of
this type was found in the water of the pure water fank ; but in the gediment of t{:e
iank he found a microbe which was possibly the Bacillus typhosns, semewhat altered in
its characters by sojourn in the water,

The waler from the Catehwater and Pike Draing as it entercd the Waterworks
contained Bacillug coli communis in 1 e, but not in gth ee.; that of lhln Catchwater
Drain showed spores of Bacillus enteritidis sporogenes in 10 c.c., but not in 1 ¢.c.; and
the Pike Drain water in 100 c.c., but not in 10 e.e. The number of microbes in the
anfiltered water wag 5,500 per 1 ce, and 2500 per 1 e.c. _[nr ‘tll'l!'! Catchwater and l"'il-:.u
Draing respectively. The filtered water only contained 64 microbes per 1 c.e., but it
contained Dacillus coli communis in 1 ec., althongh not in 4,th cc. No spores of
Facillus enteritidis sporogenes were found in 100 c.e. of this water.

Meteorslogival conditions in the relalawon lo the Ouibreak—Study of Diagram 1.
shows that during the second week in November, 1904 (Gth-12th), rain only in small
amount fell for fve days. In the third week in November (13th-19th), there were three
days on which there was frost. In the fourth week of November (20th-26th) rain and
snow fell on four days and on six days there was frost, the thermometer dropping as low
as 15° Fah, The temperature did not rise altogether above freezing point till the fourth
day of the following week, November 30th, At this time the river and its contributory
stpeams were frozen over, The frost 'brul{u ralher E'l_lli!_l{‘“ll'. Ll the lst _T..]MF'"I.I""I'. _TIJ‘E]."B
wag frost again, the thermometer falling to 25° Fah. on December Sih, and much rain fell
Letween that date and December 17th, when after a sudden rise of temperature the
thermometer again dropped and there was frost for nine days.
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It is to be borne in mind that heavy rainfall would wash into the streams and rivers
the seourings of farmyards, and the refuse from the banks, whereby the water to be filtered
would be to a eorresponding extent polluted,

As I am informed the increased rate of pumping at the Waterworks commenced on
November 19th, 1904, and continued till January, 19045,

Thus at a time when the water entering the Waterworks must have possessod a higher
degres of impurity than unsual, and when the filter beds were liable to be put out of
working order by frost, a larger guantity of water than had previously been the case was
being passed throngh the filter beds.

It has been the custom of the people of Lineoln to let the water flow from the taps
during frost, in those coses where the water is laid on to exposed standards or pipes in the
yards, and not earried ingide the hoonses, Thus during a frost when the action of filter
beds at both the Waterworks and sewage disposal works is liable to be prejodicially
affected, & greater demand is imposed on them. 1 am informed that after a severe frost
a month to six weeks elapses before all the burst water pipes and mains ean be repaired
and refitted, and in this interval much water runz to waste, and thus the demand for an
ingreased amonnt of water in the City does not eense with the Frost, butl is continued
during the period when the melting ice and snow carvies impurities into the water ; so
that,at the time additional eare in and a slower rate of, iltration are required, water is liable
to be pagsed throogh the filier beds in nndoe amonnt and ai an increased rate. As matier
of fact, it was known that three of the filter beds were not working in a satisfactory
manner in the last guarter of the year 1904,

If diagram 1 be again referred to it will be seen that the first case of enterie fover
was notified just about thres weeks after o frost which had been preceded by some rain.
Mo sonres of the infection of the entorie fever had been fraced in this ease; but it is
gonosivable that some alteration had talken place in the filtar beds at the Waterworls,
either by the extra amount of water forced throngh, or from the action of frost itaelf,
or by both of these means, which permitted insuficiently purified water to pass through
the filier beds.

The second case of emteric fever notified on December 22nd, was followed four
daya Inter by a batch of cases 16 in number, the notifications extending over the period
of 12 days gﬁh of Decomber to Tih of Janoary). A month bafore this second ecase
ocenrred, with the cazes that immediately aneeeeded it, there had been rain in congiderabla
amount with snow and severe frost which broke np rapidly three weeks before these cases
were notified. It is possible that the alteration the Glter beds may have sustained, as
suggested above, may have become exagrerated, and that pollation in greater amonnt than
before may have gained aecess to the water ag delivered from the Waterworks,

For a third thine these conditions are repeated, almost in the same order during the
period from December Tth to December 31st, snow, with frosi, heavy rains and rapid thaw,
followed by severe frost and again rapid thaw., A baich of eight cases of enteric wers
notified botween January 12th and 15th, and three weelis after the thaw of the last weelk in
December was well established, came the great outburst of enteric fever which rose
anddenly during the fourth week of January, attained its greatest altitnde doring the first
weelk in Febroary, and which fell, not quite so quickly as it rose, during the second and
third wealia of that month,

Discondent as to Bhe souwrce of supply prior lo the Enteric Faver onfbrenk af 1904-5.—
The nnsatisfactory natore of the sonree from whenee the water is supplied to the City of
Lincoln bas from time to time been brought to the notice of the Corporation by the Local
Government Board.,

Alter n letter from the Board to the Corporation in 1385, and during the prevalence
of cholera on the Continent of Europe in 1886-7, Dr, Alry, one of the Medieal Inapectors
of the Loecal Government Board, visited and inspected Lineoln in Cetober, 1886, and lefu
with the Corporation & memorandum of recommendations for their guidance, the firat of
which referredl to * The unsafe character of part of the publie water supply amnd the need
“of inquiry eoncerning other possible sources of supply.”

* AOR4T K" Locan GovERXMERT Boarn,
114G, 1lth June, D885

H. K. Henn, Esq,

Clerk to the Lincoln Urban Sanitary Authority, Lincoln,
Bk,
I am directed by the Loeal Government Board to state that they have had under consideration your
latker of the 16th instant, togollier with the report mude by Dr, O Harrieon, the Medical Offcor of Health for
the City of Lincoln, with reference to the wator sapply of tho City, and [ am to state that having carefuliy
considerad the papsers sulanitted to them, tho Boarnd cannot agree with the Town Couneil that © tho qualicy of
* the water supplicd by tho Corporation does not afford ressosabla prounds for complnine'

It geema to the Hoard that the Town Coancil will incor a grave responsibility if di shonld hereafter
apréad in the City through preventable pollution of the water supply.

I am, she,,
(Bigmeld) 8. B, PROVIS,
dgriat, Seey.

21309 | ]
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Correspondence on this subject ensued between the Board and the Corporation, but
beyond obtaining two reports (December 15h, 1886, and September 13ih, 1887) from their
‘Water Engineer, the Corporation appear to have done but little in the way of dealing with
the water question on the lines of Dir, Airy's recommendation.

At the time of the threatened invasion of this country by cholera in 1893-4, the City
of Lincoln was inspected by my colleague, Dr Wheaton, early in May, 180, On the
20th May of that year, he met the Corporation of Lineoln in conference. The Mayor,
A. W, Hall, Esq., presided at the meeting ; there were present Aldermen Malthy, Glasier,
Dickingon, Williamson, Councillors Page, E. Pratt, Harrison, Wallis, Woodeock, Pacy,
Lowe, Ellis, Turner, Brogden and Mardin, and several officers of the Corporation,

At this conference, Dr Wheaton made a series of recommendations to the Corporation
as regards measures to be aken with a view to dealing with cholera and other dangerons
infeetions discases. He left with the Corporation a memorandnm of the recommendations
amnil this isaffixed to the Corporation Minutes recording the conference.

The first recommendation is worded as follows :—

1. Water Suppiy.—Tho Sanl'm? Aunthority shoald endeavour to obtain a supply of water from & souncs
whigh in above seapioion [or their disteiel in plice of the present supply. In the meantime, pending the
provision of a suitable nnpp]i;.‘-:ewr}' means should be taken o prevent the pollution of the water and alsoto
engure 1ta elleient Bltration belors disteibation,

In his report to the Local Government Board as to the proceedings at this confercnee,
Dr. Whealon states :—

With regard o Recommendation Noo 1, eoncerning the water supply, I roferrod to the dangers
conneated with the use of water from sonrees which were linblo o pollution from sewage and menure ; and
snid that Gliration sould not be rélisd wpon as o safe goand in the wee of sweh water, 1 mentionsd outhreaks
of cholorn and of enteric Tever, which bul been nitribuged to the use of water similar in souree to the Lincoln
supply, althongh previously subjecied to filivation. 1 referred Go the great difficulties met with in corrying
ouk efficient. fliration ; especially when the water o be Bltcred was derived partly from a river and partly
from srable land : as is the ¢aee 4t Lincoln, owing to the large amount of saspended malter in the water after
ruinfall clogging the surface of the Gller bels, in the abeence of auy subsilence reservoir, exeops in the case
of the woser of the Prinl Dirain, which does flow into a reservoic before passing into the filters.  The water of
tha Prin] Deain, however, as montionsd in my report, cannob b used afier the beginning of June. owing to its
megoming fonl in the resorvedr. 1 sofoeecd to the method of ronewing the Blter beds, as tendiog to couse
Enegualities dn the emte of Altmtion, by causing a dangerons thinning of oee end of the Blier bed, I alse
referred to the absznee of any provision for excluding from the genem] supply the first portion of water which
passes throngh the Alters after the repewal of the filtering waterial. 1 also drew attention to the dangers
nezoginted with the effect of Frost upon the Glier beds which are uncoversd. [ advised the Zanitnry Authority
ti obtain o supply of water from a souree which was quite free from risk of pollation, and which would not
require filtration in order to ressove organle matter from it. [ eadd that the comparative exemption of the
City of Lincoln from choler and enterio fever during necent s ehould not e allowoed to crente o false
sende of security, and that it was of no use to wait until an epidemic eccurred before obtaining a m:pﬂ;lf of
pies water. A great dinl of disewssion took place wpon this recommendation, b was gaid chat the alsemcs
of evidonce of any efect of the present water supply in canging discase daring pocent years, made it probable
Ehnt such cxompiion would continme and that in Any e, n-l!.]:uu[.;h the waber was nob & * Grataolnss "' mr
eiill this riek was not foo great to be run, [t was =il that Laawlon was satizlicd with a water supply of a
similnr natnre, and obtained from similar sources, and which had been pronounced by the Roval Commission
on Metropolitan Water Supply to be of a “very high standard of excellence and purity *; ami that the
Commission had declared that there were dangers associated with the use of a water which was ** too pura.”
I wns nsked whether I Ehought that a Tresh supply of water was so urgently roquired that it should e
provided regardless of cost, To which [ roplied that this cortainly was the ease.

The Lincoln Medieal Society in 1597 direcied the attention of the City Council to the
unzatisfactory souree from which the water supplied was derived, and some correapondence
engucd, the Corporation indicating that they did not agree with the criticisms of the
Medigal Bociety.

The Medical Officer of Health in his Special Report on the Waler Supply of Lincoln
in 1885, placed oun pecord his opinion (eited on p. 23 of this Appendix) a8 to the want of
wisdom of relying on the filiration of water from a polluted soures, and realizing that
ellicient filtration alone stood between the people of Lincoln and water-borne disease, he
hag from time to tims in his Annnal Reporis called attention to the need of exira filtration
areas as the amonnt of water consnmed in the City became larger. In his Annnal R-elmri,
for 1801 he drew attention to an outbreak of severe diarrleea in the January of that year
which was confined to persons, mostly adulis, who were restdent within the ares supplied
with water from the Lineoln Corporation Waterworks, He states that these attacks were
followed by extroms prostrodion, but no deaths were registered from the disrchoea, At
the time of the outhreak the sopply was chielly from the River Witham, which had for
aome weeks been frozen.  The water was turbid, and had an offenzive smeli when heated,
and eontained a large excess of organic matter.

Altempls of the Corporation lo oltain additionel Waler Supply for Lincoln—Even
Lefore the epidemic of enteric fever in 1904.5, the subject of the water gupply hoas occupled
mueh of the time of the Corporation in discussion. There have been members of the City
Conneil who pealized the risk the Clty ran from continuing the use of water derived from
polluted sources, but the stalwart supporters of the existing supply, who have always been
ready to oppose their opinion to that of “ experis,” have, bevond receiving reports on ita
nature and on additional sonrces which might be made available, suceveded in preventing

anylhing like comprehensive action being taken until comparatively recent years.
i
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Nevertheless, these reports received by the Corporation has shown the difficulty and the
uncertainty of procuring water in amount required for a large City like Lincoln, and the
plans that have from time to time been suggesied have generally had for their object the
gupplementing of the existing supplies rather than their supersession. The suecess of
most of the schemes depended on the chance of a sufficient amount of wholesome water
being obtained as a result of deep boring inte Sandstone or Limestone ; a problematical
event which may have led the Corporation to hesitate to ineur the heavy cost involved.

In 1891 the Corporation consulted Mr, C. E. de Rance, M.Inst.C.E,, a3 to the possibility
of providing a fresh supply of waier for Lincoln. His report deals with the geology of the
district, and he expresses an opinion that a boring down to the Hed Samdstonse in the
neighbourhood of the City wounld produoes a million gallons a day. He gives an alternative
scheme—the sinking of shafts and adits in the Limestone nearer the City, whereby “a
variable quantity necessilating storage " conld be obtained.

Fallowing on the onibreak of enterie fever al Maidetone and the protest of the
Lineoln Medieal Society, the Corporation in 1808 conaulted Professor Edward Hull, LL.D.,
who was asled to advise as to a supply of water for the City, and he furnished a report in
October, 1398, He sets forth three schemes, and decides in favour of one—Ithe sinking of
a well 200 feet in depth, and the driving of a bore<hole into the Sandstone from the hottom
of the well of suel dismeter that it ghonld ot be leas than twelve or fourteen inches in
dinmeter at a depth of 1,200 feet from the botiom of the well,

From ihis boring it was calenlated that 1,000,000 gallons of water per day wonld be
obtained from a depth of 1,900 feet, Tt is clear that this supply was only considered as
gnpplemental to that from the Witham, as Professor Hall writes :—

Thi water punmpsd might be mized with the existing supply from the Rirer Witham.

