Building
Services
Engineering

A Review of
lts Development

Contents

The Study of Human

Requirements and Comfort

Human Physiology and Metabolism
Human Needs and Comfort

Building Engineering
Systems and Equipment
Heating

Ventilation

Refrigeration

Air Conditioning
Plumbing and Sanitation
Piping and Pumps
Firefighting

Lighting

Automatic Control

Other Engineering Topics

Heating and Ventilating Design
Index

TOTHIC HOT WATER oe .
ATEAM SYOVE,

7.2 SANITATTION \

7.2.1 The pre-Christian era
&
With rhe establishment of the [irst cities, man began to realise the importance of
drainage for protection against rainwater and flooding, and to recognise the need
for water disposal and sanitation systems. .

In 6000 B.C. the city of Catal Hiyik in Turkey comprised flat roofed mud=brick built
houses crowded together, the terraced roofs connected by ladders serving as the
town's streets and providing entry at rvooftop level into the living quarters below,
Modern reconstructicon suggests8 that groups of houses and shrines were clustered It
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round court-ysrds into which fed a system of drains from one roof to the next faor
carrying off rainwater, 1

The first major city with streets laid out to a modern grid system and wich a
properly planned and executed drainage and sanitation system, is the Moenjo-Darc

of around 2500 B.C. 1t lay in the flood plain of the Indus, north of today's
Karachi in Pakistan. Moenjo-Darc was planned with a boulevard some 9 m wide,
running north snd south, and crossed at right angles every 200m or 'so by somewhat
smaller east-west streets. Running along the sides of the streets were brick-lined
open sewers, and at intervals catch basins were dug below sewer level to trap
debris tbat might otherwise clog the flow, The sewers were comnnected to each house
by an open gutter, also constructed of brick, into which emptied the house drains,
which generally consisted of an enclosed system of clay pipes. Two of the houses
that have been excavated contained sit-down toilets, These were not simple commode
but imposing brick structures connected to the drains- whether these toilets led to
the sanitary sewer system has not been escablished, since the sewers seem to have
been built mainly to drain away used bath-water, Many houses had bathrooms, their
floors built of waterproof brick and [itted with drains leading directly into the
Sewer pipes.

In Ancient Egypt, large irrigation and drainge projects were uadertaken during che
Early Dynastic Period (3100-2698 B.C.). The ruing of Tel-el=Amarna {ca. 1400 B,C,)
reveal what was once a large well-planned city. The villas of the wealthy had
bachrooms with lavatories and basins fed bg rumning water and "even the houses of
the most humble had sanitary facilities".(b)

The ruins &t Phaestes (ea. 2000 E.C.) in Crete, which include the Palace of
Radamanthus, show there was a systematic approach to town~planning, which included
streets laid out around an ordered system of sewers and freshwater tanals,

In the Queen's Megaron (Principal Hall), which is part of the Palace of Minos at
Knosses, a latrine similar to a modera "wash—out" closet was discovered, complete
with a reservoir for flushing water. It is even believed to have had a wooden
seat. After all, the word hygiene does come fromw the Greek Coddess Bygeia.

"Each quarter of the palace had a drainage system of its own, pasgsing into great]
main sewers, stone built, large enough for the passage of a sewer-man, and
flushed by rhe sometimes torrential rainwater. The Minoans evidently delighted
in hydraulic devices and used such refinements of the science as parabolic
curves in the water channels and the precipitation of sediment in intermediate
catch pits." (5%

All the publie buildings, and many private houses, in Rome were connected to sewers
which drained into a central channel — the Closca Maxima — some 3 m wide and 4 m
deep, which discharged into the Tiber outside the city limits., It is thought to
date from the time of Augustus (27 E.C.-A.D. l4), Pompeii, too, had an extensive
drainage system,

Less ndvanced communities also bad some sanitation, In the Stene Age village of
Skara Brae (Orkney), there are the remains of an effective sewerage system.

L
2.2.2 The Middle Ages

The collapse of Roman influence led to neglect of their sewerage systems; peoples
relapsed into a rural existence wherg the problems of sewage disposal were less

significant. The Romen technology wi largely lost in Europe, though it may have
been retained in the Near East, and in the religious establishments. Streams Filled
with household garbage, and a virtual abseace of sewagpe disposal typified the larger
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towns of the l4th century.(?7) At the time of che Black Death, London psid special
attention to the cleaning of strects and ditches, and carting away filth. In 1388,
Parliament forbade the throwing of garbage inte rivers, or leaving it in the city:
it had to be carried sway out of the town.

