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Introuuction.

TROCUS  UN b madu alN"

"SNEPT  THaOUsd  smiiai - Glasgow Man's Ordeal™

"4 Glasgow seweimsn had the terrifying experience
yesterday afternoon of being swept off his feet by a rush
of flood water while rie was examining g sewer, and washed
for 250 yards through the pitch aark tunnel.

"He was Daniel ilcallister (48), 165 Gallowgate, an
employee of Glasgow Corporation kaster of Works Depariment.

"at 1 p.m. yesteruay he was in & mannole inspecting
a sewer in (laremont Strect at Berxeley Street, whan a
sudden spatbe due to hesvy rainfall a few minutes previously
caused him tu lose his footing. ‘

"Tue torrent of water swept him throuzh a sewage pipe
for & distance of about 250 yards until ne came within
reach of the fraweworg of another manhole, which he
mansgged to grasp anu hang on to until help arriveuw asnd he
was assisted into the gstreet.

"gcAllister was uucu shaxen by his experience, ana
received abrasions to ais arms, but refused medical

3 " _ -
attention. Yednesday,
The Glasgow Daily Kkecorad July 15th, 1931.

The attraction of public interest by reports of unusual

occurrences has, in recent years, become highly commercislised

in the three main channels of news distribution. Journalists,
especially in the weekly press, and their counterparts in

cinema and radio organisations, have focussed sttention on

unusual forms of employment, sovme of which have been associated

with the maintensnce of the nation's health. The educational
value of the latter is undiéputed when truthfully recordead
facts form the basis ui the title subject. 3ales value,

however, has Decome an iwportant factor in publicity, ana has



created something greater even than poetic licence in the
building up of scripts, articles and film shots. Nevertheless,
glamorisation of a particular type of work by these means has
been invsluacle in iwmproving recruitment to the Services

during the War, ana to the mines in more recent years.

In the past, only fleeting reference has been made to
workers in our cities' sewers, reporting merely an incident such
as that quotea on the previous page. SJSome two years ago, however,
attention was focussed on the sewers of Vienna by the film,

"Phe Third ian", and it was recorded in the press that an
international soccer team had been taken below that city to view
the location of "shots" for the film. It would seem that the
sewers of Vienns had attained, slmost overnight, the fame which
has been historically sccordea to the oaﬁacombs below Paris, soO
lucidly descrivea in Victor Hugo's "Les Miserableg". #Even more
recently, an illustrated weekly published zn article describing
the work involved in the maintenance of London's sewers.

During the latter part of 1949, there arose the problem
of assessing whether illnesses among sewermen were $to be con-
sidered as attributable or non-attributable to their conditions
of work. A searchh through the medical literature offered
insufiicient material on which t0 base an opinion, and hence it
was deemed necessary to investigsaie the relationship between
health anu occupetion in the sewermen of Glasgow. In order to

do this, arrangements were made for me to visit the severul
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types of sewsrs ana view the various operations performed by
sewermen. I also had the opportunity to manipulate the tools.
in esch type of work. 4s well gs aiding in the more accursate
assessment o the physical energy required for the job, this
procedure proved to be of the utmost velue in winning the
confidence of the sewermen and did much to gain their complete
co-operation when the medical exsminations were undertaken.

In the course of this sgecisal inquiry, it soon becamne
evident that such records of sickness, accidents and deaths
among sewermen, a5 existeu in Glasgow, could only be of limitea
value in the assessment of the heslth hazards in that occupation.
A full clinical exuminagtion was thus made on each sewerman, the
exXaminations being carried out on an entirely voluntary basis.
Tne medical interview incluadeu the following:-

Meadalcal history.

social history.
Qccupstional history.

ull clinical exumination.

X=ray exsmination or chest and lumbar spiae.
Blood examingtion.

P P P P
o\ P -
N Mt N P N

Records were keplt on case-sheets, & sample of which is
shown in the Appendix. 1In g number of ingtances, men with
defects were referred to hospital out-patient departments for
further investfgation ana breatment. During the period of this
inquiry all entrants to the job of sewerman were carerfully
medically exumined before selection for the work, and serigl
re-examinations were made after entry to this employment.

A control population, for the purposes of comparison,



was buillt up out of men (approximately from the same age and
social classes as the sewermen), who attenced for medaical
examination for sgumisgsion to the Corporation's Sick Pay ana
Supefannuation Schemes. The medical interviews in this group
were conducted on exsctly the same lines as thosge performed on
the sewermen. Again, consecutive candidates for the Corpora-
tion's examingtion were selected as far as possible, provided
that they qualified for inclusion by reason of asge and socisl
class. Only candiuates examined by me were included in this
control group. In a few instances, 0lood exsmination was not
carried out, dué solely to the fact that permission for with-
drawal of blood was refused. In all, 92 males are included
in the control group (Table No. 23).

Investigations made into the various factors influencing
tae working environment inciuaed examination of temperature,
humidity, sir movement and lighting in the sewers, and chemical
analyses of sewa,e and sewer gases.

The results of these investigations, recorded in the
pages which follow, suggest that working conditions have an
adverse effect on the health of sewermen. Recommendations are
made, which, if gdopteu, would tend to reduce that incapscity
among Glasgow sewermen which can be attributed to their

occupation.
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Chapter T.

THE DEVaLOPMwNT OF WA3Tw DISPOSAL MsTHODS.

A. Historical Review of Harly iethods.

There can be little doubt ss to the originsl household
methods of disposing of animal waste products in what may be
called the normal state of existence,.whgn every family lived
epart, surroﬁnded by plenty of‘ground. Nature provided
chemical, bacterial and insect scavengers to dispose of
excreta and household refuse. The problem of organised waste
disposal, however, appears to have arisen early in the world's
history, for the Mosaic record includes sanitary regulations
for the proper disposal of the excreta of the camp or house-
hold and especially designed to secure the well-being of the
community. The ancient Romans had their famous Closaca iiaxima,
extensive parts of which have been preserved and still serve
their original purpose.

In the Middle Ages, however, when the ruling passions
were religion and warfare, every institution concerned with
domestic comfort and happiness deteriorgted; sanitary reguls-
tions, for example, were totally impeded - & folly which was
dearly paid for in the frequent and terrible visitations of
the Black Death and other fegriul diseases. Refuse from the
small townships in Britain at that time was aumped in the
streets ana streems pending removal by farmers for use gs

fertilisers.
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In 1388 the first Act of Parliament dealing with sewage
was passed but it applied only to London, even then quite a
sizable town. This was the forerunner of & long series of
laws which prohibited the indiscrimingte dumping of refuse,
while failing to offer any satisfactory alternsgtive. During
the rebuilding of London after the Great Fire in 1666, a number
of covered-in drains were constructed, but permanent underground

sewers were not built until the middle of the 19th Century.

. Conditions in the 1lé6th and 17th Centuries.

That sanitation was bad in Scotland in the 1l6th Century
is revealed in the writings of Dunbaf, ‘Weldon and many others.
The municipal records of Glasgow and Edinburgh refer to the
concern of the suthorities over the indiscriminate disposal of
refuse in the streets. Nevertheless, attempts to improve the
state of cleanliness in these cities appear to have been very
intermittent, the greatest efforts being made during epidemics
of plague.

Separation of Waste into Dry and Wet Refuse.

As early as 1019 there agppears to have been a
differentiation between dry and liquid waste, for in that year
the Town Council of HEdinburgh hired s horse and cart at six
shillings weekly to remove refuse from the closes. Street
cleaning in Glasgow was made the responsibility of the Chief
Constable in 1800, the work being carried out by policemen on

a part-time basis, until 1815 when a separate cleansing staff



was appointed. The City Cleansing Department was not
established in its present form until 1868.

The Industrial Revolution.

With the development and extension of the factory
system towards the end of the 18th and the beginning of the
19th Centuries, townships sprang up rapidly in the new
industrial areas, while ports expanded to form traeding outlets
for Britsein's manufactures. Sanitation problems of minor
importance in other parts of the country became major items
in the densely populated’centres.

Gutters in streets and streams quickly became open
sewers, and dunghills were often to be found in the centre of
towns. HFarmers utilised the sewage in streams for enrichment
of the soil, either by collection of sludge in pits dug in the
water courses or by the damming of the streams so that the
sewage overflowed on to the land to form irrigated meadows.
This broad irrigation of land was at its worst in the outskirts
of Edinburgh.

| Glasgow's growth in population (Chart No. 1) was respon-
sible in no small measure for the appallingly insanitary con-
dition of the city recorded by writers in the 19th Century.
In 1818, Dr. Robert Graham, Regius Professor of Botany in the
University of Glasgow, made the following comments in his

"Practical Observations on Continued Fever in Glasgow":-
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"Let hiam (any man) pick his steps among every species
of disgusting filth, throuzgh & long slley, from four to
five feet wide flankxed by houses five floors high, with here
and there san opening for a pool of water from which there is
no drain, and in which all the nuisances of the neighbourhood
sare deposited in enaless succession, to float and putrefy
and waste away in noxious gases."

&. The Development of Sewers and Drainage in Glasgow.

The advent of piped water supplies and the perfection
of the water closet unave promoted the development of water-
borne conservancy in c¢ities throughout the world. 1In Glasgow,
sewers were first comstructed in 1790 in three, then prominent,
streets, and by 18lb common sewers "large enough to admit persons
to clean them, extending 4 miles ] furlongs and 10 poles were
formed in the streets"; the recorded size of these sewers being
"4 feet 0 inches by 3 feet b incunes of one brick length" (Map
No.l).

Prior to 1804 Glasgow's water supply was scanty, the
sources being from 29 public and private wells. Success in
achieving satisfactory gravitation supplies was not reached
until the opening of firstly the Gorbals Water Works in 1846
and secondly the Loch Katrine Scheme in 1859.

That the installation of sewers and water supplies was
slow to spread throughout the city is shown in the following
extract from the "Report on the Licasures adopted for the Relief
of Cholera in Glasgow during the Epidemic of 1848-49" by Dr.

sutnerlsnd of the General Board of Hesalth:-
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"Phe cleansing until lately was most inefficient and
from structural causes will alwgys, under existing arrange-
ments, be difficult and expensive. There are large square
miadensteads, some of them actually unaer the houses and
all of them in the immediate vicinity of the windows and
doors of humen dwellings. These receptacles hold the
entire filth and offal of large masses of people and house-
holds until the country farmers can be bargained for their
removal. There is no drainage in these neighbourhoods,
except in a few cases, and from the want of any means of
flushing the sewers where they do exist are extended cess-
pools polluting the air. So little is house drainage
used that on one occasion I saw the entire surface of a back
yard covered Ior several inches with green putrid water,
although there was a sewer in the close within a few feet.

. o« . There are no domestic conveniences even in the loftiest
tenements where they are most needed, except a kind of

wooden sink plsced outside some stalr window and communicating
by & square wooaen pipe with the surface of the close or court
beneath. Down this contrivance, where it does exist, is
poured the entire filth of the household or flat to which it
belongs, and the refuse not infrequently takes the same
direction till the tube becomes obstructed.™

Conditions in the city continued to be bad for a number
of years, but, eventually, as the City Improvements Trust
cleared away some of tne worst insanitary areas and water ana
sewer services improved, a healthier environment became sgpparent.

The costs of building the earliest sewers in Glssgow
were borne by the Common Good Fund. The Statute Labour Act of
1807, however, authorised the building of streets, sewers and
rdads and provided for their maintenance by the Town Council.
By the Police Act of 1843, proprietors could be compelled to
construct private drains snd sewers from their properties to
join the common sewer, all connections to the latter being made
only with the approval of the City Zngineer.

By police legislation, the sewers in the city are
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classified thus:-

(a) Public Sewers - These serve for the dreinage of g
public street or road, and are maintained by the
Town Council.

(b) Common Sewers -~ These conduct the drainage of a private
street or court into a public sewer. Certein common
gsewers are maintained by the Town Council.

(c) Private Sewers - These include house drains and sewers
for the drainage of lands and heritages into a
common or public sewer. The City Engineer can
order the cleansing, maintenance or construction of
private sewers by the proprietors.

While the growth of sewers was due mainly to the
increase in the population of the city, it is noted that the
two series of figures (Chart No. 1 snd Table No. 1) are not
related. The vast increase in the length of sewers in Glasgow
since 1900 has resulted from the rehousing programme Of the
inter-war and post-war years. dnereas, hitherto, one roof
and one water closet were shared by several families, rehousing
has now reduced the number of families per roof and provided
bathrooms for each household in the new housing schemes. In
addition, these schemes have veen built on spacious lines,
necessitating drainage of large areas of streets, roadways
and open spaces.

The state of the River Clyde caused grave concern to
the citizens of Glasgow for many years, indeed, for many
decades. Pollution arose mainly from the sewers which flowed
directly into the river. Between 1860 and 1880, many schemes

for the cleansing of the Clyde were formulated, but it was not

until 1888, when a Bill for the construction of an underground
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railway through the city was presented in Parliament, that a
satisfactory solution was found. The proposed railway, it was
argued, woula dislocate the entire drainage of a large part of
the city, but the Corporation, in their wisdom, saw fit to
withdraew their opposition to the Bill on condition that the
railway company undertook to meet the whole of the expense of
re-asrranging the interruptea drainasge in such menner as the
Corporstion deemed fitting.

Thus, a project for the bringing to one point and there
purifying the sewage of a large area of the city was made
possible, and, in conference with the late Sir Joseph Bazalgette,
a new system of sewers was deviged whereby the sewage of the
central, north-eastern and eastern districts was conveyed to
Dalmarnock, at a cost to the promoters of the Bill of £198,947,
in addition to a separste charge of £18,319 incurred by them for
the construction of sewers in other parts of the city.

This was the first step towards the construction of the
present main-drainsge system.

Glasgow's Main-Drsinsge snd Seweraze System (Map No., 2).

Between 1895 and 1910 three sewage disposal works and
& considerable mileage of large intercepting sewers were con-
structed to serve the 40 square miles of Glasgow and its
immediate vicinity. There are three distinct drainage areas:-
(1) Bastern Drainage Area: This comprises the north-eastern
portion of the city anda part of Lanarkshire. Sewage
from these parts is conveyed by main intercepting sewers

to the Dalmarnock Works located on the north bank of the
Clyae. At the works there is a pumping station to raise
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the sewage to the level of the precipitating tenks.

In the past few years an additional intercepting sewer
has been built to asugment that constructed at the end
of the last century.

.{(2) Northern uUrainage Area: The works at Dalmuir treet sewage
from the north-western area of the city, Partick, Clyde-
bank and part of Dunbartonshire. A pumping station at
Partick transfers sewage from the low-level intercepting
sewers draining Anderston and Partick areas into a high-
level intercepting sewer which gravitstes to Dalmuir.
Another lovi-level sewer from wWhiteinch and Yoker has its
gewage raised by a pumping station at the Daglmuir Works.

(3) southern Drainage Area: Low-level intercepting sewers
from Rutherglen and Cambuslang run through Gorbals to
kinning Park where the pumping station transfers thne
sewage into a high-level sewer in Pollokshields.
Thence tihe sewage from this area and Cathcart, Pollok-
shaws and Cardonald gravitates to the disposal works
at shieldhalil. The contents of the low-level sgewers
from Govan ana Hillington areas are raised by pumps at
the disposal works.

When built, the system was estimated to be capable of
disposing of 250 million gallons of sewage per day, allowances
having been made for average rainfall and future land develop-
ment. Special storm overflow sewers running directly to the
river were incorporated into the system to prevent flooding
during storm.

The intercepting sewers were built as tunnels and vary
in construction according to engineering requirements, namely,
reinforced concrete, metal and brick. Table No. 2 shows the

sizes, gradients and capacity of the main sewers.
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Chepter II.

SEWsis AND SEWAGE IN GLASGOW.

A. SEWERS.
(1) Definition.

A sewer may be defined as sn underground structure for
the removal of liquid waste of domestic and industrial origin.
The ideal sewer is self-cleansing and the flow is by gravitation.
Despite engineering achievements in the design of sewers, most
townships meke use of mechaniceal aids, such as pumping stations,
to assist the flow of sewage.

(2) structural Requirements.

The following recommendations with regard to the
construction of sewers have been evolved in the light of
engineering experience:-

(a) Material of Construction. Sewers may be made of
glazed stoneware, or reinforced concrete, or iron
or steel piping treated with Angus Smith solution
to prevent corrosion, where the diameter is less
than eighteen inches. fPor gsewers of over eighteen
inches in diameter, the most suitable materials
are reinforced concrete or brick and cement.

(b) size. No public sewer should be less than nine inches
in diameter. This size is sufficiently large to
permit of free passage of any solid material which
has managed to slip through the 35- or P- trap in
the four-inch house drain.

(c) Shape. gSewers of less than eighteen inches in
diameter should be circulsgr. Where the flow in a
sewer tends to be invtermittent, the shape should
be similar to that of an egg. This tends to
prevent the deposition of solids suspended in the
sewage.
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(d) Gradient or Fgll. In sewers of 12 to 25 inches diameter
the gradient shoula be such ag to produce a velocity
of flow of 24 feet per second. #here the diameter
is over 25 inches, the fall should produce a rate of
flow of 2 feet per second. The fall should be
equable and all sudden changes in level should be
avoided.

(e) Curves. Sewers should run as straight gs possible,
there being few bends. Where curves have to be
made they should have & radius of not less than ten
times the cross-sectional diameter of the sewer.

(f) Junctions. House drains entering the sewer should be
mgde to 4o so at an acute angle so that the contents
of the darain are shot intoc the line of flow of the
sewer.

(g) Laying of Sewers. iWhere the subsoil is such as to
render foundations unstable, the sewers should be
suitably supported on concrete or other structure.

(h) Access ilanholes. These should be constructed at
intervals of 80 yards in straight sewers, and at
points where there is a change of direction in the
sewer.

(3) Domestic and Industrial Connections to Sewers.

The lsyout of domestic and street drainage is shown
diegrammatically in the appendix (Figs. 1 and 2). The
plumbing arrangements in factories are essentially similar,

(4) Sewers in Glasgow.

Glasgow sewers vary in shape, size and material of
construction. The oldest sewers are built of stonework with
8 glazed half-tile sole-plate. They range from 2 feet § inches
to 3 feet 4 inches in neight. In many places they are crossed
by water and gas mains - a practice which is condemned nowsdsys.
(rig. 3). These sewers reqguire regular inspection and frequent

repairs, mainly on account of their age.
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The modern version of the above sewer is one constructed
of brick and cement, though the design is essentially the same.
Their height, however, may be as great as 4 feet 6 inches.

Reinforced concrete piping in diameters of 9 inches
upwards has been employed for many of the sewers constructed in
the past twenty years, for example, in housing schemes. Ovoid
shapes are to be found in some places but the majority of the
pipe sewers are round in section. (Fig. 4) These sewers are
usually laid on a foundation of concrete or are supported on
concrete platforms.

Steel and reinforced concrete large-diameter piping has
been used for sections of sewefs where strain is hegvy. =®ig. 5
"illustrates the use of these materials in an inverted siphon
sewer passing below a raiiway tunnel in the east-end of the city.

Fig. b shows the elaborate underground structure
involved in the junction of a storm water overflow sewer with
an outfall sewer. The series of vanes are of reinforced
concrete and their object is to divert flood water into the
overflow channel which runs alongside the main channel in this
underground cavern. By means of the penstock the flow of
sewage in the outfall sewer cen be controlled, any excess being
diverted to the overflow. In this wsy overloading of the out-
fall sewer'with consequent back flooding in aress drained by
branch sewers is avoided. Similar storm chambers gre located

at strategic parts of the main drainage system.
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In some parts of Glasgow sewers are only five or six
feet from street level while at other points they are as deep
as fifty or sixty feet. Again, the nature of the subsoil
dictates the path and construction of many of the sewers. In
the vicinity of the river the subsoil is sand or running siltv,
while in the northern part of the city, boulder clay and rock
are to be found near the surface. Another factor which plays
a part in the gradient of sewers is the large sasmount of railway
tunnelling within the city boundaries. This factor is also
largely responsible for the great amount of repair-work in
certain of the sewers.

Thus, many of Glasgow's sewers are not self-cleansing.
Inverted siphons are, of necessity, found quite frequently in
the syétem. Where possible, however, they are constructed in
duplicate, thereby enabling one to be shut off for cleansing
purposes.

The distance hetween adjacent manholes in Glasgow
sewers varies from 20 to 200 yards. In the main, however,
access points to the sewers lie 00. to 80 yards apart.

SEWAGH,
(1) Definition.

Sewage mey be defined as material which flows in sewers.
It consists of a mixture of liquids and solids, including
discharges from water-closets and urinals, water which has been
used for domestic cooking and cleaning, water from baths and

wash-bowls, rainwater discharged to the sewers from roofs and
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streets and waste liquors from industrisl processes.

(2) Composgition.

The ehemical composition of sewage is very complex. No
reliable means of chemical analysis is practicable, hence an
empirical estimation of certain constituents is usually relied
upon for the practical purpose of assessing the efficiency of
the sewage disposal works (Table No.3).

In Glasgow, there are a vast number of industrial
estaeblishments, many of which are located in the egstern part
of the city. It is significant that the Dalmarnock Sewage
Works has to deal with a greater quantity of trade waste than
the other two disposal units. The amount of suspended solids
in the crude sewege at Dalmarnock is materially greater than
that found at either Shieldhall or Delmuir. This factor is
of importance to the sewermen for it is in the eastern area that
much of their work in silt-removal from the sewers has to be
done. solids in suspension in sewage tend to be precipitated
out by certain trade wastes.

