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i ﬁl’,
~ In the Interim Report, which at your request T presented on the tatsoductors.
25th of February last, [ stated that a thorough enquiry into the sanitary
condition of the barracks included so many different branches, that it would
necessarily take a large amount of time to follow them up. As the enguir

the task increased in magnitude, so that even more time than
anticipated has been required to compiete the investigation. This, and my
~ baving made a thorough examination of the sanitary condition of the Richmond
Barracks, and furnished you with a full report on the same during the interval,
-will account for my not having heen able to send in this report sooner.
I have endeavoured as far as possible to make this report sufficiently
_intelligible without it heinﬁcrrequiaite to refer to the Interim Report and
accompanying plans, but there are necessarily some points about which a
~ referenee must be made to that report in order that the whole subject may be

grasped.

There are several additional plans attached to this report, and to avoid Plans

confusion I bave numbered them so as to follow on after the previous plans. m:_

Location oF CAses.

Considerable pains have been taken to compile from the information Plas (IV)
supplied to me a complete list of the cases of enteric fever for the last
104 years, in order of date, both at the Royal Barracks and at Arbour Hill,
~ giving the cise locality as far as possible. This list is given in two parts
~ on Plan (IV.), which I lave prepared to show the locality of the cases,
~ The numbers on the plan correspond with those on the list. With reference
~ to this list I cannot heip thinking that cases may be entered in it which are
~not fmr]i attributable to the Royal Barracks, for instance, in Case No. 106,
that of Licutenant MeLaughlin, which occurred while I was in Dublin, it is
~ known that he was at Pigeon House Fort (where he stopped for a month) till

- within three days of the date of his becoming ill.

o I have also prepared a Plan (V.) showing the number and location of pus (v
: ~ the cases at the Royal Barracks in each separate year.

The approximate population is as follows :— Approximate

Rnlynl BarweRi, o' a ) teens e e Lg4o oo (Gedbwe
Arhour Hill, ineluding staff at hospital (but not
patients) = b e 4 5 230
Military prison, warders, and schoolmasters .., 150

- In the latter buildings (mili rison, &e.) there have been no cases of
%) Wﬂm the last 104 j'eim. itary prison, &e.) no 5

é foi. Edward Erm#ape; M.P,
- Secretary of State for War.
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On.studying the plans above mentioned there are several points which are
particularly noticeable.

In the first place, it appears from Plan (V.) that though the barracks
have never been entirely free from fever during the last 101 years, it was not
till the year 1886 that any large number of eases occurred, but that since then
the numbers have greatly increased.

In the next 1?3:5&, flflﬂ-]iillg at the whole 10} years, Horse Square with the
north side of Cavalry S8quare has all along been remarkably free from fever as
compared with the rest of the Royal Barracks.

In the third place, looking at the first seven years (up to the year 1885
inclusive), Royal Square, which has recently suffered so severely, was almost
entirely free, there being only two cases.

In the last place, during these same seven years, Palatine and Brunswick
Squares have generally had one or more cases of fever, there being altogether
10 cases as against two in Royal Square, which, after allowing for the greater.
population (760 as against 460), is still a much greater proportion.

The lists of cases are also very imstructive. I will, lowever, confine
myself to mentioning only two points which have particularly struck me. One
is the large number of cases there have been among the staff at the Hospital,
considering the small number of the staff, viz, 7 cases amongst 23
people, 4 of which occurred in the year 1887. The other point is the
number of instances in the Royal Barracks in which there are groups of cases
occurring within a few days of ene another, which seems to indicate some
frequently recurring but temporary eanse of disease.

It is impossible for me to follow up points like these which involve strictly.
medical considerations not within my province, and it is therefore much to be
regretted that you were unable to act upon the suggestion I made to you as te
having a supplementary medieal enquiry. In the serious outbreak of enteric
fever which has just oceurred this grouping of the eases is particulary notice-
able, and the medical view as to this and other points will have an important
bearing on what action should be taken with regard to further demolitions, as
will subsequently be seen.

Beore or Exoumy.

It may be remembered that in my Interim Report I stated that the enquiry
resolved itself into at least the following branches :—

Drainage and sanitary appliances.

Nature and stratification of subsoil.

Condition of surface and subsoil as regards pollution.
Crowded arrangement of buildings.

Birueture of buildings.

Condition of floors and spaces underncath them.
Ventilation of buildings.

Water supply.

Milk supply.

The two first of these branches I dealt with, as far as T was then able, but
I now have a good deal to add towhat I said. The remaining branches I have
not previously dealt with and they are fully treated herein.

DRAISAGE.

In my Interim Report I stated that, judging by the results given, the drains
would, acecording to all ordinary methods of ascertaining their condition, be
pronounced to be generally good and sound, but some analyses of the subsoil
water only just eompleted pointed so strongly to a leakage of sewage into the
sitbsoil that [ suspected there might be some defects which had not yet been



g

digeovered. I also stated that in order to ascertain whether there were any
undiseovered defects in the drains, I had determined to apply the water fest to
them.

Considering the great difficuluy there would be in applying the water test Ansiyss of

on account of the large size of most of the drains, and the great quantity uf'_";f,“tﬂu

sewage always coming down them, it appeared very desirable to limit the a guds to

amount of taﬁtil:gi, if possible, by using the analysis of the subsoil water as g Jh5re defects
the defects were most likely to exist, and for this purpose to exited.

g:ide to where
ve samples of the subsoil water taken from various parts of the barracks.

The samples of the subsoil water previously taken had been obtained by Ssmples of
excavating down to the water, but this process was tedious, owing to the great ;"h";"fn'},;%"
depth of the water below the surface, and caused a great deal of obstruction, torings.
owing to the large heaps of earth that were thrown up. I, therefore, determined
to obtain the additional samples of subsoil water required by sinking tube wells
or borings. A great deal of difficulty was experienced on account of the large
number of houlders that were met with, but eventually borings were sunk at
various places near the lines of the main drains, and a sufficient number of
samples were obtained for analysis to give a good general idea of the condition
of the subsoil water.

The results of the analyses of the subsoil water are given in the Appendix, Generat
page 28, and will be fully considered later on. All that need be stated here ‘;‘:ﬂ}:ffd
15, that although they showed that the subsoil water was polluted they did not subssil water.
appear to indicate that the pollution was confined to any particular portion of
the barracks, so as to justify the limitation of the drain testing. Under these
circumstances there appeared no other course open than to apply the water

test to the greater number of the important drains.

The testing of the drains proved to be an exceedingly tedious and trouble- yeehod of
some matter, and showed that the difficultics which had been anticipated had :ﬁ_:’f:st"m
not been overestimated. The method of testing differed somewhat according water.
to the class of drain tested. In the case of the branch draing, the drain or
portion of drain in question was securely plugged at the lower end, so as to
prevent any water passing down it, and water was either passed into the drain,
or the natural flow of sewage was allowed to accumulate till the drain was
ful. The inflow of water waz then stopped off, and observations were made
as to whether the water remained stationary in the drain or whether it sunk, a
subsidence, of course, indicating leakage. In the case of the main drains it
was generally not possible with the appliances available to make the plug at the
lower end absolutely watertight, but the quantity of water escaping, which
could always be seen, waz only slight. To compensate for this escape, a con-
tinuous flow of water, largely in excess of that escaping, was permitted to take
place into the drain after it was full, so that if a subsidence of the water took
place it showed unmistakeably that the drain was not sound. In addition to

this, a rumber of the drains were laid bare while under test, so as to waleh what
took place.

The results of these various tests was that the drains which were tested were Result of
found to be almost everywhere leaky, some of them more so than others, 'miine the
but all of them to an appreciable extent. The worst were some branch wate
drains in Brunswick Bquare and about the Cavalry quarters, and the main drains
in the lane west of Cavalry Square (both the main drain from the barracks
and that from the Arbour Hill Hospital). The main drain from the barracks
was found on being laid bare to have several cracked pipes, and the Royal
Engineers at once relaid a portion of it. The principal drain on the east side
of the Arbour Hill Hospital was also found to be so leaky that water from a
burst pipe near entered the drain in large quantities at a number of joints.

A careful examination of the drains which were laid bare showed that Saddle pipes.
although many of the ordinary joints of the pipes were leaky, especially at the
(532) C
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Hospital, the greater portion of the leakage oceurred at the places where
“ gaddle pipes " had been inserted. In the investigations which had been made
for my Interim Report a few saddle pipes were met with, but as these were
mostly on branch drains, and q%;ied in a haphazard way, no particular import-
ance was attached to them. subsequent baring of the draing, however,
showed that the saddle pipes were used everywhere at more or less frequent
intervals, both on the main drains as well as on the branch drains, so that the
gaddles assumed an importance which I did not then anticipate.

When reporting to you on the sanitary condition of the Richmond
Barracks, I dwelt at some length on the objections there were to the introdue-
tion of saddle pipes on the lines of the drains, I pointed out that not only is
their use founded on the mistaken idea that the drains must sometimes be
opened, and that the saddle pipes afford ready access to the drains, but also
that they are an inherent source of weakness in a drain, on account of the
extreme difficulty of making the joints sound. The leakiness of the saddle
pipes on the drains at the Royal Barracks is a direct confirmation of what I
stated with regard to them.

Another minor matter, which I now find to be of greater importance than
I eriginally thought, is the arrangement which is so generally adopted of con-
veying the waste water from sinks, &ec., to gullies by channels of considerable
length. I have pointed out in detail in my Report on the Richmond Barracks the
reat objections there are to these long chanmels. In the first place, dirt is
Eluwn or washed into the ehannels, which ohstrnets the waste water, and ecauses
it to overflow the sides and lie about, and thus give rise to offensive smells in
hot weather. In the next place, the channels generally serve a dual purpose,
taking surface water from the roads and parades, as well as slop water, and the
gullies which are suitable for the one purpose are not suitable for the other, so
that the combined arrangement leads to tronble. The result is that if gullies
suitable for retaining silt are used they become stinking catchpits, and if gullies
suitable for waste water are used they allow silt to pass into the drains and
cause a deposit.

In my Interim Report [ stated that as my investigation was not completed
I was unable to draw any general conclusion, I will, therefore, now briefly state
the conelusions 1 have arrived at as to the drainage and sanitary appliances,

On the whole the system of drains is well desi ned, and the drains
eenerally have good falls. When first examined, although some serious defects
were discovered, the drains to all appearances were well laid.

Subsequently, when considerable lengths of the drains were laid bare
further defects were discovered, and the details of construction were found fo
be in some respects bad. Moreover, on the drains being subjected to the water
teet they were found to be everywhere leaky, in some places extremely so,
notably at the Arbour Hill Hospital.

The manholes and other means of aceesz are too few, amd those that there
are are not easily aceessible, Some other accessories are bad. The ventilation
provided for the drains is very inadequate.

The water-closets, sinks, baths, and other sanitary appliances are on the
whole good, but there are many defective details which interfere with the
general efficiency. The most gerious defects are in connection with the Hospital
water-closets, the arrangements of which are specially bad.

Before leaving the question of drainage I had better refer to the River
Liffey, the consideration of which certainly ought not to be omitted in any
review of the sanitary condition of the Royal Barracks. This river is now
practically little else than the common sewer of the City of Dublin, and
although in cold and wet weather the nuizanee from it iz very much less than
might be expected, in hot or dry weather the smell is perfectly abominable.