"The first Act (of 1388) to appear on these matters prohibited the corruption
of ditches, rivers, waters and the air of London (and elsewhere) and regquired
that all cdung, filth and garbage be carxied away and not left where it would
become a nuisance. However, despite this, kennels wers generally provided
cither sicde of the streets to carry away rain and sewage. Householders were
ordered not to throw water from the windows but to discharge it into the
street — except £ishmongers who had to carxy their dirty water to the river.
Lach householder was vasponsible for clearing the dirt from his door, but refuse
and dung appears to have been piled on the street. Lach ward maintained its
own 'rakyers' to clear this away, Lo Edwardé IT's time (1327-77), twelve carts
with two horses each werc maintained to carry away the refuse and sewage."(20)

The primery function of the primitive drainage systems of this time was removal of
surface water run~off (comnection of cesspools was not pexmitted until 1815). 4&n
Act during the veign of Henry VI (1422-61) appointed a Commission of Sewers and in
the time of Henry VIII the Bill of Sewers appeared (1531), which consolidated
previous legislation and which was Lo remain che chief statute on the subject for
the next three hundred years.

An ordinance in Siepa forbade throwing refuse into the street or emptying vessels
from windows between dusk and dawn. Most mediacval streets had a central gutter,
closed with slabs. The Emperor Sigismund ordered that fines imposed on "felons,
bawds and whores'" were to be used to improve the paving of the streets. Sewers
were builc, but not systematically, and the lack of sufficient water for flushing
them became serious in the 15th and 16th centuries.

In 1663, a report on the Paris sewers revealed a shocking state of filth, and more
systematic repairs weve bagun, During the 17th cencury, authorities began to give
more attention to public health. Street cleaning was the difficult preblem. In
the Middie Ages, fecal matter was collected in trenches in the streets, removed

at intervals and dumped cutside che towns. TIn 15571, Defroissis recomwmended washing
the streects wich water, buct the lack of supply prevented this.

Even in the 17th century, household rubbisli was dumped in the streets of London,
though after the Creat Tire in 1666, cumping places were officially provided in
the streets of the City, from which the refuse was removed by a paid staff of
“takers™. (27)  The contents of privies were removed by night-soil men when the
streets were deserted. A permanent Court of Commissioners of Sewers was sebt up to
undertake the construction of sewers and the paving and lighting of the streets of
the City.

7.8,3 Chadwick's Report(21)
The overcrowding and poor conditions of many of the dwellings in London led to
grossiy insanitary conditions up to and including the i8th century. Mortality,
parcicularly amongst the poor, was exceedingly hizh, In |765, there were 23230

*By the 19%th century, this body was exercisiag all the functions of a sanitary
authority, until dissolved in 1897. As late as 1755, Marylebone had to obtain a
local Act which, {rfer glig, Eforbade the throwing of night soil in or near the
streets.'29) The Westminster Paving Act of 1762 provided for scavenging of streets
and removal of household rubhish., Rain gacar down pipes were introduced.
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deaths in London, of which 35% were of children under 2 years of aga, and half were
of people under 20, In that year, the commissioners of the Sewers and Pavements
within the City and leertxes presented their report te the Clty Corporation. They
stated, tnigr alia: 258)

Y2. That the prevailing method of placing the channels in the middle ¢f the
strests, which are generally made very deep, and in many cases attended with
¢ross channeis, renders the coach way very disagreeadble to passengers, as well
as highly detrimental te horses and carriages.,

3. That che too common practice of the lower sort of inhabitants and servants
throwing ashes, rubbish, broken glass and carthenware, offal and other
offensive things into the streets stops the current of the channels, makes the
highway very incoavenient and sometimes dangerous, to coach horse, and foot
passengers, and even to the health of the neighbouring inhabitants.

9. That foot passengéfs are likewise greatly annoyed in rainy weather by the
water conveyed from the tops of old houses, through spouts projecting into the
streets."