BEngineering works, despite the fact that many are
equipped with salvage pits, contribute oil and grease to the
sewers in addition to such materials as '"pickling acid", cyanide,
suds and many other trade wastes. Garages are a common source
of paraffin and oil in sewers. Chemical works, of which there
are a number in Glasgow, contribute weak acid, wesk alkali,

spent carbide (after the manufacture of acetylene) and resins.
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In the case of steel works and gas works, ammoniacal liquors
conteining various coal tar and phenol compounds find their way
to the sewers.

Effluenté from offensive trades, such as gut-boiling
and blood-boiling as well as those from slaughter-houses and
fish factories, contain much gregse and decaying animal matter.
These substances readily solidify out in cool water and may
lead to blockaze of g sewer,

Tanneries, weaving and dyeing industries and laundries
contribute alkali and soaps to the sewers. Pgper mills in
@lasgow have an effluent which creates & problem due to frothing
caused by the alkaline soap content. Alksline greasy effluents
are glso discharged from factories engeged in wool-scouring.

(3) Variation in Content.

Depending on the habits of the population or industry
served by a sewer, so will its contents vary. In sewers serving
residential areas it is found that the flow is less during the
period 10 p.m. to 7 a.m. - that is excluding the effects of
rainfgll. Similarly, a sewer serving indust}ial premises has
- variations in its flow anda content from hour to hour. In
certain processes, spent liquors are discharged during the night,
while in others discharge is made at intervals during the day.
Thus it is seen that the volume of sewage and its chemicsl
composgition can vary from hour to hour. Again, no two sewers

drain the same area and hence major differences are likely to
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be found on investigation of their contents. This is of
particular importence to the work of sewermen.

(4) Temperature Variation.

Ads is to be expected, the temperature of the sewage
is lieble to wide variations, depending on the temperature of
the effluent and its degree of dilution with cold water before
entry to the sewer. Temperatures of sewagze appear to vary
between 35°F. and 100°F.

(5) Control of asdmission of Wastes to Sewers.

By various statutes, restrictions are placed on
indqustrial concerns as to what trade effluents may be discharged
into sewers. The following two sections from the Glasgow
Streets Sewers and Buildings Conéolidation Order Confirmation
Act of 1937 illustrate this point:-

Section 81 - The occupier of any land or heritage
on which any trade or manufecture is carried on shall
before permitting any liquid effluent substance or matter
therefrom to flow or pass into any sewer use the best
practicavle means for preventing the production of
noxious effluvia therein.

Section 82 - The proprietor of any building used
for the purposes of trade or gsgin as z motor garage oOr
motor works or of any petroleum filling station shall
provide on every private sewer or drain in or connescted
with such builaing or stetion which msy receive the
discharge or overflow from the operstions of cleaning
end washing motor vehicles and supplying petroleum snd
0il to motor vehicles or otherwise an efficient deep-
segled trgp or tank properly ventilated and fitted with
accessible surface covers for the interception and
removal of o0il; grease snd petroleum or other volatile
substances or liquids.
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In a further section the above Act states that -

"No steam and no hot water or other liquid at a
temperature exceeding one hundred and ten degrees Faehren-
heit shall be discharged into any sewer except with the
written consent of the lfaster of Works which consent may
be granted on such terms anc conditions as he may think
fit.n

These examples show that, from the legal aspect, every

endeavour is made to ensure that effluvia likely to lead to
danger in, or liable to cause damage to, the sewers are excluded.
Where the effluent may not be admitted to the sewers the manu-
feacturer has to make his own arrasngements for aisposal.

Nowadays this is done by the installation of & trade waste
disposal plant and in many instances this is combined with a
salvage recovery process. In former years, however, the
practice was to discharge the trade waste into streams or coups.
A chemical manufacturing company in the city at present is
maintaining a special private sewer to convey to the river

Clyde liquors from trade wastes deposited by their predecessors
over a century ago. The waste product is calcium hydro-
sulphide from the Leblanc prdcess of manufacturing washing-sods

" ( sodium chloride to sodium sulphite to sodium carbonate to soda
crystals). The deposit was made on an ares where there are
naturgl springs. Sulphuretted hydrogen is given off from the
resultant solution in the spring water, and, as it was considered
that damage to public sewers would result from contact with this

material, the Corporation ingisted that the company should

construct and maintain their own private sewer. Considerable
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corrosion of that sewer can be seen as the result of years of
exposure. The public sewers do, however, take overflow storm
water from this waste ground, consequently hydrogen sulphide
is often present in the sewer at this point.

While manufacturers are only 100 ready to co-operate
with the laster of Works, it will be realised that the labourer
whose duty it is to maintsin and clean out traps and pits
within the fectory premises is often unfamiliar with the reasons
for excluding the particular material from the sewer. His job
is to clean out the tank and so he follows the custom practised
at home, nsmely, ®pour the dirt down the drain". It is for
this reason that from time to time special problems arise for
the employees of the Sewage Section, and as the source of the
troublesome material is not known at the time, a certain amount
of risk may be involved during inspection of the particular
sewer.

Bell and Paton in their Book on "Glasgow: Its
Municipal QOrganisation and Administration" state -

"4 sewer is the most recklessly selfish contrivance
sanctioned by civilisation, ana civilised society has to
pay & heavy price for its use. . . . The soil pipe is
the most convenient and most reckless structural appliance
in the economy of a household. The householder gets rid
of his or her troublesome and offensive matter, it is
outside his walls immediately it is produced, and therewith
ne thinks the matter is at an end. It is not so, for his
sins assuredly find him out. The sin of the individusl is
punisned on the community, and the gigantic evils which are
the inevitable outcome of this immense indispensable selfish

convenience are gmong the most perplexing problems of modern
city life.n



- 23 -

These statements were written in 18960, They referred to the
state of the river Clyde and its tributaries during the con-
struction of Glasgow's main drainage scheme. iuch of the state-
ment still applies, not so much to the inconvenience and danger
to the public as a whole, but to those men whose daily job

leagds them into the maze of sewers below the streets of Glasgow.
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Chapter III.

THis SeWoRWMAN AND HIS JUB.

A. Necessity for sSewermen.

"When our ancestors began to pour their innocent
trickles of household and street drainage into the wimpling
Molendinar, they did not foresee the time when that romantic
burn would become & stream of noisesome and pestilential
liquid which we are glad to have covered over and hidden
from our sight."

In writing these words & historian of Glasgow giveg the
reason for the introduction of public sewers towards the end of
the 18th Century. In their earliest form, he shows that the
construction of sewers merely consisted in the covering over of
existing gutters and streams. From these there developed the
public and common sewers built of stone and of such size "es
to permit the entry of a man for the purpose of cleaning thea".
In those early days, blockages of ths sewerg were common, and
the only method of correcting the fault was for a man to crawl
along from the outfall and restore the flow. As sewers became
longer, this method of clearance became more and more dangerous,
and, latterly, it becsme the custom to resort to surface
excavation of the sewer in the area of the blockage. The sewer
wes opened, the blockage removed and the stonework and overlying
egrth replaced. At fhat time, the cleaning of sewers was
carried out by private contractors, probably because the
majority of the sewers were privately owned. It is of interest

to note that, even after sewers were constructed and maintained

at the expense of the Town Council, private contractors
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undertook the actual work. A family business was early
associated with sewer mgintenance, and, indeed, in Glasgow,
one femily carried on this work for three genersgtions. This
would sppear to demonstrate the early acknowledgement of the
specialised nature of the work of sewer maintenance.

This maintenance work grew rapidly as the city expanded.
The attention of engineers was soon directed to the problem of
gaining access to the sewers to clear blockages. Several
improvements were introduced, together with the adoption of
the combined system of water-borne conservancy made possible by
the extension of piped water supplies in the city. Manholes
were built at intervals to permit of entry to the sewers as well
as to provide ventilation of the Sewers, and thereby reduce the
reflux of dangerous effluvia into houses through faulty connec-
tions. Despite efforts msde by engineers to develop self-cleans-
ing sewers in an attempt to reduce the heavy cost of maintenance,
this ideal has not been achieved, and so & number of men in esch
of our cities are employed solely for the purpose of maintaining
the sewers in an efficient state.

Number of Sewermen in Glasgow.

fMifty-two men gre employed, wholeftime, in Glasgow for
the maintenance of the sewers and the msin drainage system.
This number does not include employees at the three sewsage
disposal units nor those at the four pumping stations.

Cf thesge fifty-two, ten gre engaged in the regular
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patrol of the main druinage system, i.e., tne main intercepting
sewers, Their principal work is the oilihg ana control of
storm valves in these large-diameter sewers and little of their
time is spent underground. If any major structural maintenance
work is required in the main drainage system, it is usually
carried out through private contractors.

The remaining forty-two men sre normally engaged in the
proper work of sewermen and oﬁerate as two night-shift. squads
of five and four men respectively, and on dsy-shift as nine
three-men and one six-men squads. The squad of six men on dgy-
shift is held at the unit headquarters and i1s equipped as an
emergency mobile team. Five squads normally operate on the
north side of the river, while four squads work on the south
side, but it should be noted that this division is arbitrary,
each squad being considered as available in emergency for
opergtions in any part of the city. In the mgin, however,
each squad has an grea of the city in which most of its work
is carried out. Thus, it is found that some men are engaged
in suburbs which are almosf entirely residential, while the
others (the mgjority) maintain the sewers in the highly
industrialised areas.

The supervision of these men is performed by one chief
inspector and two foremen; men of long experience in the
sewers who have proved themselves to be efficient leaders

in dangerous situsgtions.
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C. Socisl State (Table No. 4).

The sewermen may be considered as belonging to sociagl
classes IV or V, as definea by the Registrar-General. With
regard to the work, some writers might place them in the lowest
class of unskilled lgbour, but having personally observed them
at work in many emergencies, one considers that their job demands
a degree of courage and skill well above that of the average
labourer gnd worthy of the higher grading.

(a) Ssige of Family. All the men are married and in only

three instances are they childless. The aversge size of family
is three to four children, and this factor appesars to have an
important bearing on the recruitment of men to this type of work

(o) Housing. The home conditions of the majority of the
sewermen gre poor, largely beczuse of the small size of their
houses and the lack of proper washing facilities. Twenty-three
of them live in houses of two-apartments or less, while twenty-
seven of their houses lack bathrooms. Those fortunate enough
10 have been rehoused by the Corporation have set up comfortable
homes; the furnishings of which compare favouragbly with those of
higher income groups. Moreover, this group demonstrates that,
given proper fgcilities, sewermen cgn and do pay attention to
personal cleanliness.

(c) Weekly Income. In fifteen families, the sewermen is

the only wege-earner, while, in the others, at least one child

is bringing in a psy. The gross weekly wage of the sewerman
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is £6:10s., night-shift workers earning an additional 1lls.
weekly. The nett weekly income of the sewerman ranges from
£5:14s. to £o0:l3s.

Because of family responsibilities, the average sewer-
man's spending habits are modest, his only extravagances being
an occasionsl bet on a horse, 10 to 15 cigarettes daily, and
a few pints of beer at the weekend.

(d) pDietaries. In food habits, the sewermen closely
resembles the miner, the main meal being taken after the
working shift. Breakfast is light, though porridge is a
fegture in most of their homes. Cheese or meat sandwiches
are consumed during the two meal breaks in the working shift.
At weekends, normal well-balanced meals are taken with the
femily. An anglysis of the weekly dietary of these men
revegled that, although satisfactory in protein and fat, in
many instances there is a lack of raw fruit and vegetables.

(e) Working Clothing. Apart from the special items of

clothing supplied to each man, the sewerman's working clothes
are subjected to hard wear and tear, especially when working
in small sewers., Frequent soiling calls for regular washing
which shortens the life of garments and necessitates frequent
replacement of shirts, trousers, socks and underwear,

Recruitment of Sewermen in Glasgow (Table No. 5).

As in the past, the mgjor incentive to recruitment to

the job of sewermen is the £1:5s. incresgse in the weekly wage
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over that of the ordinsry labourer in the Highways Department,
from which group the recruits are drgwn. Applications reagdily
come from those men with young families.

The selection of men whose standard of work has been
watched by the Inspector and nis two foremen ensures that
only reliable workers are employed in the sewers. The high
standard of judgment and intuition of the selectors is
reflected in the'relatively low lagbour turnover found among
the Glasgow sewermen, This is further borne out by study of
the occupation histories of the sewermen at present employed,
where it is found that these men collectively have had few
periods of unemployment during the years of trade depression
between the Wars. They sought out work and gained appoint-
ments when competition was at its greatest. This spirit of
being prepared to tackle anything is still to the fore among
these employees, and it is worthy of note that the latest
recruits have maintained this standard.

The average age of entry to work in the sewers is
37.7 years, while the length of service of the present labour
force rgnges from a few months to 28 years. Table No. ©
shows the distribution according to length of service. It is
seen that fully 80% of the sewermen have over five years'
gservice and 449 have been over ten years in this employment.

Description of the Work of Sewermen in Glasgow.

The work of the sewermen regdily falls into two main

classes, namely:-
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(a) Routine cleaning and inspection of sewers; end
(b) Breakdown or emergency work.

(a) Routine Cleaning and Inspection of Sewers.

The method of carrying out this job varies according
to the size of the sewer, but three main procedures gre followed:-

(1) Small Sewers. This procedure is employed in pipe sewers

having a diameter between 9 ins. anda 25 ins. Adjacent man-
holes are opened and one sewermen enters each. From the bottom
of one an extending rod is passed to the other through the sewer.
Having resched the other manhole the rod is pulled through anu
is used to draw s rope along this section of the sewer. Once
the rope is in position a hose-pipe connected to a nearby
hydrant is attached snd with a good jet of water the sewermen
commence to wash through this section of the sewer in the
direction of its flow. By means of a to and fro pulling on the
rope the hose and its jet of water are gradually worked along the
sewer from one manhole to the other. In this wgy eilt lying on
the bottom of the sewer is washed down to the manhole. As the
gilt accumulgtes it is shovelled into a bucket and drsgwn to the
street level by means of o hand-operated winch. There the silt
is collected to gwait removal by a lorry from the Cleansing
Department. Great care is necessary in this flushing method to
avoid forcing the silt along tiie sewer too quickly as this may
lesad to a blockage.

(2) Medium-3ized sewers. In sewers hgving diemeters between

two and four feet, inspection gnc cleaning hsve usually to be
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done while the sewage is flowing. This applies to the majority
of the sewers. The team of three men operate from one manhole,
two men being underground while one man is at the top of the man-
way . One gewerman operates at the 'face', i.e., the point from
which the silt is being removed. Using a short-handled, round-
edged shovel he fills a wooden pail with sludge. The pail is
then placed on top of the shovel and by meang of the latter is
dragged along the sewer to the second sewerman., The load is
then drawn to the bottom of the manhole where the pail is hooked
on to a rope and raised to street level by the third man who is
operating the winch. The bucket is emptied on to the street
and lowered for another load. It is usual for three buckets
to be used so that the loader is kept supplied.

iooden buckets are preferred to metal since they stand
up to greater wear and tear and are more eeasily slid along the
floor of the sewer. In the above procedure the trafficking is
done over the part of the sewer which has slready been clegred of
silt. It will readily be appreciated that the men underground
are working in a crouched position gnd that space mgy be further
limited by 12 to 18 inches or more oI water in the sewer. The
depth of the silt is usually about g foot, though frequently it is
twice that depth. After filling the bucket and having dragwn it
to the point where 1t is transferrea to his mate, the sewermen
" has to climb over the bucket and proceed back to the 'face' with

an empty bucket. In the return trip the bucket is hall floated,
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half pushed, as the sewerman uses it to maintain his balance.
The foot-work involved in traversing the sewer is often tricky
as there is insufficient space to tske proper steps. One foot
is kept in front and gfter a step has been teken with it the
other foot is brought up close behind. As the silt is removed,
the walls, roof and floor are exsmined by touch and visually
where possible. Any cracks found in the cement-work are
repaired by the sewermem in their progress through the sewer.
Each day the men in the team change duties. In this way each
man has one day in three on the surface.

(3) Large-diameter Sewers. The procedure in the larger

sewers, megsuring four feet ana upwards in height, is similar to
that described in parsgraph (2) abofe, except that there is a
greater depth of water. In some instances it is possible to
lower a penstock distal to the point of opersgtions and so deflect
the bulk of the sewasge over a storm wgter overflow. In this
way the water level in the field of operagtions can be reduced.

In the largest of the intercepting sewers of the main drainsage
system the inspection is made on & raft.

(o) Breskdown or mmergency Work.

Here again the method of approasch depends on the sigze
of the sewer, but before describing this type of work it is
necessary to mention the causes of breakdowns. These are -

(i) Blockage. This is more common in the smaller sewers,

i.e., the pipe sewers, though it does occur from time to time
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in brick sewers. In the letter, this fault occurs at a low

point in the sewer, for example, in a dip below railway lines.
(ii) Pall-in of the roof or wsglls of g stone or brick sewer:

This emergency occurs in various parts of the city from time to

time. Subsidence is common in those barts under which old

mine workings are to be found, and rupture of g water-main

or sewer is liable to occur.

(iii) PFelling out of the sole of a sewer: In this case the
bottom of the sewer fglls out as a result of the washing away of
underlying soil by a leak either from the sewer itself or from
a nearby water-main. The original fracture of the sewer may
hgve been caused by the vibragtion produced by nearby heavy
traffic. |

In desling with these emergencies the following
approaches are made:-

(1) small or Pipe Sewers. Having decided in which

gection of the sewer the bregkdown has occurred, the team of
sewermen then attempt to clear the blockage by passing rods
along the sewer, By fixing spikes on to the ends of the rods
it may be possiple to pierce a way through the obstruction.
Once that is achieved, a knotted cnain is dragged through from
one manhole to the next and the free flow of sewage restored.
If these measures are unsuccessful, then the distance between
the stoppage and the manhole is estimated and the corresponding

spot on street level plotted. The street is dug up and the
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sewer exposed. A section of the piping is carefully removed,
the blockage cleared and a new section of piping cemented into
position.

(2) stone and Brick Sewers. Blockages occur here too

-
/

and iﬁ.some instances it is possible for a sewerman to clear
the blockage manually from within the sewer, This is an
exceedingly dangerous procedure despite attempts to dam the
sewage further beack along the same sewer. In some instances,
however, because of a dip in the sewer the workman cannot
proceed glong the sewer to the blockage because of the depth
of water. Where it is possible to divert the flow of sewage,
of course, the dip is pumped dry and sewermen clean out the
séwer in the usual way. In one notorious section in the south-
side of the city, trouble arises from the outpouring of tar
products from a gas works. When discharged the tar is liquid,
but, on cooling in the sewer and on admixture with gravel from
the streets and sewage, becomes more viscid ana gradually
solidifies. One such sample, stored in a jar, solidified
within two weeks at room temperature. The sewer into which
thié tar is dumped dips below some railway lines and gs so many
blockages have occurred at this point a knotted chain has been
left in position between menholes on either side of the dip.
wvery few days, sewermen pull the chain to and fro to prevent
the sewer from being blocked by solidification of the tarry
mixture.

In the case of a fall-in of tne roof or walls of the
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sewer a preliminsry survey of the breakdown is made, and if the
fault is found to be extensive then the sewer is exposed from
ground level in the region of the fall-in ana the necessary
repairs carried out. This work is usually undertaken by a
private public works contractor. Where, however, it appears
possible to carry out repairs from within the sewer this is
carried out by the sewermen, The roof and wallsg are shored-up
on either side orf the fgll-in, the debris removed and brickwork
cemented into position. This sounds s simple enough matter
but it must be pointed out that once props have been placed
in position very little room is left in which to work.
Purthermore, it must be remembered that bricks, cement and
other materiasls have to be carried along the sewers from the
nearest manhole in pails held or dragged in such a way as to
defy the anstomical laws of correct working posture. In this}
type of work, not only is there great danger but also, because
of limitation of space, the body has often to work at great
mechanical disadvantage thereby causing excessive expenditure
of energy. For this reason, se%eral teams of sewermen may be
employed and s human chain supply line formed from the manhole
base to the scene of operations.

A dangerous festure of certain sewers is the liability
of the sole or floor to fall out. In one intercepting sewer,
located in the east-end of the city, this type of breskdown

occurs quite frequently. The sewer runs sglongside a railwsay
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tunnel and vibration due to the passaze of trains causes a
crack to gppear in the sole. Water escapes ana in so doing
washes away the running sand below the sewer. A section of the
floor is left unsupported, falls out, and the process becomes
a vicious circle causing rgpid extension of the damage. When
the'break-down is being locsted the examining sewerman has to
proceed warily along the sewer till he reagches the edge ¢f the
breek in the sole. One false step at this juncture may lead
to0 a tragedy iﬁ which the workman is submerged in a quicksand
of sewage and mud. Victor Hugo classifiesg such g defect in

a sewer as a "fontis", and in Les Miserables vividly describes
the experience of Jean Valjean when negotiating the "slough of
mud in & cavern of night".

In an emergency such as this all svailable sewermen are
rushed to the spét éﬁd the defect is repaired by pouring in
concrete, which will set under water, until new foundations
have been made on which to reconstruct the sewer floor with
glszed tiles. In some instances it is possivle to keep the
site of the re-pbuilding work dry by constructing a piped bridge
over the defective ares. This is only possible where the flow
is relgtively small, The same proceuure of bridging the
defective part of the sewer is used in this particular sewer
for tracing suspected leakages from the sewer. It frequently
happens that railway examiners report leskage of water through

the wall of the adjacent tunnel. It is not always easy to
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decide whether the water is from a water-main or a sewer gaud

g0 g fluorescein test is carried out on the adjacent section

of the sewer. 4 shallow dam 0f clgy is megde in the sewer, and
from this dam a five-inch pipe is run to a siwmilar dsm farther
down the sewer. In this way a section of the gewer floor is
dried out for examination, the sewage being conveyed through
the pipe-bridge. A solution of fluorescein is then poured
into the drieda section and left there for several hours. At
the end of that time the wall and roof of the ragilway tunnel are
examined for the presence of the fluorescein. The test is
repeated along adjacent sections of the sewer until the legk

is tracea. Under the same conditions of bridging, the crack
in the sole of the sewer is repaired. It will be seen that
free movement of the sewermen on this job is further restricted
by the dsms, piping and wooden supports.