Notwithstanding this, however, I am bound to say that the ineidence of
the fever at the Royal Barracks does not seem to point to any particular
influence of the Liffey. For instance, taking the year 1888, although there
were five cases of fever in E and F attics, behind Horse Square, there was only
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one case in Horse Square itself, which is nearer to the Liffey than these attics.
Again, in the serious outbreak of July and August of the present year, whgch
occurred when the Liffey was exceedingly offensive, although there were nine
cases in Palatine SBquare there were none at all in Horse Bquare, which is
similarly situated as regards the Liffey.

NATURE AND STRATIFICATION OF SCBSOIL.

This subject has been fully dealt with in my Interim Report, and the Totiogs mrs.
farther light that has been thrown on the matter by the series of borings [0 us0,
which have been subsequently made fully confirms the conclusions previously arived atin
arrived at. Raport.

None of the trial holes made in the first instance passed through the thick
bed of gravel under the barracks into the boulder ::Ia:i' which is known to under-
lie the gravel, but several of the recent boreholes did reach the boulder clay,

and showed that this lay from 16 to 30 feet below the surface.

The boreholes also show that the subsoil water is even at a greater depth l:-ur:hlm
below the surface than stated in the Interim Report, and that this subsoil water . water
does not lie in 2 continuous bed but is more or less in “ pot-holes,” so that in s even i
some places there is no subsoil water at all between the gravel and the clay. emge e

It will be seen also from Dr. Dupré’s analysis of the subsoil water (Appen- Interim
dix, page 28, Conclusion, No. 4), that this incidentally confirms the view that

the amount of natural subsoil water is only small.

CoxpiTios oF SURFACE AXD SUBSOIL AS REGARDS Ponnurios,

In order to form a reliable opinion as to the condition of the surface and Samples of
upper portion of the subsoil over the barrack area, samples of soil were taken {3 i
from a large number of lilaf:e:; all over the barracks so chosen as to give a fair numbor
representation of the whole area. Two samples were taken from each place,
one af 2 inches and other at two 2 feet below the surface, and the whole of
them, 44 in number, were analysed by Dr. Dupré, whose report will be found

in the Appendix, page 25.

From his report it will be seen that 5 only of the 22 samples of surface Dr. Dupri's
soil show any =igns of pollution. it atrl
The pollution of one of these samples i(ln} is easily explained as the serfaco soil.
sample was taken from a place at the back of A house, Royal Square, where
urine tubs are washed out. As regards two of the others (42 and 1.a) taken at
the south front of Royal Square, and back of north side of Palatine Square,
respectively, the pollution may be explained by the fact that the soldiers, when
they can do so without being observed, throw their slops out of window. The
pollution of the remaining two samples, one (8a) taken from outside the
serjeants’ billiard room, Horse Square, and the other (9a) from the centre of
Cavalry Square, was inexplicable, and fresh samples were therefore taken as
nearly as possible from the same spots and amnalysed. These fresh samples
were found to be unpolluted, showing that the pollution indicated in the first
set of samples can only have been of an extremely local character.

In the case of the samples of the subsocil from 2 feet below the surface, Dr. Dupré's

3 only out of the 20 analysed show any distinet indication of pollution. s aFit
The pollution of two of these samples, Dr, Dupré says, is probably due to sabsoil 2 ft.

uring. I have no doubt the pollution of the first sample (14) was due to “imit

orine, as it was taken where urine tubs are washed out, The pollution of the
second sample (116) I cannot so easi'y account for, as it was taken from the
centre of Royal Square. The pollution of the third sample (178), Dr. Dupré
says, is probably due to v HEILL].I;‘ matter, and this I can quite believe, as the
sample was taken from tllngsplﬂnndﬁ, which is all made-up ground.

- Dr. Dupré adds that in no ease, except perhaps in that of (la), is there
any indication that the purifying power of the soil has been overtaxed.
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Speaking generally, therefore, and leaving out of account the four samples
which gave contradictory results, it may be said that out of 48 samples
analysed, 6 only show signs of pollution, and in 5 out of these 6 cases the
pollution ean be accounted for by speeial circumstances. The conclusion is
inevitable that the surface and upper portion of the subsoil of the barrack area
i5 not polluted,

As previously stated, a number of analyses were also made of the subzoil
water by Dr. Dupré, and his report on them will be found in the Appendix,
page 28. The results obtained may be looked at in two different ways—

1. As regards pollution by sewage pointing to leakage from the
drains,

2. As regards influence on health,

1. As regards pollution by sewage, by far the greater number of the
samples show undoubted indieafions of sueh pollution. A few samples,
however, are of such a character as not to warrant a definite conclusion that
they are pollnted, some, indeed, being equal in freedom from pollution to many
drinking waters. The relative position of the polluted and unpolluted samples
is very remarkable. The polluted samples were almost all taken near the
drains, whereas the unpoliuted samples were taken at the north portion of the
barrack area near Arbour Hill, and included a sample of water from the land
drain which is supposed to drain Arbour Hill Burial Ground. Taking this in
conjunction with the fact that the barrack drains (as we have seen) were found
to be leaky, there seems little doubt that the pollution of the subsoil water
gomes from the drains on the Dbarrack area and not from any passage of
polluted water from Arbour Hill,

2, As regards influenee on health, T cannot do better than quote Dr. Dupré’s
precige words. He says: —“In most of the samples the sewage matters
have been oxidized, and as far as any possible foul emanations from the water
are concerned, rendered harmless.  In addition to thiz, the level of the snbsoil
water is in every case many feet below the surface of the ground. This leaves
a considerable layer of dry soil above the water, and in presence of so effective
a purifying agent, no fear of any foul emanations reaching the surface need be
entertained, even if the condition of the water were mueh worse than that
actually found.”

CrowDED ARRANGEMENT oF Brinpixes.

As stated in the historical summary in my Interim Report, there is a
remarkable concurrence of opinion that the buildings at the barracks are
crowded together, and that demolitions are required to give more light and air.
There is also a coneurrence of opinion that the Riding School and some other
struetures to the north of the barracks should be amongst the buildings to be
removed, but as to what the other demolitions should be there i=s a great
difference of opinion.

The various suggestions that have been made with reference to the
demolitions other than the Riding School, &e¢., may be divided into two classes—

1. Buggestions involving extensive demolitions.
2. Bugrestions involving only minor demolitions,

1. Among the suggestions involving extensive demolitions may be
mentioned that made in 1881 by Sir Thomas Steele, Commander of the Forces
in Ireland, who comsidered that the Cavalry Barracks should be removed
altogether. This suggestion, which was bronght forward again in 1886,
appears, however, to have been made mostly on aceount of the small space
allotted for the horses (only about half the regulation amount.) At the same

time it was proposed to reappropriate the space for infantry, so as to allow of
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 the removal of buildings elsewhere. 8ir Charles Camerou's Commission in

887, recommended that one entire side of three of the squares should be
) ifemghahed viz., the east side of Royal S8quare, the east side of Horse Square,
tmd the east side of Cavalry Square. Subsequently, His Royal Highness, the
 Commander-in-Chief, suggested that both sides of Royal Bquare should be
demolished.

I

2. The suggestions invelving only minor demolitions are too numerons Sugpestions
to be particularized, but it may be stated broadly that the pnnclple generally Dreirisg
lﬂnfptcd was to make comparatively small openings at various places through Ssaolitions:
the sides of the squares, and remove cook-houses and other nmnSl buildings in

VO the lanes. One of the latest proposels (that of Lieut-Colonel Elnckc} also

- included the removal of the buildings which formed blocks at the southern

T ends of the two central lanes, so as to admit a free eurrent of air right through
A the lanes. As this latter proposal was being carried out at the time of my |

investigation, I had better give some further particulars about it.

= The main fea'ﬁ‘um of the demolitions and alterations in progress are shown Demolitions
¥ on Plan (VL.). From this it will be seen that the greater portion of Royal “mm
AAR Square is to be reappropriated for ordnance stores, and that only the two progres,
- upper floors of the north side are to be used for soldiers’ barracks. It will
L alzgo be noticed that the south end of the lane between Cavalry Square and
e Y Square (A on plan) is to be roofed over so as to form a building for

.;Lm (VL)

£ stores, and Colonel Slacke informs me that if this is carried out he proposes
A to divert the main drain which now passes under that lane, and carry it clear
} of the block of buildings, With reference to this plan I must remark that
k notwithstanding the fact that the buildings are to be only used for stores, I
e think it is a mistake to close up the south end of the lane again after the
g i manifest improvement that has been effected by removing the block that
{ previously existed there, and thus admitting a free current of air through the
lane to the upper portion of the barracks.

I quite coneur in the gencral opinion that the buildings have been too Quesion of
/3 much crowded together, and that more light and air are required, but I cannot “m
= help feeling some doubts as to whether this crowding together has played such crowding
- an important part in the unhealthiness of the barracks as has been supposed. “ﬁjﬁ;‘jm

In order to see whether there was any foundation for my doubts, I have iundunﬂ-uf

R endeavoured to find whether I could trace any connection between the crow:lmg i ,

1 together of the buildings and the incidence of the cases of fever. 5

® On looking at Plan (IV.), which shows the locality of the cases of fever,

. this would at first sight appear decidedly to support the view that the buildings
B which bave the most light and air are the freest from fever, inasmuch as Horse

Square and the north-cast portion of Palatine Square have lad much fewer

cases than the other portions of the buildings which are more crowded

; together. If, however, we look more closely into the matter it bears a
¥ somewhat different complexion. The north side of Palatine Bquare is not

'y ga. cage in point, as it is a good deal hemmed in by the high ground,

i north of it, and the buildings thereon, which are amongst those prnpused to he
{ demolished. Again, several portions of the barracks which are as openly

situated as Horse Square, have had a great number of cases, for instance B and
F attics, north of Horse Bquare, B' and C houses, Royal Equare, and N! house,
Palatine Square.

In order to test the question in another way I have taken separate houses
and separate floors, distinguishing those which are sheltered from those which
are not sheltered, and have calculated the percentage of eases to population
in each, using for this purpose the three years 1286, 1887, and 1888, during
which the precise room where each ecase oceurred is known, which it is not

- for the earlier years. The upshot of this is that if separate floors, separate
- houses, or even groups of honses are compared, the results are so 1rreg'u|ﬂ;r as
to be worthless. ismnn the other hand, all or nearly all the houses are
~included, the resnlts become more regular, ‘and the percentage of cases in the
~ unsheltered houses is slightly less than that in the sheltered ones.
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The general conclusion I have arrived at, after looking at the question
from a number of poiuts of view, is that the demolitions shown on Plan (VL),
which are now being carried out, were certainly required, but that whether
further demolitions are necessary depends chiefly on other eonsiderations than
the crowding together of the buildings. These other considerations I shall
refer to under the next head, viz., Structure of Buildings.

Structure oF Buimpixes, ivcrupixe Coxpition oF FLoors Axp Sraces
Unperxearn Toem.

The whole of the buildings of the Royal Barracks are constructed of local
stone, partly limestone and partly granite ; this latter, however, has only been
used for facing some of the buildings, the body of the walls being limestone.