In the year 1800, the death rate in London was one in 24, Sewage treatment in any
modern sense did not exist. The privy and the cesspool were still the principal
means of dlsposal. and any drainage system which did exist wes merely a pipe into
the nearest river or watercoutse 25) Yet some improvement had been made, for

Dr Marshall wrote, in |819:

"If any causes could have contributed to the immunity we enjoy from the plague,
they are to be found.in the greacter cleanliness of the inhabitants, the
widening of the streets ané the better and more general construction of sewers
and drains, to which may be added the profusion of water now distributed
throughout che metropolis.”

A letter printed in The Pimes of 5 July, 1849 gives a picture of conditions in
London at that rime, which was probably by no means uncommon:

"To the Editor of the Times Paper;

Sir,- May we beg and beseech your proteckshion and power. We are Sir, as it
mey be, living in & wilderniss, sc far as the reat of London knowns anything
of us, or as the rich and great people care about. We live in muck and filthe.
We ain't got ne priviz, no dust bins, no drains, no water splies, and no drain
or suer in the hole place, The Suer Company, in Greek St., Soho Square, all
great, rich and powerful men, take no notice whatsomedever of our complaincs,
The Stench of a Gullyhole is disgustin., We all of us suffer, and numbers are
ill, and if the Colera comes Lord help us,..., ."

The Metropolitan Board of Works, created in 1855, assumed responsibility for London
sewers and established sewage outfalls at Barking and Crossness,” Sir Joseph
Bazalgette (engineer to the Metvopolitan Water Beoard) buile five main sewers running
parallel with the Thames, and discharging twelve miles downstream. The water
carriage system was introduced. Edward, Prince of Wales, opened the main drainage
system in Loadon in 1865.(56) 5

The construcction of house drains to connect tc public sewers had been permitted in
London in 1815, but many vears elapsed before it became general. The Public Health

*The area of the (London) Metropolitan Board of Works (1853) was defined, not by
facts of c§v1c history, or by human geography, buL by the network of drains and
severs.
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Act of 1848 set up a General Board of Health; and modern sanitary law came into
being with the passage of this Act. The Local Covernment Act of 1858 gave urban
authorities the power to make by-laws, and so ‘extend the Londen legislation to the
other cities. After the passage of the Public Health Act of 1875, mew houses in
most British towns had to be provided with a piped water supply and water-borne
sanitatioa (though in tenement blocks, both often had to be shared).

Social problems were exacerbated by the industrial revolution and the growth of
towns; the faclory ouners were little concerned about living conditions for their
workers; and cthey were often, too, the councillors (certainly the ratepayers) whe
said yea or nay to improvement schemes. One symptom of increasing housing density
which conduced to ill-health was the spread of back-to-back housing as a regular
feature; there was a similar extension of celler dwellings.™ A dwelling house with
water supply, sewers and sanitation, in a paved and drained street, could not be
aiforded on any income under 30s a week — sbout 2 or 3 rimes the labourer's wage.
Chadwick's "Report on the Sanitary Conditions of the Labouring Populacion of Great
Britain (1842)" gives a very clear picture, not only relating to Britain, but also
of the position in Paris and other cities.

Chadwick's report(2!) avounds with evidence contained within staid official
documents from all over the country: it is the more impressive for the unemotional
character of the reports. There is a wealth of statistics of mortality rates. All
this demonstrated the privations and squalor of the working (poor) classes. There
wag little piped water supply; there was little drainage; sanitary provisions were
of the most primitive. There were few sewers, save in the better class districts,
the working-class areas being served by open drains into which all refuse was
thrown, or by none at ail.

"It is useless to have a good sewer carried through the centre of a street (in
Truro) if the houseés at the sides, and still more, those situated in courts sand
lanes adjeining, have no communicating sewer.'

"Some parts of Stafford are without drainage. 'There is not any provision made
for refuse dirt which, as the least trouble, is tbhrown down in front of the
houses, and there left to putrefy. There are not any sewers even in the
principal streets, the water being carried off by open channels."

"In spite of a local Act of 1830, the majority of the streets of Liverpcol
inhabited by the working classes are without sewers."