(3) Low-Level Intercepting Sewers. A major bresk-down

in this system occurs mainly as a result of a defect in the
pumping machinery. At each of the pumping stations there ig
always a spare pump which is availavble should a mechanical fault
develop in one of the other two pumps. In a recent bresk-down
on the south-side of the river, however, pumping had to be
stopped altogether. severgl thousand tons of tar found their
way into the sewer from a coking plant at a steel-works. This
tar gummed up the velves in the pumps and put ali three msgchines
in this station out of action. Penstocks were lowered into

position snd the sewage from this systew of sewers diverteu
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into the river by way of the storm water overflows. The tar

was removed from the pump-wells, the valves dismantled and
cleaned in a degregser, while several squads of sewermen cleared
the tar from the lower sections of the sewer. The operstions
took several months, tar lying in the sewer to the depth of

two feet. This tar had solidified on mixing with the sludge

in the sewer and its removal latterly almost required the
assistance of a pneumatic drill. Further reference to this
particular experience of the sewermen occurs in the section on
dermatitis.

Hours of Work and the dorking Day.

The sewermen work a 44-hour week spread over five days.
The starting hour is 7.15 a.m. and on four days of the week
work finishes at 4.15 p.m. On Fridays, finishing time is at~
3.15 p.m. One hour is allowed for meals (that is, haglf-hour at
each bresgk). When working in brick or stone gewers (that is,
when working inside the sewers), their working day is reduced
by one hour. On night-shift, work starts at 10 p.m. and
finishes at 7 a.m.

The above figures refer to the normal working dsy, but
when a breskdown has occurred the sewermen, working in relays,
may be employed for longer periods.

The dey starts with the team collecting its two-wheeled
barrow containing tools and equipment, which has been stored over-

night in a convenient yard. The next hour is spent in reaching the
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site of operations and laying oul the equipment. This entails
the erection of a steel~framed portable canvags shelter at the
roadside, the kindling of & fire in the bragier, the removal of
the manhole cover with pinch-bars, the filling and trimming of
0il cap-lamps, the setting-up of & water tap to a fire hydrant,
the collection of pails of water, the marking-off of the
utilised section of the roadway with barriers and red flags

and red lamps, the donning of overalls and thigh-boots, and
the erection of the winch. (See photograph. )

The two sewermen due to work underground on this parti-
cular day descend the manhole gnd enter the sewer. An inspec-
tion is made of the section to be clegned, movement being made
with the asgsistance of a short stick laid across the sole of
the sewer on which the weight is balanced. As an alternative
to the short stick, the wooden bucket is used to maintain
balance during working operations. (See photograph.)

Once the rough inspection has been made and the sewer-
men are ssbtisfied that ventilation is sufficient - as judged by
the brightness of the flame in the cgp lamp and by the ease with
which breathing is possible - buckets and shovels gre lowered ‘
via the winch by the sewerman on street level, and operstions
commence glong the lines indicated above.

After a two-hour spell underground, those two men dry
their hands on a piece of rag-waste carried in their pockets

and climb up the iron rungs set gt intervals of 18 inches up
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the sides of the mgnholes. (See photograph.) The hagnds are
dried before the ascent to ensure that a firm grip is maintained
during the climb. 4fter g bresk of twenty minutes they descend
into the sewer and work agsain for gnother hour. At about &
quarter to twelve the morning megl bregk of haglf-an-hour is
taken. The two underground workers return to the surface, wash
their hands and forearms in & bucket of warm water, heagted on
the bragzier by the third man, rinse in clean water and then
rinse in a solution of carbolic disinfectant. The meal of
sgndwiches is then partseken of, the sandwiches often being
held by the sewermen in the wragpping paper so thgt the food is
untouched by their hands. Cans of tea prepared by the surface-
man complete the megl. It should be mentioned here that towels
and soap are providea by the Department to each sewerman, as is
the solution of disinfectant. A special two-monthly ration of
six ounces of tes and & half-pound of sugsar is bought by each
men through the Highways Departmént (in addition to the ordinary
civilian entitlement of these rationed commodities).

The afternoon programme follows the same routine as
that outlined above, viz., two hours below, 20 minutes on top,
one hour below, a meal bresk of hglf-an-hour, and one hour to
clear up and park the barrow.

G. mquipment and Tools.

These comprise the following:-
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One two-wheeled barrow. Hydrant connections

One portable collapsible hut Supply of rag waste

One winch Disinfectant

Two pinch-bars Can of o0il (illumination)
Ropes ' Thigh boots

Pails (wooden and metal) Qveralls

One bragier Towels

Supply of coal ana coke Spare lamps

Shovels . Water cock key.

Sweeping brusih
In bresk-downs more elaborate equipment may be required,
including electric and pressure oil lamps, piping,clay, timber,
etc., In the case of men engaged in the flushing of pipe sewers

then hose-piping is included.
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Chapter 1IV.

THE WORKING BENVIRONMENT.

The working environment of sewermen is perhaps best
illustrated in s description of s routine inspection of a
brick sewer.

On removal of the manhole cover the examiner is
conscious of that sickly sweet odour peculiar to so-called
"gsewer gas", but detection of this smell is quickly lost,
either due to its anasesthetising effect on the nasal mucosa
or by its replscesment by other more penetreting odours. 1In
some sewers the smell is more of tarry compounds, in others
paraffin, while in still others the offensive odour of decaying
vegetable or gnimal matter. The nose, however, quickly adjusts
itself to most of these.

In the descent down the manhole; deylight fades rapidly
and this adds to the difficulties in negotiating the rungs
spaced at three-feet intervals on one of the walls. Once the
sewer is entered, a lonely world of inky darkness and degthly
silence envelopes the explorer, vision being limited to a few
indistinct feet by the spluttering yellow flame of the oil-
burning cap-lamp. A stooping posture is enforced by the low
roof of the tunnel, while the rate of progress is rendered
tardy by the glutinous adhesion to each boot of silt to g depth
of some 8 to 12 inches on the floor. On the surface of the

water, only s matter of 12 to 1o inches from the face, human
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faeces and other debris float by. The hands and foregrus
quickly become contamingted with slime gnd sewsge from the hand-
foot crawling mechanism by which progress is made along this
three-feet brick sewer. The going is hard, the back aches, and
the knees are cremped, but no relgxation is possible until the
next manhole is reached. There the investigsator can stand
upright and temporarily relsx after his efforts. The final
stress is the climb back to the street level, and once there,
and then only, can be enjoy deep breaths of fresh air. The
shirt feels moist and the stmosphere cold on the surface as
compared with that underground. While it is possible thst the
dempness in the shirt msgy have been due to drips of water which
have fallen from the roof of the sewer, mosf of it is due to
perspiration. How much more sweagt must be lost by the sewer-
men engaged in shovelling the silt from the floor of the sewer
and drsgging the bucket to the bottom of the manhole?

In some sections of sewers frank sosking of the upper
garments occurs where junctions with branch sewers have to be
negotiated in the course of the days' work. The ge - branches
enter into the larger sewers high up on the lgteral walls and
if sewage is flowing from the former it cascades into the msin
in such a way that it is impossible to proceed slong the larger
sewer without the clothing being soaked.

In the case of workers engaged in the flushing of pipe
sewers, wetting of the clothing frequently arises at the lower

end of the section, when the hose-pipe is pulled to that region.
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Again the powerful jet from the hose tends to force a stream
of cold air along the section of the pipe and the man at the
lower end has to work in this cooler atmosphere. The pipe
flushers, however, though still working in a restricted space,
have gregter opportunity to change their posture than those
working in the brick sewers,

On the average, each sewerman spends 24 hours weekly
carrying out heavy arduous work in this environment. The mere
description of the place of work, disgusting and revolting as
it megy seem, fails, however, to convey the true nature of the
working conditions. Accordingly, it was felt that an effort
should be made to define in more accurate terms the conditions
under which sewers are cleaned in Glasgow.

In a prelimingry inspection of the various types of
sewers it readily became apparent that certain physical and
chemicgl forces might have a bearing on the influence of work-
ing conditions on the heglth of this group of workmen.
Temperature, humidity, alr movement, composition of the atmos-
phere, the chemical composition of sewage and methods of
illumingtion in the sewers were examined at points where active
work was proceeding.

Tempersture and Air liovement.

The results of surveys in eight sewers are given in
Table No. 7.
The investigations were cgrried out on sewers Nos., 1

to 6 between April and December. The figures quoted for
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sewers Nos. | ana 8 were obtained at night during the summer
months. All of these sewers were of the brick type and their
vertical diameter vgried from three to four feet six inches.
They were locatea in various parts of the city and were selected
becuyuse wmen were engaged either in cleaning out the silt or
carrying out repsairs. It is consicerea that they represent
typical examples of the temperéture conditions under which
sewermen have 1o WOrk. Trade effluents of one kind or another
were noted to pe present in each.

One regular finding, noticeable even without a thermo-
meter, was that in winter months the atmosphere of the sewers
was warmer than the surface air. In summer months some sewers
appeared to be cooler than the surface atmosphere, but in others
these two temperatures approximated to each other. In sewer
No. 2, for instance, an appreciable air movement was noticeable
when the aovove reading was tsaken. It shoula be mentioned,
however, that the atmospheric coﬁditions on the surface were
gusty on that particular day.

The resdings in Table No. 8 were taken at 1l5-minute
intervals during a morning in the month of April. The sewer,
s well as draining a domestic area is joined by seversl
branches Irom various factories. One branch comes from a
tannery, while anotner comes from a nearby gas works. Hot
watery effluent from these factories flowed past frequently
during the period of two hours under review. These outflows

in no small way account for the variation, not only of
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temperature and humidity, but glso in air movement. An
appreciable rise in the sewage level was noted as these
effluents went oy. This rise and fgll in the level of the
contents of g sewer gids ventilation as does the rafe of flow
in the particular sewer.

The effective temperature is an index of warmth of an
environment. As an index it tskes into account temperature,
humidity and rate of movement of the gir, and refers all of
these to standard conditions of still air saturated with water
vapour, in which an equivalent sensation of warmth was
experienced by the subjects in a long series of tests. In
calculating the effective temperaturs, use was mgde of the
"normal scale® wnich applies tolpersons wearing light clothing.
The effective temperature does not take into account rsdiation
and so g corrected effective temperature is used in the estima-
tion of the index of warmth of an environment. The rediation
factor is megsured by means of the globe thermometer. In the
investigation under review, it was found that, because of the
rgpid varistions in the environmentsl temperasture and air move-
ment, the globe thermometer readings seemed 10 gpproximate to
those of the dry bulb, there being a time lag in the case of the
former. Accordingly, it was decided to use only the effective
temperature, and make no correction for radistion since this

factor appeared to be negligible.
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Agsain, the scale used was designed for use where light
clothing was worn, and, hence, as sewermen weal rubber waders
which prevent free evaporation of perspiration from a large
part of the body surface, a correction for this must be allowed
for in the interpretation of the final result. Bedford (1948)
considers that an effective temperature of 57 to 63 degrees
Fahrenheit is a comfortable level for indoér environments where
very light sedentary work is being done. 1HFor heavier work, he
recommends 95 to 60 as a suitable range. Ih the case of
sewermen, it was found that, generaglly, the effective temperat-
ure of their working environment lay within this range, though,
in several instances, figures above this level occurred. dhen
allowance is made for tne special clothing worn by the sewermen,
however, it is evident that the effective temperature of many
of the sewers is above the suggested levels for an environment
in which heavy manual work is to be carried out.

Sewer No., 2 is given as an example of the rgpid
variations which can take place in the working environment of
sewermen. Changes of more than 20 degrees in temperature have
been found to occur during a relatively short period of time.
in the example given, the temperature varieda over a rsnge of
18 degrees in a matter of only twb hours.

Chemiceal Anslysis of Atmosphere in Sewers {(Table No. 9).

Sampling of the atmosphere in various sewers was made

by the water-air replacement method. A large glass bottle of
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known voluxne was filled with water and emptied in the
particular sewer at a point distant from the open manhole so
that & sample of the air breathed by the worker was obtained.
The bottle was quickly stoppered and sealed and transported
forthwith to the analyst's laborastory where the analysis was
carried out immediately. Samples for the estimation of
carbon dioxide and carbon monoxide were taken in this way.

In the case of aromatic hydrocarbons and bengene analyses,
the method of sampling was essentially similaer except that
special foil-covered cork stoppers were used in place of the
usueal rubber stoppers and an iron siphon was employed to reduce
the possibility of washing out any of the hydrocarbons in the
process of filling the bottles with sewer atmosphere.

In the anglysis of hydrogen sulphide, a known quantity
of air was aspirated éireetly from the sewer through lead
iodide indicator paper and a colorimetric comparison used to
determine the content of the contaminant. Table No. 9 gives
the results of analyses oL atmosphere in sewers.

The five samples in Sewer No. 1 were taken at different
times at intervals of one week in parts of the sewer where the
men were working. Phrec manhole covers were open and had
been open for several hours on each occasion before the samples
were taken. A feature of this sewer was the distance betwcen
manholes in one section, "the long draw" as it was referred to
by the sewermen. This section had a distunce of over 200 yards

with no manhole.
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Sewer No. 5 samples were tgken in sections known as
a dead-end branch in which silt readily accumulates. These two
dead ends in the same street lead into different sewers. They
are really the beginning of sewers, house drains meeting at
these points and forming the common sewers.

Sewers No.2 and 3 convey trsde effluents from two
different gas works in addition to domestic and other commer-
cial drainage. Immediately the manhole covers are raised in
these sewers a pungent tarry odour is evident and condensation
of tarry compounds drip from the walls of the manholes. 4
cloud of vapour can be seen hanging over the gewage as it flows
on its way to join the main intercepting sewer. The sewage
ligquor has a brownish colour and en oily film floats on the
surface.

This oily film was noticed in many of the sewers which
one visited. #rank oil on the surface of the sewaze was found
frequently to reach the sewers from drains serving garages,
while in several instances the odour of petrol and paraffin
in sigzable quantity could be detected. The presence of
commercial petrol was confirmed at one stage of the investi-
gation through the isolation of the diagnostic dye by the
analyst. |

The pumgent fumes of chlorine in one instance and
ammonis in another were recognised in two sewers in the south-
side of the City during the investigation. In another sewer,

one arrived only s Tew minutes after the three sewermen had
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been driven outv by the appearance of a pungent fume in the
sewer. From the oaour, it seemed that the fume might be
acrolein. A sample of a frothy scum, which had appeared on
the surface of the sewage, was taken as it seemed to emanate
the pungent odaour. On analysis, however, none of the fbllowing
was found - benzene, toluene, xylene, petrol, halogenated
hydrocarbons, formalin, formic acid, acetic acid, ammonis.

The scum was established as being composed of mineral 0il of
the lubricating type.

In another sewer on the south side of the river, two
men were overcome by pungent fumes and had to be rescued from
the se%er. Analysis of the vapour in tne sewer showed it to be
free chlorine. Investigation revealed that a bleaching prepar-
ation containing chlorine had been used in a flour mill which
drained into this sewer. Floor washings and the residue of the
material after the bleaching process had been washed into the
drains. On entering the sewer the effluent had interacted
with wesk acid from a chemical works to produce the chlorine
gas. A qualitative analysis coniirmed the presence of chlorine
in the fumes.

Qualitative analysis of the atmosphere in a sewer in
the north of the city proved the presence of hydrogen sulphide.
ilen working in this sewer had complained of irritation of the

eyes snd two had actually developed conjunctivitis.
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C. Ventilation in Sewers.

When originally built, sewersg were well ventilated
by means of gratings fitted over the manways. From time to
time, however, complaints were received from residents in
certgin areas of the city concerning the emission of foul
odours from manholes. It was found that a satisfactory way of
removing these nuisances wgs to fill in the interstices of the
gratings with concrete. As reports of such nuisances became
more and more frequent, this practice of sealing off manhole
covers became genergl so that nowadsgys most, if not gll, man-
holes are so segled over thsat ventilation from these sources
is glmost negligible. Small branci sewers and house drains
still retain ventilation through Buchan traps and ventilating
shafts, but the contributions of fresh air made by these have
1ittle influence on the larger sewers. Storm water overflows
and the entrance of open streams into the sewers provide such
ventilation as now exists.

Before work commences }n a section of a sewer, the man-
hole covers at either end oi the section are opened. Where
obvious fumes are present, additional manhole covers are opened.
There is no ddubt that this practice does reduce the concentra-
tion of foul sir in the section of the sewer, but it must be
stressed that in many instances the results cannot be considered
adequate. This method frequently works in reverse where there
is @ distal air inlet, such as a storm water overflow. Depend-

ing on the strength ana direction of tne #inu, alr may be
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forced into the sewer through this outlet, along the sewer and
out bthrough the open msnholes., PFumes in the sewer are thus
driven slong to the section in which the men are working. Not
only are the underground workers exposed to them, but also the
sewerman operating the winch at the top of the manhole. On
occgsions, when the wind is suitable gnd the fumes in a sewer
are knewn to be dangerous, windsails are erected over the
manhole to drive in a fresh sir supply. In other sections a
mechanical fan is used to drive in the air supply.

In dead-end sections no specigl gids are used for
improving ventilation. If air conditions are bad, theksewermen
reduce the length of their spells underground.

Atmospheric conditions other than winds have g natural
influence in the ventilation of sewers. Heavy rain,by increas-
ing the level and rate of flow, helps to drive out bad air and
fumes from the sewers. These effects are temporery, however,
and have little effect on improving the atmospherie conditions
under which sewermen work.

Map No. 3 shows sewers where the atmosphere is known to
be dangerous.

Illumingtion in Sewers.

The lighting of the working areas in the sewers is
achieved by old-fashioned o0il lamps worn on the caps of the
sewermen. Their design is shown in Figure No. 7.

Sperm 0il is the normal fuel in these lamps, but, during
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tne recent war, minersl oil substitutes had to be employed.
In the past year, sperm 0il has again been gvailable. The
lamps are used with about hglf-an-inch of wick protruding and
the continuous burning of the flame depends on the frequent
agitation of the lamp. Bven with efficient trimming of the
wick, the lamp burns with the production of some smoke. The
amount of smoke varies according to the o0il used and is least
with sperm oil. In addition to the smoke there is also
produced the smell of burning oil. #ith some oils the odour
is quite pungent,

The sewermen, like the older minefs, attach great
importance to the use of an oil lamp while working in the sewers,
as tney use the size of the flame as an indication of the
presence of gas. Reauction of the size of the flame of »o
well-burning lamp is taken to indicate the presence of irrespir-
able gas, for example, carbon dioxide.

In the sverage sewer the lamp flame shows a reduction
in size immediately on entry to the sewers and there is an
increase in the production of smoke. The amount of light given
from the lamp is small and at a distance of 10 inches from the
flame the illumination is less than 0.25 foot-candle. This
figure has been found to be the usual reading on the lHeston
Photometer which was used in the investigation of the illuminsa-
tion in sewers. The instrument was checked against a standard
both bpefore and during the investigation and its error was

found to be negligiovle.
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Reflection from the walls and roof of most sewers is
small, though in some of the brick sewers the cleaner bricks
on the roof do reflect a little light. In & few of the
smaller sewersg where drainage from certain chemical factories
is carried away, deposits of white silt on the walls improve
the illuminetion by reflection.

On gpecial occasions, for carrying out repairs, use is
sometimes made of portable electric lamps. They have only
limited value, however, because of limitation of space and the
absence of wall hooks. Purtnermore, it is essential that a
sewerman should have both hands free while working in the sewer.
Safety lamps of the Dgvy type have their place, as, for example,
in a recent emergency job in the west-central ares of the city.

In the course of the construction of g lift-shgft in the
premises of a well-known bskery, the building lgbourers, while
excavating the basement well, noticed g marked odour of petrol.
Their foreman reported the incident and smoking was prohibited
in the area. The smell was traced to a small drain which had
been exposed during the excavations: The Qffice of Public Works
was informed and a squad of sewermen were sent to investigate.
The direction of fall indicated that this 0ld drain ran into the
course of a burn whose course had been diverted into g nrearby
sewer, Parts of‘this burn formerly used as sewers were known to
be open and tb heve overflow connections into several sewers.

The sewermen proceeded along the nearest sewer to the position
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where it crossed the course of the old burn, end, through the
overflow opening into the sewer, noticed the odour of petrol.
Davy lamps were used thereafter and on gaining access to the
old burn it was found that over 1,000 gellons of petrol were
lying in the bed of the water course. Seepsage from g leak
in petrol storage tenks of a large garage and also from the
firm's own garage were thought to hsave accounted for the
accumulation. The petrol was pumped out through an excgvation
made by the sewermen, snd used to drive the firm's vehicles.
Wlectric cap lamps with small accumulators, carried on
the hip or chest, have been tried in the sewers but two snags
encountered were -

(1) the weight of the lamp on the cap was much
greater than the small o0il lamp in working trim.

(2) The positioning of the accumulgtor on the hip or
chest prevented freedom of movement, especially in the
smaller sewers.