When I first visited the barracks T noticed that many of the walls were
very much bulged and tied together with iron tie-rods. {auhstqnnuﬂy had
reason to think that the objectionable stone locally known as “ calp ™ stone was
used to a comsiderable extent in the walls, This stone, as T have explained in
my Report on the Richmond Barracks, closely resembles the hard limestone,
but is really a shale, which when first quarried is hard, but when exposed to the
action of the atmosphere quickly crumbles, and the excessive use of this “ calp™
stone is one reason why some of the older houses in Dublin are in a rotten
and unhealthy condition, Under these cireumstances, I determined to make
a thorough examination of the structure of the walls.

As already stated, certain demolitions were being effected while T was at
the Royal Barracks, and this gave me an excellent opportunity of examining
certain portions of the walls, TIn addition to this I had a number of holes of
consideérable size cut in the walls in various parts of the barracks, so as to be
able thoroughly to examine the interior of the walls. The examination thus
madle showed that there was considerable difference in the condition of the
walls in various parts of the barracks,

In Cavalry Square and Horse Square the walls are good samples of masonry
walls, being well built and solid. In Palatine Square the east side appears to
be also fairly well built, but the morth-west il-'llg south sides are not so well
built, the centre of the walls being chiefly filled in with small stones without
mortar. In Royal Square the walls are worse still; indeed, in such a defective
condition that it is not te e wondered at that they are bulzed, and that it has
been found necessary to tie them with iron rods,  All that appears to have been
done when these walls were constructed was to build an outer and inner face
without any bond betwéen the two, leaving the centre to be filled up with broken
stone loosely thrown in, much of this stone being “ calp.” The result is that
the centre of the wall is full of holes, some of which are large enough to
admit of one’s arm being thrust completely into them. These holes, moreover,
abound in cobwebs and dust, with here and there traces of mouse nests, and
even a rat's nest was found in the centre of a wall.

1In connection with what has been stated as to the wallg, it is worth calling
attention to the fact that those buildings, which are in the worst condition, are
the oldest portion of the barracks, and that the east side of Palatine Square
and Horse Square, which are in good condition, were, as will been seen from my
Interim Report, not constructed till more than 50 and 100 years, respectively,
later than the older portion.

The foundations of the buildings, as far as could be seen, were good,
except in one particular, viz,, that there is no damp-proof course. Notwith-
standing this omission, however, T did not notice any signs of damp in the
walls, except in the ground floor of F house, Palatine Square.

1 made a special examination of the floors in all the barrack rooms. On the
ground floor the surface of the ground beneath the floor boards is not generally
covered with concrete, but merely has a thin layer of lime mortar, and in one
cage hardly anything at all except dust. In the Officers’ quarters, on the other
hand, there appears to be a layer of good concrete over the ground. The
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;gdhm a great number of the barrack rooms are much worn and patched, Boards.
~ and the interstices are filled in with dirt. One of the worst floors I saw was

~ that in E Cavalry attic, nurth of Horse Square, where a number of ecases of

- fever had occurred. Tere the floor was double, the tlﬁ;nnards Were Worn very
thin, and there was a layer of dirt between them and the lower boards.

It was also noticed that the floors, especially during the winter months, Dampses of
were often very wet for many hours at a time, sometimes all through the night, e
This 1 found to be the result of the way in which the floors are wa:ﬁ . In one
case, where I myself saw the washing going on, so much water was used that
3 the floor was entirely flooded, and the water was pushed about from place to
¥ place, and even ran down the stairs,

In this connection I may mention that I also noticed thaf on the landing smell on

Y outside some of the barrack rooms, where the urine tubs are placed at night, iniing whers
" there was an unpleasant smell, which the washing appeared not to remove. placed at
i My first idea was that it came from urine having got in between the joints of meh

the stone flagring, and I had some of the stones taken up to examine them.

t 1 found, however, that the floor was not saturated, bat the smell came from the

R, walls in the particular corners where the tubs are placed, and the explanation

= appears to be that the tubs are rather low, and that the men when using them

Sk 3 carelessly foul the walls.

w3 The boards were taken up in a larze number of rooms on the upper floors Condition of
N to examine the condition of the joisis and the spaces between them. In a few :E}:‘ﬂ"““d
hs cases dry rot was found in the short joists near the fire-places of the rooms in between them
b, Royal Square, but with these exceptions the joists were everywhere in good o umer
condition. It should also be mentioned that except the floors and joists there floors.
is very little woodwork in the barrack rooms, the skirtings being of iron. The
ces underneath the boards had in almost all eases a quantity of dust in them,
which is not to be wondered at where the boards are neither tongued or
filletted ; but the accumulation appeared to be nearly as large where they
were fongued or filletted, so that it would appear that the ordinary method of
jeinting floor boards is not sufficiently secure for a barrack room.

#
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1 X I have had a large number of samples of dust taken from the floors and Teste of
i walls, and had most of them anul_r&cs:l by Dr. Dupré, and tested bacteriologically ot m:'m
& by Dr. Klein. In addition to this, for the purposes of comparison, samples of Hoors and
. dust were taken and tested from beneath the floors of two houses in Ship Street ™™
a Barracks, viz., IT and I houses, which are of much more recent construetion than
. any in the Royal Barracks, having been rebuilt in 1854, A further comparison
was afforded by the tests which had been carried out on the dust from beneath
the floors of the Richmond Barracks. The reports on the samples of dust are
given in the Appendix, pages 30 and 36.

o
e

] From these reports it will be seen that the chemical examination of the Chemiest
1 dust taken from beneath the floors does not lead to any decided conelusion, beyond ;‘;?;":‘"
k- showing that most of the samples countain a very considerable proportion of dua from
! ic matter, indicating that the dust is chiefly produced inside the building j™e* e
not blown in through the windows., There is also some evidenee to show
A that the dust in the Royal Barracks containg more organic matter than that in
o either the Richmond or the Ship Street Barracks. |

The bacteriological examinations on the other hand lead to some remark- Bacterio-
able resnlts. The first thing that strikes one is the emormous number e
- microbes that exist in the dust, This will be better realized by looking at the Moty of
~ matter in a popular way. Dr, Klein gives the results in microbes per oAl
- milligramme. Now, roughly speaking, there are about 28,000 milligrammes in
~an ounce. Applying this mnrt?;lier to Dr. Klein’s results we find that in the
B case of the samples which had the least number of microbes, an ounee of dust
- contained more than & million microbes, and that in many samples the
- number of microbes in an ounce of dust was reckoned by thousands of
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The next noliceable point is that there are decidedly more microbes in the
dust from beneath the floors of the Royal Barracks than in that from the Ship
Street or Richmond Barracks, which are of more modern date. Averaging the
whole of the figures the results are as follows :—

Microbos in a

milligramme,
Royal Barracks , . I 5 .s 310,077
Ship Street Barracks ., 5 .. ~ B7,250

Richmond Barracks .. o L 4,825

On locking at the details in the Appendix, bowever, it may be considered
that this is hardly a fair comparison, as one sample (No. IIL) in the Royal
Barracks contains such an exceptionally large number of microbes as abnormally
to affect the avernge for those barracks. Against this view it should be
remarked that there have been included in the case of the other barracks figures
which are relatively as high as those for sample No. IIL in the Royal Barracks;

at the same time, in order to avoid any undue influence of these abnormal

figures, I have excluded the highest fizure in each of the three barracks, and
bave recalculated the averages, which are then as follows:—

Microbes in a
milligramma.
Royal Barracks .. s - - ﬁl::f'ﬁﬁ
Bhip Street Barracks . 7 we 20,600

Richmond Barracks Fia [t sk G335

Showing that the average number of microbes at the Royal Barracks when
calculated even in this way is still the highest.

Again, if instead of comparing the av numbers we compare the
maximum and the minimum in cach case we shall find that this leads to the
same conclusion, inasmuch as the maximum at the Royal Barracks is much
above the maximum at the Bhip Btreet Barracks and Richmond Barracks, and
the minimum at the Royal Barracks is much above the minimum at the Ship
Street Barracks and Richmond Barracks.

The fact of there being so many more microbes at the Royal Barracks
than at either the Ship Street or Richmond Barracks is certainly a remarkable
one, but its importance must not be overcstimated, inasmuch as according to
modern seientific researches it i= only the specific or [mthngen'm rms which
produce a specific fever, and it does not follow that beeause there are an
enormous number of micro-organisms present the pathogenie germs exist among
them.

Moreover, Dr. Klein has not been able to find any pathogenic germs.
At the same time, looking at the matter from a common sense point of view,
and considering, as Dr. Klein puts it, that it would require an extremely lueky
chance to come across” the pathogenic germs among the very small proportion
of the whole number of microbes which he was able to study, it would certainly
seem that the excess in the number of microbes at the Royal Barracks is
suggestive,

The dust which was taken from the centre of the walls gives even more
remarkable results than that taken from below the floors. Two sets of samples
were taken from the walls of I house, Royal SBquare, one set from room No, 3,
on the first floor, where there have been several cases of fever, and the other
from the room immediately over this, viz., No. 5 on the second floor, where
there have never been any cases of fever. The first set of samples had 64,000
microbes per milligramme, the second set only 900. Dr, Klein's remark about
this is that the facts are highly suggestive, but to earry the investigation
further would require special search for the typhoid i:mius, for which it »

be necessary to examine the whole of the suspected sample of dust by plate
cultivation, an examination which would take several weeks if not months to

carry out,
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It will be easily understood that the microbes in the dust underneath the iir communi-
floors might gain access to the inhabitants of the rooms, but it is not at first {752

.t o belween
sight clear how the microbes in the centre of the walls could do so. This is, i
however, perfectly possible, as the following explanation will show. In the :';:::"d

first place, the walls in a large number of the buildings are, as alrﬂadi)- stated,
go hollow that they permit the passage of air up through them as shown by

: the cobwebs in them. In the next place, the joists frequently fit loosely into
ilmn the walls, so as to leave air communication with the interior of the walls,
r’ That this was the case was proved experimentally, as smoke generated in the

centre of the walls came out into the rooms at the joist ends. Lastly, there
are additional air communications afforded by defects in the ventilating flues,
as will be explained under the next heading.

The above considerations would certainly seem lo snggest that the dust in Rawiibiity,of
the defective walls may have had something to do with the unhealthiness of Stotivs walls
the barracks. This view is, moreover, apparently supported by the fact that S
Horse Square, which has been remarkably free from fever throughout has good .1[',: h:.:’h
sound walls, whereas Royal Bquare and the west side of Palatine Square, which
have suffered most from fever, have very defective walls. [t is also a remark-
able fact that the serious outbreak of fever which has oceurred during July and
Angust of the present year was confined almost entirely to the houses nearest

to the recent demolitions, from which clouds of dust were blown about.

Cunic Brace AND VENPILATION oF BuiLbiscs.

In order to ascertain whether there was any overcrowding of the barrack cubic  spacs
rooms, I have taken 600 cubic feet as the normal space which ought fo be perbead
allowed per head (being the igure given in the Official Synopsis of the proposed
normal sizes for barracks), and have had the rooms measured, the number of
occupants noted, and the figures tabulated, to see whether this amount of space
was given. The result is that in Horse Square and Royal Square the normal
amount appears generally to be given, but that in Palatine Square the cubic
space per man falls rather short of this in a number of rooms,

The ventilation of the rooms 18 effected h:,r inlets and outlets arnmged Mods ol
according to the directions given in the Official Bynopsis. The inlet ventilators restilation.
congsist partly of openings through the walls, provided with “louvres” or “hoppers”
on the inside to give the incoming air an upward direction, and partly of
Galton ventilating grates. The outlets consist of wooden shafts carried up
from the ceilings of the rooms to above the roofs.