In 1808, the Corporation determined fo improve their water supply, and, althengl
aome considerable time clapsed between the date of the receipt of Profegzor Hall's report
and the actnal date of commencing the boring, the Minutes of the Committee show that the
matter wag in no way shelved, many imporiant details had to be investigated anid dealt
with before the Corporation was in a position to canse the boring to be andertalken.,  After
the report was consilered, estimates for the borings were asked for and walerworks visited.
In Juilf, 1899, Me, Percy Griffiths was appointed as the Engineer for the Corporation in
gonnection with the contemplated works, After congideration of tenders this plan was
adopted, and in Angost, 1901, a contract was signed with Messrs, Chapman and Sons, of
Balford, for £14,605, the main portion of the work was to be completed in four years, and
the bore was commenced at the Waterworks.

Dperations were interrupted in November, 1IING, by the jamming of the boring toal in
the borehole, an'l by the breaking of a rope with the loss of the boring tool ab a
depth of 260 feet. The tool became embedded in the boring and sttempls o recover it
failad. The brick well-ghafi, 9 feet in diameter, which bad been sunk o a depth
of 400 feet from the sorface was conlinued to a depth of 890 feei, thms
increasing the facilities in boring. The coniractors then applied to the Corporation for
financial assistance, and it was pesolved to make advances to an amonnt equal to the
contractors’ actual expenditure in constructing the well. The borehole, 3 inches in
dismeter, was recommenced from the boltom of the well ; also by means of this well-
ghaft the slze of the borings ean be continued at an inereased disnmeter beyond that
originally agreed upon, It is considered that thie Sandstone will b renched ot o depth of
615 feet below the level of the bottom of the well-shafi, but some monihs mnzt elapse
before this werk s completed, and there is always the risk of the rope again breaking if
the boring diverges from the direct line, and the boring tool, an ingtroment some ten feet
in length, gets jammed in the bore.

The epidemic of enteric fever thus oceurred at a time when steps were actually heing
taken to improve the existing sopply of water to the City, but Defore any advantase
conld be reaped from the work in hand.

On February 18th, 1905, the 8pecial Commitées of the City Council decided to seek
the assigtance of Mr. Geo. I, Hill, the Water Engineer of Manchester, whoe designed and
carvied oot the Thirlmere Waterworks, and who was o member of the Speeial. Commission
for dealing with the London Water Snpply, in improving thoeir existing Watorworks, and
in gecking a supply of water from some souree other than the River Witham, Mr. Hill
guggegted that the advice of Mr., Wm., Whittaker, B.A., F.R.5,, Paat Prezident of the
Geological Society and of the Geological Association, should be sought, and this gentleman,
at the reguest of the Bpecial Committes, met them in consultation on February 22nd.
Mr. Henry Preston, Manager to the Grantham Walerworks, who hag made special siudy
of the Geology of Lineolonshire, wos also assecintod with Messra, Hill and Whitlalzer in
this inguiry. ;

The diffienlty of oltaining water in amonnt required for Lineoln is again emphasized
by the reporiz of Mr. Willlam Whittaker on the nndergronnd sources of supply ; and by

Messrs. George I. Hill & Sons, on the guestion of boring, and the latter also sets forth
estimated cost of the underiaking. ;
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Eriefly, they show that to obtain water by deep horing from a selected site wounld cost
an outlay of some £100MK, and between £35,000 to £9 000 annual working expenses ; a sum
when capitalized of about £300,000, Moreover, several years would probably elapsse before
the water would be available for the supply of the City.

The Chemical Tvealment of the Weder.—At my first meoting with the representatives
of the Corporation, on January 3lat, | suggesied that the Corporation should eause water to
be boiled in bulk and distriboted by earts thronghont the poorer parts of the City. This
anggestion was regarded as impracticable, and T was informed that the artizan population
as a8 whole was an inlelligent class and would beil thelr water alfter reading the notices
posted in the City by the Corporation. As regards the lower grade population, it was
stated that, even if they coulil be indueed to receive hoiled water from the Corporation
carts, they would not use it, and would probably throw it into the streets,

To gupply Lincoln at short notlee with some 2,000,000 gallong of water a day from
a source above suspicion was ont of the question.

I therefore sngeested, on Febroary Tih, to the Commiiies the desirability of consalting
with experts in bacteriology and chemisiry with a view to treating the water supplied to
the town, so as to repder it reasonably free from the Bacillus typhosus,  The Committes
aceopted Uhis snggestion and, in relation therewith, songht the assistanes of Drea, Honston
and Meliowan, of whoem the former has been engaged in the study of the biology of waler
for many years, and is ithe bacieriologist, as the latter is the chemizt, of ithe Hoyal Com-
misaion on sewage disposal. Dr, Houvsion arrived in Lincoln on February 8th, and
D, Mezowan on February 8th, and, afler study of the loeal conditions, eommenced the
ireatment of the water on Febroary 11th.

The diffenlty in treating the water of Lincoln with any chemical iz due to
the foet that, exeepting (the reservoirs gt Crosa CHIE I and Westgaie holding between
them about one day’s supply of water, and w which the water ia pnmped after filtration,
thers is no storage rezervoir where any process of water sterilization on a large scale conld
be carried oui Before filtration without cutting off the supply to the City. In determining
the manner in which any procesz intended to seenre the sierilizaiion of the poblie water
supply would beat be applied, several circumstanees had to be borne in mind.,  Inasmuch
ag the Dacillus typhosus hwl been found in the water passing into the Waterworks from
the Catehwater Denin and the Pike Drain, water derived in all probability from the River
Witham, there was strong presumption that the Glter beds weore infected.  This considera-
tion, eoupled with that of the prezence, established at a slightly later date, of a modified
form of Bacillus typhosns in the sediment of the pure water fank from which the previously
filtered water is pumped direet to the City, showed the necessity of disinfecting the filter
beds and the pure water tank, and of treating the water prior to its fltration.

Dirs. Honston and MoGowan, after study of the local conditions, eame to the conelusion
that the addition of eblores (a eommercial preparmtion of the hypochlorite of soda, of which
they had bad previous experience in experimental sterilization of sewage effluents) to the
water as it passed to the filier beds afforded the best chanee of rendering the water free
from objectionable micro-organisms and at the same time devoid of harmful properties to
the consumer,

This treatment was commenced on February 11th, and was theneeforth applied
continuously to the water passing inlo the works from the River Witham (Catehwater and
Fike Draing). The water from the Ballast Fits was not dealt with as it was regarded a8 free
from suspicion, and the water from the Harfsholme Reservoir was not in use at that time.

The water in the service rescrvoir at Cross CLT Hill was treated on Fehrnary 11th,
13th, 18th and 2(th, and that in the serviee reservoir at Westgate on February 12th, 14th
and 17th, These reservoirs were dealt with ai night, 20 a2 to interfere as little as might be
with the demand of the City for water, and (o give time to permit of the water being under
treptment for some hours before it pussed into supply.

The carboys containing chloros were arranged so that by siphon action the ehemieal
could drop continunously on o the water as it was pnmped to the filter beds.  The filter
beds themselves were treated with chloros, and the pure water tank was emptied and
disinfected.

To prevent any possibility of free acid passing into the supply o few picces of chloride
of ealeium were placed in the pure water tank, and by way of test o live gold fish was kept
in this tank. The water, during the earlier periods of the treatment, was tested chemically
with iodide of potassium and starch to detect any minnte quantity of chlorine which might
pags through the filters into the supply, and samples of water drawn from different parts
of the City were tested for the presence of minute guantities of lead ; no trace of this
metal was ever found. Daily biological cxamination was made of the water after treat-
ment ; the results obtained were remarkably good.

The Dacillus typhosus and the Pacillus coli communis are both microbes found in
discharges from the intestine, but the former is a less hardy organism than the latter and
more readily perishes when exposed to uncongenial surronndings. This fact is taken
advantage of in dealing with the purification of sewage effluents and water pollnted with
organic material of intestinal origin.
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It is known that an agent or condition which will destroy or materiaslly diminish the
number of Bacillug coli communis present in a siven sample will, with certainty, kill the
less robust Bacillus typhosus. Alse becanse the Bacillug coli communis iz constantly
present in sewage, its presenee in larger or smaller amount in a water is taken a8 an
index of the degree of pollation of that water, and therefore of the potential risk incurred
in using such water for domestic purposes.  Henee the smallest quantity of water in which
the Bacillus coli communis can be detected is taken as the standard of purily of the water
in question. The result is expressed in torms of cubic centimetres (e.e.).

The water at Lincoln alter treatment with “chloros,” though guoite elear and free
from torbidity, had a distinetly musty emell and taste. When the water was hot or cold
thiz smell and taste were not markedly appreciable, but when the water was merely warm
the odour given off could not fail to be detected by persons having erdinary sense of
gmell, After some wesks of treatmont cither on aceount of the organic matier present
in the filter beds being used up, oxidized, or on account of the lesser quantity of
chlorss uged, this smell and taste beeame less, and in the first week of May [ could not
detect it. The scent given off from the water somewhai resombled that of nuis in an
carthenware vessel which had been bronght np from storage in a damp cellar. Never-
theless althongh to the senses of sight, smell and taste the water compared [avourably
with the waters supplied in many places from upland moorland sources, the people of
Lincoln, aceustomed to a tasleless water, and having the knowledge that the water had
been treated with * chemicals,” refused in many instances to drink it,

In the Corporation notice warning the people thai the waier hald been submitted to
chemical parification, it was stated that the water had better be boiled hefore use.

This statement drew forth the criticism that it it were still necessary to boil the water
before uge, why should it algo be treated chemienally ?

The proporiion in which chloros wag added to the water varied from time to time with
the varying circomstances, and with the further knowledge brought by experience. At the
commencement, one part in 10000 waz wsed at the Waterworks, but it was fonnd that one
parct in 20,000 shut up ina filter bed ontil its presence in the water percolating through
conld not be detected by the ifodide of potassinm and starch test (which iz said to he
capable of detecting ome part in two millions), was of sufficient strength to sterilize the
filter bod, The strength of the chemical added in the firgt instance to the incoming water
was 1 to LOUOBD ; and to the water in the reservoirs, as estimated on their maximum
capacity, the strength at first added was 1 in G000 2t Crosseliffe and 1 in 100,000 at
Westgate, but as neither reservoir waz fnll of water at the time, the proportions wers
zomewhat higher.

This strength was rednced on Febrnary 21st to one part in 30,000 hefore filiration, and
al the reservoirs to one part in 100,000,

When sodinm hypochlorite 15 added to water, oxyvgen is liberated and in its nascent
form acts as a powerfnl oxidizing agent, and common galt (sodinm chloride) is formed. At
the strength the chloros was nged the amount of eommon salt formed wounld be extremely
amall, and conlid not be detected in the water, except by chemical tests.

On February 24th the members of the medical profession practizing in Lineoln, some
30 to 40 gentlemen, were invited to meet Drs, Housten and MeGowan and myself in
conference. At this meeting [ explained the difficalties that had to be dealt with, and the
action adopted. 1t was stated Ly certain of the medical men present that the water as
treated, had cansed eolle and diarrbom among their patients and eczema, skin irritation,
and conjunctivitis.  Others had noticed nothing of the sort.  This irritant action was
comgidered by a few to be due to * chlorination ™ of the water, bat it was pointed out that
chemical tests capable of detecting free chlorine in one part per two million failed to show
any btrace of ehlorine in the waler—and it wag sdmitted by cortain of these practitioners
that they treated their enterie fever patienis with chlorine mixture. The mediceal
profession was divided in opinion as to the quality of the water supplied by the Corporation
Waterworks, but they were nnable to augzest any alternative treatment.

It is diffienlt to understand how, and in what manner chlores which conld not be,
detected in the water as supplicd to the City by the most delicate tests, could have affected
certain peraons in the manner attributed to ik It is known that a man drank daily
halfl o pint of & 1 in 5000 golution of the crystals of sodinm hypo-chlorile, which contained
aboot 37 per cent. by weight of available chlovine, for a peviod betwoon two to thres weelks
withont experiencing any il resulls ; and this solution would not have become *apent,”
as wonld the chloros in acting on erganic material present in the Lincoln water.

Water brought into the District from places owdside.—As soon ag it became known
that the water supplied by the Corporation from the Waterworks was specifically contami.
nated, the demand fora water from another souree arcse in e town, At the beginning large
numbera of persons feiched their drinking water from the drinking fountaing sinpplied
with conduit water, but on the 16th Febrnary, 1905, as a result of a Corporalion notice as
follows :—* Water from the conduits is not free from rizlk, as the ground alwve the head
* of the springs is heavily manured. IF consumed it should be previously boiled,"—the
use of water from this source of water supply was in great part discontinued,
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On and after February 17th, 10,000 zallons of water were brought into the town daily
" from Newark by the Midland Railway throungh the gencrosity of Alderman T, Smith of
Newark, the public being allowed to draw water from the tenders in the rilway yard.
The water tanks of the tenders were joined up to an arrangement of pipes which allowed!
gaveral taps to be in nse at one time,  Thig snpply was subscquently, on the 25th Febroary,
inereqased by another 10,000 gallons a day at the expense of Mr, Sharpley Bambridge, J.P.,
Councillor of Linceln, and the cost of further quantities was defrayed by the Mayor of
Lincoln and Messrs, Hole and Co., of MNewark., The water provided in this way was
digtrilmted to all parta of the City by the Corporation, notices being izsned as to the times
and placez at which the water conld be procured, A daily supply of some 20-21,000
gzllons was available 131l Mareh 31st, 1905. On April 1st, the Great Northern Railway
commenced to carry to Lincoln at their own expense 30000 gallonz a day from their
waterworks at Willoaghby near Alford, the Corporation having to pay only the cost of
delivery in the City., The Company undertook to mainiain this snpply for twe months.
Under arrangements made by the Relief Fund Organiztion, Corporation Waterearts,
holiding 430 gallons each, bronght, for some few days, water inte Lineoln from
Welton, a village six miles distant, but this supply was discontinued in the second
week of Mareh, ag the water did not vield good results on chemical analysis. Water was
also brought into the town by il in jars from Market Rasen.