Another difficulty was the keeping of the accumulators dry.

#urther investigations are being carried out at present

into the use of an electric cap lamp whicn is operasted by dry
batteries. Bregkages in electric lamps on previous trials

have impressed the investigators that durability is of prime

importance in the design of a lamp suitable for use by sewermen.



- 56 -

Chapter V.
SPECIAL 5wsdsUrls IN USk FOR THE
PROTECTION OF GLASGOd  SHWLRMEN.

lieny of the meusures designed to give protection to
sewermen in the course of their employment have been adapted
from those proved to be of value to miners. The nature of work
in sewers and in tine mines is, in many ways, not dissimilar,
both groups of workers being exposed to risk of accidents,
gassing and leptospiral infection. Measures designed to
protect agéinst the last mentioned condition are discussed in
Chgpter VII.

A. Working Arrgngements.

In 1937 a major alteration was made in the working
arrangements of sewermen in Glasgow. ZPrior to that year, each
team was composed of two or three sewermen and one winchman.
The latter remgined on the surface while the former worked

}underground in every shift. A winchman might work for many
years before being promoted to the grade of sewermen. At the
change-over gll winchmen were regraded as sewermen. wach man
in the team then toox nis turn of being winchman while the rest
worked in the sewer. Duties were changed daily. This altera-
tion had peen pressed for by the Trade Union on the ground that -

(1) The winchman previously could not be of much

assistance to the sewermen should they get into
difficulties in the sewer, because of his inexperience

of work inside the sewers.

(2) sewermen would benefit from a turn of duty on
the surface.
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These arguments appeared t0 be sound and were adopted
by the Hignwaeys Department. But other general measures had
been in use for mgny yesars previously. Indeed, as long ago
as 1912 a slipper bath was provided at the headquarters depot
of the Sewerage Section in College Street for the use of sewer-
men., It is not proposed to discuss the pros and cons of this
installgtion at this stage, but it does show an egrly interest
in the welfare of sewermen on the part of the Corporation.
Again, hours of work of sewermen were less per week than their
colleggues in other sections of the Highways Department. These
factors make important contributions to the welfare and safety
of sewermen, glthough it is probable that regard was had more
for the offensive nature of their employment rgther than for
preservation of heglth. No matter what was the reason for
the establishment of these arrangements, one is convinced thgt
no small contribution wsas made thereby to reduction of
incagpacity attributable to work in the sewers.

Protective (Clothing.

The following items are supplied to each man or are

available for use as required:-

) Engineer's overalls and jackets;

} One palir of socks;

) Leather-soled rubber thigh boots;

) Rubber waterproof waders and wooden clogs;
) One corduroy sleeved waistcoat.

(1
(2
(3
(4
(5
These items are intended to protect the worker from

wettings in the sewer and also to minimise contamination of his

working clothing with sewage. 1In very exceptional circumstances
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rubber gloves have been supplied for use of those engaged in
the clearance of blockages due to certain substances such as tar.

C. Washing Facilities.

Reference has aslready been made to washing facilities
at the site of operations. Additional facilities were pro-
vided to each sewerman in the lgte 1930's in the form of free
passes for entry to the Corporation Public Baths. At the time
of their original issue, few if any of the sewermen then employ-
ed lived in houses fitted with g bath or even s running hot
water supply.

D. Supplementary Rstions.

Since the introduction of tea and sugar rationing,
each sewermgn has been able to purchase through the Highways
Department six ounces of tea and eight ounces of sugar every
eight weeks as & supplement to his ordinary ration of these
commodities. Entitlement to & supplementary ration of cheese
similar to that given to certain agricultursl workers was
established but few sewermen made use of this facility. It
is possiple that insufficient publicity may be the reason for
the poor demand for this additional source of protein.

B. First Aid Pacilities.

On each squad barrow there is carried a small first-
Aid Box, containing bandages, cotton wool, adhesive plaster,
eye lotion, throat gargle and antiseptic. A supply of disin-

fectant is provided to each squad. No departmentsl trsining
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has been given to these men on first Aid though seversl of
them heve had courses of instruction in the Services or in
Civil Defence Qrganisations.

Sewermen in a squad quickly become well acquainted
with the localities in which they are working, and, as a result,
they are aware of the location of Hospitals, Clinics, Doctors!
Surgeries, Police Stations and premises of other Corporation
Departments whereat medical assistance may be obtained.

Rescue Apparatus.

Respirators and air lines are mainteined at the College
Street Depot. Wwhen work is being carriced out in a sewer where
gas is likely to cause difficulties, the respirstors are kept
ready for use. nopes, hooks and a winch, being part of each
squad's equipment, are always available for rescue purposes.
No special stretcher gear is available.

Detection of Gas and its Digpersal.

In routine work the men rely on their cap lamps for the
detection of gas. In Black Damp the flame is seen to become
smaller, or go out completely, and the necessary withdrawal made.
In the inspection of bresk-downs a safety lamp is lowered into
the manhole and the behgviour of the flame used to indicate the
presence of methane, carbon monoxide or other irrespirable gas.
Most reliance, however, is placed on the opinion of the first
man to inspect the bottom of the manhole and its precincts.

while many of the sewermen state that they have lost their
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sense of smell, someone in the squad appears to be sgble to
detect‘large concentrations of dangerous gases, such as hydrogen
sulphide or petroleum fumes. After s quick inspection, the
sewerman returns to the surface snd two or more manholes are
opened to aid ventilation of the section of the sewer in which
work is to be done. Where ggs is found to be present g petrol-
driven fan is available which can be fitted over one manhole to
draw out foul air while fresh gir enters through adjacent
manholes opened for this purpose. W#hile work is in progiress
underground, an effort is thus made to maintsin a supply of
fresh air at the working site.

It should glso be mentioned that when work is under-
taken in a "gassy" sewer the working routine of the team is
modified so that the spells underground are shorter snd rest
periods on the surface are more frequent. In a major bresk-

- down, several teams will work in relays so that the repairs are
completed as quidkly as possible with the minimum of risk to

the sewermen. . . .
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Chapter VI.

THE HEALTH HAZAnoo OF GLASGO# SuWmruoN AS RAVEALED IN
RECORDS OF CuRTIFIsL SICKNuSS ABSENCE, ACCIDENTS & DSATHS.

Sources of Information.

The statistics in this Chapter are based on informstion
obtained from the following sources:-

Official Records of tne Highways Department.

Interviews with Sewermen.

Records of General Practitioners attending sewermen.
Conversations with the City Engineer, Chief Inspector
of Sewers, and the Sewersge Section Foreman.

Records of District Registrars.

Hospital Records.

Records of the Healtn and WNelfare Department.

P NN P~ P P~ P~
~ o\
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Sickness Absence (Tables Nos. 10, 11 and 12).

During the five years 1945 to 1950, 445 weeks of working
time were lost as the result of 47 periods of absence involving 29
gsewermen. This represents four per cent. of the possible total man-
hours worked by the Sewersge Section or an aversge gnnugl sickness
absence of two weeks per sewerman employed. These figures do not
appear to be unduly high.

Purther analysis, however, reveals that annually 20 to 25
per cent. of the sewermen were subject to periods of sickness
absence sagch on the avergge of nine weeks' durastion, indicating
that the illgesses of sewermen are of g severity greater than is
inferred by the sickness absence rate of four per cent. rerferred to

above.
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Causation of sSickness absence (Tavle No. 13).

1. Disorders of the Alimentary Tract:

(a) Gastro-enteritis. In two sewermen this illness caused

absence of three and six weeks respectively. It was noted that
both men hed accidentally swallowed sewage while at work, 12 to
24 hours prior to the onset of symptoms.

(b) Gastritis. This term appears to have been agpplied to a
group of symptoms variously described by the sewermen as
"indigestion", "hegrt-burn", "acid belching" or even "water brash'’.
Upper sbdominsl pain or discomfort was associgted with ngusea
and vomiting after meals, flatulence and the regurgitetion of
acid stomach contents into the mouth. Throughout this report the
term "gastritis" is used to indicate this syndrome. Between
1945 and 1950, two cases resulted in losses of working time of
nine gnd six weeks respectively. 1In one, there was g history
of symptoms prior to employment as g sewermgn., A third sewermsn
was absent for 14 weeks on account of gastritis and appendicitis.
He states that he had two distinet illnesses and attributed the
gastritis to work in a particuiar group of sewers,

(c¢) Herniotomy. One sewerman was absent for 12 weeks, during

which he hsd an inguinal herniotomy performed. He maintains that
his hernia was csused by his work in the sewers.

(d) Peptic Ulcer. Two cases of perforation occurred

between 1945 ana 1950, one proving fatal after only three weeks!'

illness. The other sewermen was off work continuously for 60
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weeks during 1949 and 1950. He hsga two prolonged avsences
prior to 1945 caused by peptic ulcergtion. Two months after
his return to work in 1950, recurrence of symptoms necessitated
his removal to hogpital for surgicasl treatment.
Discusgsion.
#ork in.the sewers involves & routine, antggonistic

to the acceptea regime prescribed for the control of peptic
ulceration. It is difficult to decide, however, whether this
ailment could be considered as attributsble to employment. From
time to time men working togetner in the same sewer have gone
off work with symptoms of gastritis. 1Indeed, eight of the
present sewermen have suffered from this condition. At least
two others are known to have suffered from duodenal ulcersgtion,
while there are records of two former employees having died
from carcinoma of the bowel prior to the normasl retirel age of
05 years.

| The evidence suggests that disorders of the upper
digestive tract may be attributable to employment and that,
aggravation of established cases can result from working in
fhe sewers.

2. Disorders of the Genito-Urinary System:

Between 1945 and 1950 two sewermen suffered from
cystitis diagnosed in hospital as due to infection with B.coli.
An ascending infection by way of the urethra could have arisen
during the act of micturition in the sewers - g practice common

gmong seweraqen.
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3. Infectious Digesses:

(a) Leptospirosis - Infection with the L.ictero-haemorrhsgise
is discussed in Chapter VII.

(b) Other Infectious Diseases - One case of infective
parétitis was recorded between 1945 and 1950. The absence of
cases of typhoid fever and poliomyelitis from the records of
sickness of sewermen seems surprising since sewage is recognised
as & dangerous source of both infections.

4, Nervous Disorders:

In 1940 one sewerman was certified as hgving suffered
from a “"nervous breskdown", his absence lssting 30 weeks.
Another man was diagnosed in hospital as s case of encephglitis
and was absent for 40 weeks between 1949 and 1950 (see clinical
notes of Case No.2 in Appenaix).

5. Respiratory Diseases:

Influenza, coryza gnd bronchitis are the main respiratory
infections producing incapacity among sewermen. The gverage
period of absence due to these causes Was three to six weeks
per case in the five years unaer review., Six men were affected,
one being off on two occasions. In the years prior to 1945,
the records show that several sewermen had suffered from
pneumonis.

Both underground and on the surface, sewermen are subject to
severe soakings, Underground, the clothes may be splashed in

negotiating junctions with branch sewers or house drains, or
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agaln the wetting may occur during the flushing of pipe sewers.
On the surface, sewermen are exposed to rain in common with
other outdoor workers. Again, because of the conditions of
heat ana humidity.in many of the sewers, underwear becomes
soaked with perspiration, and the sewermen, lascking an immediate
change of clothing, are liable to catch chills on return to the
surface, especially during the winter months.

Murthermore, it is the custom among sewermen to "carry"
any member of a squad who is suffering from & minor ailment,
such as & "“cold". This suggests that the incidence of the less
serious respiratory uisgeases is probably higher than is indicated
in the records quoted above.

b. Rheumsatic Conditions:

Prom 1945 to 1950, incsgpacity certified as due to

rheumatic conditions included the following:;-

Number of Number of Weeks

Condition Men affected Unfit for wWork
SciaticCa vvevececensonnes 6 18, 16, 4, 4, 3, 1.
Pibrositis seececeeceannn 4 10, 7, 3, 1.
Muscular Rheumatism ..... 3 , 6, 4.
Lumbar Strain & hiyositis 2 9, 2.
LUMDEZ0  eeoserenornaccans 1 3.
ATThritis ceecieocernoonns 1 2.

These illnesses can be grouped thus:-
(a) Sciatica.
(b) Muscular rheumgtism.
(c) Arthritis.
The sewermagn's conditions of work, by subjecting various

parts of the body to dampness gnd multiple minor trgumata,
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predispose to the rheumatic complex. Purther reference is
mgde to this subject in Chapter IX.

/. Skin Diseuses.

The illnesses referred to in Tgbles No. 12 and 13
include impetigo, skin sepsis and dermatitis.

Impetigo is usually considered to be g disease resulting
from dirty habits, but reflection on the working environment of
the sewerman, and his lack of adequate washing facilities at
work, suggests that the condition could be contracted in the
course of his employment.

Skin sepsis is frequently occupational‘in origin asmong
sewermen. The loss of time due to this condition is exceedingly
low, due, no doubt, to the fact that men with septic lesions
hgve continued at work.

The case of dermatitis was reported to be industrial in
origin and review of earlier records confirms that this disease
occurs from time to time among sewermen.

Accidents among Glasgow Sewermen.

Accidents to sewermen can be listed under two main
headings, namely, (a) Injuries; and (b) Gassing.

(a) Injuries: Between 1929 snd 1950, seven sewermen sustain-
ed injury at work. There were two injuries due to the men
falling in the sewer; two due to‘falling objects - one g crush
injury to the testes from which there developed a hydrocoele,

and the other a blow on the heaa from a brick dislodged from the
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side oI & manway,; two from & street sccident in which a motor

vehicle struck the portable shelter in which a night-shift squad

were having a mesl - one sewerman sustained a fractured pelvis

and the other bruising of his back; and one where the sewerman
was washea through a sewer during & sudden storm.

Although the potential danger of injury from falling
objects, falls in sewers and crushes is great, it has been found
that few major disgbilities have been sustained by sewermen from
these sources. Minor sbrasions resulting from work in small
sewers are common, but the sewermen do not stay off work on that
account. Road accidents, however, must be considered as an
occupational risk of sewermen, since most manholes gre located
in the centre of the highwgy.

Thet drowning, a grave danger in seﬁerwork, hes claimed
no victims in times of storm seems surprising. 4 more insidious
form of this hazard is becoming more and more possible, however,
in sewers where undermining of the floor has occurred. During
the examinsgtion and repsir of breasxdowns in certain brick sewers
the undermined floor may suddenly fracture and the sewerman
fall into the crater. In 1939, four sewermen were trapped in
the Major Street sewer by such an occurrence, the hole being
twelve feet deep and containing sewage to a depth of eight feet.
Rescue gttempts were immedigtely initiated but seversl hours
elapsea vefore the men were brought to safety. While no
injuries resulted from this incident, the Major Street break-

down was associgted with three cgses of Leptospirosis.
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(b) Gassing: Between 1930 and 1950, seven gassing accidents
have occurred in the Glgsgow sewers. Twelve men recovered and
two died from the exposure. (See Appendix)

Other less serious gassing incidents have been reported
from time to time. On return to fresh air, however, the
"casualties" recovered. In most instances, symptoms of headache
and breathlessness were first noticed. Carbom monoxide, carbon
dioxide, methene and hydrogen sulphide, produced in the decom-
position of sewage, can be found in certaiﬁ sewers. Black Damp
is present in many ill-ventileted ends of branch-sewers, its
pregence being detected by the reduction in size of flame in
the sewerman's cap-lasmp - in heavy concentrations the flame is
extinguished.

Interaction of trade wastes, however, may produce
dangerous concentrations of other irrespirsble gases, such as
ammonia, chlorine and cyanide of hydrogen.

Deaths of Sewermen.

Table No. 14 lists the known causes of death of active
gsewermen between 1935 and 1950. All of these men-died vefore
the normal retiral age of 05 years. It is seen that ieil's
Disease took a heavier tdll than any of the other causes. Ten
deaths were unquestionably related to employment, namely, those
due to Weil's Disease and gassing. It is possible that those
due to heart disease and lobar pneumonia may have had a similar
aetiology or abt least have been materially aggravated by employ-

ment in the sevwers.
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Chapter VII.

LUPTOSPIROSLIS 1IN GLASGU SEVEEMAN.

Of the occupational risks associated with the job of
sewerman most infqrmation has been recorded on the specific
infection known as Weil's Disease. It seems fitting, there-
fore, to examine the incidence of this disease among Glasgow
sewermen and compare their experience of the infection with the
results of other investigations.

Historical Introduction.

Although the Iirst record of an outbreak of jaundice
in epidemic form was made by Cleghorn in 1745 in Minorca, it
was not until 1886 that i#eil gave the classical description of
four cases showing fever, jaundice, enlargement of liver and
spleen, the occurrence of haemorrhages, and occasionally
febrile relapses, to which his name has been attached. The
isoiation of the causal Organism, the leptospira ictero-
haemorrhagise by Inada and Ino in 1914, and the development of
the serum-agglutination test by Schuffner in the early 1930's
hgve contributed greatly to»the accurgcy of diagnosis of the
disease and to the study of its epidemiology and setioclogy.

It is now well known that infection with the leptospira need
not result in jaundice and hence the term leptospirosis is to

be preferred to Weil's Disease or infective jaundice.



- 70 -

Aetiology.

The disease 1s common in rats and other small rodents,
and these animals act as vectors in the trsnsmission of the
infection to man, the orgenism being excreted in the rat urine.
Human outbresks are agttributed to contamination of wounds and
abrgsions with infected material, although cases are recorded
where the organism is considered to have gained entry to the
human body through unbroken tissue, such as the conjunctiva.
Incidence.

The disegse has long been known in Jgpan and the Dutch
BEast Indies where it is endemic. The infection taskes a severe
form, case mortality rates of 40% being recorded. Other reports
show that the infection occurs in both the 0ld World and in the
New World. In Holland, for instance, 852 cases were recorded
between 1924 and 1938, there being a case mortality of 10.2¢.
Only 22% of the cases were attributeble to occupations, barge-
men ranking highest in the list of occupations affected.

" Pable No. 15 shows the occupational distribution of
cases found by several investigators in different areas. In
each series, sewermen show & relatively high incidence of the
infection. Local factors, however, play a great part in the
distribution of occupational incidence in this disease. 1In
Aberdeeh, for example, where the major industry is fish-handling,
the disease is prevalent in fish workers; in Holland, bargemen;
in mining aresas, miners.

In Britain, the disease was unknown until 1922 when
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Manson-Bahr diagnosed the infection in a seaman who had been
immersed in the Thames four days previously. There followed
in 1923 the description by Gulland and Buchanan of an outbreak
of Weil's Disease among minefs in kast Lothian, later investi-
gations confirming the presence of infected rats in the mines
concernea. The year 1934 brought forth two reports of the
disease, Davidson and his co-workers describing 18 cases among
fish-workers in Aberdeen, and Hamilton Fagirley's record of a
fatal case in a London sewer worker. The latter investigator
revegled an extensive, yet hitherto unknown, focus of Weil's
Disease in London by recording his findings of eight positive
reactors to the Schuffner Test on serological examination of
the sewermen in that city. Alston, who followed up this
investigation, reported the following year that five more
cases of Leptospirosis had occurred among the sewer workers,
one proving fatal. He also was able to isolate leptospirae
ictero-ngemorrhagiae from slime and rats in the London sewers.

Incidence in Glasgow.

On investigation of the records of the Health and
Wwelfare Department in Glasgow, some 40 confirmed cases of
Leptospirosis were found. As will be shown later, these do not
comprise the full incidence of the disease in the city.
Glasgow constitutes the main hospital centre for Centrsl and
Wegt Scotland. Thus, Table No. 1) includes cases notified to
tne Departwent frowm city hospitals, although in sowme of them

the gource of inTfection was pbeyond tne city boundary. Between
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1920 and 1949, 44 males snd 2 females were found to be infected
with the leptospira ictero-haemorrhsgiae. The occupations
ana circumstances of infection for each patient are snown in
Table No. lo.

There were six deaths in the series, giving a case-
mortality rate of 13.0%.

Tables Nos. 17 and 18 show the age distribution and
the seagsonal distribution of the cases.

These figures correspond fairly closely with the find-
ings of Styles ana Sawyer in their survey of Leptospirosis in
North America. There appears to be a general scatter of cases
throughout each month with a significant rise in the summer-
autumn period. while it is true that bathing is more popular
during that season, this source of infection only accounts for
four of the Glasgow cases and so cannot be held to explain the
increase in the.number 0 cases during these months. Smith,
in a review of 214 cases of Weil's Disesse occurring in the
Nortin-gast of Scotland between 1934 and 1948, noted a similar
rise in incidence in the month of September and sugszested tnat
it mayAhave some relationship to the suitability of atmospheric
temperatures for the survival of the leptospira, or that it msy
be connected with biological changes in the rat populgtion.

Leptospirosis in Glasgow Sewermen.

Of the nine cases referred to in Table No. lo, seven of
the sewermen were employec in Glasgow. All of these patients

were treated in hospitel. Serological investigations conducted
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by Stuart in 3o sewermen in 1938 revegled six positive resctors
to the Schuffner Test, wnile the late Dr. Thomas licGowan of the
Glasgow Public Heglth Department established that three sewermen
had died from the aisease in the preceuing three years (1935 to
1937). These investigations were the first to be reported in
British sewermen outside of London after Hamilton Fgirley's
exposure of the incidence among London sewer-workers in 1934.
FPurther serologicsal investigstion by mesns of Schuffner testing
carried out between 1948 and 1950 have brought to light further
cases. By means of careful history taking, reference to hospital
case-sheets, discussion of cagseg with private practitioners,
analyseé of medical certificates and death certificates supplied
in accordance with the Corporation's Superannuation anag Sick Pay
Schemes, and correlation with the serological findings if has
been possible to locate a further 21 cases in addition to the
seven mentioned above as being included in the notified cases
in Glasgow between 19206 and 1949. In all, therefore, some 28
cases of Leptospirosis have been established as having occurred
among Glasgow sewer-workers, 23 of them since the beginning of
1935.