My first idea was that the measurements of the ventilating openings inside Method
the rooms would enable an opinion to be formed as to whether the right ﬂ:ﬂh&";
amount of ventilation had been provided, but on proceeding to examine the tho rel
details it was found these openings were often misleading, as there were ™™o
constrictions of different kinds in connection with them. These constrictions provided
therefore had to be taken into account in every case before the real amount of
ventilation could be ascertained. For this purpose, it was necessary to examine
the details of every ventilating opening, and measure the gratings both inside
and outside, the flues, diaphragms, &e. The figures were then tabulated, and

the superficial area of inlets and outlets per occupant caleulated.

The result of this was to show that the actual amount of ventilation Res.
provided was very different from what at first it appeared to be. The outlet
ventilators generally afforded very nearly the amount of superficial arca given
in the Official Bynopsis, viz.,, 10 square inches per head, but the inlet ventila-
tors were almost everywhere below the standard, and generally very much
below, being in many cases less than half the sta.ndanf Thiz was due to
VArious causes.

A The principal cause was that the Galton ventilating grates, which, Cumes of iho
» according to the Synopsis, ought to supply 50 per cent. of the total amount of dfcieacy of
X the fresh air required gave, in the majority of cases, only about 3 per cent. in tin.

(532) E
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consequence of there being no proper inlet into the room for the warmed fresh
air, but merely a few small holes drilled in the iron frame of the grate. The.
enormous extent to which the inlet is constricted by this arrangement will be
understood when it is stated that the area of the fresh air duet is generally
108 square inches, and the inlet in the room ought to be larger than this,
whereas the total area of the small holes is only about 2} square inches.
Moreover, in some ecases where per inlets for warmed fresh air from the
GGalton grates are provided, the air duets, instead of being 108 square inches in
arca, are very much less, indeed, in two cases they consisted of 4-inch rain-
water pipes, giving an area of only 12 inches instead of 108 square inches.

Another cause of the deficiency in the inlet ventilation is that all the
“hopper " ventilators have diaphragms within them (out of sight), which greatly
reduce the apparent amount of inlet. In addition to this a large number of
the ventilators have gratings on the outside, which also much restrict the air
gpace of the openings.

I should explain that as a matter of fact the deficiency in the inlet ventila-
tion is often considerably greater than what I lave stated, inasmuch as many
of the gratings are choked with dirt, which has not been taken into aecount in
the caleulation.

g In order fully to appreciate the extent to which the inlet ventilation is
taken low, so defective, it should be borne in mind that the figures given in the Official
thatdelicioscy Synopsis are based on the recommendation of the Barrack and Hospital Com-
ikl mission, 1861, and that recent investigations have shown that a Im-ge: amount
of ventilation is advantageons. Professor de Chaumont gives 24 square inches
per head instead of 10 square inches. Under these circumstances any arrange-
ments which reduce the superficial area below 10 square inches per head are

evidently inadmissible.

e During the examination of the details of the ventilating openings, a
ventiation 1ot CiFeumstance was diseavered which may possibly have an important bearing in
“rendered.”  yiew of what has previously been stated about the defective condition of the
interior of many of the walls in the barracks. It was found that in & number
of cases the hnﬁus through the walls for the inlet ventilators had only been
roughly cut and not “rendered " with plaster or cement. Consequently there was
air communication between the inside of the walls and the rooms through the

ventilating openings.

Warer SBuprry.

In an enquiry like the present, one of the subjects which claims perhaps a
greater amount of attention than any other is the water supply. In the
present case the water is laid on from the public supply to the &it-y of Dublin,
and as this supply is well known to be of good quality, it would at first sight
appear very improbable that it should in any way be the cause of the unhealthi-
ness of the barracks.

It will have been seen, however, from the historical statement given in my
Interim Report, that the water supply has every now and then been under
suspicion, and that numerous analyses have heen made of samples of the water
taken from the Royal Barracks, and also speeial investigations made to ascertain
whether there were any defeets in the water-pipes which would aceount for local
contamination. No such defeets were, however, discovered.,

Good opinion 8ir Charles Cameron’s Commission stated in their report that the water

Sl 1o “T;'I_: “is taken from taps attached to the main pipes and not from cisterns, which

Sir Charls” might possibly be contaminated with organie matter from the atmosphere, and

Gumerens  we are satisfied that the water used in the barracks is a perfectly safe one for
all possible purposes.”
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Several analyses which were made of the water by Dr. Dupré also showed Dr. Dupefs
that the water a.upl;ly to the barracks was as pure as that of the town, and that Jge it 1
this latter was slightly peaty, but gave, as a rule, no indications of pollution by b geed.

sewage.

Notwithstanding such favourable reports from so eminently qualified Occasional
authorities, I could not exclude from my mind the possibility of occasional i
loeal contamination. 1t is well known that two fruitful sources of loeal con- suspected
tamination are the direet connection of the water-mains to a water-closet or
urinal, and the existence of leaky water-mains laid near leaky drains or other
sources of contamination, in which case, if the mains are emptied for repairs
or any other purpose, a partial vacuum may be created in them, which will suck
polluted matter into the pipes. One of the first ohjects which attracted my
attention when I visited the barracks, was a number of men repairing a fractured
water-main in the barrack area. This led me to make enquiries, and I then
learned that leakages were not of infrequent oceurrence, and that the water

was then turned off and the pipes emptied for the necessary repairs,

Moreover, on tabulating and carefully comparing the numerous analyses Remarkable
which have been made at different times by the Army Medical Department, S0
I noticed certain remarkable discrepancies which did not appear to have been analyses made
satisfactorily explained, nor indeed to have liad any special attention drawn to 3 i ™

odical

them at the time, Thopartenasit,

Under these circumstances, and looking at the extreme gravity of the stinae
question, I have felt bound to go more minutely into the matter than might mmmtion
perhaps at first sight seem warranted by the oceasion, :

The street main from which the branch along the Arbour Hill Road to the Courseof the
Royal Barracks draws its supply, comes directly from one of the arterial mains ::::;“FPHP
of the city, and, consequently, the water delivered at the Royal Barracks ought blwlg-lj-h
to be exceptionally pure and free from risk of local contamination in the city, " L
The branch main along the Arbour Hill Road besides supplying the Royal
Barracks proper, supplies also the schools, the military prison, the married
soldiers’ quarters and the Hospital, &e¢., in Arbour Hill, as will be seen by
referring to Plan (VIL.) appended hereto. There are three subsidiary mains,
one to the Royal Barracks, one to the military prison, and one to the Arbour
Hill premises, and each of these mains is fitted with a Siemens' water-meter.

The supply to the schools is taken off the Royal Barracks system,

The first proceeding was to ascertain whether by chance there was any Sanitary
direct connection which had been overlooked between a water-closet or urinal 2Pplisests
and the water-main, and for this purpose, when the sanitary appliances were see if any
examined, special note was taken of the precise method in which the water drsteo=
supply was laid on to each individual water-closet and urinal. It was then the mains
found that all the water-closets and almost all the urinals were supplied from argta
cisterns, but that two urinals were supplied directly from the main. Here,
therefore, is a possible source of pollution, which ought on no account to be
allowed to remain.

The next proceeding was to ascertain whether any leakages existed in the womod of
water-mains ; the diffisulty, however, was how to test them, zo as to obiain testiog the
really reliable results. s d b

At the outset my idea was that, by dividing up the water-mains into scetions, mhether lek-
it might be possible to test them by means of a foree pump and pressure gange, = —
but this method of testing had to be abandoned, as, after a few trials, it was
found to be impracticable while the barracks were occupied. It was then Descon's
determined to resort to the systemi of water waste detection by means of the e wte-
Deacon waste water-meter, which has been so successfully adopted in vavious ™
towns. [ therefore obtained the permission of the Commanding Royal
Engineer to have a Deacon meter fixed on the water-main where it enters the
barracks, without disturbine the Siemens' meter which was left to record the
total quantity of water used as hitherto.
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The Deacon meter is a self-recording one, and differs from ordinary meters
in not registering the total quantity of water consumed, but the rate at which
the water passes at any given time. Moreover, it is so sensilive in its action
that very small changes in the rate of the passage of the water are recorded, so
that when a test is being made any irregularities in the flow, such as those due
to the opening or closing of taps, are at once detected.

Deaseription of The system on which the tests were made was as follows :—The operations

poste ;‘;M were carried out at night when the consumption of water was at its lowest, and

theiests.  ought to have been almost nothing if there had been no leakage or waste. A
certain section of the mains was selected fo be tested, and the sluice cocks
on the mains supplying the remainder of the barracks were shut down. A
special inspection was then made of all the fittings in connection with the
section under test to see if any taps had been left running, and, if so, they
were closed, the elosing of each tap being clearly recorded on the meter
diagram. Things were then left in this condition for a while, and any flow of
water recorded on the meter diagram during this period was clearly due to
leaky taps or leaky mains. If leaky taps were found these were repaired the
following day, and the test was subsequently repeated ; and if in the second test
water still passed it indicated leakage in the main.  SBimilar tests were carried
out on each section throughout the barracks.

In the case of the Arbour Hill premises and the military prison the systems
of water-pipes are so much less extensive that the testing of them was a much
simpler matter, and was effected without a self-recording meter by reading the
Siemens' meter at frequent intervals. The procedure in other respeets was
similar to that adopted at the Royal Barracks.

First results The first result of the various tests was to show that a very large amount

HI:‘;:“ ' of preventable waste was taking place at night in every conceivable way. The

wnste. antomatie flushing tank attached to the trough closets discharged every few
minutes. Many of the other water-closets also continued to discharge of their
own accord through the siphoning of the flushing cisterns attached to them.
The urinals were left continually running all night.  The supply taps to horse
troughs were left running, bath taps, Ewatnry taps, and sink taps, were left
running.

J"L%Ecr these various sources of visible waste were eliminated, it was found
that there was still a considerable waste of waler in a number of sections which
could not be accounted for, except on the assumption that leakages existed in
the mains. In order to trace these leakages out the suspected mains were then
laid bare at various places, and in all cases but one the suspected leakages were
digeovered.

Leskagefound The first leak dizscovered was on a lead main in the Soldiers’ Burial Ground,
mmainin g the north-east of the Garrison Chapel, at a point marked A on Plan (VIL).

burisl greusd. 1o Jend main had burst and a large quantity of water was escaping, but there
was no sign of this on the surface as the whole of the water ran down into the
ground.

This leak Asgoon as this leakage was discovered, I suspected that it might account

partly s i a great measure for the water running from the land drains of the burial
the flow frem ground, which are connected with the deep subsoil drain from the south side
theland drafe of the Arbour Hill (KK on Plan (IL}) of my Interim Report). 1 therefore
ground. auged the flow of water from the burial ground drain for several days, and
ﬁ;um] that the flow rapidly diminished after the leakage was repaired. It will
be remembered that Dr. Dupré stated with reference to his analyses of this
water that there were no indications that it came from a burial ground. Putt.ing
these two facts together, I think there can be little doubt that the suppose
subsoil water really consisted, to a great extent, of the water which leaked

from the water-main.

Twu Leak The next two leaks discovered were in the iron water-main, on the east side.

jf,ﬂ';,',i‘; wm of Arbour Hill Hospital, at points B and C on Plan (VIL.). Here two splits
Hoapital.