Many persong made their own armangements for a supply of drinking water from
the neighbouring villoges, Little inguiry was made ag to the gourees from whicl these
waters were derived, and when made ag fo itz degree of wholesomeness, it was limited
to a chemical analysis of the water. So long as the water was stated to be from a source
other than the Lincoln Corporation supply there were people ready to buy it from
hawlers in the streets at 2d. a gallon.

The wse of Wellawater=—Many of ithe old wells of the City were re-opensd, and
aamples of their waters sent to the Medieal Officer of Health for analysis. The samples
wers forwarded to the Puldic Analyat of the Corporation, Mr, Baynes, at Hull, whe made
chemical analyses of them, which showed that the waters wers, chemically, fairly good
drinking waters. No biological examination of these waters were made, and they were
taken into mse on the report of the chemical analysis. The water from a spring by the
new schools on Monks Road, which yielded satisfactory results on chemical analysis, was
afterwards condemned by the Corpovation Analyst on his subjecting it to Dbiological
examination,

Framinadion of Men ol fhie Walerworks—There are 13 regular men and sorme casnal
labourers emploved by the Corporation at the Waterworkis, and the contractor ginking the
new boring inside the Waterworks enclosure hag employed on the average 54 men, who
have worked day and night in eight-hour shifis. Tt ocenrred to me early in the epidemic
that possibly one of these men might have passed throngha mild attack of enteric fever and
L sullering from * ty phoid Lacilluriy,™ as it seemed probable that the number of * Bacillug
Typhosns ™ present in the water was in excess of what might have been expected fram
pollution of & river water by enterie fever stools, nnless perchance the bacilli had inereased
in the water: and there is renson to Lelieve that Bacillug Typhosus not only does not
increase, but, on the eonirary, perishes im a short fime. The presence of * typhoid
bacillura ™ in a workman, who wonld have abondance of opportunily of passing his
nrine into the river in close proximily to the Waterworks, might be held to acconnt for the
large quantity of the baeilli Fennd in the water.

Wiilh & view to climinate this pogsible source of specific pollution Iasked that the
blood of the workmen should be submitted to Widal's test, and that if any reacted to the
teat, their orine, together with the urine of snch men ag refused to anbmit to the taking of
the fow drops of blocd necezsary for examination for the Widal reaction, should Do
biologically examined for the presence of the Bacillus Typhosns, This examination was,
through a misunderstanding, only parlially caeried out. Blood of 38 of these workmen
was submitted to Widal's tesf, and of these three gave some renction, the urine of thege
three men being sabsequently examined for the presence of I typhosus, with a negative
reanlt in each cage,

Braceliridye Uibawe Iistrict.—There are now some 46 honges in this district, some
76 houses having been bnilt sinee the census of 1M1 was taken. Of these honses, 425 are
on the Lincoln water sapply, those not on the supply being scattered houses in the
sonthern portion of the district.

Frpnston Rural Districl.—=The whole of that p:]]'!iﬁtl of the district known ag New
Boultham is on the Lincoln water supply, and this water is also laid on to some 23 hounses
oiirgide this special area,

Y\
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APFPENDIX 2.

SEWERAGE AND DRAINAGE.

The City of Lincoln—For many years some of the sewage in drains from water-closet
and cesspool found its way into strect channels and, with the surface water, discharged
either to the River Witham in its passage throngh the City, or to the Sineil Dlyke. Linecoln
was, indeed, withont a aystem of sewers until a scheme of sewerage was carried ount in
1877-80 by Messrs. Lawson and Mansergh. This scheme was the result of Writ of Mandamus
of the Local Government Board in 1876, The Mayor, Aldermen and Citizens of the City
of Lincoln were commanded by the High Court of Justice to ohey the Order of the Local
Government Board dated March 8th, 1875, which required the Corporation to provide their
District with a proper system of main sewerage.

The sewars, and the sewage farm of the City of Lineoln are under the swpervision
of Mr. B. A. McBrair, the city engineer, who waa appointed in 1881,

Considerable difficulty was experienced in laying the sewera in certain parts of the
City, as the ground in places proved to be shifting sand, and foundations had to be made
for the sewers to rest on. In one or two instamces it has been found that the sewers had
broken and the sewer pipes had absolutely disappeared in the sand, and wooden piles had
to he driven down and iron sewer pipes substituted for the older earthenware ones, It is
gaid that the men engaged in this work had to constantly shift their foothold to avoid
ginking into the sand.

Beparate systems were laid down for the sewage and the surface water.  But, with the
extension of the City, the rain water from the roofs of houses of the artizan dwelling
type and from out-buildings, ie, outside water-closets, coal sheds and sculleries. was
allowed to discharge to the sink gullies in the yards, and in this way now gains aecess to
the sewnge-sewerd; 8o that a large quantity of rain water finds its way to these sewers,
whieh were never intended to receive it. It has thus come abont that at times of heavy
rain the sewage-sewers are nnable to carry off the flood water at once, with the result
that sewer-contents are forced up the manholes and sewer ventilators in the lower lying
parts of the City.

Moreover, the City sewers now also receive sewage from the Bracebridge Urban
Distriet, from the subarb of Lineoln, New Bonltham, in the Branston Rural District ; from
the Barracls, and, sinee February 3rd, 1905, the effluent from the Bracebridge Asylome
aewage farm.

Deseription of Sewage-Sewers.—There are 42 miles of main sewers in Lincoln.

There are about 2§ miles of brick egg-shaped sewers, varying from 2 feet § inches by
1 foot R inches to 3 feet 6 inchea by 2 feet 4 inches. They form two main sewears which
receive the sewage from the northern and southern portions of the town respectively.
Thess main sewers converge to a large underground chamber, situated about 2 mile to the
eagt of the City, in which the sewage colleels, and whenee it is pumped to the sewage
form, situated at Canwick. The sewage is raised 60 feet from the pumping station to the
sewage farm. The remainder of the aewers are pipe sewers, varying %mm 24 inches to
f inches in diameter, the wenal gize of main sewer in the side strects is 12 inches,
Ventilation is provided for the sewers, by surface gratings in the streets and by ventilating
ghafta of iron piping. These latter are in the central parts of the City where the anrface
gratings have been closed, and the ventilating shafts (218 in number), of § inches and
4 inches in diameter, have been xed. There are zix antomatic Hoshing chambers, their
capacity varying from G600 to 1,370 gallons, placed on the main sewers. In addition Aushing
is carried out by water from standpipes in the streets or from water carts,  All the sewers
are flughed once a forlnight in winter and onee a week in summer, and, during the
enteric fover epidemie, all sewors wera flnghed onee in fonr days, o congiderable amonnt
of disinfectant being added to the water. Al the dead ends of the sewers can be Aushed.
The sewers vary considerably in gradient, and there is but little fall on some of them ; they
are not all self-cleansing and deposit atb times takes place in cortain sewers,

Howss Drainege.~The house draing are generally G inches in size, mostly jointed in
cement, Those of the better-class houses are provided with inspection chambers and traps ;
but for the remainder, which is by far the greater part, there is no inspection chamber and
only one trap. In these latter cases, however, the water-clogeis are ountaide the houses in
the yards. Honse drains are ventilated with pipes 4 inches in dinmeter, but these are nol
alwaya carried np straight withont bends. The sink and bath waste pipes are properly
disconnected, Such defects in the drins of old property as come to the knowledge of the
Sanitary Authority are promptly remedied,

223 E



34

The bLy-laws with respect to new streets and buildings in force in the City were
allowed by the Local Government Board on September 11th, 1880, In By-law Wo. 70 it is
dlefinitely stated that there shall be a snitable trap on the houge dralng, but the Corporation
on Beplember Gth, 1881, made other regulations in which to the by-law No. 70 is added,
“* nnless otherwise allowed by the Corporation.”  This regulation was made under Section
21 of the Public Health Aet, 1875,

In the opinion of the Beard the By-law No. 70, which does not reserve any
disgretionary power to the Counnell, will have cffect in as far as it affects new buildings,
notwithstanding any regnlationg nnder Section 21,

Ererement Disposal and Removal is chiefly effected by means of water-closets, which,
as proviously stated, are generally sitoated ontside the honses, These elosets, nsually of the
Mush-ount type and well constructed, are provided with separate clsterng, lmt in the poorer
honge property they are not always properly looked after by these whoe have the nee of
them.

At one time Lincoln was a town of cesspools and privies, but when the system of
sewerage was laid down these were gradoally abeolished and water-closets substituted ; but
thera are still abont 5K} privy vanlts aud 250 pail-closets, The latter are emptiod weekly ;
the privy vaults are emptied on notiee being sent to the Corporation Offices.

Heavenging.—8ix men, with threc caris and thres horses and some 26 sweepers,
including orderly boys, are employed in road scavenging. The road serapingz are taken
ont of the town by barges, and together with the night soil from the existing privies is
digsposed of for manure on farms in the roral district. In conseguenes of the conversion
from privies to water-closets, it has been found possible to reduce the staff engaged in the
removil of night gotl to three men, and only one eart is now used.

Refuse fhsposal.~The Cily possesses no refnse destructor. Some 40 men, 20 horses
anid 20 carts are employed to collect the honse refnse.  Part of the refuse iz burnt on the
West Common with the view of raising low-lyving swampy gronnd, part is tipped on land
at Boultham, part digposed of in an old stone quarry on the Wragly Eoald, aml part in a
brick pit on the Benton Road : these last three places-are all in the suburbs

Dregeriplion of Lincoln Sewage Farm—The avea of the sewage farm at Conwick is
i acreg, of which 31 aeres underdrained,

The pumping plant was erected and the farm laid ont between 1377-1881. Thera wera
gix selbling tanks, holding MO000 pallons. The pomping commenced in 1881, and the
ernde ungettled sewage, passing throngh a rising main and giphon, was o directly on to
the farm. The use of the siphon was given up in 1587, as sewage sent thereby could not
reach the settling tanks,  In 1382 mechanieal subsidence of the sevage withont procipita-
tion was commenced, and lime was added to it in 1886, In 1885 filter presses for the
alndge were introdueed, and in 1380 the precipitant was aliersd to sulphate of ivon, 1 grain
and lime §-7 grains per gallon ; also in this year lime kilns were bmilt on an adjoining farm
helonging to the Corporation, who then began to make their own lime. This treatment was
diseontinued in 1804, and after tryring ferrozone for a few monthe, sluminoe-ferric was
adopted, and this wos used, except for a short time in 15853 when ferral was subatitated,
until the end of 1903, Some polarite beads, 2,100 square yands, were eonstrocted in 1806 ;
and in this year, the presses being found inadequate to deal with the growing quantity of
aludgs, part of it was run through G-ineh iron pipes to the fen amd there dug in. © No
aludge was pressed after 1500, all the sludge being sent into lagouns in the fen.

In 1328 the first bacterial beds were commenced, and construction of these beds was
continued until the end of 16, In 1900 two open conérete slab channels were constrocted
from the railway arch to the Sincil Dyle, with o view o acrate the effluent doring ite
passaze to the ontfall inte the Sineil dyke. In 1302 two mlditional setiling tanks, hiving
a tofal eapacity of 5H90,000 mallons, were constragted, and a small experimental continnong
eoke filter was ercctad, which has been in continual uge to the present fime.

The volume of sewage to be treated has been continoally increasing, amd when in 1303
the bacterial beds were completed, they were barely sufficient for recciving and treating
aday's sewage, and thay were without any “stamd by " for use in emergency. An additional
gottling tank was added, having a capacity of 350,000 zallons, thus bringing the total
capacity of all the aetiling tanks up to 1.:;.%0,1111:1 gallong, When this was done the use of
alomino-ferrie as a precipitant was given up,

In 1M an open channel 12 feet wide was lail down from the point where the
Waghinghorough Road crosses the sewnage farm, to join the open channel from the railway
arch to the Sineil Dyke : and by the side of this open channel as it crosses the fens a pipe
15 inches in diameter was put in to permit the efflaent being discharged into the Sincil
Dyke in flood time, when the water in the dyke rises some feet above its normal level.

The sewage under ordinary circumstanecs is pumped from the Pumping Station
between the hours of 5 aun.and § p.m. but in the early months of 1305 it was found
necessary to pump till midnight. Tn times of flood the pumping 8 continnously carried on
day and night. The sewage is allowed to remain in the settling tanks 12 hours. It is



35

drawn off day and night snecessively into the bacterial beds, and after two hours' rest in
the beds, the effloent is diseharged into the Sineil Dyke. The few inches of sewage lying
above the sludge and below the level of the pipes delivering to the bactervial beds, after 12
huowrs’ reat, is sent on to the farm for land treatment,

At the end of 1304 the capacity of the settling tanks was 1,880,000 gallons. There
were 13 bacterial beds filled with cole to a depth of 5 feet to 5 feet 6 inches ; and thia coke
has remained unchanged during the whole time the beds have been in use. The first bed
was built in April, 1898, and the lagt in Navember, 1903,  The area of the primary beds is
8,274 equare yards and the zecondary 7,233 square yards, 320 acres. The polarite beds are
only used when the bacterial beds are resting. The tofal capacity of the bacterial beds in
May, 1904, was 1,427,500 gallons, and this on April 6th, 1905, had become reduced to
abont 1,300,004,

The quantity of sewage to be treated, however, has steadily inereased. The average
daily guantity of sewage pumped for the year ending AMareh 31st, 1903, was 1,350,
gallona ; and that for the year ending March 31st, 1904, 15205383 gallons. Tt is now seen
that the Corporation would have done hetter if they had not stopped building bacterial
filter beds at the end of 1908, and additional filter beds are mow under constraetion,

The effluents from the baclerial bLeds and from the lamd ender bromd irvigation,
discharge by two separate outfalls to the Sineil Dyke, and there is o third ountfall to the
dyke from the sludge lagoons. At the lime of my visit there was very little drainagse
passing from the lagoons, not suifficient to enter the ontfall pipe, and what was draining
away found aceess to the open ditches on the fen.