The disease appears to have been known to sewermen for
a long number of years, the Glasgow nsme being "black jaundice".
Certain sewers were considered to be more dangerous than others,
but, though it was noticed that rats were prevalent in these

particular sewers, they attributed the illness to a form of
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sewer gas poisoning. Clinical diagnosis of feil's Disesse
among sewermen in Glasgow, however, was not established until
1937. Retrospective serological diagnosis, however, was made
in six cases and Stuart traced the earliest confirmed infection
back to an illness of a sewerman in 1910, Some of the older
sewermen have been avle to describe fatal illnesses among their
colleagues of the pre-1935 period, and it would seem reasonable
Yo establish g diagnosis of weil's Disease in many of these
cases.

Table No. 19 gives a list of cases among the sewermen
in which the diagnosis has been established.

In this series there were eight fatal cases, giving sa
mortality rate of 28.06%.

Frbm Tgble No. 19 it is to be noted that the four oldest
patients died, but the other fatal cases were aged 34, 46 and
51 respectively. It is seen that the disease affected men in
each age group and men in various stages of their service in
the sewers. At one time it was thought that a certain degree
of immunity could be acquired over a number of years' exposure,
but it is evident that this does not occur in an occupation
where some employees have contracted the disease after over
20 years' service. 1In two instances, risk was limited to less
than one year.

The monthly and yearly distribution’of these cases is

ghown in Table No. 20.
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It is seen that tne incidence of L&ptospirosis follows
the general seasonal rise in September snd October fuuna in
other trades. Conditions of work alone cannot be held to be
responsible, thougn in one instance three cases arose from work
in one particular sewer during a period of four weeks in July-
August, 1939. This sewer is located close to the Cattle
Market and is known to be infested with rats.

Sources of Infection.

On analysis of the places of work presumed to be the
sources of infection it is found that they are all sewers known
to be rat-infested and loceated in the older parts of the city.
Two main centres of infection lie in Calton and Kinning Park
respectively, the particular sewers at fault being of the brick
or stone type. Hence the aisease is found to be more prevalent
among that group of workers employed in brick sewers.

Stuart ana others have suggested that the danger of
infection is greatest where men are engaged in the cleaning or
repair of storm-water overilows as these give suitable
facilities for the rats to breed and nest because of the
intermittent water flow. ihile it is true that rat-runs are
not found in sewers where there is a heavy flow, there are
many where the flow is not so grest and where there gre disused
branches. It would seem that sewermen in Glasgow derived
their infection from work in the latter group of sewers, and

that this explains the localisation of the diseasé gources to
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the olaer parts of the city. PFurthermore, the frequency with
which "bregkdowns" occur in these older sewers greatly incregses
the risk and hence the incidence of the disease.

Incidence of Leptosgpirosis among Present Group of gSewermen.

Tables Nos. 19 and 20 refer to ﬁhe number of cases of
the disease wnicu are known to have occurred among sewermen in
Glasgow. It is not possivle to egstablish the case rate per
total population of sewermen, as the total number of men who
have peen employed as sewermen between 1910 and 1950 cannot
be ascertained from the method of record-keeping adopted by the
Statute Labour Department of thne Corporation. Hurthermore,
it is only since 193] that accurate diagnosis of the disesse
among these en has been possible. It is significant, however,
that 14 (30.4%) of the 4) men in this employment in February,
1950, showed evidence of having suffered from infectidn with
the leptogpira ictero-haemorrhagise.

Table No. 21 shows the incidence according to the
length of service in the job. It demonstrates that the longer
a Iman works in the sewers the more likely he is to contract
the disegse. Four out of seven men with over 25 years!
service have had the disease (that is 57.1%), while, on the
other hand, not one of seven men with under five years'

service have so far contracted the infection.
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The Schuffner Test and its Significance.

In this test, varying concentrations of the patient's
serum are allowed to interact with equal volumes of a formol-
ised suspension (0. %) of a young culture of leptospira ictero-
haemorrhagiae for three hours at 32 degrees Centigrade. Drops
of the varying dilutions are examined by dark-ground illumina-
tion after incubation. 1In a positive result, clumping of the
organisms with loss of motility is seen.

severgl workers have carried out controlled experiments
with this test and have found that, when properly conducted,

a positive result, even in the lowest dilution, signifies
previous infection with L. ictero-haemorrhagise. "Normal™
sera (such as those submitted for wassermsn tests) fail to
give any regction to the Schufiner Test.

During the acute stages of the illness, a rising.titre
is noted, positive results ranging up to 1 in 30,000, while in
convalescence a positive result is obtained in dilutions of
1 in 300 to 1 in 1,000. At intervals sfter infection, ranging
from a few months up to as long as over 20 years, the test has
been found to be positive in serum dilutions of 1 in 30 to
1 in 300. =ven at a dilution of 1 in 30, a positive result
is held to indicate previous infection.

This test shows tne presence of agglutinins in the
patient's serum. Alston anda Brown (1935) proved in London

sewermen that the presence oL agglutinins in the serum was an
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indication of protective antibodies in the serum. Sera which
were positive in the agglutination test were found to protect
guines pigs from the effect of injecting virulent L. ictero-
haemorrhagiase, while sera from the general population, showing
no agglutination, did not protect the guines pigs from the
injection of leptospirae.

On the strength of these findings it seems reasonable to
gssume that sewermen, previously infected and now showing
positive sero-agglutination to the leptospira ictero-
haemorrhagiae, have a certagin degree of acquired immunity to
further infection with the same orgsnism.

Results of Schuffner Tests on Glasgow Sewermen at present
Employed.
Table No. 22 shows the agglutination titres of the 14

men referred to above, in whom previous infection with L.
ictero-hasemorrhagiase has been established.

Qrigin of Infection in Glasgow Sewermen.

As already described, limitation of space in sewers
brings all parts of the sewerman's body into close proximity
with the materials in the sewers. Jhile the feet, legs and
thighs are protected by rubber thigh boots or waders and the
body is clothed, the face, forearms and hands are exposed.

In small sewers, abrasions of forearms, hands and shoulders
readily occur and are easily contaminated with slime from the
walls. In addition, however, frequent splashes on to the face,

mouth and eyes occur during work under these conditions.
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In the larger sewers abrasions are less frequent but there is
usually a greater aepth of water and splashes of mud and slime
still occur. It is not uncommon for an employee to slip at
work and so become immersed in sewsge. Ingestion of infected
material is thus a possibility.

In view of the above observations, it is reasonable to
agsume, therefore, that the infection is contracted while
actually at work in the sewer. This view has been borne out
by at least two experiences in Glasgow where two or more men
have developed the disesgse within a short time of each other
while working in the same sewer.

In other trades, men have contracted the disease as a
result of contaminstion of carrieda meals. This has been
suggested by some writers as liable to occur in sewermen,

In the case of the Glasgow employees, the usual practice is to
wash and disinfect the hands before meals. any of the
workers hold sandwiches in the wrapping paper so that food is
not actuelly touched by their hands. If any infection by way
of food did occur, one would favour contamination from the
hands of the individual rather than by direct contact between
food end rats. There would appear to be, however, sufficient
opportunity in the course of actual employment for the infec-
tion to gain access to the body, though the men are encourgged

to make full use of disinfectants which are supplied.
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Methous of Prevention in Use since 1937.

Largely as a result of investigations carried out by
the late Dr. Thomas jcGowan of the Glasgow Public Heslth
Department, the following measures were introduced in an
endeavour té control the incidence of Leptospirosis in Glasgow
sewermen; -

(1) Rat Control. In consultation with the Rodent Gontrol

Section of the Department of jpgriculture a policy of rat
extermingtion was started in the sewers. (Gassing was con-
sidered to be too dangerous to human life to be attempted in
the sewers. Trapping also was not a practical proposition.
Accordingly, the method employed was that of poisoned bait.
Small platforms were erected at the base of certain manholes
snd known quantities of food were placed thereon by the rodent
control officers. On inspection after seversl hours, the
number of rats feeding at each platform was calculgted from
the amount of food consumed. sufficient poisoned bait to
kill off the number of rats feeding at each platform was laid
and a later check made to confirm that it had been removed by
the rats. This method is still in use.

This practice is not followed according to any system.
There would appear to be littie co-ordination with reports from
the sewermen as to the presence of rgts in any psasrticular sewer.
As far as can be gscertained, poison wags laid in some sewers
but not in otners, nor can it be established that hesgvily

infested sewers are re-visited at regular intervals.
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(2) Cleansing of Hands before ieals. A supply of white

soap and clean rag waste is made availgble to each squad weekly.
At the gsite of operations a portable shelter is erected on the
roadway and on coal braziers, water for washing is kept hot in
galvanised pails. Supplies of water are obtained from street
hydrasnts or nesgrby domestic or factory premises. In one peail

a solution of & phenol disinfectant is made up, while in another
there is a supply of clean water for rinsing. Washing of the
hands ig done in a third pail. At each meal-bregk each men has
been instructed to wash his hands and forearms, then disinfect,
and finaelly rinse before drying. The majority of the men do
this but a few have been found who avoid the disinfectant. It
has been discovered that many of the squads hgve been using the
disinfectant in too strong solutions. Indeed, some of the men
have developed skin resction to carbolic. Arrangements have
been made to supply one of the newer disinfectants, the lid of
the container being fashioned for use as a measure of the
quantity required to produce the correct dilution in a pailful
of water.

(3) Bducation of the Workers. On three occasions during

the past twelve years the sewermen have been addressed by
doctors from the Public Health Department on the subject of
Leptospirosis and its prevention. Special personal cards were
issued to each man, a sample of which is shown in the appendix.

It was stressed that each man should seek medical gdvice
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immediately on becoming ill and that he should inform his

doctor of the nature of his employment.

(4) Letters to General Prgctitioners. 1In 1948, letters

were sent from the Public Health Department to each sewerman's
private practitioner drawing the doctor's attention to the
early signs anad symptoms of Weil's Disease, the facilities
available in Glasgow for bacteriological and agglutination
exemination of blood, and explaining the special care necessary
in establisnhing the diasgnosis in sewermen.

Suggested Improvements in uethods of Prevention.

(1) Intensive and Systematic HKat Control. The existing

methods appear to we to ve ingaequate. Systematic anti-rat
treatment of sewers is desirable anda should be underteken in
the city by areas. 0ld sewers and disused branches should be
sealed off after deratisation. In known rat-infésted sewers
some suitable form of trapping might prove more decisive than
the present form of poisoning. Bach sewer in an area might
be deslt with in turn at intervals of three tq six months.
Any anti-rat campaign in an ares of the city organised by the
Health Department should'be closely co-ordinated with similar
work in the sewers.

dgeh squad of sewermen might have g rat catcher added
to its strength or, alternatively, the sewermen might be

trained to carry out the anti-rat measures.

Rat-proofing of sewers would appear to lie in the
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careful maintenance of house and factory drsins, matters
outwith the control of the Sewage Department, but within the
field of operations of the Health Department. Rat-proofing
6f the entrances of streams to the main drsinsge system, and
storm water outfalls would appear to be the extent of the
Sewgge Departument's resgponsibilities

(2) Bmployment of Positive Reactors to the Schuffner Test.

The serum of positive reactors to the agglutination test is
considered to give some protection to the individual agsainst
infection with the leptospira ictero-hasemorrhagiae. It is
suggested, therefore, that, where a sewer is known to be rat-
infested, only men who are Schuffner-positive should ove
employed therein.

(3) Active Immunisation sgainst L. Ictero-haemorrhagiae.

Active immunisation againsgt leptospirosis hgs not been tried
to any great extent either in this country or in the United
States of America, though it is commonly practised in Japan
where the disease is endemic. It was thought that, if active
immunisation could be successfully carried out in Glasgow
sewermen, & grave industrial risk could be removed from that
group of workers.

Dr. R. D. Stuart, lately Bacteriologist at the Glasgow
Royal Infirmary, prepared a formolised vaccine from cultures
of L. ictero-haemorrhegiae grown from pathological specimens

from g sewerman who died in Glasgow in 1948 as a result of
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Weil's Digease. Two subcutaneous inoculstions of the vaccine
were given to 13 sewermen who volunteered to be vaccinated.
Their ploods nhad previously been found to be negative to the
Schuffner Test. The interval between injections was four
weeks. Six weeks gfter the second injection, sera from these
men were subjected to agglutingtion tests against L. ictero-
haemorrhsgise. It was found that positive reactions were
obtained in each case in dilutions of 1 in 30 to 1 in 60.

It is considered that a third injection of vaccine after an
interval of 12 to 18 months migni{ produce positive serum
reactions to the Schuffner Test in dilutions of 1 in 100.

If this is achieved, it is presumed that sufficient anti-
bodies will have been produced in each of these sewermeh to
protect at least against a fatal infection with the leptospira.
Animal experiments have shown that protection was given after
injection of Stuart's vsccine.

No great significance is gttached to the fact that one
year has passed and no case of the disease has occurred among
this group of sewermen. If the latter statement can be made,
say, in 10 or 1) years' time, then it would seem reasonable
to claim that Stuart's vaccine was the answer to this problem.

(4) Limitation in the Use oi Sewermen. As in other fields,

where the problem of toxic hazards arise, it is suggested that
by exploration of the avenues of engineering science it might
be possible to evolve a mechanical method of sewer cleansing

and thereby reduce to a minimum the exposure of human life to
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the dansers of leptospiral infection.

(5) Close Supervision of Sewermen by the Health Department.

As part of an occupational health service for this group of
workers, it is essential that, immedistely on the gbsence due
to illness of & sewerman, he be visited at home by an industri-
al medical officer from the Health Department and the clinical
case and the diagnosis discussed with the private practitioner.
In each suspicious case, blood agglutination tests should be
done gs early as possipble. It is for this resgson that one
emphasises that the Health Department Medicgl Officer who has
shared the experience of work in the sewers and who is acutely
aware of the possipbility of weil's Disease, should see each
sick sewerman as early as possible in the illnesgs. 7hile it
is admitted that penicillin hgs revolutionised the trestment
of Leptospirosis, its exnhibition can only be successful once
the diasgnosis has been established and only when given early
in the disease.

‘Workmen's Compensation and WWeil's Disease.

The famousg case of Raeburn v. Lochgelly Iron and Steel
Company, Ltd., in 1925, established a precedent in Britain
whereby compensation was awarded for the death of a coal
worker who had a leptospirsl infection. In 1935, the Depart-
mental Committee on Compensation for Industrial Diseases
recommended that infection by L. ictero-haemorrhsgiase should

entitle a workman to compensation for disablement, but only if
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confirmed by bacteriological&%r gserological examination.
Several court cases are recorded where compensation was paid
for infection gained in the course of employment in sewers.

In Glasgow, it has been the custom to pay sewermen full
wages during absence due to illness or injury directly attribut-
able to the nature of the employment. For this purpose the
patient is visited by a medical Officer from the Health
Department and the necessary certificate forwarded to the
office of Public Works. Leptospirosis is included in the list
of conditions for which Sick Pay is paid.

The advent of the National Insurance (Industrisgl
Injuries) Act in July, 1948, has, in practice, made no material
alteration to the compensation side of this disease as far as

the Glaggow Sewermen gre concerned.
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Chapter VIII.

THi RoSULTS OF umDICAL  AXAMINATIONS.

A. Genergl Examination.

Within the same age group little difference existed
between the sewermen and the controls. The sewermen generslly
had paler complexions and were hegvier. In the older men, the
chest expansion was slightly greater in sewermen than in the
control group. 4 Teature of the genersl examinatioh was the
highly developéa musculature of arms and forearms in sewermen,
also foﬁnd in some of the controls, for example, in refuse
carriers.

Cardiovascular System (Table 20).

(a) Clinical Examingtion.

The quality of heart sounds of several sewermen was
found to be poorer than in the controls of the same age.
During exercise tolerance tests 0% of the sewermen developed
breathlessness in soﬁe degree, more pronounced in the older
men, and present in all sage groups over 35 years. In 13 men

this test was poor, the pulse teking longer than 50 seconds

to return to the resting rate after cessatiocn of exercise.

Only one seweriman had lung disease sufficient to explain his
bresthlessness after exertion. Nine of the 61 controls aged
over 30 years becane breathless during the test, the pulses of
seven men tsking more than )>¢. seconds to return to the resting

rate. Three of those men suffered from hypertension, while
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gnother two controls unad lung disease which could account for
their breathlessness on exertion.

All of the sewermen giving a poor response to the test
were over the gge of 45 years (Table No. 27). Length of service
appeared to have an adverse effect on the exercise tolerance of
sewermen, the x°-test showing that the results in Table No. 28
were not likely to have occurred merely by chance.

On the basis that blood pressure readings over 160 mmsS.
mercury (systolic) and 100 or over (diastolic) are sbnormal,
five sewermen were found to have hypertension. While they were
all over the age of 50 years, it seems significant thet their

"service in the sewers was long. Each of the three controls
with hypertension had been forced to seek less arduous employ-
ment because of heart disease.

(b) Blood Examinations.

A pilot survey‘of specimens from 16 sewermen revealed
an unduly high proportion of haemoglobin levels in excess of
14.8 gms. per cent. In the absence of gbnormalities in the
other blood components, it was decided to restrict blood
examination of the full series to total red cell counts and
heemoglobin estimations (Table No. 29).

(i) Haemoglobin Levels. The percentage distribution

of the haemoglobin levels of sewermen and the control group
are shown, in Chart No. 2, in relation to those of married

mgles in Britain investigated in the iedical Research Council's
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survey during 1943. The figures in the 19Y43 survey cover age-
groups from 18 to over 00 years and include members from all
of the social classes defined by the Registrar-General.

The curve of the control group (Chart No.2) follows
the trend of the w.ik.C. study except that its mean is 85%
compared with the 102% (Haldane Scale) of the 1943 investi-
gation. The values of the percentage frequency distribution
of haemoglobin levels in Glasgow sewermen, however, give g
flattened curve which rises to a pesk beyond the 110 mark
(mean 95.3).

On comparing the control group with the M.R.C. Survey,
the difference between their mean haemoglobin levels ig 17
times their standard error of difference (Table No. 30).
Similsrly, there is a significant difference between the mean
for sewermen and the M.R.C. Survey (married males), the
differsnce of meane being more than twice their stanaard error
of difference. It is felt, however, that greater importance
is gttached fo the finding that the mean haemoglobin level of
sewermen is significantly greater than thet of the control
group, the difference in means being four times their stanaard
error of difference.

(ii) Red Cell Counts. On comparison of the frequency

distribution of red cell counts in sewermen gnd the control
group (Table No. 31 and Chart No. 3), the difference between
their means is greater than twice their standard error of

difference. 1This suggestis that the differences between the
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two series are unlikely to have occurred by chance. also,
there 1is a close correlation between thne haemoglobin level
and the red cell counﬁyin sewermen, the correlation coefficient
being in the region of‘O.B.

These are the fesults only of the blood examinsgtion
carried out at the time of the first medical examination of
eagch sewermgn. The bloods of sewermen show higher levels of
haemoglobin than those of the control group, yet their mean is
lower than that of the genersgl population (it being assumed
that the 1944 W.x.C. Report still applies to the nation).

In Chart No. 2 the gragph for sewermen tends to bebassymmetrical,
sugge sting perhaps that the populetion reviewed is not homo-
genious in respect of haemoglobin. Repetition of the blood
examination on these men whose haemoglobin levels were high
showed, in some instances, a fall, while others remesined high
or were raised.

Serial blood examinations were made on l4 volunteers
from the sewermen, some offering blood more frequently than
others. The material was obtained gbout one hour after
gcessation of work from both day- and night-shift employees,
except for the consecutive specimens given by 13 of these men
on the day they stopped work for their annual holiday and again
three weeks' later, immediastely prior to resuming work
(Table No. 32) (Chart No. 4).

In nine instances there was a rise in the hgemoglobin

level during the three weeks' holiday, while in four cases
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there was a fall. One sewerman (Case No. 22) was off work for
five weegks suffering from sciatica, during which time there
Wes a rise in his haemoglobin level from 10 to 12 grams per
cent. Usually & change from one sewer to another altered the
general trend of the haemoglobin level.

Three men (Cases No: 1, 11 and 260) worked together on
night-shift and their haemoglobin levels followed roughly the
same trend. Case No. 1 did most of his work at the top of the
mgnhole operating the winch during the major part of this
period of review. Becguse of his age and length of service,
his mates considered him unfit for the heavy work down below
and so "carried" him on the surface, an extra man being agvail-
able to this squad. During the course of his work in the
vicinity of the manhole he inhaled a considerable amount of
sewer gas.

Nine sewermen (Cases 1, 7, 11, 18, 22, 20, 32, 33 and
41) worked in brick sewers, while three (Cases 10, 29 and 35)
worked in‘pipe sewers during thnis period of 45 weeks. Two
sewermen (Cases 8 and 30) worked for the first part of the
period in pipe sewers, but auring tne latter part they were
transferred to the emergency squad and employed in various
brick sewers. PFrom the §th to the 29th week, Case No. 8 had
only intermittent entries into the sewers as he was being
given work involving limitation of strain on his back and

knees, while receiving physiotherapy at =z hospital out~patient
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departwent. Thereafter he returned to the normal work of the
emergehcy squad. Cese No. 30 joined the emergency squad in
the 35th weex of tihe period. Cases 22 agnd 26 exchanged shifts
in the 2Yyth week.