- .-'.It.d lw H"’i
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in the pipes were found from 11 feet to 2 feet long, from which a large quantity
~of water was eseaping with great force. The water-pipe, moreover, was laid
'I‘“’E side, and almost touching the main drain which conveys exereta from the
Hospital, and the water escaped so strongly that it had driven the surrounding
erit against the drain-pipe with sufficient force to wear indentations in the stone-
ware pipe. One of these indentations was a very remarkable one, and had
penetrated through the whole substance of the pipe with the exception of the
interior glaze. being touched with the finger the glaze at once gave way,
thus completing the hole through the pipe.

The fourth leakage was also on the east side of the Hospital, at a poing Another lak
marked D. This le took place from a lead branch off the main close to [t
a catchpit, into which slops from the Hospital are emptied. The sides of the

catehpits were defective and allowed sewage to pollute the ground round the
pipe.

The fifth lea’knﬁ:; was in the lane between Royal and Palatine Bquares Leaksge in
where a small lead branch joined the main, at the point B on plan. [ am [ <=
doubtful whether there is not another leakage in conneetion with this main, Pl

but time did not permit of my carrying the search any further, especially as P
there were difficulties in baring the pipe on account of its being laid under-

ncath a well-finished concrete paving.

ablne

The sixth case is only one of suspected leakage, and was on the system of Suspected leak
mains supplying the military prison ; but although considerable search had been 17 2o =i
made, this suspected leak has not yet been discovered. There is an element wry prison.
of uncertainty about the matter, on account of the Siemens’ meter being
suspected of being out of order, but there must certainly either be a leakage
of some kind or the meter must be a most erratic one.

During the search for the leak at the prison, a discovery was made of 2 Branch main
condition of things which, had it not been found, might have led to very [ throush
serious pollution of the water supply. A branch lead water-main was most urinal.
improperly carried through the trap in the floor of a urinal, and the urine had
so corroded the pipe that it was almost eaten through. Tt was evident that it
was only a question of time how soon the pipe would have heen completely
perforated, and when this oceurred, an insuction of urine would certainly have
taken place when the main was emptied. Moreover, the leak would not have
been discovered, as the water would simply have escaped into the trap and
thence into the drain.

All the leakages which were found have now been repaired, but from what Summary of
was discovered it 15 quite elear that the conditions necessary for loeal contami- jﬁ';f;““d"ff:h
nation of the water su]iplf have been in existence at the Royal Barracks and might canse
Arbour Hill. Independently of the urinals in direct connection with the water- "M
mains many leaks have been discovered in the water-mains, and some of these
leakages were close to the Hospital drains, which would often be conveying
infectious matter. In one ease the leaky pipe was actually surrounded with
pollution, and in two other cases it was only a question of time as to a direct

connection being established between a drain and a water-main.

The matter was, however, earried further than this, and it was proved by xperimentst
direct experiment that insnetion did take place into the water-mains sufficient proof of in-
to affect the quality of the water. In the case of two of the leakages at the :uﬁinl::m:ul.l?.ng
Hospital, samples of water were taken from an adjacent tap before disturbing pellution.
the water-main. The water-main was then emptied when insuetion was heard to
take place at the leak. The water was then turned on again and another
sample taken from the same tap, These samples were subsequently very care-
fully analysed by Dr. Dupré (the analyses being repeated in each case) and the
results showed that the water drawn from the tap after the main had been re-
charged was distinetly, though but slightly, pelluted {see Dr. Dupré’s Report,

Appendix, page 33).

F




Water supply In considering the possible effect of leaky water-mains on the.contamina-
ot b " tion of the water supply to the Royal Barracks, it might at first sight appear
R that as all the worst lcaingcs discovered were outside the Royal Barracks’ arca,
I insuction through them, though it might affect the supply to Arbour Hill, could
not have affected the sopply to the Royal Barracks proper. I do not think,
however, this conclusion would be warranted, as, if polluting matter once enters
water-mains it is almost impossible to say where it will or will not be carried.
Independently of this, however, leaks are known to have existed at previous
times in the Royal Barracks’ area itself, and it is therefore perfeetly possible
that insuction may have taken place through them in the same way it has been
proved to take place through t;m leaks in Arbour Hill. [ therefore fully concur
in Dr. Dupré’s final conclusion that it would be unsafe to exclude the water

supply as a possible source of infection,

Lienksges nesr Before leaving the question of the leakage in the waler-mains, I

drbour Hill ' had better mention that the leaks near the Arbour Hill Hospital have evidently

narebeen  been going on for a long time, as shown by two circnmstances In the first

ﬂ?ﬁf’ place it must have taken a considerable time for the water to wear the remark-
able indentation in the stoneware drain-pipe which I have before referred to.
In the next place, the records of the meters show an abnormally high con-
sumption for a long time past. The average consumption of water from the
Arbour Hill main for the two months previous to the diseovery of the leakage
was about 32,000 gallons a-day. After the leakage had been discovered and
remedied the consumption was reduced to about 19,000 gallons a-day. On
referring to the table given below as to the consumption of water during the
last 10 years, it will be seen that it varied from 30,000 to 64,000 gallons a-day,
and that a great rise took place about the year 1883, Comparing these fizures
with the present consumption of 19,000 gallons a-day it is pretty clear that the
leakage has been going on since 1885, and possibly since 1879,

Comsumplion The following is the table above referred to, giving the consumption of
womer st water during the last 10 years, with reference to which it should be mentioned
mcﬁ'], Arsour that the yearly amounts include sometimes a day or so more or less than the
Hill, and mili- true year.

;;;: o lask 10
T Consumption of Wafer.
Foral Barmoki. Arbaur Hill. Military Prissn.
Toar. S oo
Comsnmption  |Consumplion| Consumption |Comsumption| Consumption |(Consumption
peT yoar. per day. per yeor, per day. per year, per day
1878 .. & 41 AG1,000 113,601 11,001 000 30,356 35T 000 115
1850 .. T 34,747 000 04,678 11,256,000 31,087 1,570,000 4528
1681 ... .| 27505000 103,638 12,518,000 25,021 1,424,000 8,800
1892 . e 37676000 103,226 16,133,000 s 1,625,000 4,451
1688 .. .. 42412000 115,518 18,526,000 51,904 1,968 000 5,400
1684 .. .. 41,811,000 113,921 20,782,000 B6,G26 2,579,000 706
1888 ., - 40,651 00 111,008 23,502,000 64,000 1,195,000 3,305
1886 .. .| 26808000 69,763 21,732,000 5215 1,978,000 5,350
1887 .. = 2,650,000 62,225 18,381,000 50,360 LA73,000 5,145
1688 .. =) 27,585 000 74,530 16,1074, 000 44,038 1,812,000 5,238
Totals .. 353,105,000 & 158,525,000 = 11,552,000 W
Averages .. o 96,338 s ©oA804T

i .
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 unadulterated.

I we count horses, as men, the following may be taken as the approximate
~ population and average consumption per head for the 10 years:—

Population. Gallons per head
per day.
Boyal Barracks .. e - e - 1,200 50
Arbour Hill (including patients in hospital) .. 360 128
Hilimrﬂimﬂ aw e e s a8 L6 a3

The eonsumption in every ease is very high, and that at Arbour Hill Large amount
- enormous. Now that the leakages have been remedied the consumption at af pewntatie

Arbour Hill has been reduced to about 50 gallons per day per head ; but this
is much higher than it should be, which is accounted for by the fact that a
large amount of preventable waste is taking place here in the same way as at
the Royal Barracks, as already explained.

From experiments I have made with the Deacon meter, itds clear that the
consumption at the Royal Barracks ean, with a little care to prevent gross waste,
easily be reduced to 25 gallons per head per diem, and might with sufficient
care be reduced considerably lower. Taking 25 gallons per head per diem at
all three places, it appears that during the last 10 years considerably more than
half the water consumed has been leakage or preventable waste, and that the

unnecessary expenditure on this account (at Gd. per 1,000 gallons, the price Money value.

paid) has amounted to nearly 8,000,

Irrespectively, however, of the unnecessary waste of money it causes, Waste of
there are serious objections to a waste of water from a sanitary point of view. Jioy,
In the first place, it has a tendency to keep the subsoil round the buildings froms
damp, and in the next place, where gross waste is the rule, it is almost impossible 2y P4

to detect any leakages in the water-mains, as any increase in the recorded
consumption of water is merely attributed to waste. There could not be a
better example of this than the long time that the leakages at Arbour Hill
have remained undetected, as if attention had been paid to redoce the con-
sumption of water there within any reasonable limits it must have been found
out that something was wrong, It is often thought that waste is a good thing,
as it assists in flushing the ins ; but this is a mistake, as a constant flow of
this kind is practically useless for flushing, as explained in my report on the
Richmond Barracks.

Mok Sceriy.

; The possible influence of a milk supply on an outbreak of enterie fever so
essentially involves medical considerations, that I cannot 'f'n into the question
beyond giving two or three general facts in connection with the milk supply at
the Royal Barracks.

In the report of Bir Charles Cameron's Commission it is stated that the
milk supply at the Royal Barracks was found to be largely adulterated with
water, the amount of added water varying from 13 to 56 per cent. Since that
time a very considerable improvement appears to have taken place, as
I had the milk tested on several occasions, and found it to be practically




-

The following seems to bear on the question of whether there is any con-
nection between the milk supply and the ineidence of fever. '

The 5th Drageon Guards and the Royal Lancaster Regiment, so far as non-
commissioned officers and men are concerned, were supplied with milk by the
same purveyor, and the incidence of fever amongst them was as follows :

5th Dragoon | Roal

Guoarda, Laneaster.
From 14th July to 815t December 1888 .. £ ]
From 1st Janoary to 16th August 1880 ., 0 17

SUMMARY OF RESULTS OF INVESTIGATION.

On the whole, the system of drainage is well designed and the drains, as
far ns appearances go, well laid, some serious defects were however found, and
when the water test was applied all the drains that were tested were found to
be leaky, some of them extremely so, especially at the Arbour Hill Hospital.
The ventilation is very inadequate and other accessories defective.

The sanitary appliances are on the whole good, but there are many

wpplianees. Jefective details which interfere with the general efficiency, the most serious

defects being in connection with the Hospital,

The Liffey is practically the common sewer of Dublin, and the smell from
it sometimes is abominable, but it seems to be very doubtful whether any clear
connection can be traced between this and the unhealthiness of the barracks.

The sile of the barracks is remarkably dry and affords a good foundation
for the buildings. "The subsoil water is comparatively small in amount and lies |
at a great depth below the surface.

The analyses of a larze number of samples of the surface and upper
porlion of the subsoil of the barrack area, show that these are practically not

polluted.

The subsoil water, on the other hand, is polluted probably from the leaky
drains in the barrack area. Dr. Dupré states however that the sewage matters
have generally been oxidized and rendered harmless as far as any possible |
emanations from the water are concerned, in addition to which the considerahle
depth of dry soil above the water is so effective a purifying azent that no fear
of any foul emanations reaching the surface need be enterfained, even if the
condition of the water were much worse than actually found.

The buildings are too mueh crowded together, and more light and air are
necessary. The demolitions shown on Plan (VL) which are now beine
carried out, were certainly required, but whether further demolitions are needful
depends on other considerations than the crowding together of the buildings.