The sanitary arrangements for the populace were still primitive — water-closets
were rare — and the provisions for clearing privies were totally inadequate. In
Glasgow:

"There were no privies or drains there, and the dungheaps received all filch
which the swarm of wretched inhabitants could give; and we learned that a
considerable part of the rent of the houses was paid by the produce of the
dungheaps." "
"The present mode of retaining refuse in the house in cesspeols and privies is
injurious to health. The process ef emptying them by hand labour, and removing
the contents by cartage, is very offensive. But the expense of this mode
operates as a complete barrier to all cleanliness in Lhis respect in the
dwellings or streets occupied by the labouring classes. The usual cost of

*elinn (Introducfion te 1965 edition of Chadwick's report) says: in 1797, 9000 of
Liverpool's population of 63000 lived in back=te=back houses; in 1841, some 20% of
the 175000 inhabitants of the ¢ity lived in cellars,

L ]
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cleansing the cesspools of a tenement in London is about £i each time."

In Edinburgh: .
"The practice of introducing water-closets has become pretty general wherever
it is practicable; but in the greater part of the old town nothing of the kind
can be accomplished from the want of drains,"

"According te the municipal, building and sanitary regulations of Manchester,
the authorities insist that any dwelling-house to be built within the borough
shall be provided with privy or ash-pit, and shall be constructed in a yard
attached to the premises, but not in front of the house; and over such privy
or ash-pit no bedroom or sleeping room shall be built. (It may be said that
Manchester dees not stand high in the estimation of the public for its
sanitary condition.)"

1t was sometimes asserted — though Chadwick's Report casts doubt on the assertion —
that French practice was in advance of British at the time. Braudel, too, paints

a poor picture of Paris in Louis XVT's time — few apartments had we's; chamber

pots were emptied from windows; streets were sewers; Parisians relieved themselves
under a row of yews in the Tuileries. (16} There was a body of writing on public
nealth in France during the 20 years before Chadwick's Report — due principally

to A. J. P. Parent-Duchdtelet and to L. R. Villerné, who edited the first public
health journal dnuales d'Hygiene.

"The general praccice in Paris is te cast all the rubbish of the house into the
street on the overnight, or before seven o'clock in the wornicg, when men
attend with carts to sweep it up and remove it. In the night-time, bowever,
the chiffonier comes with a lantern and rskes amongst the refuse, and picks
from it bones, rags or whatever may have been Llirown away by accident ... .

In the beginning of 1834, the municipality decided that the cleansing of the
streets should be done by contract ... which would have led tc a practice
similar ¢o that of London, where the dust-carts take the refuse direct fram the
house without any deposit in the streets ... . The chiffoniers attacked and
drove away the contractors and broke to pieces the new carts." (2]

The scouring of the sewers by a current of water was agein proposed in Paris in
1667; again it came to nought because there was no water — and indeed water was

not generally available in 842, when Chadwick wrote. There was a sewage collecting
bagin at Mentfaucen, in Paris, where the collected night—soil was stored until

dry — a very unhealthy method. In [832, Louis XVITI gave to the city of Paris a
tract of land by the Ourcq canal for a new sewage works. At La Petite Villette, a
small pert was built for loading sewage Eor canal transport to the new works. But
because of the insistence of the police on the tightness of the pits, the volume of
materials to be handled increased rapidly to 210000 m? in 1848, Transport by barge
or rail had to be reconsidered. M. Mary (chief engineer of roads and bridges)
proposed to erect at La Villetce a sealed building where the night=soil carts could
discharge their load into large tanks, whence the supernatent liquid refuse would
be piped through underground pipes to Bondy ten kilometres away. This was built
between 845 and 1848 (the Depotoir). The bitumen-coated pipes 27 cm in dismeter
connected La Villette and Bondy. The pumps were driven by a 25-hp steam engine
which was capable of gumpxng 100 m3/h. The liquid wa% used to make manure and
ammonium sulphate. (*

Chadwick quotes Emile Beres on the methods of clearing night—soil:(z‘)
"The use of the moveable inqd%urous tanks has long been understood in Parig,

It consists in substituting for che tanks of masonry, vessels of ocak, painted
and strongly hooped with iron, so as to allow neither matter nor smell to
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escape. They are placed beneath the pipe which conveys the conterits of the
water—-closet, and when full, are carried away, and replaced by others at every
nour of the day without dxffxculty. thhout ddnger to the workmen, without
inconvenience to the inhabitants. (This mechod was, however. ravely used —
NSB/BMR). There is another method, more recent, and in all probability more
advantageous, for preventing the inconvenienees of the ancient receptacles; it
is the system of disinfection of fecal matter discovered by a icarned chemist,
M. Payen. Independently of its hygienic advantages, this method comprises a
question of human dignity of great value. It is necessary, as far as possible,
to take Irom our fellow-men the mischievous necessity to perform labours which
invest them with ideas of disgust."