Without exception, there was g rise in hsgemoglobin
and red cell counts on return to the sewers after an absence.
The haemoglobin rose to s level in the region of 16 grams.
per cent. and then started to fall. In some instances, it
remained high for several weeks, but in one case (No. 33) it
fell to a level below that found at the post-holidsy exasmina-
tion.

Discussion.

The gbove series of readings show just how variabvle
can be the findings on the examination of the hgemoglobin and
red cell counte in sewermen. Undoubtedly, owing to the diffi-
culties involved in obtaining blood samples from these men,
many adaitionsl variations have been missed, but it is felt
that there is sufricient evidence to justify the statement
that these results indicate deviations from whatl may be termed
the ordinary fluctuations in the blood components associated
with health and work in g heslthy environment.

Whitby ana Britton (1946) quote the adult limits of
normglity as 13.8 to 17 grams hgemoglobin per 100 millilitres
and 4.2 to 5.4 millions red cells per cubic millimetre of blood.

In males, the gverage normal figures are considerea to pe 15.6
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grams haemoglooin per cent. and 5.5 millions red cells per
cubic millimetre or blooa. Various workers hsve shown that
there is a diurnal variation in the hsemoglobin level of over
10%, the minimal variation occurring between the hours of 5 and
] p.m. In addition, there is a small reduction in the hsgemo-
globin level in o0ld age, the gverage value in males between
the ages of 60 and 104 years being 14.3 grams per cent.
(Miller 1939 guoted by #hitby and Britton). The 1943 #.R.C.
survey records that there was a slight fall in the mean hgemo-
globin level of males over the age of 50 years.
Physiological factors having an influence on hgemo-
globin levels are -
(1) Intake of haemopoietie principles, namely,
iron, vitamin C, protein, anti-pernicious anaemis
factor, bile, pigments and traces of metals other
than iron.
(2) Absorption of hgemopoietic principles, for exasmple,
deficient absorption due to achlorhydria, dietetic

excess of phytic acid.

(3) Increased demands for haemopoietic principles, such as
external blood loss, pregnancy, rapid growth.

(4) Changes in plgsma volume due to -

(a) exercise;

(b) changes of tempersture;

(c) change of posture; and

(d) pregnancy.

In the control group the hacmoglobin levels were

meterially below those found in the M.R.C. survey. Factors
(2), (3) and (4)(d) can be excluded in their case. Because of

the dietetic habits of the lower social classes in the Glasgow
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area, it is suggested that the lowering of the mean haemoglobin
level in this group is due to lack of iron in the diet with
protein intake on the low side. Previous experience in the
examination of bloous of operatives in g weaving mill in the
east-ena of the city (where a high incidence of iron deficiency
angemia was found among the femgles) confirms that, in the
families of social classes 4 and ) in Glasgow, low intake of
iron menifests itself as anaemia in the femgles and as lowered
haemoglobin levels in the males. Only in a few instances among
the control group were there found blood films showing gross
changes of iron deficiency anaemis.

Blood exsminations on five sewermen immediately before
they resumed work after sickness absence revealed that their
hgemoglobin levels were close to the mean of the control group.
During the period of this investigation there were five entrants
to the job of sewerman, and serial blood examinations (including
one before employment) showed changes similar to those occurring
in sewermen of several years' experience (Chart No. 5). A
further indication of the true base level of hgemoglobin among
sewermen was given by the results of the examination at the end
of the annual holiday. The me an value of the 14 men examinea
then was 12.] grams per cent. (8)% Haldane scale), that is,
the same as the mean level for the control group.

Thus, it seecms regsongble to deduce that, basically,
sewermen belongea to the same hgemoglobin group as the series of

controls, and that the conditions of worx were responsible for
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the wide variations in haemoglobin levels obsgerved in sewermen.

In the M.R.C. survey, there appeared to be g relation-
ship between the mean haemoglobin levels and the occupational
groups studied, and it was suggested that there is an optimum
level for the type of work done. Case (1947) found that,
during & course of training, the mean haemoglobin levels of
substandard srmy recruits rose anda the scatter round the mean
(coefficient of variation) became considerably smgller. This
he attributed to a tendency to convergence on a mean value
"which is perhaps physiologically more suited to the partioulér
mode of life for which the training was a prepgratory procesgs."
In sewermen, it is not possible to establish g true value of
their mean haemoglobin level on this basis, because (&) they
do not work under identical conditions gt the same time, and
(b) variations in individual levels occur during continuous
spells of work in any one gewer.

!Physiological factors influencing hsemoglobin levels
in sewermen may be those producing haemo-concentration, namely,
(a) exercise, (b) changes of temperature, and (c) change of
posture. It is accepted that these factors have only a
temporafy effect on hgemo-concentrstion, and, since egch man
had hig blood examined after g period of complete rest, it
seems unlikely that sny of them are responsible for the changes

noted gbove.
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gonditions of the Lungs.

Only three men had physical signs of chest disease at
the clinical examinations, while g further three showed
radiologicel deviations from normelity. These included four
cases of pulmonsry tuberculosis (one early, one chronic and
two healed), one case of chronic bronchitis and one case of
pneumonia. Clinical notes on these sewermen sgre included in
the appendix.

Among the control group were found eleven cases with
radiological defects of the lungs, clinical signs and symptoms
being notea in seven. (Table No. 33).

The total incidence of chest conditions appesred to be
very similar in the two groups, sewe rmen and controls.

(Table No. 34).

Abdomingl Defects. (Table No. 35)

The most significant feature was the large number of
cases of indigestion among the sewermen. Their main complaint
was the eructation of gas and acid fluid into the mouth -
"heart-burn®. Other symptoms were g feeling of fulness in the
abdomen, the passage of flatus, and, in several instances, pain
in the hypochondrium.

Case No. 42 had a history of peptic ulcersgtion, while
Cases No. 27 and 37 had been off work on account of gastritis.
These three men hau vague discomfort on palpation of the upper

abdomen. Upper abdominal pain came on half-an-hour after most
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meals and was relieved by taking food. COnly Case No. 42 had
radioclogical evidence of ulceration.

Three men in one night-shift squad (Cases No. 11, 36
and 38) complained of heartburn especially in the morning
following upper gbdominal pain which started sbout midnight.
Two of the men did not smoke nor drink alcohol. Ffrequently
they were actively sick. All stated that their symptoms seemed
10 vary according to the sewer in which they were working.

They named certain sewers where the stomach condition became
worse, gnd mentioned that symptoms improved after transferring
to work in another sewer.

Pive sewermen (Nos. 6, 13, 15, 21 and 31) complained of
occasional attacks of indigestion lasting from three to gix
weeks, sometimes of such severity as to necessitate absence
from work for a few dasys. Hacn of these men was observed
eructating gas and fluid into the mouth during their interviews.
Two ate little meat because they thought that it aggravated
their symptoms.

Three men in each group (sewermen and controls) were
classified as corpulent, while a further six sewermen and five
controls had slight protuberance of the gbdomen due to weakness
of the muscles of the gboominal wall. Hach of the men with
slight protuberance of the gbdomen was over the age of 50 years
and their appearance could be termed "middle-age spresd". OFf

the six men classified as corpulent, all hau y00d abdominal
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musculature and all were moderate beer drinkers. Visceroptosis
of such a degree as to proauce symptoms was not present in any
of the men.

Pactors influencing the production of indigestion mey
be listed under such headings as dietetic indiscretions, socisal
habits, excessive tobacco and alcohol, irregularity of mesgls,
organic and functional diseases, and, finally, occupational
factors involving toxsemia. All except the last-named have an
equal influence on the two groups of men under review. Only in
the nature of employment do the groups materiglly differ, and
it would agppear that factors associated with the working con-
ditions of sewermen must be held to account for the high
incidence of digestive complaints among them.

gonditions of the Nervoug gystem.

Special attention was paid to sense of balance,
activity df reflexes and presence of tremors of the hands in
the course of the examingtions.

Apart from the two cases outlined in the gppendix, the
findings in Table No. 3o do not seem to fit.in with the signs
of any of the commoner neurological conditions. Not all of
the cases show the same defects. Certain oi the findings
might be ascribed to the tension of a medical interview, though
a reazl attempt was made to reduce this factor to a minimum by
a lengthy talk with each man before any part of the examination
was carried out. In Cascs No. 20, 21, 22, 3b, 40 and 42 a

degree 0L excltabllillTy was pressnu tarougnout thes wholie
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examination; the men were of worrying types and made complgints
of frequent headaches and various other minor ailments, two being
nail-biters.

| In genergl, the main features of the examihation of the
nervous system were the large percentage of cases showing loss
of apdomingl reflexes and also the high incidence of unsteadi-
ness when stanaing with the heels and toes together, especially
when the eyes were closed. Loss of abdomingl reflexes
(Hutchison, R. and Hunter, D., 19Y4l) is commonly encountered in
the elderly, the stout and in pregnant women. In two sewermen
and: in three members of the control group, one cause of the
absence of these reflexes could be the presence of scars of
abdominal operations. In three sewermen obesity may be the
cause. There remsin, however, 13 sewermen where none of the
above explangtions can be gpplied.

In view of the numvers showing these defects it was

felt that possible explanations might be found in a study of
the environment in which the sewermen worked.

Conditions of the HEyes.

1. Defective Visual Acuity.

No significant difference in the incidence of poor
visual acuity (less than ©/12 snellen in the better eye) was
found to exist between sewermen and the control group (Table
No. 37), nor was any correlation established between the
incidence of defective visual acuity ana length of service in

the sewers.
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Two men in the control group had monoculsr vision, one
due to loss of an eye and the other to cataract. Three sewermen
had virtual monoculagr vision in that visual acuity in one eye was
less than ©/60 snellen, though, in each instance, form perception
was present and all could count fingers with the defective eye.
One of these men had a marked internal strabismus of the right
eye which accounted for his defective viéion.

2. Colour Vision.

One sewerman was found to be colour blind (unsafe, that
is, red-green blind) on examination with Ishihars Test Types.

3. Conjunctivitis.

Five sewermen gnd one watchman from the control group had
conjunctivitis at the time of the examinations. The lesion in
the watchman was acute and of recent origin. One sewerman who
sufferecd from blepharitis had periodic "flare-ups" which produced
conjunctivitis.

The other four sewermen (Cases No. 34, 35, 36 and 37) had
contracted their eye condition from the specific nature of their
employment. Clinical notes on these cases are recorded in the
appendix.

4. Nystagmus.

Nystegmus er involuntary oscillatory movements of the
eyes were found to be present in four sewermen. In one (Case
No. 2) this was one of several signs indicating a cerebellar

lesion. (Clinical notes on his conditiovn sie included in the
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section on nervous disorders in the appendix.

In the other three instances (Cases No. 4, 19 and 22)
there was evidence to support the diagnosis of miner's nystagmus
( see appendix).

Conditionsg of the Hars.

With regard to egr conditions the lesions found in the
sewermen were similar to those seen at the routine medicsal
examination of entrants to the Corporation's Sick Pay Scheme
for Manusl Workers. In more than half of the sewermen the
tympanic membrene of each ear was clearly visible, Whilé ten
had wax in one ear, and, in anotner eight, vision of both drums
wgs oObstructed by coagulated cerumen. 1In one man the acuity of
hearing was reduced because of wax. In Cgse No, 18, though both
drums gppeared normal, he could understand only the loudest voice
at a distance of three feet. BoOne conduction, however, was
normal. Sewermgn No. 39 had some scarring of the right tympanic
membrgne without any loss of hearing.

The clinicsgl notes of three men who had active ear
infections are included in the appenaix.

Skin Conditions. (Table No. 38)

(1) Tinesg Pedis.

It has been said that, whereas scabies and impetigo were
attributsvle to squalor snd dirt, tinea pedis is & disease of
the cleanly, spread of the infection being associated with
commungl bathing arrangements. In the course of medical exsmin-

ations in the post-war period, it has peen common to find many
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cases of epidermophytosis. In Glasgow it has been our
experience to find the infection in two main groups of persons,
namely:; - |

(i) Bx-service personnel from the Second World War; and

(ii) Users of public baths, especially persons whose homes
are not fitted with a bath.

The condition appears to be prevalent in all age-groups and in
all social ciasses, though some pre-war writers found a greaster
incidence in the upper classes, presumgbly becguse the habit of
bathing was more prevalent among them.

In the present investigation there was a higher incidence
of tinea pedis among sewermen (18 cases) than in the control
group (24 cases out of 92 men exsmined). Thisg is probably due
to (=) the employment of sewermen calls for more frequent bath-
ing, until recently teken mainly at the Corporation's Public
Baths ( each sewerman being issued with a free pass), and (b)
the wearing of rubber boots for a long period daily (the
optimum conditions of heat alkalinity and moisture being created
for the survival of the fungus).

(2)acneiform Rasnes.

In the control group five men under 40 showed evidence
of acute acne vulgaris, while the sixth - a man of 63 - had
extensive scarring of chest ana back due to former lesions
caused by this skin infection.

Jelker and Percival (1939) state that the disesgse is

confinea msinly to the period of puberty and adolescence.
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After the age of 30 the condition is so rare that the appearance
of an eruption simulating acne vulgaris in g person over 30
should cause the examiner to investigsate further the wmeaical

and occupational history. By so doing, they state, it should
be possible to estavlish the causation of the skin condition

gs due to the teking of some drug or the exposure of the skin
tovsome irritant, such as tar, paraffiin, tin or oil.

Six sewermen (Cases 3, 15, 30, 306, 38 and 39) showed
gcute lesions similar to those of acne, namely, papules,
comedones and reuness. The lesions were located on the shoulders
and back and on the forearms. On examination of the working
clothing of three of these men (Cases 3b, 38 and 39) it was
found that the shoulder regions were sosked with tarry materials.
These haa condensed on the roof of s smagll sewer in which they
were worging and limitation of space haa caused rubbing of the
clothing on the tarry roof bf the sewer. In the same way, the
forearms had become conteminated from rubbing the wsglls of the
sewer.

Cases 30, 15 and 3 had lesions on the face as well as
on the foresrms, shoudlders anu back. 1I'hese men were engagea
in the ciearing of a blockage in a sewer containing trade waste
from a gas WOrKs.

Lach o1 these six men statea that they had had no skin
lesions prior to roliowing the employment of sewermen. i(hey

are all over tne ase oI 30, anu they state tnat tne present skin
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conaition étarteu within tne previous few months. These facts
rule out the diagnosis of gcne vulgaris. An occupational source
for the condition wgs found to be present and in two tesms of
men they all showed skin lesions‘compatible with the diagnosis
of occupational dermatitis due to contsct with tar derivatives.

One sewerwan, Case No. 2, showed pigmentation, scarring.
roughness and irritgtion of the skin of his forearms. There was
patchy hyperkeratosis and thinning of the skin in places. This
man had veen employed for some 15 years on the road tarring
squad of the Highways Department, and during that period he had
had frequent splashes of hot tar on his foregrms. Of the
several others in this group who did show patchy pigmentation
and scarring of the forearms, none had had contact with tar
outside the sewers.

gontrol No. 1, & watchman of obb years of age employed
by the Housing Department, was found to have & typical pre-
cancerous papilloms on the back of his left hand. His occupa-
tional history was as follows:-

Hand stoker in a gas works for 14 years prior to

the first Worla wWar; Army 1917-1920; Dbar attendant

5 years; labourer on reilways ) years; boiler fire-
man 3 years; builaing trades lgbourer ) years;
attendant in public baths ] years; and watchman 1 year.

He stated that wnile employed in th2 gas works ne had
frequent snd consiaeracle contsct with tar and that during his
employment there he had had "spots on his arms". It seems
likely tunat this contact with tar more than 30 years agO'wés

the factor responsible for the appearance of the wart on his
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hand just over two years ago.

(3) 0il Dermgtitis.

Sewermen, Cases 18, 20, 23 and 37, were found to have a
folliculitis and papules on forearms (extensor aspects),
buttocks and shoulders. There was erythema gnd some of the
lesions were intermingled with septic abrasions on the forearms.
Two of the men (Nos. 23 and 27) stated that the skin condition
had been present off and on for s number of years. Their lesions
were active at the time of the medical examination snd they
claimed that a brown scum floating in the sewer in which they
were working was cgusing irritation of the skin of their fore-
arms. Anslysis of the scum showed it to be mineral oil.

Cases No. 18 and 20 had more gquiescent lesions at the
time of the examinagtion, but some months later when transferred
to a large sewer near the centre of the city their skin con-
ditions flared up. Case No. 20, aged D52 years, developed an
acute phase of his skin condition some eight weeks gfter trans-
fer to this sewer. His lesions on the extensor aspect of both
forearms were erythematopapular in type and several typical
cbmedones were vigsible. In adadition, however, there was g
scagliness With vegicle formation sgna consequent crusting of
lesions. On investigation it was establishea that there were
two skin conaitions superimposed on one another, namely, oil
dermatitis and s dermatitis medicamentose due to overuse of the
carb.lic disinfectant supplied to each squad. This sewerman was

removed from work in the sewers while ne attended at a hospital
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dermatological unit for tresgtment.

Only one man in the control series was found to display
gkin reaction to contact with oil. He was a compressor opersator
employed by the Housing Department on g building site. (See
appendix).

(4) Carpolic Skin Regctions.

Five of the sewermen complgined of irritation of the
skin of the forearms and backs of the hands, especially after
washing. The skin was noted to be dry and scaly and felt rough.
No reaness was noted at the medical examinations, but on visits
to the sewers it was observed that these men had a marked
erythems after washing the forearms and hands. They complained
of a tingling sensgtion when the gkin was red. It was found
that the source of the trouble lgy in the disinfectant which was
used. A cresol solution was used t0 bagthe the hagnds gfter
washing, and, in many instances, too strong a mixture was being
used with the mistaken idea of preventing.infection with the
leptospira ictero-haemorrhagise. The five men referred to gbove
omitted to rinse off the disinfectant before drying the handas.
Their skin lesions were, in fact, a dérmatitis medicamentoga,.

(5) Industrial Dermetitis.

Three sewermen (Nos. 4, 12 and 34) had a dry scaly
dermatitis of shins, Case No. 34 having the same condition on

the backs of his legs and forearms. Clinicel details are given

in the appendix.
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(6) Psoriasis.

Case No. 33 had & few lesions of psorigsis on the front
of both lexgs. No other skin blemishes were found. Thisg man
has only been employed as a sewerman for three years, but it is
interesting to finu that he has had no skin trouble while
engaged in the cleaning oi brick sewers.

Defects of Joints ana Spine.

During the course of the medical examinations it was
noted that many of the sewermen gave histories of low backache
which they attributed to the nature of their work. Records of
their sicknesg absence confirmea that there was an incidence of
"rheumatic" and allied illnesses involving the back. It was
deemed necessary, therefore, that every effort shoula be mgde
to seek clinical evidence of lesions likely to produce sgymptoms
in this region. In a numoer of cases, lesions in bther joints
came to light during the course of these investigations. The
results of .the examingtions are shown in Tables Nos. 39 and 40.

The contrél group is not completely comparable with the
sewermen, in that it tends to be Weighthwith the younger age-
groups, for example, it includes ten persons aged 30-35 who
showed ‘no defect in the spine. X-ray plates of a further seven
younger mgles were also negative. Thus, out of 70 members of
the control population only one congenital abnormelity of spine
was detected radiologically and this could almost have been done
clinically since it was a case of gross kypho-scoliosis of the

dorssl region. Qa tihe other nana it is interesting to findg,
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by chance, three defects of congenital origin among the X-rays
of the sewermen, namely, lumbarisation of the lst sacral segment;
sacralisation of the >th lumbsr vertebra; and spina bifida of
the 5th lumbar vertibrsa.

Ceftain defects were noted in the. spines of both groups
of men, and, in view'or the age-groups involved, it is not
surprising to fina that osteo-arthritic changes were prevalent.
The incidence of this condition varied from radiological evidence
of lipping only, without symptoms, to anterior wedging of the
vertibrae, ligamentous cglcification and severe limitation of
flexion of the spinagl column, especiglly in the older members of
the control group. Ankylosing spondylitis, Paget's disease of
bone, traumstic distortion of vertebrase and hernigtion of inter-
vertebral disc were other conditions found in the course of the
examinations. .

It must be stressed that the control group consisted
mginly of men engeged, or formerly engaged, in heavy labouring
occupationg, involving the use of picks and shovels, and entail-
ing the carrying of heavy weights (often on their backs). The
postural defects, viz., kyphosis, kypho-scoliosis and scoliosis,
were, therefore, largely of occupational origin and affected
especially the dorsal spine.

Sewermen, who are normglly recruited from the same
occupational groups, were not found to have the same incidence
of postural defects ana their lesions tenced to occur mainly in

the lumbar spine. It secms most significant that pain and
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tenderness in the lumbar region with a positive knee-thigh test
were found in only two members of the control group, whereas
among sewermen these signs were precowminant in no less than 14
instances. In ten cases, tne men were over the age of 50 years,
six of whom had spent more than ten years in the job of sewer-
man (See Table No. 41).

During the course of the medical exuminations one was
impresseu by the number of sewermen wno gave histories of having
suffered from "low bacxkache". Fourteen of them were found to
have symptoms and sizns at the sctusl time of examination.

While only two were confirmed as having herniagtion of inter-
vertebral discs, another two sewermen were suspected of having
sciatic pain due to the sume cause, though, in Table No. 41,
they are includea under the heaaing of osteo-arthritis because
of the gross raciological evidence in their spines.

(1) Osteo-arthritis.