The structure of the walls differs considerably in different parts of the
barracks. In Cavalry Square and Horse Square the walls are well built and
solid. In a portion of Palatine Square and in Royal SBquare ﬂm'{] are hadl
built, especially in the latter, where the centre of the wall is full of holes whie
abound in dust.

There is no damp proof eourse, but no signs of damp were noticed in the
walls except in one case. The surface of the ground beneath the barrack
rooms is not generally covered with conerete, but that in the Officers’ quarters:

appears to be so.

b e AN e il e o
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nst in them.

The chemical examinations show that this dust eontains a considerable Dust from

amount of organic matter, and the bacteriological examinations show that it
contains an immense number of microbes, ¢ dust from beneath the floors
of the Royal Barracks contains considerably more microbes than either that
from the newer houses in the Ship Street Barracks or that from the Richmond
Barracks.

The dust taken from the centre of the wall of a room in Royal Bquare, Loie

where there have been several cases of fever, contained 70 fimes as many
microbes as that from the centre of the wall of the room immediately over it,
where there have never been any cases of fever.

There are air passages through which the dust in the cenire of the
defective walls counld pass to the barrack rooms.

The above facts seem to suggest that the dust may have something to do
with the unhealthiness of the barracks, and certain coincidences between the
condition of the buildings and incidence of fever appears to support this view.

The ventilation of the barrack rooma is almost everywhere deficient. The Ventilation.

outlet ventilation is generally equal to the preseribed amount, but the inlet ven-
tilation is much below it, owing to the improper construction of the ventilators,
especially of the Galton ventilating grates,

The water supply is V.
City of Dublin, which is known to be generally good, and special analyses of
the water actually supplied to the Royal Barracks confirm this view.

Certain circumstances, however, led me to suspeet that occasional local
contamination of the water might have taken place, and, consequently, to
undertake a very close examination and systematic testing of the water-
mains. The result was the discovery of several leakages in the mains,

Three of these leakages were situated eclose to the Arbour Hill Hospital
drain, and had, probably, been going on for several years. It was proved by
actual experiment that insuetion took Illll}.ﬂlb when the mains were emptied, and
that the water was thereby distinctly, though but slightly, polluted.

In addition to this, two urinals were found directly conmected with the
maing, and other matters which were likely to lead to local pollution of the
water supply.

The experiments that were necessary to test the water-mains showed
incidentally that a very larze amount of preventable waste of water was taking

from the various fittings, and an examination of the records of consump-
tion for the last 10 years showed that this waste had been going on for that
time. Besides having caused (fogether with the leakage) a large money loss,
amounting to nearly 8,000/, in the 10 years, this waste is objectionable from a
sanitary point of view,

The quality of the milk supplied to the troops in the Royal Barracks sk,

geems to have very much improved since the date of the Report of Sir Charles
Cameron's Commission.

RECOMMENDATIONS.

L. T bave already, in my Interim Report, given a number of recommenda-
tions as regards the drainage and sanitary appliances, and these should be
carried out. The leaky condition of the drains, which has been discovered by
the further tests which have been carried out, renders a number of additional
i neCessary.

2. As the drains are, on the whole, fairly well laid, I think the defects Dinags.

in a number of them can be remedied without the necessity of taking them up,
(s2z) G

L ; The four boards in the barrack rooms are mueh worn and patched, and the Floors.
methaod of wa.shinﬁ' them objectionable. The spaces beneath the floors have a
large quantity of

artry water, obtained from i..llcdpub]ic supply to the Watersupgly.
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It is impossible, in general recommendations like these, to give detailed
instructions as to which drain should be taken up and which only repaired, but

I 11:&r£a'1n leading points can be pointed out. | In the first place, all the drains
hitherto not tested by water should be subjected to the test. In the next
place, the principle that should determine what should be done in each case is
that all drains cloze to occupied buildings should be made absolutely water-

A tight, so as to stand the water test, but that those which are at a distance from
occupicd buildings, so long as they have no decided defects, necd not be made

bsolutely watertight.

3. The defective branch drains, which are comparatively shallow, can be

& 4 so easily taken up and relaid, that this, no doubt, will generally be the best
thing to do with reference to them. As regards the main drains, those round
{thc ospital must eertainly be relaid, others, no doubt, may be partly relaid
and partly repaired. One or more of the main drains might perhaps be
{di\'eﬂed with advantage, espeeially if the proposed reappropriations are to be

5 rricd out. Wherever any new drains are laid they should be constructed
b {withoot saddle pipes.

4. The sinks, baths, &c,, should no longer be allowed to discharge into
'T { long channels, but self-cleansing gullies should be provided at the foot of the
waste pipes to receive the discharge. Properly constructed silt pits alse shounld

E' be provided to receive the surface water and washings.

5. In every case a raised dais should be made on which to place the urine

tubs on the landings outside the barrack rooms, and the walls on each side

q should be “rendered” with Portland cement so as to prevent their being
polluted.

River Liffey. 6. It is very desirable that the War Office should do everything in their
power in furtherance of any steps that may be taken by the Dublin Corporation
for the purification of the River Liffey.

7. The further investigations into the nature and stratification of the
subsoil having tended only to confirm the opinion I expressed with regard to
it in my Interim Report, I have nothing to add to the recommendations therein
contained.

Burfaco sad 8, As regards the surface and subsoil, T am of opinion that it would be
ol expedient to abolish the use of the cobble stone paving (which is nof only
I0 | uncomfortable but very apt to retain polluted matter among the srevices), and
to substitute instead serrated brick paving, or some other impervious material,
F“’!Ii‘:]l would not become slippery. Steps should also be taken effectually to

_ prevent the throwing of slops out of window by the soldiers.

Demalitions. 9. The demolitions which are shown on Plan (V1.), and which are now in
progress, should be completed. Whether any farther demolitions or reappro-
printions are required depends not so much on the crowded arrangement of the
buildings as on what view is taken of the possible influence of the dust from
the defective walls on the health of the ocenpants.

10, If the medical view taken of the matter is that the dust may have a
serious influence on the health of the occupants, I can hardly see how the
demolition and reconstruction of all the defective buildings ean be avoided if
they are to be occupicd by troops. Even if it is proposed that they should not
lie occupied by troops but be used as stores, it is a question whether this would

be a zafe expedient, as there must be men in charge of the stores. Should this .

serious view of the matter be taken and the defective buildings be pulled down,
speeial precantions should be taken under medical advice as to the disinfection
of the interior of the walls before they are pulled down, by drenching them
with a solution of perchloride of mercury, so as to prevent any possible injury

N e
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which might arise from the dust. The details of the method of disinfection
which should be employed will be found in the Joint Report of Dr. Dupré and
Dr. Klein, appended to my Report on the Richmond Barracks. Of course when
the buildings are reconstrueted they should be laid out so as not to be so

crowded together.
11. On the other hand, if the medical view taken is that the question of

E the dust has no serious bearing on the health of the oceupants, I am of opinion
- that further demolitions beyond those shown on Plan (VI.)} are not absolutely
Ty necessary. As already stated, however, I think that notwithstanding the
A buildings are to be reappropriated with stores, it would be much better not to
i close up the south end of the lane between Royal Square and Cavalry Square
g by the block marked A, after the manifest improvement that has been effected

by opening the end of this lane.

. 12. If the view in the last paragraph is adopted, I still think that effective Air communi.
AT 12 | measures should be taken to prevent any air communication between the centre J50%
3 'Jr - of the walls and the rooms by making good the walls where the joists enter, centroof walls
= WB {ﬂ&m&nﬂng the defective ventilating openi and earrying out other pre- ﬁdﬂm.d-h
g cautionary works. All floors having dust and dirt beneath them, especially those

o lu{w}mm illness has occurred, should be taken up, and the spaces underneath
Hya e

should be eleaned and disinfected in the way recommended in the Joint Report
of Dr. Dupré and Dr. Klein.

= .
e

e 1 ; 13. Whenever any new floors are laid they should either be tongued or Floers
R |5 filletted, or a double floor should be laid (similar to those lately constructed in E
3 and F Cavalry atties), having the upper layer of narrow strips of piteh pine.

& b It would be well to try the method of rendering the boards impervious with a
i J61 solution of wax in paraffin, recommended in the Report of Bir Charles Cameron's

T

s Commisgion. Under any circumstances the excessive flooding of the floors
X when washing them should be avoided.
14. Where the concrete below the ground floors is of an inferior nature
I8 § it should be removed, and Portland cement conerete, not less than 6 inches in
_ thickness, should be laid over the surface of the ground under all ground floors.
B Iq The system of dry areas round the foundations of the buildings may be
=i extended with advantage, and where any new buildings are built they should be
- Ill'n'lrh};::d with a damp-proof course, and care should be taken that no calp stone
i 15 used. :

- 15. All Galton grates in barrack rooms which ventilate only by holes in Ventilation.
their framework, should have proper air shafts of suitable dimensions construeted
to conduet the warmed fresh air into the room through a louvred opening near
E& E]E':E}Eg, the clear arca throngh the lonvres being mueh larger than through
e sh '

.-__ gu,{ 16 All hn{mper inlet ventilators should be removed and he replaced by the
more modern lowvred ventilators. All gratings to ventilating flues which
93 eonstrict the air passages should be removed and be replaced by gratings which
' shall give the full air way, and the gratings should be periodically cleaned.
= =

ey 17. Where gas burners have not been provided with ventilating tubes to

earry off the products of combustion, tubes should be fixed,
.- 95 18. The direct connection of the water-mains with two urinals should be watersuppis.
eut off and the urinals supplied from a cistern.
14
A 19. The water-main in the lane between Royal Square and Palatine
i 1[! Square should be retested at night, in the manner explained on page 16, and if
~ any leakage is still found to take place the main should be laid bare and the

leakage found and repaired.




s

24

20. The Siemens’ meter on the main to the military prison should be

changed, and after a new one is fixed, special tests of the main should azain be
made at night in the manner explained on page 16, and if any leakage is
indicated it should be found out. '

21, The iron water-main immediately alongside the drain on the east side
1 Hospital should be removed, and relaid at some distance from it.

22 A minute examination should be made of the localities of the water-

mains generally, both at the Royal Barracks and Arbour Hill, and wherever
there seems to be a chance of the mains passing close to drains, traps, or other
sources of pollution they should be laid bare, and if found to be wrongly laid
altered.

23. The whole of the water-mains should be periodically tested (say every

balf-year) in the manner previously described, and wherever the tests indicate
%] a leakage the indications must be followed up, and either the leakage be
found, or the escape of water accounted for. Water-mains should be laid so

as to be accessible,

24. The flushing cisterns of all water-closets, including the trough closets,

4 9 should be supplied from a cistern, and not from the main direct, as the pressure
in the main is too great for the fittings.

25. 1t should be conszidered whether it would not be advantageouns to fix a

pressure reducing valve on the three subsidiary mains, as the existing pressare
* ab night (namely, about 72 Ib. on the square inch) is too great for ordinary
ball valves and fittings, and this causes additional waste,

26. Bteps should be taken to prevent the gross misuse of water which now

takes place. For this purpose an intelligent man should be appointed to shut
off the urinals and avlomatic flushing cisterns to trough closets, to make a

2{; nightly inspection of all washhouses, bathrooms and ablution rooms, and water-
closets, and to report any leakage, apparatus out of order, or waste of water
from neglect, and generally to supervise the water supply.