Deseription af the disposal of sewage from Bracebridge Asylum.—TIn the first days of
of Febroary, 1905, there were E?lil}uamnna resident in the asylom. The amount of sewage
p&ﬂing;dfrﬂrn the asylum s 30000 to 35000 gallons daily, an average of about 40 gallons
per head.

The azylom sewage farm, which iz onderdrained, is sitnated on the slope of the
hill on which the Cross Cliff Hill Water Reservoir of the Lineoln Corporation is placed,
The area of the farm is some 20 acres, of which 12 acres are under cultivation and eight
acres ara grass land. The farm is in charge of a foreman {Richardson), and he is assisted
by harmless lunatics, as & great deal of spade work is done,

The sewage, darkish grey in coloar and having no offensive smell, is received in a
small tank and distributed thence by carriers to the land, the cultivated portion of which
is arvangzed in a series of terraces ; ot every fifth terrace the sewage is eolleeted and again

i through the earth. The effluent 105000 gallons a day, a ealeulation made when
there had been no main for some days, i8 three times ag great as the amount of
sewnage which passes from the asylum. This increase in amount is said to be partly
due to springs in the sewage farm—Dbut also, it is stated, that the Cross CLIT Iill
Reservoir leaks and that the water from the Reservoir findg its way inio the asylom
sower, which passes within some 15 wvards of the Reservoir and af a lower level,
After leaving the sewage farm, the effluent was formerly piped under the milway to
an open brick tank 6 feet by 3 feet 6 inches, thence into stoneware pipes 3 ineles in diameter,
under the gronnds of a private honse to a pond of about one-third of an acre.  The ontfall
from the pond rman over a shallow weir and after crossing, in a stoneware pipe 15 inches
dipmaeter, more private land, discharged into the River Witham near Bracebridge Bridge,
some LAO0 yands above the inake of the Lineoln Waterworks, The efllnent as digcharged
from this pipe appearad elearer than when it left the sewage farm,

The eMuoent from the asylum sewage farm was diverted and torned into the Brace-
bridge Urban District sewerz on Felruary drd, 1905,

The guestion of diverting this eftlnent from the River Witham has at sundry times been
the subject of consideration by the three intercsted parties, the Lineoln ﬂur|1i:rr:ll',in-n,1|!-.-.
Bracebridge Urlan Distriet Couneil, and the Ilmcuhri:llgr Agvium Visiting Committes, and
towards the end of 1805 they were all in agreement.  The asylum was to pay £15 per annnm
for the wayleave for their eflluent water thromgh the DBracebridge main sewer, and the
Corporation of Lincoln, inte whose sewers the Bracebridge sewage dizeharges, agreed to this
bheing done, * the work being carried ont ander the snperintendence of the Cily Sorveyaor, at
the cost of the visitors of the asylum.”  Some two years, nowever, elapsed before the matter
is agnin referred to in the official minutes. Tt was known that the amount of BLWILEe
entering the sewage farin was only about one-third of the effinent leaving the farm, and
discussions ook place ag (o what conatituted the elfloent of the sewnge farm.  Also it was
fonndd that to make the connexion in sueh a way as to exclude ecertain gronnd water would
increase the cost to £145. Bui again in 1901 it was agreed that the ellloeni should De
diverted to the Bracebridge Sewer, The Corporation of Lincoln, however, did not press
the matter, as after comgenting to receiwve it, the Ciiy Sorvevor reported that a
capital oxpenditure of £1,000 10 £1.500 in the eongtruction of alditional Dacterial filier
beds would be necessitated and an additional annpoal charge of £1E would e involved 5
moreover, the Corporation were fully aware that the treatment of their own farm
effluent was not up to the required atandard, and that the Branston Roral Distriet Conneil
had complained of the pollution of the Sincil Dyke by ihe Linecoln Corporation Sewage
Farm. The Corporation fell that they were not in a pogition io deal in a satisfactory way
with a daily addition of 150000 gallons of sewage. In gonsequence the matter was
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allowed to lie dormant, until the present epidemie of enteric fever ocenrred, when the
effluent from the seware farm of the asylum was, a8 has been stated, taken to the Lineoln
gewage farm vid the sewers of the Bracebridge Urban District Conncil. In view of the
fact that the efflment as it leaves the farm exceeds by 70,000 gallons daily the actual
amonnt of sewage received from the asylom it is probable the Corporation will consider
whether it would not be economy in the end to construet a sewer by which the sewage
from the asylum would be taken direct into the Lineoln sewers withont ing it throngh
the asylum sewage farm, for the added Eumltlts of sewage has nltimately to be treated at
the Lincoln sewage farm. This sewer, if constructed, would in any case for a congiderable

rtion of ite length, be outside the City boundary; there are certain engineering
diffieulties and, of course, the financial aspect to be dealt with, but these do not appear
to be insnrmounntable,

Bracebridge Urlrn District : Sewervage and House Dreainage, Ercrement Disposal
and Removal, Scavenging, Refuse Disposal—Outside of the 446 houses in the Bracebridge
Urban District, 406 drain to the avatem of sewera connested with those of Lineoln. These
are all in the area which forms the *drainage disirict,” and which lies nearest to Lincoln,
i.t., the Northern part of the District. Of these 406 houses, 128 have ontside water-closets
and eix have ingide water-clogets, and the greater number of these have Aushing eisterns.
The remainder for the most part have the old insanitary vanlt privy, though there are a
few box or pail closets. The obligation of emptying these vanlt privies devolves upon the
houngeholder, and in great part the contents are disposed of in the gardens, The portion of
the digtriet situated to the west of the main road has, in the main, only slop drainage,
though a certain numberof the dwellings have sinee the enteric fever outbreak been provided
with water-closets. There iz a large zewer which receives storm water and road and yard
washings from a portion of the district, and this discharges to a ditch which drains to the
River Witham. Refuee is disposed of to ashbins and middens, some of the latter being
uncovered, and built of brick and uncemented inside, with the floors below the ground
sarfmes.  The district is scavenged by contract, and the contractor disposes of the

refuge om land outside the district. He attends on receiving notice from the honse-
holders,

New Bowltham : Sewsrage and Drainage, Excrement Disposal and REemoval, Scaveng-
ing, Refuse Disposal.--There are some 177 houses in this district, and 21 have privy boxes
or pails, 3l privy vanlts, and the remainder ontside water-closets. The houges all drain to
an extension of the Lincoln sewers, and are supplied with Lincoln water. The houses are
mainly fairly modern artizans dwellings. As in Lineoln the second trap on the house
drain ig omitted. The house draing are generally pipes 4 inches in diameter, occagionally
fi inches, and are ventilated by up shafta. The refuse is disposed of in ashbing, and there
are a few middens. The district is scavenged by contract, and the refuse removed on
receipt of notie from the honseholders.,
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APPENDIX 3.

ADMINISTRATIVE MEASURES IN VIEW OF THE FEVER EFPIDEMIC.

1. The Sawitary Siaffi—The Sanitary Staff of the Corporation of Lincoln at the
commencement of the epidemie, consisted of :—

A Medical Officer of Health,

An Inspector of Nuisaneces.

An Assigtant-Inspector of Nuigances,

An Apprentice who assisted the Inspector of Nuisances in his work.

The Medical Officer Health,—Charles Harrison, M.D., D.P.H., who is in general
practice, was appointed Medical Oficer of Health on the formation of the Sanitary
Aunthority in 1866, at a salary of £15 per annum, inereased in 18373 to £20, in 1873 to £40
and 1900 to £75 per annum. He is not provided with an offiee, nor with the services
of a clerk.

Dr. Harrison is fully acguainted with the sanitary needs of his distriet and has an
accurate knowledge of his duties; he has kept the sanitary needs of the City well
before the Corporation, The City Couneil has been tardy in carrying out certain of the
requirements of their Health Officer, who ean, however, look back to a long record of
good work well done,

Mr. Curtin, the Inspector of Nuisances, was appointed November 2nd, 1897, at a salary
of £125, increased in 1900 to £150, and in 1902 to £175. He enjoyed the reputation of
being an able and efficient officer. Though manifestly ill at the time of my arrival in
Lincoln he accompanied me during the first day. Unfortunately he doveloped that night
the symplome of onset of enferie fever, and hiz illnese terminated fatally. His loss, at
this juneture, waz severely felt in the City of Lincoln.

The Assislant-Inspector of Nuisances had not been many menths in office, and before
his appointment he had had no speeial training in sanitary work.

Ag 1 have stated in my report, Dr, Harrison during the early days of the epidemic
wag confined to his houwse by an attack of infloenza. He was able, however, at this
critical time to guide and direct the work of others; his intimate knowledge of every
part of his district proved of great value,

With the Medical Officer of Health and the Inspector of Nuisances ill, it became
necessary to at omce form an efficient sanitary staff, with the principals trained in the
duties they wounld have to perform. I therefore, on February 2nd, advised the repre-
sentativer of the Corporation fo solicit from some large provincial town the serviees of an
Assistant Medical Officer of Health and an experienced Inspector of Nuisances from
the same sanilary anthority. Telephoniec communication was at onoe established with
Nottingham, and by the conrtesy of the Corporation of that City, and of Dr. Boobyer,
their Medical Officer of Health, Dr. Hees Jones, their Assistant Medical Officer of Health,
and Mr. H, Ward, an Inspector of Nuisances, arrived and commenced work in Lincoln
the following day.

There was thus no appreciable break in the continuity of administration, and such
admirable tact and juodgment did these officers exercise in carryving oot their doties, that
probably only those who were intimately aseocinted with them in their work realized how
efficiently they performed, in a city to which they were strangers, and during the height of
a gerious epidemic, the difficult and responsible task allotted them.

Later, Noftingham placed at the liispumi of Lincoln the serviess of two other
Inspectors of Nuisances, who assisted materially in training the temporary officers reeruited
for the additional work thrown on the Lineoln Banitary Authority by the epidemic,

EBracelridge Urban and Branston Rweal Districts.—Dr. Harrieon is alzo Medieal
Officer of Health for both these districts; and Dr. Rees Jones was temporarily appointed
Asgistant Medical Officer of Health to them during Dr. Harrison's illness, Bracebridge
Urban Diatrict has one, and Branston Rural twe Inspectors of Wuisances, but these three
officers do not devoie all their time to the duties of their office as Inspectors of Nuisanees.

The fact that the three districts have a Medical Offeer of Health in common rendersd
et-ordination of the work comparatively easy, especially, az will be seen later, both the
smaller districts are so largely dependent on the sanitary equipment of the City of Lincoln,



38

2, Notices dssued by the Sanitary Awthorities.—The public were frst warned of this
riging epidemic by a notice, orderad to be printed and isaned by the Waterworks Committes
on January 19th, advising that the water be hoiled before use, on account of the increased
demand for water bronght abeut by the frost eansing *the water to pass through the filters
“muech more rapidly than should be the case™: no reference was made to enterie fever.
The distribution of this notice, which was begun on January 23rd, and of which some
15,00 enpies wers printed, was left to the Waterworks Engineer, who signed the notice
on behalf of the Waterworks Committes, and he deputed eertain of his workmen for this
serviee. The distribution of these nofices was neither systemartically, efficiently, nor
apeedily performed.

It was followed by another notice, dated January 2Tth, signed by the Deputy Town
Clerk, and issned by the Health Commitlee, urging the public during the existence
of the outbreak of enteric fever not to consume water or milk ontil the same had been
thoronghly bailed. ‘T'his notice wag eirenlated in moch better fashion. It was followed a
few daya later by another somewhat similar notice.

Following the publication of these notices, placards wers posted in both the
Bracebridge Urban District and in the Branston Rural Distriets warning the inhabitants
to boil the water, and giving directions as to dealing with the disease,

3. Isolation Hespitalz and provision of Temporary Hospital Accommodation.—The
Corporation hag at Long Levs on the weztorn side of, and one and a-half miles from the
centre of the City, an Isolation Hospital, bmilt on loan after an inguiry by the Local Govern-
ment Board in TN, Tt consists of an administration block, a searlet fever pavilion with
14 beds, a laundry and disinfecting block, mortuary, amlulance shed, and tool honge. A
galvanised iron building, with accommodation for 9 beds, which formerly stood near the
race eourse, I8 now erected ab this hespital. Water and gas are laid on from the City
maing, and the deinagge passes to the City sewerage system.  Thers ia room for extension
of the hogpital buildings on this site.

In additien to the Isolation Hoespital, the Corporation possesses an old and somewhat
delapidated wooden building, arranged for 20 beds, which formerly served as their
Izolation Hospital. Tt stands om the Bace Common about a mile and a-half to the west of
the City, nnd iz mrm|]:|::m-:l of four wards placed two on each side of a contral room.  These
wards eommunicate direetly with one another, so that one infections disense only can be
treated al the same time.  The hospital communicates by a covered corrldor with a well-
built brick strmcture, containing four rooms and a dispensary, and intended for the
acoommuodation of the nursing staff. The wards are provided with stoves, and thers are
pail eloseis, placed af the ends of the buildings, and properly disconnecied by a cross
ventilating space ; the roofs are coversd with tarred felt, The hospital is only separated
from the Common by an iron miling. The sewage discharges into cesspools. A enretaker
and his wife reside in the hoapital, with a view to keeping it ready for the igolation of
amall-pox patients. By the adviee of Dr. Harrison, this hospital was not nsed for the
receplion of any of the enteric fever patienis doring the epidemic; the wisdom of this
was proved, ag on o case of small-pox occurring in the City during the enteric fever
outhreak, it was promptly isolated in this hospital, and no further cases oceurred.