This has been termed by Buckley (1950) as a "wear and tear"
arthritis, commonly founda arfter miadle life. The condition is
progressive, and its effects are considered to be normel fina-
ings in old age. Trauwa, in minor and repeated form, is a major
aetiological fuctor. Occupation is largely responsible for the
location of the lesions and, also, for the degree and extent of
disapility produced. Normally the condition is present for
severai years before tane patient's symptoms are sufficiently

pronounced for him to seek medical advice. Osteo-arthritis of
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the spine is found to occur in those engaged in heavy manusl
labouring. Osteophytes auevelop in the ligaments and by pressure
on tihe nerve roots producec referreda pains. JWedging of the
vertebraue results in deformity of the spine causing stiffness
and limitation of flexion. The condition frequently causes

the workuman to change from s heavy manual lgbouring job to a
less strenuous occupation involving less stress on the back.
Bxamingtion of a number of men in the control group who had
transferrea to the less arduous employment of watchman or street
sweeper revealed osteo-arthritic changes comparsble to those in
the sewerman, yet they were Iree from painful symptoms. Two
sewermen were S0 Aisabled with the condition that they were
transferiea to work involving less stooping and less heavy
lifting in another section of the Highways Department. 4is a
result their painful symptoms have settled down. It is evident,
therefore, that the trauma associated with the work of sewermen
is sufficient to groduce disablement in men suffering from
oseto-arthritis of the spine, as well as playing a part in the
aetiology of the conaition.

(2) Congenital Deiects of Spine.

Bony defects of the spine of congenital origin are
common snd it is generally accepteda that their presence tends
to predispose to certain ailments.

Lumbarisation of the first sacral segmsnt implies the

presence of six lumpar vertebrae and four sacrsl segments.
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Normglly tne condition is symptomless, but, where heavy strains
and stresses are applied to this part of the spine, symptoms
are liaovle t¢ develop because of the reduction in stability in
the lumbo-sacral region. The sewerman with this defect had
cliniéal evidence oI pressure on the right sciatic nerve root.

Sacrglisation of the 5th lumbar vertebrsg is of three
types, vizg.:-

(a) Complete fusion of 5th lumbar vertebrs to sacrum;

(b) Fusion of one or both transverse processes of 5th
lumbgr vertebrs with corresponding parts of the
sacrum, the bodies being unaffected;

(c) Articulation by means of a false joint between an
enlarged 5th transverse process and either the sacrum
or the ilium.

Generaglly these deformities are symptomless but in some
cases pressure on the 4th and 5th lumbar posterior nerve roots
is produced by the enlargea transverse processes. Backache at
the end of a day's work is the typical history given and there
may be referred scigtic pain. One sewerman with a history of
frequent attacké 0 backache was found to have pilateral fusion
of the transverse processes of the 5th lumbar vertebra with the
gacrum. His knee-thigh test was negsative.

Une sewermsn, aged 38 years, with seven years' service,
who complained of frequent sttacks of low backache and one
attack of sciatica, displayed only bilatersl positive knee-thigh
tests. On X-ray of the lumbsr spine it was rfound that he had a

spina bifida involving the 5th lumbar vertebra.



(3) Ankylosing sSpondylitis.

This disease tends to occur at an earlier asge than
osteo-arvthritis. It is an inflammgtory process snd has active
phases with low-grade pyrexia and constitutional symptous.
Backache and referred pains occur at rest and are aggravated by
‘movement. There is increasing stiffness of the back, usually
with flexion deformity due to osseous ankylosis of the inter-
vertebral joints, and eventuslly the spine becomes fused into
g solid mass. Ankylosing arthritis may also occur simultsneously
in'the hip Jjoints. Sponaylitis ankylopoietica usually starts in
the sacro-iliac joint or the lumbar spine and extends upwards.
In the final stageg, the costovertebral joints become ankylosed
and produce fixation of the chest. The blood sedimentation rate
is incressed. The ankylosis is visible radiologically and there
is no diminution of the width oi the intervertebral discs such
as occurs in osteo-arthritis.

Case No. 19 among the control group is & man of 50 years
who displays the typical Ifeatures of the diseaée. On leaving
school he went to work in an engineering factory and became a
hammerman. In 1914 he joined the Gordon Highlanders and saw
active service in the field until 1917 when he developed acute
rneumatism, as s result of which he was invalidea from the
Services. After a period ol convalescence he worked as a
labourer in a Tfounary fLfor just over one year. He had to give
up this work on sccount of a return of his illness and was

admitted once more to hospital. He has had frequent
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recurrences O0f paine ana stifiness in his back, and, on that
account, has only been agble to work for a total of seven out
of the lgst 30 years. During the past 18 months he has been
able to follow regular employment as a watchman in the Housing
vDepartment. On clinical examingtion he had rigidity of the
lower part of his spine with limitgtion of flexion. Sciagtic
pain was elicited on both sides by the knee~-thigh test.
Radiological examingtion of the spine confirmed the diagnosis.
(Photograph in appenaix.)

One sewerman, case No. 8 in the series, complained of
pain and stiffness in his left knee at the time of first examina-
tion. The pain was located over the interngl lateral ligament
and was worst when rising from the gitting position. Flexion
was found to be limited due to stiffness. On exam%nation of
the spine a slight limitation of flexion was present and pain
was produced by bending. X-ray examingtion of lumbar spine and
left knee joint revealed early bone changes, and the diagnoeis
was considered to be ankylosing arthritis. Later events hgve
tended to confirm the original diagnosis. The erythrocyte
sedimentation rate was found to be increased and g course of
deep X-ray therapy improved the movement in the knee joint as
well gs giving relief from pain. The patient was aged 50 years
and had completed 20 years' service in the Sewerage section
(24 years ac a sewerman). As much of his recent service had
been on pipe sewers, extra stresses ana strains had been put

on tne knee joints and this possibly explains why gymptoms were
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”more prominent there than in the back at the time of examinstion.
After that examination it was suggested to the Department (with
the patisnt's consent) that he should oe transferred to surface
work where stooping and straining were less. Certain sdminis-
trative difficulties prevented the recommendations from being
carried out in toto, but the Chief Ingpector of Sewers (a man
of great understanding whose interests lie in the improvement
of working conditions for his men) arranged for the pagtient's
trangfer to the emergency squad and thereby removed this sewer-
man from continuous work in the sewers. Instead he carried out
inspections of faults associated with the sewers, as they
occurred. For g period of glmost six months all went well,

the mean being required only to enter the larger sewers occasion-
ally. One day, however, Case No. 8 had to be sent to clear a
blockage in & sewer of two feet nine inches in height. After
only two days in this sewer he had to go off work becguse of
acute backache and pain in hig left knee and thigh of the
sciatic type. When exsmined at this time he was found to be
completely crippled. After six wesks' rest the condition
showed signs of improvement. Arran-ements were then made for
this man to be transrferred to a job, involving no stooping and
no heavy lifting, in anotner section o:r the Highways Department.

(4) Paget's Disease ol Bone - Osteitis Deformeans.

This disease affects the whole skeleton snd occurs in
elderly subjects. In the first phase there is softening of

the bones producing vending alu deformity in those involved in
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weight~bearing. This stage is followed by a process of new
ossification whicih results in thickening and sclerosis. The
disease produces peins and deformities in elderly patients and
predisposes to fractures. Occasionsglly, it may lead to the
development of bone sarcoma.

One sewerman gged 50 years with five years' service
(case No. 21) reported at tne time of his examination that
during the previous year he had had attacks of low backache and
that these attacks were becoming more frequent. His occupation-
al history was as follows:-

1913-1917 - PFarm labourer engaged in ploughing, etc.;

1917-1919 - Army with service in the United Kingdom only;

1919-1944 - gservice with a railway company as engine cleagner,
fireman and latterly driver.

19441945 - Labourer in Highways Department;

1945 to date -~ Sewerman.

iedical history - attack of lumbago in 1943.

O0n examingtion he was noted to have s pronounced stoop;
height 5 feet 94 inches; weight 14 stones 12 1lbs. ©No tender-
ness was elicited in the lumbar region but the knee-thigh test
produéed slight sciatic pain on both sides. Three months later
he was examined again because of an acute attack of low back-
ache. Thé clinical findings were essentially the ssme as on
the previous occasion, tnough some tenderness was elicited in
the lumber region and flexion of spine was limitea. X-ray
examination of the lumovar spine revealed the presence of early
Paget's Disease in the right pelvis. (Photograph in appendix.)

further films of skull =zna long bones showed early thickening
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of the rgdial ana left tibizl ghafts.

(9) Herniagtion of Intervertebrgl Disc.

Prolapse 01 the nucleus pulposus through the snnulus
fibrosus, of an intervertebral disc, towards the spinal cansal
may be caused by trauma or degenerstive changes. Pressure
effects may be proauced thereby and since the protrusion occurs
towards one side of the posterior longitudingl ligament, com-
pression of the posterior nerve roots occurs. The commonest
sites for the prolgpse gre at the 4th-5th lumbar sand lumbo-sacral
discs, hence low bgck pain and sciatica are produced. The back
pain is intermittent snd is affected by posture, while the
sciaticsa is aggravatéd by coughing, sneezing or jugular com-~
pression. Where the prolspse occurs at a higher level, pressure
on the cord may cause mild parslysis with spasticity.

Two sewermen who were examined at the beginning of the
invegtigation were found to be exhibiting all of the symptoms
and signs suggestive of prolapse of an intervertebral disc in
the region of the 5th lumbar verteovra. The X-ray film of case
No. 40 showea narrowing or the space between the 5th lumbar
vertebrs and the sacrum. The patient received out-patient
treatment at an orthopaedic depsartment for a period of over
four months. His symptoms improved sufficiently to permit his
return to alternsgtive employment as a lavétory attendant for
an interim period of threc months. At the end of that time
it was found that though his symptoms had disappeared, flexion

of his spinc was still limitea ana the knee-thigh test still
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produced pain in the right sciatic nerve. It was deciaeq,
therefuvre, to oifer the man permgnent employment in the glterna-
tive job., It was established that the onset of this patient's
symptoms could be traced to the lifting of a loaded bucket in

a sewer,

Case No. 22 was first examined while he was off work
suffering from a right-sided sciatica. His disability was
established clinically as due to prolapse of the 4th-5th lumbar
disc. Radiological evidencé of narrowing of the disc space was
negative .in this case. The patient made a complete recovery
in six weeks and resumed work, the first two weeks of which
were limited to occasional entry to the sewers and no hesvy
lifting. The onset of symptbms in this case was brought about
by the pstient slipping in a sewer and meking an awkward twist
in an effort to regain his balance. He was suddenly gripped.
with an acute pain in his lower back and was unable to
straighten his bacxk. The pain radiated down the back of the
thigh.

(6) Lumbo-Sacral Strains.

while no cases were found among the sewermen at the
medical examination, it was observed that entrants to the job
toox three to four weeks to become ‘acclimatised™. During that
period low backache, probably due to lumbo-sacral strains,

affected each of them, especially at the end of g shift.
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J. Incidence of QOrthopaedic Conditions of the Feet and
Varicose Veins. (Table No. 42.)

It was found that the incidence of foot conditions in
sewermen is, on the whole, little different from that in men
from the same age and social classes. There might seem to be
& higher proportion ol cases of pes planus smong sewermen, but
it cannot be confirmed that this is due to the nature of the
employment for Table No. 43 shows that the defect does not
become more prevaleant with length of service.

On the other hand, Table No. 44 revealsvthat there is g
greater incidence of pes planus among those men working mainly
in brick sewers as compared with those opergting in pipe sewers.
None of the men made specific complaint of actual pain in their
feet, though several mentioned that they had a sensation of
tiredness, especially after a day in one of the larger sewers.

Case No. 12 had loss of the terminal phslanges of the
2nd, 3rd and 4th toes of his left foot as the result of &
manhole cover falling over on his foot when he was preparing to
enter g sewer several years ago.

sewermgn No. 15 had deformity of the right lst metatarso-
phalangeal joint which resulted from a similar accident 15 years
ago. X-ray exumingtion of the joint showed old osteo-arthritic
changes.

Oon reflection, it is perhaps surprising that results of
accidents similar to these two were not found more frequently
at the medical examinagtions, since the thigh boots have rubber

uppers wnich give only limited protection against such trauna.
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Chapter 1X.

THE RebLAPIONSHIP BEMNsLN  MsDICAL DEFECTS
AlD  WORKING  mNVIRONMGNT

A. Posture.

Physiological Adeptation.

The photographs of the working posture of‘the sewe rman
illustrate the extent to which higs work must be carried out at
a mechagnical disadvantage to meny oI his muscles and ligaments.
Repeated strains anu stresses are thus placed on certain parts
of his body. Adaptability, an amazing festure of human
physiology, is demonstrated in sewermen by the over-development
of their grm gna forearm muscles, resulting from the vast
amount of short lifting and pulling associgted with the clearing
of silt from both pipe and brick sewers;

Low Backgche,

Low backache, g condition prevalent aﬁong sewermen,
had caused absence from work in several instances. Though
various disgnoses had been certified, careful investigation
confirmed that the features of those illnesses were similar to
the signs and symptoms found in the lumbsgr region at the medical
examingtions.

Limitation of height in the sewers necessitates a
working posture involving slight flexion of the knees, acute
flexion of the pelvis on the thighs and flexion of the inter-

vertebral joints especially in the lumuar reszion. As a result
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of the lifting ana pulling carried out in this position, severe
stresses and strains are placed on the ligasments of the lumbar
spine and pelvis, especially on the lumbo-sacral ligament.
Owing to the difficulty in securing a firmm footing on the semi-
circular filoor of the sewers, sudden jarring of these ligaments
frequently occurs when the sewerman slips while lifting in this
awkward position. Repested trgumata, both minor gs well as
sudden and severe, thus arise from the same environmentsal
conditions,

These factors are responsible for the high incidence
of lumbar strains and sprains among sewermen. FRurthermore,
the environmental conditions fulfil all of the requirements
for the procduction of articular rheumgtism, namely, repestead
trauma in g damp environment, the joints commonly affected
being those most in use at work - in sewermen, the joints of
the lumbar spine. Osteo-arthritis of the lumbar spine was,
in fact, found to be prevelent among sewermen. This condition,
however, is so frequently found in the labouring classes,
especially after middle age, that, since most of the men had
been employed in that capacity prior to their entry to the
sewers, it cannot be established that the osteo-grthritic
chsnges found in the lumbar spines of sewermen were solely
attriovutgble to the nature of their rscent employment. Never-
theless, there is evidence to suggest that the condition can

be so aggravated by work in the sewers as to produce scute
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symptoms. Where two men have similar osteo-grthritic
changes in tne lumbar spine, the one employed on the surface
has negligible disability as compared with the other working
in the limited space of a sewer, In the lgtter instance a
vicious circle is get up - more stress agnd strgin with more
acute low backsche.

The postural effects of work in the sewers hagve
accentugted congenital abnormalities of the spine in three
sewermen, yet it is probable that, in the ordinary course
of events, had those men been employed in the average lgbour-
ing job, these defects would not hagve produced any symptoms
or gigns.

Again, ankylosing spondylitis, such as that found in
Case No. 8, produced g degree of disgbility much greater in
this sewerman than the more advanced stage present in the
watchman in the control group. The sewerman with early
radiological evidence of Paget's Disease in his pelvis also
illustrates how the posture of sewermen can aggravate the
symptoms of a spingl lesion.

Hernigtion of Intervertebral Disc.

Cyriax (1950), when discussing the prophylaxis of
this condition, lays stress on the importance of maintsaining
lumbar lordosis and avoiding the flattening out of the lumbar
spines of schoolchildren which results from over-indulgence
in exercisegsinvolving trunk flexion. He shows how the joint

space between lumbsr vertebrae is altered during flexion.
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(Ffig. 9). The bscik of the joint space 18 seen to be increased
during flexion, thus permitting of backward displagcement of
the intervertebral aisc.during the lifting of heavy weights.
Becguse of limitation of working height in most sewers, and
inability to have completely free movement of the knee joints
due to the wearing of thigh boots, the working posture of
gsewermen predisposes to this defect. Hernigtion of an inter-
vertebral disc found in two sewermen was established as
ettritutable to employment. It is probable that many of the
sewermen's absences cgused by sciagtica could be agttributed to
this type of injury. It would sppear, also, that in several
instances low backache is the first stage in the development
of this lesion.

Hip and Knee Joint Conditions.

Arthritic and ligamentous lesions in the hip and knee
joints - joints intimately concerned with the mgintenance of
the sewerman's working posture - can also be attributed to the
nature of the employment, or, if pre-existing, materially
aggravated thereﬁy.

Foot Conditions.

Long periods of standing in one position, or of tread-
ing through silt, 12 inches or more deep, wegring ill-fitting
rubber thigh-boots, or waders and clogs, put a heavy strain
on the feet. Additionsl strain on ligaments occurs from the
climbing in and out of sewers on the iron rungs fitted to the

walls of the manholes. All of these movements tend to produce
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stretching of the longitudinal ligaments of the zrch of the
foot and so it is pesgible that flat feet might be prevalent
in sewermen. At the exaninetions, this defect was more common
in sewermen engsged meinly in brick sewers than in those work-
ing in the pipe sewers, though no definite relationshin could
e estgblished between length of service and incidence of the
foot condition.

Hand Conditions.

One sewerman, aged D] years, who had worked mostly in
pipe sewers for the past eight years, showed eariy evidence
of Dupuytren's contracture of the 4th fimger of his right hand.
The pulling on ropes during the hose-flushing process could
play a part in the production of the contracture. His previous
employment was as a lgbourer in the Highways Department where
pick and shovel were frequently in his hands. Prior to 1920
he was a miner for 13 years. He gtates that he first noticed

the finger stiffness only one year ago.

B. Atmospheric Conditiong.

The presence of carbon monoxide, carbon dioxide,
benzene, aromatic hydrocarvons, petroleum vgpour, hydrogen
sulphide, acetylene agnd chlorine has been demongtrated in
certain sgewers. Severasl of these gases have been responsible
for fatal accidents in Glgsgow sewers, while others have pro-

duced scute poisoning with loss of consciousness., It seems
certain, therefore, that lesser degrees of intoxication can

occur.
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It has been established that ventilation in many sewers
is inasdequate and that concentrations of these gases vary.
That changes in the presence and amount of gaseous materiagl in
sewers occur rapidly has been proved by the sudden high concen-
tration of noxious material sufficient to kill sewermen before
they could be rescued from the sewers. Similerly, concentra-
tions sufficient to produce chronic intoxication may be present
for long periods of the dsy, and, yet, when ssmples gre taken
for analysis, these may show only low readings. This variabil-
ity is a factor difficult to overcome in an investigation such
as thisg. |

Certain medical defects have been found smong sewermen
on the one hand, and the presence of certgin toxic materials
has been demonstrated in their working environment, on the other.
The known effects of exposure to concentrations of each of these

gases are outlined below.

Effects of Bxposure to Certain Gases.

(&) Carbon lionoxide.

Whereas acute poisoning from this asphyxXiant gas is
well recognised, the possibility of chronic intoxication has
been for long the subject of gregt controversy. Various
symptom complexes,which in¢lude headache, nausea, vomiting,
genersl malaise with muscular weakness and increased fatigue,
and mental dulness, have been formulated as resulting from long-

continued exposure to low concentrations of carbkon monoxide.
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Recent investigsators heve gdaed to the literature on the
subject, and the evidence now gvailsgble tends to suggest that
ill-effects do arise from repested small doses of this gas.

No accumulsation of cgrbon monoxide occurs in the body,
the gas disappearing from the blood within g few minutes to g
few hours after cessation of exposure. Haldane (1930) found
a tendency to acclimatisation to exposure to the gas, but it
diseppeared quickly. Killick (quoted by Alice Hamilton, 1945),
in animal experiments, found thig resistance to be associgted
with zn increase of blood volume, polycythemisg with reticulo-
cytes, and enlarged spleen. In man, however, he saw incressed
registance but no corresgponding blood changes.

Burnham (1925) considered that chronic carbon monoxiae
poisoning found in garaze workers proauced headache, breath-
leséness, general nervousness, disturbed sleep, indigestion,
loss of appetite, and acid belchings from the stomach. Early
stages were loss of alertness, loss of muscular power,
irritability and loss of judgment. Myers (1927) quoted by
Hamilton (1945) mentions in addition giddiness, tinnitus,
rapid pulse and repid breathing, tremors, increased reflexes
and a pallor disproportionate to the degree of gnaemia which
was vasomotor in origin, |

In his investigation of chronic carbbn monoxide poison-
ing among persons with a non-industrial exposure, Beck (1938)
found that, selthough most of the symptoms were those of simple

anoxaemia, others suggested organic lesions of the central
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nervous systen, encephalitis, epilepsy, cerebral thromboeis,
multiple sclerosis and tetany. #Frequent findings were neuroc-
muscular and joint pains, spasms of voluntary and involuntary
muscles, nauses and vomiting, increase of red corpuscles and
haemoglobin. on the other haﬁd, the investigations carried
out by the Americen Public Health Service into the incidence
of chronic carbon monoxide poisoning smong workers in the great
Holland Tunnel suggested that little ill-effect resulted from
exposure to an atmosphere averasging 70 parts per million for
as long as 13 years. Carbon monoxide in blood was as high as
15.1 per cent. in toll collectors, the highest resaings being
found in heavy smokers.

More recent investigations by Lewsy and Drabkin (1944)
cast doubt on the results of the Holland Tunnel Report for
they showed that in dogs electrocardiographs demonstrated
changes in the heart muscle gs early as the second week of the
experiment in which dogs were exposed to a carbon monoxide
concentration of 100 parts per million for 11 weeks, 6 days
a week, and 54 hours per dagy. Some of the dogs showed dis-
turbances of gait and of postural and positional reflexes.