27. Tests should also be made periodically by the Royal Engineers to

check the consumption of water. This can be done at the Royal Barracks by .
the Deacon meter, and at Arbour Hill and the military prison by taking hourly ;
readings of the SBiemens’ meter throughout the day and night. .

7, Victoria Street, 3.W.,

T have the honour to be,
Bir,
Your obedient Servant,

ROGERS FIELD,
M. Inst. C.E.

il

51st August 1889,




EEﬁHbIDr.Dupré,F.B.E.,whhﬁ.m!ynianfEuil and Subaoil at the Royal Barracks.

Four only out of the 22 samples of surface soil examined, viz., 4a, 8a, 92 and 15«
show a greater ion of organic matter than is frequently found in uopolluted
and uncultivated soil; hence these are most probably mlutud? In two casea ount of
'these four, viz., 8z aud 9a, fresh samples wers taken as near a8 possible from the same
ﬁh the analyscs of which are given under Noe. 224 and 21a.  These show

goil to be wﬂlﬂv&i and prove that t]l‘a}:arolhl:tm? indicated in the first set of -
charac

can only have been of an extremely T,

g In one other cage, viz, la, although the pra?ui-tin-n of organic matter s but
! te, thadgemauh of nitrogen contained in this organic matter is high; and this
sample is, no doult, pollated.

OF the 20 samples of subsoil examined (taken 2 feet below the surface) three only

show any distinct indications of pollution, viz., 15, 116 and 176, In two of these the

ortion of organic matter is moderate, but both contain a somnewhat high proportion

of nitric acid in the form of nitrates, which is probably due to the passage of urine

} the soil. The percentage of nitrogen in 16 also is high. The third of these

samples (176) shows a very high ortion of organic matter, coupled with a moderate
proportion of nitrogen, and here the pollution is probably chiefly vegetable.

Taken generally, the surface soil shows pollution in thres places, the subscil in
thres also; and in oo case, except perhaps in that of Sample La, is there any
imdication that the purifying power of the soil has been overtaxed.

In addition to the foregoing, six sunples of soil were taken purposely close to
draing. Four of these are practically unpolluted, while two, viz, l.'.EF;uan& 28, are
undoubtedly polluted.

(Signed) A DUPRE.
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APPENDIX II.

REPORT by Dr. Dupré, F.R.S., on his Analyses of Subsoil Water at the Royal Barracks.

The actual eondition of a subssil water lable to pollution depends on a varioty of
conditions, such as the actual amount of polluting matter discharged into it, the amount

af gﬁ.n water passing simultaneounsly through the soil, the nature of the soil, &e. A

amount of polluting matter will olwviously liave the ter effect the less the
amount of pure water into which it passes and the less the purfying influence of
the seil.

In co ing or contrasting the condition of the subgoil water with that of the
subsoil itself, it must also be borne in mind that whereas the analysis of a sample of
subgoil gives only more or less local information, the analyeis of a water averages (g0 to
gpiak) the condition of things over a greater or less area.  Any indication of pollution
it furnishes may therefore point cither to o strietly loeal or to a more distant soures.

Applying these general considerntions to the waters under examination, we fnd—

1. That as regards pollution by sewage, the following wumbers show
undoubted indications of such pellution :—38, 4, 5, €, 8,10, 11, 12, 18, 14,
15, 16, 17, 19 and 23,

[

. The character of waters No. 1 (2, T), (9, 18, 20) 22 iz snch az not to warrant
a definite conclugion that they are Eﬁlli}bﬂﬂ. Bome, indeed, are equal
in freedom from pollution to many drinking waters. Sample 22 is stated
to come from a drain from o burial ground, but the analysis shiows no
mdications of this

. One sample of Na. 21 is of somewhat doubtfu] character. The proportions
of chlorine and nitric acid are low, but on the other hand the proportions
of ammonia, albwminoid ammonia, and of oxygen absorbed are high.

e

-

. Judging from the high proportion of chlorine and of nitrie acid found in
I'III:ITI]{ of these mml}llnn, the amonnt of natural subsoil water can be but
ameadl,

As regards the influence on health, excluding the question of drinking, the condition
of a subsoil water sbonld be judged mainly Ey the amount of unoxidized organi
matter which it still containg, and not by the proportion of mineral matter derived from
EAWAEE,

aking the oxygen absorbed from permanganate as o guide for ¢alinmﬁn5 the
Trﬂpﬂrhﬂu of the lormer elass of matters, it will be seen that in cizht oot the

9 samples examined in this respect the |Jm!mrtim: of oxygen absorbed does not -

exeecd thet of ordinary drinking waters, viz., Nos. 1, 2, 8, 6, 7, 14, 20 and 22, while in
the three others it but slightly exceeds this, viz, Nos. 4, § and 12, In the remainin
eight the proportion is high. In three (Nos. 11, 16 and 21} it iz very high, althougﬁ
even in these cases it falls very short of the amount absorbed by ordinary sewage,

Turning now to twao oi‘lam characteristic mineral matters derived from sewagme,
vig., chlovine and nitrie acid. many of the samples (as previously stated) show nndonbted
indications of pollution by sewage.  In most of the samples the sewage motters havi,
however, been oxidized, and, as far as any possilile foul emanations from the water are
eoneerned, rendered hannless, J

In addition to this, the level of the subsoil water is in every cage many feet below
the surfice of the ground. This leaves a considerable layer of dry soil above the
water: and, in presence of go effective a puri[‘}'iug arent, no fear of any fonl emana-
tiong reaching the surface need be entertained, cven if the condition of the water were
much worge than that sctnally found.

(Signed) A. DUPRE.

:I i
\-f. o
'y

A
i
o
=
H
i
]
|

-1

i

=

Lasdife

S

T

v &
5 B 4
e I .
o el e Tt L el




HHdna v

(paudig)

[ 10- £ G &L g bl i iy G5ST AUy IR 5 e ie) mes]
09, 5 B0 0008 O T k.0 2 Y Eﬁhﬁa%.ﬂii&g 5:33...15&1?;52..:1;
oL 18 BLFD- FI0- 0 B-1 1760 £ 3 B ANF #.w daap af pg g m g o
i L £L00- k-8 5 ¥i1-0 L0 0 it T K o i_:: Ea i wes paghge
0989 HAT0. [ 015 Zal.0 B0 1) i apdores yapd g o
O FL10. BT 20.3 G1F- 0 5 L | ?&a. Ll | _T__m_._i i L T
0% & i LFL- 0 Bg- & = e " sl poly gy o uey
o §F By ZH1-0 i €01 DL 10 £, * adulns ua) a7 0T 4
& 021-1 - F £04-0 0. GE1 ey gy ‘opened :_E g
o 3 008 1T 69 & R 0 EE0- 1) E R8T Pz 5
! (0T & et [ LTS g0 trOGRET NOLEIY 08 [ 0N dmoge u_wn_n._iau _—.
o 000- 1 o1 | 1050 OFT- 0 ] BERI MR 0 ‘arumlig fa[EsE) W Vg E
; 000 & Li-¥ oel- 1 D0 0 i E_Ew.,_..ﬁpujﬂ
! 0889 15. 8 o0 2 o Eﬂ Ll uﬁﬂamé Br E__ﬁauéﬁ.ﬁ
0g0- 1 9. 5 B & e DERE P 6T E._!!E.ﬁu.
£t 1o ol ol | 19E denaqag T tura g o1 gulap g epaen gowwa g eg g vepg
T JEROME DAlERTY 00 29 £9. 8 (138 oEg L Levnagag wag {odums pug) azenby ey (o apiE w0 g S0 ESRL
**a0ex) Fuospr f10y | om0 i i Bl 6aa1 Lawuqog mist '(apdme pog) speredig ‘s sjoqies maig
= & wL-09 OO0 Ek L OS8T Awneag pog ‘g 0y wnoy-qeea aEodde ‘g aEpeaL
OF. £9 0100 RS- 01 GRT Samnbiag guig Sopuapdag) G apon i ey
ol Lawnaqng
&5 00 ) | OB b T - quodu (o o ._.u.._.m_u v..-.._.vw SUruEE] o apIF ypaou mo
1858 02T R - el fawuigag pug favenby supepeg Jo ap [en fo Joeg 30 (R ey
k06 8900 S 120+ BERL Srmmunf e g S Jo gasg ju L] gy
“ELOWET
mvoandeoqg | b | ATy ﬂaé”mauun apdues jo uopdisagy

"NOTIVE) HAd SNIVEE)
NITENA SHOVHUVE TVAOM NOMd HALVAM TIOSENS

P
kel

PR ) " et R

SR







u.
: 808 €8 09- B 0F. T2 =0 pear deg 1E ‘10 meod famnbg ompeg 0 TIIAX
| fe 08 64 0203 T " " opug q X
- i 08 84 0202 T G o X
s - 9. 08 20- 61 " g G |
?v. i 09.04 0% €5 "t geST Lrwmaqag pug 'soop vy fembg oy Y g =
?... 161 00 (LB T 0 92 i ‘s00p pag ‘arenbg ouppeg Y g X1 &
W.- 03-8 03 T 00 T4 00 55 *"059T Lrwnana pug “avoq ie1 ‘anmbg sunmEg smeg g TIA e
i 9u-t vas. oe. 84 0L 78 * GRAT Savnaqag 191 TPeq smuAg 18 IS B IR G JIA f
u.”.”. La-8 Ol a0k B 06 0 GRS IAqmIAN] PEEE 'PALMIee f9 o] s amrae moot Y ge) 1 A
e - o8t 0% 18 ASRT BIWRA( WIF PAAR0 g 0 D daatpu ‘L wook ooy pig ‘anbg ounspeg W
B = 8T b4 o8 12 T T i ) T S - S | ! AT
o B8 1L 18 63 BT HRRT qmen] il g (oM O[qeR 20u0 g moes e g fwunby oesepy ¢ i
: 8 =] 1281 ** gegy asqusay T ‘paq 8easy eeaddo g tany “easemnb gsarpes igeasn ool g ge osees Il
. M ¥a.81 ** gRAT daqueong Wi ‘uepemb uepod Liwaup e I P 8,M001Y 18 000 Japun woag i
o [t s oo e i

180

RHOVHNYE TVAIOH

sk




¥ bl
|
! i | T ) 7 ¥ v ¥ dni "
L i T 5] X 1 1 1 BOGT 13 i} (M J LT B000 H] [ 11
| ik
| | 5 . -
d W) | BT | - " | t L £ [ 1 ' e | ] [
| r 1 Wil |
| -
| . _ 1 ¥ ! ¥ i i . - - : {1enzqag WIF ‘007 paz’ 01 0 R0 ! | n
|
|
|
— e . - . | o - — e e e . SSE = — - - —
= ¥ o 3 H = i
r
1 |
|
e Y P | i e B 1 3 ¥ ¥ s & T W] ri [ (l r
R T 1 - - " . -0 | [ (0] L] o TPLEw )
- . - W - |
- T | e | v e ¥ L c i = s o A 1 {
| L i v L |
|
e 0 | T i [} ] 1 9 -1 — 1 i 0 - i i
LI | c 3 il il Ak
2 ; Kl B X # + . : Trar o 0 AT
g #r . 3 L T . 3 T T 0E o 7
. 4 i s o B A - v § -
. e § e £ ¥ | facern Bl ¢ A I
; 2 T
=T - . e+ . e




APPENDIX IV.

EPoRT by Dr. Dupré on his Analysis of the Vartry Water supplied to the
3 Royal Barracks.