There are alao on this Common gome sheds hastily ran ap o few years ago, on the
oeeasion of a loeal onthreak of amall-pox, for the iolation of contaots,

Neither Bracebridge Urban nor Branston Rweal Disieict possess an Tsolation Hospital,
anid throughont the epidemic of enteric fever these districis were dependent on Lineoln
for the veception and treatment in hospital of such eases of the fever whose cirenmstances
necesaitated it Hnch cases were never refnged by Lincoln.

The mlvanized iron buililing, which iz wsel as the enteric fever block at the
Corporation hospital at Long Levs. was gquickly filled with patients, and the searlet fever
pavilion was taken into nse for the recepiion of cases of enterie fever, extending the
avcommaodation available at this hospital to 23 beds, bot the nomber of patientz nnder
treatment at one time exeesded this lgnre,

The Blenkin Memorial Hall in Kingsley Street, was then preparved for ase as a hospital
(17 beds) and was opened for the reception of patients on the 2nd of Felruary., This wase
followed by the opening for the same purpoge of the Newport Hall, on February Tth (10
beds), amnd a day or two later (February th) of the Yernon Street Mission Hall (17 beds) ;
while, by the courtesy of the Oficer Commonding the First Volunteer DBattalion of the
Lincolnshire Regiment (Colonel HEuston), the nse of the drill hall of the volunteers was
acquired as a hospital and fitted for the reception of nearly 100 patients. On Febraary Sih,
o oward (20 beds) in the County Hospilal was alse placed at the disposal of the Corporation ;
and on Febroary 22nd, 86, Martin’s Parigh Koom was opened with 22 beds as a temporary
:m:-.upili:l[_ These temporary hospitals were placad in charge of the medieal practitioners of
Ancoln, i .

But, by the end of the first week in February, thers were gome 300 cases of enteric
fever in the City and its suburbs, and the hospitals ag soon as opened were promptly filled.
Accomrmodation was given to nrgent cases from the Bracebridgs Urban, Brangton and
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Welton Rural Districts, No attempt was at this time made to remove to hospital many
patients of the better elass, and the poorer elass who were too ill to be moved were perforce
left in their homes.

Muach good work was done by the members of the Special Committee of the City
Council, and by the officers of the Co tiom, of which a fall share fell to the lot of
the Medical Officer of Health and the City Engineer, who, together with Miss Henrietta
Bromhbend, the lady soperintendent of the Bromhead Institution for Nurses, Lincoln,
were specially engaged in the preparation of the buildings for nse ns hosgpitals, and in
arranging for their administration. 8o well was thiz work done that I heard of no
complaints ag to the management of these hospitals either in the treatment of the patienta
or in the matier of food supply, notwithstanding the serious administrative diffienlties
involved, as the buildings taken into use ag temporary hospitals were either not fitted
with kitchens at all, or with kitchens not planned for cooking large guantities of food.

To provide the nceesgary lanndry work also taxed the ingennity of those respongible.
The bed linen, eic., afier being placed in disinfectants, was taken to the lanndry of
the Corporation Hospital at Long Leys. This laundry, however, planned for hospital of
no more than 5 bads, proved too small to deal with the vast amount of arficles which
needed washing from the 200 patients trealed in hospitals, althongh it was kept working
at high pressure day and night. The publie lanndries in Lineoln and the neighbouring
large towns feared to fake the Corporation washing, and the supply of bed linen and
pationts’ body linen seemed for a brief period likely to fall short of the requirements,

4. Nursing arvangerends al Hospifals.—The arrangements for nursing at the
temporary hospitals and the organisation of the district nurses was carried out by
Migs Henrieita Bromhead, the lady soperintendent of the Bromhead Institution for
Nurses, Lincoln.

Im 1897, a fund of £5,000 was raised in Lincoln, o deed of Trost formed, and the
money invested. The income from thip fund is paid to Miss Brombead * to be by her
applied in training and mainiaining Nurses, to be designated and known as “ Nurses
maintained by the Queen Vietoria City of Lineoln Nursing Fund,” and to be employed in
nursing “the sick and poor inhabitants of the City." There are some 70 nurses attached
to the Brombead Nursing Institntion, and during the epidemic these were fully oceupied
in the ordinary private and district nursing in the City, Nearly 100 exira nurses were
i@ vindl of which 12 were supplied gratuitonsly from the Institntion, and the remainder

id for by the Corporation or throngh privale generosity. The sleeping accommodation
or the stafl at the temporary hospitals was not sofficient for all the narses engaged in the
hospital work, amd a8 a consequence gome of them, together with certain of the norses
attending to the sick in their homes, were received as guests into the hounses of many

citizens.

5. Diginfection.—The City of Lincoln has a Defries Equifex Steam Disinfecting
Apparatug which is sitnated at the Corporation Isolstion Hospital at Long Leys. The
capacity of this apparatus was taxed to its utmest during the epidemic, and it was some
considerable time before the nomber of daily notifications of the fever fell to the nnmber
at which the bedding elothes, ete., of the sick conld be diginfected without undue dalay.

Articles for disinfection are taken to the hospital in a special van, and are returned in
an open cart ; and, as reguired, additional vehicles were take, into use,

Owing to the rapid development of the epilemic, certain honses were not disinfected
immediately on the patient being removed o hospital, ot with the advent of additional
staff these arrcars were dealt with ; and, in a comparatively short space of time, delay in this
respect disappeared.

Thronghout the epidemie disginfectanta free of charge, wore aupplied from  the
Corporation ofliees to the publie, and the demand for these disinfectants was at one time

very groat,

Bracelridge Urbar and Branston Rural Districts have no disinfecting apparatus,
Lincoln permits these districts to nse its disinfeeting apparatns.

6. Ambwlance,~The Corporation of Lineoln possesses a new ambulance of the
brougham type, but one ambulanee was found insullicient to deal with the number of
cases requiring removal when the temporary hospitals were opened, and a seeond
ambulance was borrowed for some wecks from the Metropolitan Asyloms Board in
Lomdon, A nurse and one of the men employed in the sanitary departinent aceompanied
the ambulance when removing patients,

7. Mortunry.—There is a public mortwary at the Lincelu Town Hall, sl the
Corporation also have o mortwary at the public cemetery. To this latter mortuary, the
Bodies of those dying in the temporary hospitals were removed pending barial,

There iz no public mortuary in Bracebridge Urban nor in Branston Rural Dizstrict,

& Provegion of Sreritarcy Pails fo dneaded fowses.—It 18 the custom ai Lineoln to
supply & special sanitary pail to houses where a eage of enterie fever ogoars.  These pails
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are oollected daily, a fresh pail heing left when the first one is removed. During the
enteric fever epidemic Eu.iln were supplied to the firat cases of the fever, but the large
number of cases nofified soom exhanated the available snpply of these pails. Siteps wera
promptly taken to obtain the necessary mumber, but many of the first cases of fever,
treated at their homes, were not provided with pails for some days. These pails, when
removed from the invaded houses, were taken to the West Common where they wers
emptied, disinfected, washed in boiling water, and partially filled with sawdnst poaked
in dirinfectant, hefore being again taken into the City. e pail contents were mixed
with coke breeze and burnt in open furnaces on the Common. This work was very
thoronghly done.

Bimilar pails were supplied in the Bracebridge Urban and Branaton Rural Districta,

8. Convalescent Homes.—Preparations were made soon after the temporary hospitals
were opened, to sond the convalessent patients to homes to eomplete their restoration to
health, A private honge was aequired by the Lineoln Corporation for this purpess at Drinssy
Noolk, eight miles from Lincoln :lhaﬁng accommodation for 40 patients. Erimte generosity,
through the Ladies’ Committes and others, provided accommodation at Louth, Mablethorpe,
Bkegness, and in various houges in the country., To these homes and houses pationts of
the working class were sent in large numbers to complete their restoration to health.

10.—The Mayor's and olher Charitable Funds.—Early in Febrnary the Mayor
Alderman Wyatt, opened a Relief Fond to deal with distresa among the poorer classes
in eonseguence of invasion of their honseholds by enterie fever. Alderman Pratt acted as
secretary to this fund, which waa liberally subseribed to, but no public appeal was made to
the country at large. A few subseriptions were received from outside, notably, one
hundred pounds from the Corporation of Maidstone, & town which suffered from a water-
borne epidemic of enteric fever some yvears ago, A Ladies' Committee Fund was formed,
and thie was Iater amalgamated with the City Heolief Fuand, Misz Bromhead also received
contribntions for her Patients' Relief Fond, in money and in kind, Gifts of clothing,
parcels of old linen, food and brandy were frecly given. One large employer of labour
provided food for his workmen when their wives were attacked by the disease and, when
hoapital accommodation was not available, a staff of nurses to nurse such cases as vecurrad
in the houses of his workmen.
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APPENDIX 4.

1. Wark of Sunitory DTnprovement corvisd owd by the Corporation of Liwcoly sinee
D, Wheaton's wisit in 1804,

It iz matter of interest to note the work of sanitary improvement carried out by the
Corporation during the past ten vears, since the visit of inspection made by my eolleagne,
D, Wheaton, in 1894,

On a anitable site, large enongh to allow of cxtension of the buildings, the essential
parta of a well-equipped isolation hospital bave been bnilt,

A proper ambulgnee and @ disinfecting apparatna have been supplied.

The number of vault privies. and ancovered midden privies has Dboen materially
reduced, waler elosets and sanitary dust bing being subatituted.

Insmitary properéy hag been dealt with, amd stroetoeal defecta nnfitting the dwellings
for habitation, have to a greal extent beon remoedied,

Under the late Tngpecior of Nuismnees, Mr. Cortin, noisanees were dealt with when
diseovered, but clearly he had no sufficient stall working with him to permit of nnisanees
being songht omt thoroughly and systematically, and abated.

A pullie slanghter-honge, well designed and construeted, has boen buill, and some old
slomghter-honses—"The Butcherv—in the city have been cloged for slanghitering.

The diflienlty of sewage disposal was resolutely grappled with ootil (he end of 1900,
when nnfortnnately the work of erecting additional bacterial beds wasz diseontinned.

2, Waork af Sanitary aabies s(il] vegudeing Lo be done,

The weeds of the city now are :—

Aungmentation of the * personnel © in the Depariment of the Medical Officer of Health =
and this stall should have improved ofiee accommmlation.®

Nuisnces should be sought ont and abated independently of complaints from
inhabiniz

Defeetive slanghter-honges and inganitary eowshoeds shonld be made to comply with
mmlern regnirements.

The keeping of pigs should be cavefully regulated.
The byelaws, when the code s reviged, should be enforesd.

The provision of a refuse destraetor would be n ngefnl addition w the sanitary plant
of the city,

* Hinee this was writben [ learn that Dr, Harvison has been appointed Medizal Oficer of Health at an
imerensod salary, and that his seaff has been increased as follows : an Assistant Medical Officer of Health, whao
evotes the whole of his time to the doties of his office, two teained Inspectors of Nuisanees ; the former
Asdistant In=peclor of Nuismsces is to be o clerk wntil be qualities 12 an Inspeotor of Noianoes,

-

SR F
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ADDENDUM I

EerorT: BY CLIRICAL REREARCH ASSOCIATION 0N LIBRCOLY WATER.

{Copy.)
THE CLINICAL RESEARCH ASSOCIATION, LIMITED.

1, Southwark Street,
London Bridge, 5.F.,
17th January, 1905.

To Dr. HARRISOX,
THE specimen of water marlked , received here on

Tth January, 15, haz been chemically amd bacteriologically examined, and T have besn
ingtrneted to forward the following analysis and report thereon :—

ANALYSIS.

! e Giraine per gallon,
Wptal salids (deiod at 1207 C.) AEOH
Combined chlorine < 2l

Expressed as Nolll.., 429
Nitrogen as niteates ... .. e e T s 24
Nitrits ... =il
Buline ammanin (F(I0E
Albmminoid ammonia .. LR i
(rxygen abaorbed in fone 'Iuluura- a6 ITT00 L IS
Total bardnesn ... 1874
Lamdd or copper ... Nil

Thiz water containg much wnoxidised matter, a8 shown by the high figores for
albnminoid ammonia and oxygen absorbel,  From o chemieal point of view it i8 not fit
for drinking.

Facteriologival cveedivalion.—The number of organisms which preduce colonies on
eelatine plates inenbated at 207 C., is 149 per cubie centimetre of the sample.

The bacillug eoli communis i2 fonnd to be present in quantities of five cubie econti.
metres and npwards, while coli-form organisms which do not give all the bacillns coli teste
are pregent in as small o gquantity as (02 enbie contimetre, The bacillus iyphi alddominalis
& nnk cdetoeted,

The total number of organisms in this water is not excesaive, but the presence of
intestinal bacteria muat be regarded a8 evidence strongly sugmestive of pollntion with
gewage or fecal matter,

. H. WELLS,
Seeretary.
Few, Bids.




(Copy.)

THE CLINICAL RESEARCH ASSOCIATION, LIMITED.

147, 148/3,

1, Sonthwark Street,
London Bridge, 8.E.,
14th Febroary, 1905,

To Dr. HARRIEON,

The specimen of water, marked X, Tap Water in Fishmarket, received here on
il Febroary, 1805, hag been chemically and bacteriologically examined, and T have been
instructed to forwand the following analyvsis and report thereon :—

CHEMIOAL ANALYRIS,

— Girnine per Gallon.
Total solids (drisd at 1207 (1.} ! SEA0
Combized chlorine ... s
Ezpressed as Nall ... 121

Xitrogen a8 nitrates s | re7
Hitriten I Nil
Halime mmmonin LRI

| Albnminoid aminonia (0088

| Dxygen abworbed in four hours ot 27" C. DO&

i Total hardness 140
Leadl or copper Kil

This water containsg a suspiciously high propoction of unoxidised organic matter, as
shown by the mther high figures for albuminoid ammonia and oxygen absorbed. A litile
saline amimonia and a trifling proportion of nitrates are also present,

The water must be congidered as of very doubtful organic purity as judged by chemnieal
analvaiz, and ceriainly not o safe one for drinking.