Every medical writer from 1780 onwards insisted that typhus was the product of
overcrowded slums and insanitary conditions, and it was growing steadily by the
1830's. The 1838 Reports to the Poor Law Commissioners, by Kay, Arnotc and
Southwood/Smith. emphatically placed the blame on urban squalor.

Chadwick recommended;:

"The primary and most important measures, and at the same Lime the most
practicable, and within the recognised province of public administration, are
drainage, the removal of all refuse of habitation, streecs and roads, and the
improvement of the supplies of water. The chief obstacles to the immediate
removal of decomposing refuse of towns and habitations bave been the expense

and annoyance of hand labour and cartage requisite for the purpose. This
expense may be reduced te one-twentieth or one-thirtieth, or rendered
inconsiderable, by the use of water and salf-acting means of removal by improved
and cheaper sewers and drains.”

He goes on:

"Ihe comparatively recent mode of cleaning adopted in the wealthy and new-built
districts dy use of wc's and the discharge of all refuse at once from the house
through the drain into sewers saves the delay and the previous accumulation,
and it also saves the expense of the old means of removal,"

This proposal presupposes an adequate water supply.

"The chief objection to the extension of this system is the pollution of the
water of the river into which the sewers are discharged, A practical example
of the money value which lies in the refuse of s town, when removed in the
cheapest manner (by a system of cleansing by water) is afforded in comnexion
with the city of Edinburgh. (This was a system by which land near the city was
itrigated with the watery refuse,)} From sowe of the land so irrigated, four of
five crops a year have been obtained. Land once worth 40 or 50s per acre is
now let for £20 or £30 per acre."

Z.dia The T8th century

The widespread introduction of water supplx and drainage systems was dependent less
on tecnnelogy than on pelitics and economics, The efforts of reformers like
Chadwick led to the Public Health Act. An enabling Act of 1838 reorgznised local
government, to provide elected representatives, And although in theory one might
have expected this to give a spur to the provision of sanitation, it seems to have
had an oppusite effegt. Briggs recounts how civic pride was expressed in new
buildings like Leeds Towr Hall, while pressure from the ratepayers to economise
forced councils to delay drainage works or to cut back on street lighting and
cleansing. Cas umndertakings were "municipglised'" to make a profit; water companies
were bought out only as the result of pressure from ardent citizens.

HED -\
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The fact was that there was little profit to be had from developing water supplies
and drainage systems. Lewis Mumford regards this as one of the major characteristics
of what he termed the '"palectechnic age”. But there werg some far-sighted
individuals. Thomas Cubitt (1788-1855), the founder of a large building firm, was
particularly interested in drainage and sewage. His housing estates in Euston and
North London bad first-class amenities, including land drainage and 1lighting. (19

The Board of Surveyors sppointed in 3radford in 1843 following a procedure laid
down in the Highways Act of 1835 described the Bradford Canal in these terms:(17)

"The drains of the town are emptied into this watercourse, and priacipally above
the flood gates. Besides on both sided of the stream there are a great many
factories of wvarious kinds, the soil, tefuse and filth of which fall into the
beck. In summer ctime the water is low, and all chis filch accumulates for weeks
or months, above the flood gates, and emits a most offensive smell. This
noxious compound is conveyed through the sluice into the canal, when it undergoes
a process which renders it still more offensive. For the mill-owners below the
flood gates, having a deficiency of water, contract with the proprietors of the
canal, for a supply of water for their beilers. The water is convewed for this
purpose in pipes to the boilers, and after beiag used for the generation of
steam, 1s conveyed back again to the canal, so that the waters of the cansl are
scarcely ever cool in summer, and constantly emic the most offensive gases."

Leeds, faced with pollution of the River Aire, failed to deal adequately with its
problem of sewage disposal until well into the present century. A combined sewage
system for Sheffield was not decided upon till 1884,

Sewage disposal was.frequently on the agendz of Birmingham Town Council in che late
1860's. Sewage was piped raw into the River Tame at Salcby; and in 1858 an
injunction was obtained restraining the Council from depositing solid sewage on land
at the sewer outlet, A new plan of sewage disposal was adopted in 1871 — though
Briggs does not specify the meansz.