The drinking water nsed in the Royal Barracks is the same as that a-uplzliaﬂ to the
ﬁiﬁ' of Dublin, It is a slightly peaty water, but gives, as a rule, no indications of
pollution by sewage. In this respect, therefore, the inhabitants of the barracks atand in
the same position as the inhabitants of Dublin gencorally.

The analyses apecially made for this enguiry, s a rule, bear out this an itiom,
viz., that the water supply of the hnnn-::]mix;]a]:{munthatnftha town. s

In the course of the enquiry it wis, however, found that leaks in the water-pipes
were by no means of very rare oceurvence, and if such a leak should happen to be near
toa fanlty drain-pipe serious pollution of the drinking water might take place, more
egpecially when the pipe was emptied in order to be repaired.

In two cases we were able to put this supposition to the test, and in both coses it
was found that the fist portions of water drawn from the pipe after the leak had
boen repaived were distinetly though but slightly polluted,

- Here then a very serious danger is indicated.  Every leaky water-pipe, particularly
if_any infectious disease happened to be in the barracks at the time, might be a means
of spreading infection.

= In conncction with this it may be well to refer briefly to some analyses of Vartry
water taken at these barracks, made by the Army Medical Department. A glanee at
- these anplyses ghows that during the years 1886 and 1887 the water was remarkably
nmiform in charactar. They correapond well with my own analyses of the same water
made in the carly part of 1859, '_l'm two analyses made in January 1888, show, how-
ever, o striking difference. In these most the characteristics indicating sewage
?&I}uﬁnn show a decided increase, as, for example, chlorine, nitrie acid, phosphorie acid,
wmmonia.

_ Itis to be re that more marked attention was not at that time drawn to
this alteration, with a view of baving the cause or causes thoroughly investigated.
m thiz in connection with my own results on waters taken from pipes that had

. it would be unsafe to Blﬂllliﬂ the water supply as a possible source of infection.

(Rigned) A. DUPRE.
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APPERDIX V.

Rerort of Dr. Klein, F.R.S., on his Bacteriological Examination of the Samples of
Dust from Floors and Walls.

- ——

Sir,
I beg to report upon the result of the bacteriological examination of the various

samples of dust submitted to me between December 1888 and 20th July 1889,
The eamples were contained in sealed bottles, and wore labelled as mentioned below.

MerEOD 0F ExaMmmarion,

The examination was in all instances carried out in this way :—One gramme of the
dust was carefully weighed, it was then ﬂp.l_:jf“& in 1,000 cubic eentimetres of sterile
warm distilled water, contained in a sterile plugged with stenls cottan wool, wl:ﬁ
shaking the fluid for about 10 minutea to a.qﬂ:trt.er af an hour the material was we
mixed, and the dust thoroughly and uniformly distributed. The fluid was then allowed
to stand for a gquarter of an lhour, and it was then n_g;u.in well agitated for five to 10
minutes. After standing then for about a further guarter of an hour the fluid was
shaken up and a small quantity, about 2 to 3 cobic centimetres, was poured out into a ;
gterile glass dish covered with stevile cover,  The object of the repeated shaking up of
the dust in warm water wag to free the micro-organiems as mueh as possible from the :
dust and to distribute them unifurm'l:r in the water,

Of the above mixture a definite small quantity was meassured out with sterile
measure, and added to solid nutdent gelatine contained in sterile test tulbe.  This was
then plaged in warm water, till all the gelatine was lignefied, well shaken up and then

oured out into o fAat sterile glas dish covered with sterile glass cover, The gelatine
med herein a thin layer at the bottom of the dish and, after it had set, the L was
placed in the incubator and kept there at 20 degrees centigrade. The dish was
mspected from day to day. the number of colonies that made their appearance in and
on the tine carefully noted, and when their number remained stationary for two or
three days this pumber was taken as indicating the number of micro-organisms
ﬂriginn'll]r Ipreaallt in the quantity of the water used for the plnt.e.

In all instances, two, three or even four plates were simultaneonsly established
from the same sample. The gquantity used for cach plate varied, half a cobie centi-
metre was the maximum, 10 cubic millimetres was the minimam used for one plate ; as ;
a rule the several plates made of the some sample of dust reecived 025 cubic centi- |
metres, (01 cubic centimetre, 200 cubic millimetres or 10 cubie millimetres, respectively. ;
In seweral instanees when the plates received 005 enbic contimetres or 001 ¢gubic centimetre,
the mumnboer of colonies develuping was so great that the counting eould be carried ot
only with great difficuliy. Iu such cases the whole pxperiment bad to be repeated
from the beginning, and then a muech smaller quantity (of the mixture of the dust and
water) was measured out for the new plate.

The number of micro-organisms, which will be mentioned, of the several samples
in the following are the averages of the examination of several plates, ealenlated por
1 milligramme of dust; but I may state that the difference in the uumber of colonies
in the different plates was comparatively small, so that the averages here given may AY
be taken ag fairly aceurately representing the number of miero-organisms present in i
the dust. )

NuubEr 0F MICROBES.

Before entering upon the question of the nature of the micro-organisms, I will give
the numbers prosent in the difforent samples, : e

According to the labels attached to the samples reccived, they were derived from
three different sources: A from Richmond Barracks, B from Ship Street Barracks, and
C from loyal Barvacks. : L



Number of microbes
caleulnted
per 1 milligramma
of dust.
.Hﬂu mi—'.U’h ﬂi]ﬂl'., H S{FT. N’ﬂ\- 'ﬁ- |EH'-!-'I H‘F IE’W Ly i e lanm
No. V.—Dnder floor, L Sol, room 5, 21t May 1889 i - “ 1,0
Nao. ¥I.—M house, rookery room 8 (Seott's), 21st May 1889 - e GO0
No. VIL—Below Capiain Every's drawing room floor, IF honse, Ofoers' 00
quarters, 2ith May 1889,
B.—Skip Street Barroecks,
No. XIV.—From H house, No. 7 room, 1st floor, centre of ¥ end of room, 1,500
4tl Felbruary 1381,
Ko, XV.—I house, eontre of room, 3ud floor, 4th Febroary 1883 ik $00
Ko, XV1L.—Under floor, H hoose, No. 11 room, ¥ centro of room, 2od finor, T8 00
16th March 1880,
Ho, XVIL=From below floor, I house, Ko, 1 room, N condre of room, 149 00
It flooe, 18th March 1880,
C.— Royal Barracks,
N¥a. L—From under floor of E attic at Moore's biad, Lst Decomber 1588, A5, S5
No. IL—Centre of B attic, No. 8, opposite Coate’s bed, 1st December 4,340
1888,
No. III.—Horse Square, B attic, room 7, over stable No. 8, 21st 1860 DO
Decembar | RSH,
No. VL—Falating Square, 15t floor room, where case Noo 83 eccorred, 217000
A0l Decamber 1885
Mo, VIL—From E attie, enst end at Bennett's bed, 15t Febroary 1889 4000
No. VITIL—=From _1- house, Palating Square, 18t floor, 2nd Febroary 1350, . 5,200
No. X¥VIIL—Talatine Square, (07 lonse, room 61, 25th Apnl 1889 55 1,00
No. XXI.—Dust from, wall, room 3, D house, Roval Squane, Lole No, 2 .,
A G0
* Mo, XXTL—Dmst from wall, rocon 3, IV house, Hoyal Square, hole No, 3 .,
No. XXTIT.—Tst from wall, room &, D hoase, Boval Square, lole Xo. 5.,
B HLET]
Ko, XXIV.—Dust from wall, room 5, T howse, Roval Square, hole Na, 7., }

- =

MARACTER oF THE Micropes,

In ﬂxlmiﬂins the eolonies as they made their appearance, attention was paid (a8 is
customary in studying plate cultivations) to the following characters :—(1) the rapidity
of the a rance wul of the progress; (2) the general aspect of the colonics as to
omitline, cofonr, size and thickness; (5) the presence or absence of the er of lignifying
the eelatine (in the former. the mpidity with which it lignified and the chnraeter of the
hignified gelatine), vie., whether clear of turbid; (4) the chavacter of the individual
arganisms constituting a colony, as seen nnder the microscope when examined iresh
anil after the cunﬂma?iumﬂhods of staiuing.

Now as to these clisracters, the microbes and their colonies did not differ from
those one obtains by similar methods from the ordinary dust and filling of dwelling
rooms; and all I have devoted a good deal of time in studying them, by very




numerous subeultures on gela mmgarmutummﬂinhuth,ﬂarmh
mfudwmdn[‘pmﬁnalmtued: dunutﬂlmkitnwmw
and detailed description of these very numerous of microbes thus sclated
the plate eultluhom. My attention was partic m to detect any indica
ihudprmum that microbe which is known to be cous present in b _
S fever, that is the organism known as the wd
affky. Whenever, in the plate cultivations, | noticed a colony which bore a resem-
Blance to the colonies of that typheid bacillus, | have specially studied such a colony,
in order tn see, by microscopic examination and by subcultures in the varions medin
(notab fulntme and potato cultores), whether or not it was the sume as the
typhoi hmil Unl‘{ in two samples did I come across colonies which, by their
| characters and by the microscopic co of the microbes constituting
em, bore a ecertain resemblance to the baeillus, but on further siudy in
gelatine, and rtumhrl unﬁofatn cultures, pmwu;l to be diflerent. These two
samples w-era o, II. and Sample No. XXI. and XXIL In the plate

culuvatwm of I:Im mlxtum of these last two samples I found in one plate two
which, when watched in their growth and in their aspect, as also when examined under
the microscope fresh and after standing, bore a marked resemblance to the tfphmd.
bacillus, but in the subcultures in gelatine at onee uiu:w'ad a distinet difference -
this latter, inasmunch as our bacillus grew much more rup1 ﬂm mediwn,and was
mur& filamentous, and on potato at 37 de grw eontegT at all,

: IL ¢

ng Sfamples XX and X A) 1w'li'.'ll. En L. and XXIV. {B} :
a arrllung dugr:m will be noticed.  Both sels came fmﬂe— same building, but from

different rooms; one set (A) contained a large number of mmmbu viz,, 64,000 per

milligramme, while the other (B} contained, comparatively & ow, iz, WM per
milligramme. Now the room from wlose wall Sunple A wmdpnwdnﬁ’ad mmu-ftyphmd
fuver, whereas Sample B came from the wall al’l. room in which there had noet been

any fever cases, and the fact of such a striking differcoce existing between the two
anmples soems to be, at any rate, highly suggestive. 1t must be clear that if even a
few typhoid fever microbes® be present amongst the 64,000 microbes contaived ina

milligramme of dust, there would be sufficient of them te malke such a room ethe];r;. o

tlu.ugun:luu. True, in the plate cultivations which I made I have not found

tion of them; bt then it must. he borne in mind tlmt,m.ap[:mng fow of them be i
per m':lllgmmmu, it would require an extremely lueky ehance to come acroes them n plate
cultivations, containing altogether not more tlln.n 100 or 200 microbes,

I think the above I‘m.u; e wlsﬂr suggestive, but to carry the mvmgnmn any
Further would require.a sp i, for which it would be nee to examine the
whaole of the Sample X nm-:l "Hﬂ{. {meveral mes of dust) by plate uﬂhﬂhﬂﬂll.
an axamination which would require several wee mnﬂt muanths, to enrey out.

Your obedient Ererrant.,

To Rogers Field, Esq.
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