Provizinnal Bocteriologival Beporf—The number of organisms which produce colonies
on gelatine plates ineubated for 72 hours at 207 G, is 248 per enbic centimetre of the
water, and albont half the colonies are of the eoli-form type.

-~

Quantities of the water varying From 2 o 35 enbic centimetres have been investigated
for the identiieation of the baeillus eoll commmnnis, and with the resnlt that many varieties
of baeilli belonging to the coli group have been igolated from (-2 enbic centimetre of the
sample : s0 far, however, not one i fonnd to show all the enliural features of the typical
haeilli eoli communis, but we have little doubt that there are intestinal organisms progent,
anud the igolation of the typieal colon baeillug will probably be aceomplished in the eourse
of o few days.

(HaAs, H. WELLS,
Secretary.

L -]
LE

22304
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{(Cops.)
THE CLINICAL RESEARCH ASSOCIATION, LIMITED.

151, 15212,

1, Southwark Street,
London Bridge, 8K,
14th February, 1905,

To Dr. HARRIZON,
The specimen of water, marked 2, Pure Water Tanlk, received here on Jrd February,

19035, has been chemically and bacteriologically examined, and 1 have been instrocted to
forward the following analysig and report thereon :—

CHEMICAL ANALYSIE.

e Girains per gallon.

Total solida (dried at 12070y ... ... .. 2695
Combined chlorine ... 260

: Expressoid ns Nalil 429

I Nitrogon ns nitrates... -2
Nitrites Nil
Baline ammaonin LT

! Albemiesdel s mony R LT

: Oxygen absorbed in § hours at 27 0. n-iay

| Total hardness 14%4

| Lemdoreoppor o e il

|

This water containg much nnoxidised organic matier; the fignres, the albumineid
ammonia and oxygen absorbed, are both high.

Saline ammonia is present, as algo o trilling proportion of nitmtes, From a chemienl
point of view this water must be congidered as anfit for drinking,

Provisional  Bacleriological Report—The oumber of organisms which produce
colonies on gelatine plates inenbated for 72 honrs at 207 C., is 353 per cnbic centimetre of
ihe water, and at least half the colonies are secn Lo be of the coli-form ty .

For ithe detection of imtestingl organisms, guantities of the water, varying from
02 cubic contimetre to o total of 35 cubie centimetres, have been heated by a process almogt
identical with ihat employed by Pakes for the isolation of the bacillug coli communis.
S0 far it has been found that coli-Formn organisms are present in 002 enbic centimetre of the
water, but vary in their characters to a most unnsoal extent, and while the great majority
of the hacilli which have been izolated from the water show most of the culfural features
of Lhe eodon bacillis, not one has been found up to the present which gives all the typieal
togts,  We have met with this difculty before in the cage of waters known fo be much
polluted, and from our experience of such samples we have little doubt that the typieal
bacillug coli communis is present in the water.

The investigation is being proceeded with, and a forther report will be sent a8 soon
as possible,

Cuas, H., WELLS,
Secretary,
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(Copsy.)
THE CLINICAL RESEARCH ASS0CIATION, LIMITED.
149, 1502
1, Bouthwark Sirect,
London Bridge, 5.E.,
14th February, 1905,
To Dr. HARRIZON,

The specimen of water, marked ¥, Waler from Tap at Clark's, Salter Gate, received
here on drd Febroary, 19035, has heen chemically and bacteriologically examined, and [
have been instructed to forward the following analysis and report thereon :—

UHEMICAL AXALYSIS.

— Grains per Gallon.

[T W) W P — S ————

Total solhls (dried o 13F C) .. 26 G

i Combined chloring ... = 2+55 |

i Bxprossed se ¥all -~ .. o o ] 421 |

| Nitrogem as nitrates.. .. s we e e e | the 2y I
Hierltes il '
Ballna Amtonln Ciae - var aer e e ol R

| Albominodd ammonis ORI

| Oxvgen alsorbed in four honrs at 277 €. 00

| Total hardness .. o s owe e e e 140

| Load or o Nil

The water is almost albsolulely identical in character with No. 1452 (marked X), and
the remarks on that sample apply o this one also,

It is not a smfe water for drinking,

Provistonal  Bocleriologioal  Report—The number of organisms which produce
colonies on gelaline plates ineubated Tor 72 hours ab 20° C,, is 292 per cubic centimetre of
the water, and at least half of the colonies are of the eoli-form ixpe, i

Quantities of the water, varving from 02 to 33 enbic centimetres, are heing
investiguted for the detection of the bacillus eoli communis, and organisms belonging
to the eoli group are found to be present in the smallest guantity taken (viz, k2 cubic
centimetre of the water), The organisme show great variation in their characters, and
so far not one is seen to be absolutely typical. There i practically no doubl, however,
ihat intestingl organisms are present, and we hope to isolate the typical bacillus coli
eommunis in the eonrze of a few days.

CHAs. H. WELLS,
Secretary.

(Copy.)
THE CLINICAL RESEARCH ASSOCIATION, LIMITED.

I, Bouthwark Street,
London Bridge, 5.1,
Hth Folroary, 1905,
LanonraToRy REroRT,

To Dr. Hanrmiizox,

The specimen of water, marked X, Tap Water in Fishmarket, received here on
drl Febroarey, 1IMG, has Deen duly examined, and 1 bave been instrocted (o forward the
following repori thereon :—

Frrther Keporf—As a result of the furiher invesiigation of this water a bacillus
having the mirroscopie and culiural characiers of the typical bacillos coli communis has
now heen isolated from one cubic centimedre of the sample.
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We are of opinion that the boacteriological examination provea the presence of
numerons intestinal organisms,and that when judged by the comdition of the sample, there
is distinet evidence that the water is unfit for drinking.

0. H. WELLS,
Seerotary of the Association.

(Copy.)

THE CLINICAL RESEARCH ASSOCIATION, LIMITEI.
15112,

1, Bouthwark SBtreet, -
London Bridge, 5.5,
20th Felroary, 1905,

LABORATORY BEPORT.
To DR, HARRISOX,

The specimen, marked #, Pure Water Tank at Waterworks, received here on
drid Febroary, 19035, hag heen duly examined, and T have been instroeted to forward the
following report thereon :—

Further Report,—As alvendy stated in the preliminary veport (151/2) this sample of
water hag beon found to contain an anusually large number of eoli-form organismea which
vary greatly in their enltnral features : and as o vesult of further investigation we have
now igolated—from one cubie centimetre of the sample—an organism which givez all the
usnal tests for the typical bacillus eoli communis.

We are of opinion that the sample eontaing nnmerons intestinal organisms, pointing
to gerions pollution with sewage or fwecal matters, and that in its present condition it ia
quite unfit for drinlking.

0. H. WeLLs,
Secretary of the Association.

(Copy.)
THF CLINICAL BESFARCH ASBROCIATION, LIMITED,
14972,
1. Sonthwark Street,

London Bridge, 8.E,,
2th Febraary, 1903,

LaponaTony HEPORT.

To Di. HARRISON,

The specimen of water, marked Y, Water from Tap at Clark’s, Salter Gate, received
here on Jrd February, 1905, hos been daly examined, smd I have been instrocted to
forward the following report thereon,

Firerther Reporf.—In addition to the numerous eoli-form organizims already fonnd in
thiz water we have now suecesilod in izolaiing from one enbic centimetre of the sample a
bacillug having the characteristie microscopie and eultural features of the typical bacillus
coli communis.

As o reanlt of our investigation we ave of opinion that there is evidence of pollution
with sewage or feenl matter, and thal, judging from the condition of the snmple, the water
is mnanfe for drinking,

C. H. WELLs,

Seeretary of the Association.
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ADDENDUM TT.

ExTRACTS FROM A REPORT BY Dn. KLmin 0¥ THE BACTERIOLOGICAL EXAMINATION
oF LINoOLY WATER.

Si. Bartholomew's Hospital, E.C,,
90th February, 1905,

THE MEDICAL OFFICER OF THE LOCAL GOVERNMEXT BoaRD.

Ox February 1at T received three simples of water, labelled as followa r—
(1} Water from pure water tanl, taken Ist Febroary, 1905
(2} Piko Drain water, st Fobruaey, 1905,
(3] Water from Catchwater inle!, indirectly from River Witham, taken 1at Febroary,
1N,
These three samples will in this veport be described as sample 1, sample 2, and
sample 3, respectively.
The total amonnt of water of sample 1 was about 350 ce. 3 elear,
The total amount of water of sample 2 was abont 1,000 ce, ; turbiil,
The total amponnt of water of sample 3 was abonl 730 ce. ; tnrbld.

These three sumples were subjected Lo analyses (@) with a view of general orientation
and (%) with a view to detect spesific pollation, if any,
{et) For general orientalion :—

Bample 1 contained G4 bacteria por 1 ce,
i = B. coli communiz in 1 co., not in ) ec.
no spores of B, enterilidis sporogenes in 100 ce.

ELd EE]

Sample 2 contained 2,500 bacteria per 1 co.

o - B, coli communia 1 in ee., not in 4 e
i o gpores of B, enteritidis sporogenes in 100 ce., not in 10 ge,
Sample 3 contained 3,500 bacteria per | e
= - . eoli communiz in 4%; cc. (gome other acid-producing microbe
I g G0 ).
i i spores of B, enterithliz sporogenes in 10 ee., not in 1 ee.

(4) For specifie pollution :—

Sarple 1.—As mentioned above, of sample 1 there were altogether available about
00 ce, only. OF this amonnt abent 120 ce, were nged for general orientation, ‘The
remainder, about 220 ce., was subjected in two lota to the centrifoge, amwld the resulting
sediment was nzed for four large plates containing Drigalski-Conradi medinm.,

OF the Towr Drigalski-Conradi plates prepared with the sediment of sample 1, two had
ni bluish colonics, the thind had five hlue colonies of bacilli, and the fourth plate had one
bine colony of diplococei. The five blue eolonies of bacilli presented, however, no
characters in any way suggestive of B, typhosus or B Geertner @ so thal of sunple 1, ie,
about 2Hce., no microbe of thiz (ype was oldained,

Seeple 2—0F this snmple abong 750 ce, were pagae] throngh o Pasteur filter, and with
the filter-brushings [our large Drigalski-Conraldi plates were moade. In these plates a
number of Muoe colonies developed. Only three of them, however, showed characters
presumptive of I typhosus., O these three colonies gelafine subenliures were made ;
with the resull that one of the three beeame av onee eliminated on aceount of ils liguelying
the gelatine, OF the two remaining colonies, which in respect of aspect amd constitution
in the Drigalski-Conrdi plates reseinbled the B, typhosns, subealture by gelatine streak
gave the charecters of 13 typhosus ; viz, translueent, drey growth with irregular flmy
spreading margine  The micro.organisms constituting the growths were motile baeilli,
ghowing more or less retanded agglutination with the labomtory rabbit serum. These
eolonies, to be referred o as colony 1 and colony 2 (of sample 2), were then subjected to
Further lesta; with the result that colony 1 turned cnt to be identical with B. Gacriner,
colony 2 with B, typhosus.  There were, however, certain small differences in both cases.
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fl'vio.ﬂy 1, the characiers of which are compared amd sommarized with B. Gaertner
in Table A, showed on the sorface of gelaline an oxpansion, which, after several days'
growth, was somewhat legs trangparent and less dry looking than the growth of the
laboratory B. Gaertner. Forther, although it clomped well and decisively with the hblood
seruin of a Gacretner rbbit—which had been prepared by intravenons injection with the
laboratory B. Gaertner—its bouillon emnlsion oid sl elump go promptly as that of the
laboratory B, Gaertner, ie., a8 the microbe used for the injection of the Gaertner rabbit.

Colony 2.—This microbe showed slower agelutination with the laboratory typhoid-
rabbit's blond sernm than the laboratory 1. typhosus ;. moreover, the agelatination was not
complete in an hour, whereas the laboratory B, typhosas was clomped in complete manner
in five minnies,

i Bt in all other respects colopy 1 was identical wich B, Gaertner, and colony 2 with
B typhosug—as iz shown in Table A appended fo this report.

Somple 5. —0F this sample the whole of the guantity not nsed for fest in geoneral
orientation was passed throngha Pastear Glier. The filter-brushing thus obtained waz nzed
for four large Drigalski-Conrdi plates. A= a resolt, amongst o Jarge number of hine
eolonies that appeared in these plates, only six conld be considered na a result of inspection
with o glass amd of microscopic examination in the hanging drop, as complying with
the  preliminary tests of B, typhosus. By subculiure on gelatine surface three of theao
six/eolonics were eliminated ; they proved ligoeficrs.  The remaining three colonies, Nos,
1. 2, and 3, respectively, complied on gelatine anbeulinee with the requirements of R,
typhosus, They were therefore subjected to all the forther tests, with resulis which are
summarised in Table A.  From this it will be seen that while eolony 2 reacted positively
for B. typhosus in overy respect, colonies 1 and 3 failed in one or the other particulars.
Colony 1 gave no indol in broth enlture for 10 days, thongh after 11 days it gave justa
trace of indel reaction 3 and, further, Proskawer and Capaldi mwedinm 1. which had been
inoeulnted with it, showed, aftor 48 hours” inenbation at 37° €, a trace of changing into
rodl, indieatize a temdeney o prodoes acid. Colony 3 likewize gave no ndol reaction in
bhroth for 10 days, thongh after 12 days’ incubation there was perhaps a trace of indol,
Moreover, it prodluced slight redness in Proskaner and Capaldi I. after 48 hoors’ inenbation
at @7 0C. The litmuos milk enltave of this microbe was inspected daily, and the gradnal
reddening (neid produciion) was noliced, the millk remaining, meanwhile, flaid.  After
12 alays, however, it was found elotted.