Sanitation in the Houses of Parliament was in little better state. Sewage from the
Palace was simply discharged into the Thames via open draing, or even carried by
hand, in che 18th century; in the 19th century, sewage was discharged through drainos
at low tide only. John Darwin(2%) {Resicent Engineer at the Palace) giwves the
following account:

"In the new Palace (i.e, after rebuilding in 1840) a very large cval section
drain was built under the main central courtyaxd for the whole length of the
building, with a fall to the south and arranged to discharge by gravity inte
the river. When the 1857 Act created the main sewers and the Paiace was
coupled to the Metropolitan system, that was inadeguate to take the overall
load, and backfilled into the Palace sawers., Tt was the practice tao discharge
the rather oily steam and condensate from che steam engines into the Palace
sewer which greatly increased the odours.”

{Pallot notes that there are records of the House of Commons being adjourned on
account of the smells within the Chamber. A Committee of |884 noted the insanitary
condition of the House, and as a resulc, the arrangements were reorganised. Traps
were provided in all waste pipes).

Darwin goes on:

"Igaac Shone advocated a pnqgmatic ejector scheme. This scheme, which was
largely complete by 1890, was to lay a pipe sewer within Barry's sewer with a
fall towards the north end of the Palace. There a deep ejector chamber was
buile, coupled to the larger Metropolitan sewer oniy by the discharge from the
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ejectors, preventing backing up inte the Palace. The work ‘proved highly
-successful ... . The original ejectors are still in use.”

In spite of being a new town, Melbourne had its sewage problems: in 1861, the
President of the Medical Society of Victeoria said:

""The magnificent water supply which this city enjoys will prove a curse instead
of a blessing if a thorough system of underground drainage is long delayed.'

Sewage was carried away in huge open gutters; and the pollution of the river Yarra
and other waterways was as bad in i889 as anything Chadwick noticed in Britain in
the 18407s.(17) It was not until 1898 that ceatral Melbourne was connected to the
metropolitan sewerage system.

At about that time, water-—borne street cleaning was in use in Holborn and Finsbury.
Bul "the prominent provisions of the modern Sewers and Streets Acts are those which
contain penalties against the most e¢ffectual means of street cleaning — that by
discharging the street refuse through the sewers.' It was Mr Roe, the engineer

for Holborn and Finsbury, who designed sewers with semi-circular botroms, which
were more effective in removing solids than the previous pattern which were
constructed with flat bottoms.

A paper to the Awerican Seciety of Civil Engineers gives the credit for the first
complete water-borne seweérage system which was flushed weekly with river water to
the city of Hamburg in Germany in 1843 — a system desipgned by the British enginear
Lindley, who recommended the use of the refuse for agriculture instead of
discharging it into the river, 1In Berlin, sewerage was begun In 1875, and by 1878
the first section of the radial system was in use. Most of the city had only
soakaways, for liquid waste to leak into the subspil, so that solid waste could be
carried off in wagons. A ministerial ediet in Prussia in 1877 prohibited the
discharge of effluent from we's inte the rivers, and a later edict required any
gsewage works effluent to be discharged into a river should 2ot contain more than
300 bacteriafem®, (12)

The first public system in the USA was at Boston, where the city took over the
maintenance of the existing drains, and the building of all new ones, in 1823. But
it was not uatil 1857 cthat the carliest complete system was sebt up, in Brooklyn,
Waver-borne carriage wae introduced in 1850, but iz was for liquid waste only.
Household plumbing systems begap to evolve following the introduction of water
carriage.

The Paris sewers were begun by Baron Haussmann (who also created wide boulevards)
during the 1850's, in response bo criticisms of Government failure to stop the
spread of cholera in J848.(55)

A sewege system for Tokyo wss proposed in 1887, dut it was only partially completed
at that time.(3")

Yet, almost 30 vears after Chadwick's report, and 20 years after the Public Health
Act of 1848 to which it led, there had been some improvement in the cities of
Britain. The major towns had sewgrs, and most had an abundant water supply.

While many people of those classes who were able to choose had adopted water-
closets, the poorer people were unable to do so., 1In fact, only in Leeds and
Liverpocl were wc's available in cthe poorer districts. In 1869, there were 86176
bouses in Liverpool; there were 31150 we's and 20000 privies attached te ashpits.
In the previq*p three years, over 14000 privies had been converted to we's, at a
cost of some £40000.