RBoil these eolonies (1 amd &) gave distinet agglutination, only agglutination was
slower than with the laboratory B. typhosns, or with colony 2 of the same sample.

The comclusion which 1 draw from these obzervations | have snmmarised in Table B,

On Febrnary 4th, I received, Sample 4. a boitle of a thick brownish inebid fuwid
repregenting “a filter-brashing from two Pastenr-Chamberlmd filters in wse in Lineoln,
which had not been cleansd for three montha."

Seample 4.

A ienth of a co. of the turhid fnid was wsed for each of four Dngalski-Conradi
plates, with the result that no colonies (red or blue) appeared in them after ineabation at
A7 L for geveral days ; they remained, indeed, free of any sach colonies after 10 days,
Seeing thal after 24 hours' incnlution the plates when examined earefully nnder a
magnilying glass, wore free of ecolonies, it was elear that in % co. of the tuebid fluid
there were no living microbes belonging (o the coli-typhoid gronp.  Forther enliuees were
therefore maide with the Quid—which had been kept meanwhile in the cool chamber—in
the following manner ;—

() Two phenol-broth tubes pid two tubes containing MacConkex-finid received
cach § oo, of the turbid Anid direet ;
(847 1000 e, of the turbid Auid were suljeeted to the centrifuge, and, with the sodiment,
two large Drigalski-Conrvadi plates were inoenlated,  The result was this :—
(@) Both MacConkey tubes remained unaltered after incubation for
48 hounrs ; both phenol-broth tubes were turbid. From each of
these phenol-broths a Drigalski-Conradi plate waz made ; but no
colomies  appearsl in then, Proof was thua afforded that the
turbidity of the phenol-broth tubes had not been cansed by microbes
e to the coli-typhoid group, aod tended to confivmation of
the negative resulis with the two MacConkey tubes.

(%) The two Dirigalaki-Conradi plates made with the sediment of 100 ex.
centrifuged filter-hrushing, developed no colonies of the eoli-fyphoid
gronp, but ench plaie showed after several days’ incubation at 37° C.
several dozen minute dot-like colonies of cocci.

The result of analysis, therefore, of sample No. 4, showed that even considerable
amounts of the tnrbid Auid contained no living microbes of the eoli-typhoid group.

Semnjile D,

On Feahroary Llth I received a bottle of “ Muddy water, heing sediment fl'tl_lill the
pure waler unk which recerves the Lincoln water after filtration through the sand l]l‘t.'l,!l:H."
Uhis sample was practically fiuid mud, and will be referred to as * mwl of tank.” The
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bottle, having been well ghaken up, was allowsd to stand in the ool chamber for an houwr:
the turbid fluid—abont K} ce—was then siphoned off from the top of the sediment,
and subjected to the centrifuge. With the centrifuged deposit the [ollowing cultures
were made :—

(e} Four MacConkey tubes, and
() Four lorge Drigalski-Conradi plates,

After inenbation of (&) for 24 hours, one only of the four MacConkey tubes showed
redness withont gas ;. the other three showed redness with copions gas,  Drigalski plates of
these three tnbes bromght forth, amongst a large number of nentral colomies, nomerons
colonies of B. coli, but no blne colonies; a Drigalski plate of the fourth tube showed,
amongst numerons neitral or pink colonies, very fow bluish ones.  Buat none of these blne
colonies complied with the requirements of B. typhosus. Subeultures were, however,
made of them in gelatine streak and gelatine shake ; but they conld be soon discarded as
not being either B, typhosus or B, Gaeriner,

The four Drigalski-Conradi plates () made directly with the centrifuged aediment
brought forth large numbers of bloe ecolonies. OF these the great majority could at once
the rejected ; they were flat and coarsely granular or rapidly spreading films : or were too
uniformly raised without granulations ; or when examined in the hanging drop did not
show any tendency to emulsify. Eight blue colonies, however, which complied with the
preliminary tests for B. typhosus were selected for gelatine subeunlture., After 24 hours
seven of these conld be eliminated on accoont of their liguefying the gelatine : so that
one only remnined, This was then subjected to the further tesig, with the results
summarized in Table B. From this talle it will be gecen that the particalar colony com-

lied in all regpects with the teste of B. typhosue, except ag regards the following :—
n Proslkaner and Capaldi medinm 11, acid production after 48 hours” inenbation was
donbtful ; litmus milk after four days’ incubation at 37° C, did not exhibit pronounced
red colonr, it therefore failed to vield the distinet acid production which is characteristic
of B. typhosns; and, further, agglutination with the typheid sernm of the laboralory,
though distinet within the hour, was slow.

I therefore consider this microbe possibly but not probably a variety of B, typhosus.”

E. hLeis.

Ll E
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TaBLE B.—Showing probable position of the special microbes a8 compared with our

laboratory B. Gacriner and B, typhosns,

Derivation,

Character,

Conclaaion,

Pikedrain, Colony 1
Pikedrain, Colony 2

Catchwatsr inlet, Colony 1

Catchwater inlet, Colony 2

Catchwater inlet, Colony 3

Mud of tank -

Bame as B, Gasrimer, exeept leas translucent
in galating streak in later stapes.

Bame ns B, t-:rp}l:!m except agplutination,
with our typhold sernm slowar,

Bame na B, lghu-lui. oxcept doubtfal in
Proskaner Ehﬂ I, & frace of
indol after 11 5,

Im all essential respectz same as B,
typhosns,

Bame as B, typhosus, eéxcopt doubiful
Peesknnor Capaldi 1, forms toace of
indol afeer 12 days, clots litmues milk
in 12 dnys,

Same ma B, typhosus, except po definite
acil production fn 4 days in litmus milk,
and no distinet acidity in Proskaoer
Capaldi TI.

Most probably B, Gaertoer.
Frobably B. typhosuy,

Poeaibly B, typhosuns,
Muoet probably B. typhosas.

TPowribly, but nob probably,
B, typlosus,

Possibly, but nut probably,
B, typhosus,

et
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ADDERDUM IIT.

REFORTS BY Mpssns. HovsToX AND MeGowaN To THE LIooLN CORPORATION
0N THE LINCOLY WATER.

Linealn,

13th Febroary, 1905,
To THE CORPORATION oOF LINCOLX.

GENTLEMEN,
WE have the honour to submit to yon ihe following preliminary statement on the
work which you have entrosted to us,

On the evenings of Febronary 11th and 12th the Crosscliffe and Westgate Regorvoir
watera wore treated with o view to their porification.

Fuorther, since the morning of February 11th, the water at the works and the sand in
the filter beds have been eontinuonsly teeated, with the same object. There is every
rea2on 1o believe that this treatment has been succesaful.

We wounld wish, however, to point out that, 0 long as the sonree of the water supply
remaing under suspicion it will be necessary to continue the treatment in o modified
form.

It must of course be understood that the above treatment of the water cannot help
those who have nnfortunately already contracted typhoid fevor, although they have not yet
developed s symptoms. Nor can it provent the ocenrrenee of secondary cnses of
infection.

We have boen greally assisted in our work by the Corporation Watler Engineer,
Mr. Teague, who ha2 spared neither time nor trouble in placing every facility at our
dlisposal.

We expect to leave Lineoln within the next few days, but before doing so we shall
have made the necessary arrmngemenis for eontinuning the sterilisation process in a
modified form.

Thiz could be carried out without mueh diflicalty and at a moderate cozt. We are of
opinion that it should be eertainly done.
We have the honour to remain, Gentlemen,
Your obedient Servants,

A. C. HovsTox.
GEORGE MOGOWAN,

PRELIMINARY REPORT OX EIGHT SaMPLES OF LINCOLN WATER.
Westgale Reservoir Weler,
Samples eollected : —
Felbirnary 13th (6 a.m.)
o 14tk (5,50 pom.)
i 15ih (6=7 a.m.)

Crosseliffe Reservoir Wetser,

HSamples collected :—
February 12th (6 am.)
i 12th (5.15 p.m.)
& L3tk {6 a.m.)
15th (6 p.m.)
o 14th (6 aam.)
Remarks.—None of the foregoing samples contained B. coli in 100 ¢ubic centimetres

of water. As B coliis 2 more hardy microbe ihan B, typhosns the resulis indicate that
the treptment of the water in the reservoir has been succeessful,

A. C, HouaTow, M.D.,, D50,

15th February, 1905,
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To THE MAvYOR AXD CORPORATION oF LINCOLN.
GENTLEMEX,

THE treatment of the water and of the sand filters at the waterworks with a golution
of sadinm hypochlorite was commenced on Saturday, 11th February, and on the evenings
of 11th and 12th Febroary the treatment was begun at the Crosseliffe and Wesligate
Reservoirs, and have been continued there at snitable intervals,

Ap regards the reservoirz, this was, comparatively speaking, a simple task, and the
result was found to be quite satisfactory. All non-sporing forms of intestinal microbes
were destroved, and therefore, by inference, the typhoid bacillus, if if was present in
the water,

In respect of the filter beds, much groater difficuliies had to bhe met.  Theae
necessitated the use at fivel of a relatively stronger solution of hypochlorite, continued
over a longer period, and the dose of the sterilizing agent bad to be varied aceording to
the reanlis of onr analyaiz. We have now reason to believe that this treatment bas been
suecessful, and we hope ghortly to have farther confirmatory evidenee of this. We base
our belief of the innsciuons charmcter of the water now sent into consumption on the facts
that : (1) In all the ten analyses of the reservoir waters, after treatment, no B, coli have
been found in as much as 100 eubie eentimetres of the water: (2) o similar result has
been obtained in our later analyses of the water passing into consumption from the
waterworks. The baeillug ecoli which hag lween pregect in the water belore treatment and
subsequent filtration, iz a more hardy microbe than the (yphoid bacillus, Iis destroction
in such a water therefore affords the stromgest grounds for believing that the typhoid
bacillus, If present, has likewise perished,

The purified water hag, no doubt, a slight taste and smell, but, with the lesser qnantity
of hypochlorite now necessary, this has greatly diminished. In our opinion there is every
reason Lo suppose that even a larger quantity of hypochloriie than that at present in use is
perfectly haemless, and, @ fortiord, the same may be sald of the minute teace of it or of
its procducts which may be left in the treated water., Comparative, if not absolute,
immunity from danger te healih, conferred by the sterilization of a water, even if the
sterilised water posscsses in consequence a slightly unpleasant taste and smell, is to be
preferred to the grave risk attending the nge of a palatable but impure water.

Until & new and satisfactory supply of water has been obtained we are of opinion
that the above treatment of the water should be continned, under constant supervision,
andd that it should be controlled by periodical analyses,

To conclude :—We believe that the treatment has been suecessful, and, for the reason,
already given, that the water may now Iwe reasonably regarded as safe for domestiz uses.
But although the results of onr analyses secm to show that boiling the water is no longer
necessary, we do not at this stage feel justified in saying that this additional precaution
{boiling) should be diseontinned,

We are, Gentlemen,

Your obedient Servants,

A. U, HouvsTon.

. GrOnGE MoGowan,
Lineoln,

25th February, 1905,

To TEHE Mavor AXp CORPORATION OF LINOOLN.
GENTLEMEN,

IX our report to you dated 25th Febraary, 1905, we stated that we hoped shortly o
have further confirmatory evidence of the successful treatment of the water. We now ey

t:altuuilgg ﬁiﬁ {!‘:ﬁ:{l;:::_\:ing report on the baeteriological examination of further examples of

(@) Bample of water from riging main at waterworks, Collected 10.10 .,
4th Mﬂ-l‘t‘_h, ]‘:'ﬂ-.l This sample represents the water leaving the waterworks
and passing into consumption,

(4} Sample of water from Crossclife Reservoir, Collected 6,15 p.n., 4th Mareh, 1005,
geven days afler the last treniment of the water in the reservoir,

(¢) Bample of water from Westgate Reservoir. Collected 5.45 a5 i
; il bkl pome, 3th March, 1905
four days after the last treatment of the water in this reservoir. : :

: None of the three samples (4, b, ¢) conlained B. coli in 100 cubic centimetres of the
water,
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We regard these resulis as highly satisfactory. They afford confirmatory evidence of
the innocuous character of the water now sent into consumption, and they show that the
itreatment of the water continues to he auecessful,

You will of course understand that this treatment is being continued, and we propose
to furnish you with further reports from time to time.

We are, Gentlemen,
Your obedient Servanis,

A, C. HoUusTOR,

GrEorGE McGowan.
Bth March, 159405,

To THE MAYOR AND CORPORATION OF LINCOLN.

GENTLEMEN,

I¥ accondance with your instructions we have examined a large number of samples
of water collected between Tth March and 15th Mareh from main tape in different paris
of the area snpplicd with Lineoln water.

The first forty samples, all collected from separate taps, and of which the analysis has
heen completed, have yielded results as follows :—

No B, coli in 100 cubic centimetres of water, Thirty samplea (75 per cent.).
O B, eoli present in 100 eubic centimetres ; absent in 10 eubic centimetres of water.
Beven samples (17-3 per ecnt.).
" B. coli present in 10 cobic centimetres ; absent in 1 eubie centimetre of water,
Thres samples (7-5 per cent.).

We may add that, exeluding the raw unfiliered waters and a single sample of
treated fillered water, we have never found B, eoli in 1 cubie centimeire of any sample
of Lineoln treated filtered water, whether collecied at the works or from the reservoirs or
water mains.

We eonsider these resulis so satisfactory that we feel justified in gradually redueing
the dose of sedinm hypochlorite.

In order to eatisfy curselves that any objectionable tastes and smell of the trented
water is not serious, we drink the water (nnboiled) daily.

A faint mawkigh taste and amell still presista in the water, bnf we think that
this will become less apparent with the diminished dose of ssdiuvm hypochlorite now
in mnes,

W are, Gentlemen,
Your obedient Servants,

A, C, HousTos,

GRORGE McGowAN.
24th March, 1905.

KEPoRT oF MEssSRS. HoUsToX AND MoGOWEX OX THEIR TREATMENT OF THE WATER.

To THE MATOR AND CORPORATION OF LINCOLN.

(iENTLEMEN,

Two months having elapsed sinee the treatment of the Lincoln water was first
commenced, we propoge to report very briefly on the rosulis oblained.

As far as possible we shall try to avoid the nse of technical language. so as to present
our facts in a gsimple form.

Tt must be explained at the outget thal, owing to the enormous difficulties attending
the isolation of the typhoid bacillus, failure to discover its presence in a water affords
no proof of its real abrence, Fortonately, however, . sewage-polluted water, specificnlly
contaminated with the wirns (poison) of enteric fever, containg a normal inbabitant of
the intestine (B. coli) in far greater number than it does the pathogenic typhoid bacillug.
Moreover, B. coli is 2 more handy microbe than the typhoid baeillus. It follows, therefore,
that if each of the microbes capable of causing tyvphold fever {(B. typhosus) is always
aceompanicd by a large number of comparatively robmst, althoungh harmiless. individuals
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{B. coli), proof of the desiruction of the latter affords convincing evidence of the death
of the former. Consequently, wo have based our belief in the innoeuous character of the
water pasging into consumption upon the destruction of B. coli, which is always present
in the raw waters ; and we may add that we have nol been content with affording proof
of ita absence from one eubic centimetre or even 10 cubie centimetres, but have always
gubmitted a8 much ag 100 cubie centimetres of water to cultural tests. It is apparent,
in the light of the foregoing siatements, that the absence of B. coli from 1N cubic
-:uuti'i.uat.rm of water affords the most convincing evidence of the absence of the typhoid
bacillua.

Indeed, the absence of B eoli from 10 enbie centimetres of water may perhaps be
considered sulicient proof of iits wholesomeness. Many bacteriologists do not condemn
a water unless it containg B. coli in one cubic centimetre,

In what follows we deal with a period of twoe months, namely, from February 1lth
to April 11th, 1905 :—

Treatwient of the Ratw Walers af the Worka.

Having regard to our experience of the germnicidal action of sodinm hypochlorite
and to the proportions which we have thonght Ht to uge at the works, we doubt
whether any typhoid baeilli, if present in the raw waters, could reasonably be considered
to have escaped destruction from February 11th to the time of writing this report,

[On Felrmary 24th the treatment was interrupted for about three hours owing to
an accident to one of the pumps. Withont entering into technieal details, we may say
that, a8 aoon ag we were informed of the accident, we took immediate and, as wa beliove,
a:mimiui steps to prevent any ill effects which might conceivably have arisen from
this,

As regards the destroction of any typhoid baeilli, which previons to the treatinent
may have been present in the deeper layers of the sand filters, or in the water moaing, we
cannot abzolutely fix o date; but, 32 an extra precaution upon this point, between
February 13th and 21st we treated each filter bed in turn with a strong dose of sodinm
hypochlorite, allowed the germicide to permente the whole bed, and then closed the
outlet vilve. Aftor a suilable interval the valve was opened, but so slightly that when
the out-flowing water from the bed mixed with the rest of the filtered water from the
other beds, the probability of the mixed water passing into consumpiion was oot
affected to any material extent,

To econclude, we think that if any typhoil bacilli entered with the raw water
after Febroary [1ih they could net have eseaped our trealment ; and, further, that if
any were present in the water system sabgequent to that date they could not at the
outside have survived beyond Februsry 22nd, when the scctional treatment of the filter
beds was completad,

In this connection it may be noted that some exhanstive tosts quite recently made
in America seem to show that the typhoid bacillug cannot live for more than a few
days in water.

Without entering into unnecessary detail, the following facts may serve to illustrate
the suceess (bacteriologically) of the treatment :—

Thirty-three samples of the water, after treabment and filiratlon, collected between
E;?rnﬂrj' 12ih and April 12th from a main tap at the waterworks, yielded resalts as
W8 1—

¥ per cent. of the samples contained B. coli in 10 eubic centimelires of water ;
24 per cent. of the samples contained B, coli in 100 eubic centimetres of water ;
67 per cent, of the samples contained no B, coli in 100 cubie centimetres of water.

Over 100 samples colleeted betweon February 253 and April 12th from numerous
neain taps within the area of water supply, yielded results as follows ;—

& per cent. of the samples contained B. coli in 10 eubic centimetres of water ;
i 17 per cent. of the samples contained B. coli in 100 cubic centimetres ;
T8 per cent. of the samplas contained no B. coli in 10K cubie centimetres of water.

These results were obtained notwithstanding the absenee of impounding reservoirs. If
the raw water had been stored before filtration our tagk would have been much easier, and
the doss of germicidal agent might have leen rednced to aboui one-fifth or one-tenth of
what was actually employed,

From a chemical point of view the treated water is probably slightly less pure
organically than was the filtered water previons to the treatment with chloros, The latter
subatance appears to exert a slight solvent action upon the organic matier in the water and
in the filier beds (just as it does npon the organie matter of a 0il); but, taken in con-
junction with ihe remarkable destroction of iniestinal mierobes which it elfects, this
circumstance is of small moment. There is no appreciable change in the water, either as
;ﬂ::’ldl‘dﬁ- chemieal composition in genceral, total solids, chlorine (free or combined), or

nieEs,
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The pobsiance which we used for sterilization purposes pives with ecertain tests
a well-marked eolour resction, even when diluted with one million parts of water. No
comparable re-action has ever appeared in the treated water after filtration, partly because
of the small dose of germicide employed, and partly becange the latter was itsell deatroyed
in killing the bacteria and oxidizing the organic matter of the water,

The minute quantity of “apent " componnds, resulling from the treatment, imparts to
the treated water an appreciable tagte and smell, go delicate are those two senses.  But we
are confident that mot one part of the germicide itself in a million of water has ever
reached the consumer. The taste and smell, just alluded to, o donbt constitute a 2light
ilrawhack, but it seems hardly resgonable to attach any weight to this, in comparison with
the supply of a water which is bacteriologically pure.  That such minute traces of sodinm
hypochlorite, or of the compounds ariging from it2 action upoen the organie matter of the
water, conld prove injurions, either to hnman beings or the lower animals or to vegetation,
i# hardly conceivabile,

Trettment of the waler in the service qeserpoira,

The water in Oross Oliffe reservoir was first treated on the evening of Febrnary 11th,
and that in Westgate reservoir on the evening of February 12th.  Sinee then the treatment
hag Dbeen econtinued from fime to time, bot, generally speaking, we have gradually
diminished the dose and lenerthened the nterval botween each two successive treatments.

That the treatment from the ontset has been most successful is shown by the following
figures :—

Samples of water were collected from the Westgale reservoir on Febroary 1ith, 14th,
15th and 190 ; Maoreh 5th, 8th, 12th, 15¢0, 19ch and 26th ; and April 2nd, Sth and 12th,

3 per eent. of the samples contained B, coli in 100, bul not in 10 cubic
cenfimetres of water,

T0 per cent. of the snmples contained ne B, coli in 100 eubic centimeires of water.

Bamples of water were collected from the Cross Cliffe reservoir on Febroary 12th
(tbwo samples), 13th (two samples), 14th and 20th ; Mareh dth, 8th, 16th, 18th and 25th ;
and April 1et, Sth and 13th,

100 per cent. of the samples contained ne B. coli in 100 cubie centimetres of water.

To those who are not familiar with the somewhat nnusual mode of water distribution
in vogne at Lincoln it may be mentioned” that during the day the consumer draws more
water from the rising mains than the pumps can snpply, this deficiency being made good
by the flowing back of some of the water which has accumulated in the reservoirs during
the preceding night.  In the night-time the converse holds good, the pumps forcing the
surplus water inte the reservoirs, and thus providing for the daily overdraft upon the
rising main ; there is, in fact, a *tide ™ in the gopply.  The fact of our ireatment being at
both ends of the system (1.6, a1 waterworks anid at reservoirs) proportionately reduced the
chanees of pathogenic organisms escaping destruction.

Summary of resulis,

773 per cent. of the samples collected during a period of two monthe from the main
tap at the waterworks, from main tape throughout the area of supply, and from the
reservoirs (163 samples in all) contained o B, coli in 100 cubie centimetres.

17-7 per cent. contained B. coli in 100, but not in 10 cubie centimetres,
49 per cent. contained B, coli in 10, but not in 1 cubic centimetre.
These facts apeak for themselves anid comment is superflnons.

Tnnocuos nature of the breated waler.

Diaring the conrse of the treatment we understand that many etatements have been
made a8 10 the deleterions character of the treated water. We ghounld like to point out
here that the *chlorine mixtures," preseribed by medical men in the treatment of the very
digease (enterie fever) which it has been our object to prevent, excel in active strengih
anything that we have allowed to pags into consamption. The alleged aciion of the water
upon sengitive sking is difficult to explain, as the treated water after filiration iz not
appreciably harder, and coniaing little more solid matter, and practically no more combined
chlerine than the water hefore treatment. Probably in the earlier stages of the treatment,
when a heavier dose had to be employed, minute traces of hyperchlorite remained in the
water.

But we would again emphasize the fact that the taste and smell of the treated water
are the result of the exhaugtion of the “activity ™ of the germicidal agent in killing the
bacteria and oxidising the organic matter of the water and the filter beds. It is not the
tagte and smell of the active agent itself which is perceived by the critical consumer.
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It ought fo be borne in mind that the chofes in the present ease lny hetween o trewted
water with this slight tasie and smell, but barmless, and an ontreated water which wis
palatable, bhut pozsibly eharged with the morbific virnz of enteric fever,

If the above argonment commends itself to men holding  positions of trost and
respongibility in Lingoln, surely a general feeling of confidence in the water as now
supplied to the ity might be graduslly brought aboeut.

The queation of boiling the wafer.

In our report, dated Febraary 25th, we advised boiling the water as an additional
precantion. The question has been mised why it should be desirable to boil the water if
it has alread y been rendered innoenons by chemical treatment. We have not thonght fit
to withdraw the recommendation do boil the waler, nor are we |:rupu.l'~|'u| nneonditionally
to do a0 now, thongh we halieve it to be nnnecessary, and o have bheen unnecessary Tor
nearly two months,  Bot in dealing with the water supply of over 50,000 people, living in
the midst of a serious epidemnie, alleged to be water borne, we have thonght it better
rather to overdo preventive recommendations than the reverse, and this alihough we had
enmulative and convincing evidence of the harmleas natore of the trepted water.

Henee, alihough we have evory reggon fo believe (hat boiling the water has beco
superilnons for some time past, we think thay those who desive to make assuranee doubly
sure should continne the proeties.

Peraomally, we have been drinking the water anboiled daily for over a month. The
samples have been derived from the Waterworks, reservoirs, and taps all over the City,

Surerees of Srpply and Suggested Fulwre Proceduie,

HSome misconception appears o oxist with regand to the biological quality of the water
of the Witham River. This river cannot be regarded as a snitable gonree of water supply,
but the deseription of it as an open gewer i2 calenlated to needlesaly alarm the people of
Lincoln, Our analvses ghow that the majority of samples arve at least one million times
purer bactericlogically than sewage. Exelwling the pure Ballast Pit water amd tho
relatively pure {(bacteriologically ) Hartgholme water, our results indicate that the Witham
River ia the least impnre bacteriologienlly of the different sonrees of water supply,

The Catch-water Drain and Pike Drain, although unsatisfactory sonrees of waler
supply, are, nevertheless, at least len thousaud times parer bacteriologically (than sewage,

We allude to these matlers, not by way of extennation of the continned nse for
water-worls purpozes of polluted water, or waier liable to be pollaged, bat with the ohject
of presenting the facts al onr disposal in their true proportion and robbed of all prejudice
anid exaggeration.

We strongly approve of the action of the Corporation in secking a new source of
water supply.,  But until this new supply is available for disiribntion to the consamers, it
seams unfortunate that the anhappy combination of circomstanees which cnlminated in
the pregent epidemic should be considered as necessarily attending the continned use of
the existing supply. There is ne preeedent for such a gloomy progonostication ; on the
contrnry, there is every reason to hepe that the factors which have combined to eroate the
apidemic are now dispersel. In this connection it should be borne in mind Chat
the filtrmtion area is now considerably greater than it was during the many yvears of
comparative immunity from enteric fever which preceded the present epidemic.

Taking all the circumstances into ageount, we 2iill reeommend the continuanee of the
treatment in a modificd form, although every week that passes probably tends to make it
of less vitsl importance. But we have to remember that what has happened once may
conceivably happen again, and we cannol, therefore, at this stage, advise that the treatment
be stopped altogether.  We have now reduced the dose of germicide to the lowest limit
compatible with reasonable efficiency. When the new sind filter bed is in operation, and
when tiner sand has taken the place of the somewhat conrse sand now in use on some
of the filter beds, the question of relying solely on fliration will require careful
consideration,

In conclusion, we have the best reasons for believing that the treatment of the water
II_:I.‘H- h:k'l"l'l A BLCCOSS bacteriologically ; and, forther, it we lake inte sccount the grave
situation U-‘h'u':ll rendered this trestment necessary, we think it hos also been o suecess
practically, in that it bas produced a harmless and drinkable, though not quite tasteless,
WaAler.
We are, Gentlemen,
Yours faithfuilr,

A, O, HousTos,

GEoRGE MeGowaxs,
April 20nh, 190G,
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