At post-mortem examination these dogs were examined and
degenerative changes were noted in the myocardium, hgemorrhages
and necrosis being found. In the brain, histological changes

in the cortex of the hemigpheres and the globus pgllidus were
locsted and these resembled in type and localisgtion those

founda gfter acute poisoning, but they were smeller, more
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scattered and less destructive.

The electrocardiographic results in both acute snd
chronic poisoning by carbon monoxide have been discussed by
various writers and there seems to be little doubt that tempor-
ary lesions are produced by anoxgemia and thet permanent
effects are due to damage to the myocardium resulting from
injury tc the lining of the coronary vessels (Rastelli (1940,
Caccuri (1940), and Steinmann (1937)).

Certain factors have g bearing on the smount of carboxy-
haemoglobin formed in the body on exposure to carbon monoxide,
narely, the concentrgtion of carbon monoxide in the gir, the
duration of exposure, and the ragte of respiration of the
individugl. 1Incresgse of tempergture, humidity and carbon
dioxide content of the sgir, or decrease in the oxygen concen-
tration stimulste respiretion and fagvour gbsorption of carbon
monoxide. Concentrations of carboxyhaemoglobin in the blood
below 20% cause only moderate subjective complaints, according
to von Oettingen (1945), but these become serious up to 30%
concentration and alarming in higher concentrations. Concen-
tragtions of 60% to 80% in the blood are dangerous to life.

The Americsn Standards aAssociation has lgid down as
the maximum permissible exposure to carbon moncxide the figure
of 100 parts per million for not longer then eight hours daily.
Por shorter periods greater concentrations are allowed, e.g.,

400 parts per million for an exposure of one hour daily.
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Haggard and Henderson (guoted by Glaister) sugsest that a
good index is given by multiplying (t x ¢) and give the
following equations for the cglculation of the physiologicsal
responge to various concentrations:-

Time (in hours) x concentrgtion (parts per million)
300, no perceptible effect;
600, just apprecisble effect;

900, headache and nauses;
1,500, dangerous.

LU VI T |

These figures refer to a person at rest.
It has been shown by Haldane that the same degree of satur-
ation of the blood with carbon monoxide would Ffollow one
hour's exposure to 400 parts per million if the man were gt
rest in s normal stmosphere, to 350 if he were at rest in s
hot humid atmosphere, and to 250 if he were working hard.

Smoking produces a level o0f carboxyhaemoglobin in the
blood. Schmidt (1940) found the mean content of the blood
carbon monoxide as follows:-

More than 30 cigarettes

per diem ............ B8.7% saturation (6.56 - 10.16:)
20-30  ciiieeieiaann ceee 4.29% (1.55 - 7.5%)
1020 weveerennanennnes 2.7% (1067 - 3.5%)
Up t0 10 ..eevenvwnnan. 1.89% (1,27 - 4.28)
Occasionally ......... . 0.19 - 1.23%%
Non-smokers ........... 0.1% ] )
Pipe smokers ....... cee 2,59 - 60.93%

Cherﬁov and Liberman (1947) fouhd that when mice were
exposed to atmospheres containing cgrbon monoxide and benzine
separately in concentrations liaeble to be found in the motor
transgport industry no ill effects arose. ihen the two were
combined, however, o cumulative toxic efifect was noted. A

rige in temperzture considerzbly increasea the toxic eifects.
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mayers (1937 ) drew attention to the fact that carbon
monoxide is less toxic glone than illumingting gas, or when
mixed witn hydrogen gulphide.

(b) Carbon Dioxide.

This gas is an asphyxiant and produces its effects in
concentrations of 5% and upwards. At 64 there is produced
distinct breathlessness and palpitstion and slight frontal head-
ache. At 104 the distress is greater and stupefying effects
appear, the face becoming flushed. Between 12¢ and 159, cerebral
symptoms gppear and the patient soon becomes unconscious. He
can survive in this concentration for some time. At 259, death
can occur after several hours' exposure. It is genersglly
accepted that the presence of 16% carbon dioxide extinguiches
the flgme of the ordinary miner's lamp. It is thus calculasted
that respiration may go on unimpaired in air containing at least
109 more carbon dioxide than is required to extinguish the flame.

| Chronic poisoning has been investigeted in animals
exposed to concentrations of 14 to 26y for periods of five to
six weeks., Degenergtive changes_occurredAin the glveoli of the
lungs, kidneys and ganglion cells of the brain. In humans,
exposure to concentrations of about 19 caused some increase in
the depth of respiration, but at 2% the depth is increased
further and the frequency is zlso increased. Up to 3% the

carbon dioxide tension in the blood remging unaltered,
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(c) Benzene.

Benzene is & narcotic poison which zcts with extreme
swiftness producing unconsciousness or helpless confusion in
the geute form of poisoning. Chronic intoxication is, however,
the more important in industry, its onset being so insidious
and the symptoms so0 vague that diagnosis may not be made in
some instances until the gppearance of hgemorrhages. In thigs
form of poisoning the blood forming tissues gre gfiected.
Firstly, there is stimulagtion of the bone marrow with result-
ant high cell counts and the gppearance of immgture cells in
the periphersgl blood, There follows the true toxic effects
mznifest as ansemia, leucopenig and reduction of platelets,
Various combingtions of the effects of stimulation and
depression can be found in the components of the blood.

Bowditch and Elkins (1939) when investigating the
effects of chronic exposure to benzene found 12.49 of their
cases to have normgl blood pictures, 23.6% showed a3 single
deviation from normel (4 out of 21 showing an elevation of
the erythrocyte count), while 64% of their cases showed
multiple deviagtions from normal.

Phe American Standards Association has pronounced 100
parts per million to be the maximum allowable concentration
of benzene in g working environment. It should be noted that
the symptoms and blood chenges may not appear until some

little time after the last exposure to benzene.
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Chevalier and #outner (1947) drew attention to the
fact that among workers in & rubber factory who were exposed
to benzene, they found g high incidence of acute gastritis
which cleared up when the workers were withdrawn from the
benzene. The mgin symptoms were vague indigestion with a
sensation Qf epigastric heaviness, g feeling of distension,
intolerance of alcohol, ready flushing and often persistent
frontal or temporgl hegdache. Gastroscopy showed some inflam-
magtion in a number of the cases.

{(d) Benzine (Petrol).

Petrol is a mixture of hydrocarbons, paraffins, olefins,
naphthenes and gromatics. The vagpours are heavier than air.

No standard has been fixed for the magximum gllowable concen-
tration, but various workers hgve suggested figures ranging
from 150 to 1,000 parts per million. The odour of benzine

is detectable at 300 parts per million; miid symptoms of
narcosis appear at 1,000 parts per million in 50 minutes;
while gt 7,000 p.p.m. marked unsteadiness of gait occurred in
ten minutes with numbness of the legs. Neuromuscular symptoms
are said to begin at 900 p.p.m. and mild intoxication at

2,000 p.p.m.

Chronic intoxication produces effects primarily on the
central nervous systewn - headache, dizziness, loss of gppetite,
dyspepsis, insomnia, nervousness, pains in the back, legs and
heart region, weskness znd dyspnoea. These symptoms meke

their sppearznce after three weeks'to several years' exposure.
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Objective signs wmsy also be present - loss of weight,
tachycardia, secondary anzemis with leucocytosis, mental
depression, stupor, twitchings and tremor. Some workers
consider that the blood changes in bengzine poisoning differ
only from those of penzene in degree.

Experiments carried out by Drinker, Yaglou gnd Warren
(1943) showed that exposure to low concentrafions for long
periods (0,0zszor 8 hours) caused coughing and irritstion of
the eyes,

Sequelse to acute poisoning include mild neurasthenic
symptoms (headache, sleeplessness, anorexia), orgsnic changes
in the nervous system, such as epilepsy, and lesions simulat-
ing dissemingted sclerosis.

Discussion - Thne melgtionshlp between medical Ueifects
and Sewer (Gases.

As far as acute 1ntoxlcations are concerned the
diagnosis has been established in each of the accidentsl
poisonings"oqcurring in the sewers. Petroleum vapours, benzene
anda "vlack demg' hsave been responsible for several accidents,
some of which have been fatel. In the present investigation,
however, attention has been directed to the chronic intoxica-
tions as possivle causes for certain deviations from normsl
found in the sewermen.

(a) Cardiovascular and Blood Changes.

The syndroue of breathlessness, poor exercise tolersgnce

ana raised blood pressure could be attributed to anoxaemisa.
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The fact that raised hsemoglobin levels and increaszd red

cell counts were found to exist in s number of the sewermen
would tena to confirm the fact that the cause was anoxaemia.

In view of the large experimental error likely to arise in
attempting to estimate the gtmospheric content of oxygen in
the sewers, this analysis was not carried out. It is possible
that the pressure of oxygen in the atmosphers of severasl sewers
was reduced but one does not consider that any such reduction
was s0 great or so constant as to produce the effects noted
above.

Carbon monoxide does produce features such as those
outlined above when exposure to lower concentrations is con-
tinued over long periods. furthermore, its effects are cumula-
tive. In each of the snalyses carriea out it was found to be
present slong with carbin dioxiue and in two instances with
benzene in addition. In other two sewers, petroleum vagpour
detectable by its odour was found along with the two gaseous
oxides of carbon. These accessory gases each have a synergistic
effect on the toxicity of carbon monoxide so that, while its
concentration in a sewer may be below the accepted toxic level,
when present in this combination et the temperature and humidity
of the aversge sewer, its effects could have been increased to
such g degree as tu have an effect on those men engaged in
heavy physical work in that atmosphere.

In the serial oviood exemingtions it was noted that, in

seversl instances, where the sewermen remained in the same
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sewer for several weexks, there was an initisl rise in the
haemoglobin level and in the red cell count, then a fall, and
this fall continued to well below tune man's base level for
these blood components. The continued downward trend was
halted ususally by the transfer of the man to s sewer in s
different part of the city where the working atmosphere was
different. When taoat occurred the haemoglobin level rose to
the base level again.

As has alresdy been shown, the atmospheric conditions
can vary so much from hour to hour in the sewers that it is
difficult to get a true indicaetion of the extent to which those
men are exposed to noxious fumes and gases. The method of
sampling by water displacement almust certainly gave analytical
results erring on the low side and there is no guarantee that
the concentrations of the various gases were at their highest
when samples were takesn. If allowance is made for such errors
then it is highly probable that, during the normal working day
of six hours ﬁnderground, the sewermen are exposed to concen-
trations of carbon monoxide above the recognised permissible
limits. While it is sgreed that the exposure to carbon monoxide
is intermittent, its effects, however, are cumulative. Because
of the nature of the job, whereby squads sre transferred from
one sewer to another after three to five weeks, or move from

section to section of the same sewer at similar intervals,
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variations in degree of exposure occur. In many instances,
such g transfer to a part where there may be no carbon monoxide
gas acts as a safety icssure andsov prevents the development of
more obvious clinical symptoms and signs.

Beck and Fort (1924) when discussing the disgnosis of
chronic carbon monoxide poisoning warn against the meking of
such g diagnosis without g history of exposure to gases con-
'taining carbon monoxide. A noteworthy festure of their
investigation was the finding of psgllor resembling a high
grade anaemisg with a group of symptoms suggestive of angemis,
yet the red cell count was more than 5,000,000. This con-
dition is considered by several guthorities, including Beck,
to be of high diagnostic value gnd some go so far as to
consider it pathognomonic of chronic absorption of carbon
monoxide.

The pallor, together with breathlessness and tiredness
prevglent among sewermen, it could be agrgued, might agrise from
lack of exposure to sunlight since they work in the darkness
of the sewers. Others, however, had the weather-begten faces
of open;air workers, this latter festure being present in
those men who worked mainly in residential areas of the city.
Again, red cell counts over five millions was a feature
uncommon in the control group composed of men from the gsame
social class as sewermen. This adds greater gignificance to
such findaings in sewermen. It would seem, therefore, that

the slteration in the blood picture in sewermen could be
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attrioutea, at lezst in part, to carbon monoxide and thgt
these changes simulsting ansemis could be diagnosed as due to
chronic expogure to this gas.

Further evidence wgs forthcoming when the sguad
working in sewer No. 1 had their bloods examined for evidence
of carbon monoxide. Sewermen Nos. 10, 41 and N.35.4. had
samples of their blood examined before starting work and again
one hour gfter finishing work. The anglyses were carriew out
by means of the Hartridge reversion spectroscope, the‘micro—
meter reagdings in Angstrom units being converted to percentage
saturation of the blood with carbon monoxide by measns of a
standardised graph. 4is it was thought that the graph, though
accurate for readings over 20%,might not be without error at
lower readings, the City Analyst verified the findings by
chemicsal analysis of the same samples. The results of both
methods were found to correspond to within 0.2%. (Table No.45)

On the day of this investigation the concentration of
carbon monoxide in this sewer gt 11 a.m. was 12 parts per
million, while a sample taken on the street surface six feet
to windwgrd of the manhcle showed no evidence of the gas,
Judging by the results obtained in the blooas of the sewermen
there is suggestive evidence that the concentration of this
gas had been greater than that shown in the test sample.
Furthermore, one hour elapsed between the men leaving the
sewer and having tneir ploods examined. In that interval of

time the plooa saturation of carvon monoxiae had an opportunity
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to fall. Just how quickly it fell is not possible to assess,
but it is generally accepted that the gas quickly leaves the
blooad after removel from the exposure. Once again, therefore,
the findings are considered to be on the low side.

Reference has already been made to the fact thst carbon
monoxide can be found in the blood of smokers, especially
cigarette smokers who inngle the smoke. Case No, 10 is a
'pipe smoker in moderation; Case No. 41 smoxkes ten cigareties
per day; while Case No. N.3.4. is a non-smoker. Un the day of
the investigation, Case No. 41 was working on the surface at the
top of the manhole, Case No. 10 at the working face some 40
yards from the bottom of the manhole, while N.S5.4. was engaged
in dragging fulli buckets of silt to the bottom of the manhole
and there hooking them on to tihe rope of the winch operated
by No. 41 at the surface. Case No, 41 was inhaling the sewer
atmosphere as the odour of the burning o0il lamps and the smell
of petrol coula be detected in the alr over the manhole.

Higher CO saturation levels were found in the two men working
in the sewer than in the man working on the surface, and, of
the two underground, the smoker had the higher blood saturation.
Another factor, however, can play a part in the production of
this plood picture in the man at the "face"™ of the sewer.

When silt accumulates in the bottom of a sewer a relatively
hard crust forms on its surface over a period of time and

when this is broken bubbles of gas can e secsn coming to the

surface, especiclly in a slow-running sewer. Thigs fact, well
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known to sewermen, has veen demonstrated to me on several
occasions. LDecowposition ol vegetable and animsl matter under
the crust is responsible for this gas production and since
oxygen is lacking a proportion of csrbon monoxide is produced.
The sewermsn who is shovelling the silt has his face quite
close to the surfgce of the sewage and so can inhale greater
quantities of the gas than his mate operating further back

in the sewer. This explanation is considered to account for

e proportion of the increased blood saturation in the "fgce"
worker.

On leaving this sewer gt the end of the day's work,
all three men complained of heasdache, dizziness, breathless-
ness and wegkness of the legs. Irritation of the eyes
occurring periodicglly throughout the shift appeared to be due
to intermittent passage of petroleum and paraffin slong the
sewer. It should be mentioned that this team had been work-
ing in Sewer No.l for some ten_weeks prior to this analysis,
and serial blood analyses had shown an initial rise in
haemoglobin level and red cell count during the first five
weeks and then a progressive fall. At the time of this study
their blood readings were as shown in Table No. 46.

The normsl levels for esch of those men is shown in
brackets, the figures for Cases No. 41 and N.S.4A. being those
just prior to the start of their employment as sewermen in 1950.
In the cagse of No. 10, the figure given in brackets was that

found at the end of uis annual holidsy. It is clear that,
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compared with the base level oI each man, there is an incregse
in heemoglobin and red cell count which is compsgtible with s
disgnosis of cagrbon uwonoxide absorption.

In view of the fact that imericsn investigators had
found certain concentrations of carbon monoxide in the streets
of severgl American cities and shown thst saturgtion levels
up to 5 to 6% could occur in the bloods of city dwellers,
quite gpart from the effects of smoking, it wgs decided to
analyse samples Irom Glasgow streets. The highest atmosgpheric
concentration in Glasgow streets was found to be 12 parts per
million gt a busy street-crossing in the centre of the city.
This concentration occurred st s height of three feet from
the ground in the centrs of the street. The source of this
carbon monoxide was Irom the exhasust gases of motor vehicle
engines. Higher concentrations were found in the New York
gurvey, but these were probably due t0 the poor ventilation
of the streets produced by the surrounding high buildings.
Among & control group of 12 non-sewermen in Glzsgow, the
blood saturations varied from nil to 2%, the latter figure
being found in six cigarette-smokers. Since no evidence of
gas leakages were found in the homes of the three sewermen,
it seems almost certain that the cause of the carbon monoxide
saturation of the blood in these men could only have occurred
in the course oi their employment.

Proved sources oI cgrbon monoxide in the sewers are:-
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(i) Decomposition of organic matter in the sewers.
(ii) Trade waste from gas works.
(iii) Trade waste from breweries.
(iv) Leukage of gas into g sewer from s fractured
gas main.

The presence of carbon monoxide is often not detected
until an accident occurs - either a sewerman is overcome by the
fumes or the manhole covers are blown off as a result of an
explosion in the sewer, causing injury, occasionally, to
unsuspecting pedestrians. after such an occurrence, sewermen
using safety lamps endeavour to trace the source of the gas.
Sometimes the source is quite distant from the site of the
accident. This happened in a recent instance where the
trouble was cdue to leakaze from a fractured gas msin glmost
half-g-mile from the place where the explosion occurred.

In such emergencies lifelines and respirators are used.

With regard to the effects of benzene on the blood,
no changes were found in bthne wnite cell components nor did
blood films reveal the presence of immature red cells.

Benzene in dangerous concentrations was found only in one set
of sewers and these drained the trade waste from g large coal
gas and chemicsl works. As inspections only were being carried
out in these sewers there was insufficient eprsure to produce
the typical blood changes associated with chronic benzene
poisoning. Half-an-hour's exposure did produce headache,
irritation of the eyes and cough in two sewermen and myself
when g visit was paid to two sections of sewer No.3. Several

years a0 two men lost their lives ana several more were over-
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come by the fumes in this sewer.

(b) Defects of the Nervous System and Digestive Disorders.

Disturbance of balance in the form of giddiness was
the most constant feature of the examination of the nervous
system. gSeveral theories may be put forward as to the method
of its caussation. That posture does play a part is undoubted,
the mechanism being that the long spells in the stooping
posture cguse the vertical semicircular canals to tske on the
job of transmitting sensations of horizontal movements of the
hegd and the horizontal to transmit vertical changes. When the
normal posture is resumed on leaving the sewer, the lag in
return to normal functioning of these canals causes the disturb-
ances of balance noticed in the sewermen. If this were the sole
reason for the giddiness then one would expect that the dizzi-
ness would disappear within a short time‘of legving the sewer,
just as giddiness from rapid spinning passes 0ff in a short
time. But the giddiness was found to persist in many of the
sewermen for some considerable time gfter leaving the sewers;
indeed, it was founa to be present in some of the men just
before thney started their day's work in the morning. Thus,
other causes for this defect must be sought.

The condition was found to be more prevalent in men
working in certain sewers, and others stated that they had had
giddiness after working for a time in specific sewsrs. Analysis

of the gaseous content of several of these sewers chowed that
carbon monoxide was present as well as benzene and petroleunm

vapour.
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Indigestion, associated with one or more of the follow-
ing, dizziness, exaggeratea knee jerks, tremors of the hands,
and headache, was founa to exigst in no less than 15 sewermen at
the time of the medical examinstions. Investigation of their
sites of work over the previous four months reveagled that there
was & common factor in the environmental condition, namely, that
petroleum vapours were frequently present since garages were
located in the drainage area of these sewers. In all of these
sewers the odour of petrol was obvious. Chemicagl anzlysis demon-
streted the presence of carbon monoxide in concentrations of 10
to 2) parts per million in each sewer. In several, irritation
of the eyes and acute throbbing headache occurred after g short
time below the ground, but these effects were usually inter-
mittent ana relsted to the heat of the atmosphere and the flow
of petrol along the sewer. 1In men engeged in these sewers the
symptoms and signs could be attributed to the exposure to petrol
fumes, but smong the other men it was not possible to decide
whether carbon monoxide or petrol or their combingtion hsd pro-
duced the effects. It seems highly probable that a mixture of
the gases was responsible.

One interesting feature of the examination of the
nervous systems of sewermen wgs the extraordinary large number
of them who had lost their sense of smell. In many ways this
was perhaps fortunate because of the nature of their calling,
but it certainly was a handicap when it came to the recognition

of odiferous toxic gases, such as hydrogen sulphide & petroleum.
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In the higher concentrations of petrol, however, those men
experienced an irritation of the nose as well gs the throat.
This loss of smell sppeared to be due to an olfactory fatigue
rather than due to damage to the olfactory nerve or damage to
the nésal mucosa, for the return of the sense of smell was
noticed by several of these men during convalescence from ill-
ness which had caused absence from work. All of them recovered
fheir sense of smell during the annusl holiday.

Two of the men included in the above references went
off work during the period of the investigation with the
symptoms 0of acute gastritis. Both had complained of irritation
of the eyes and of severs headaches just prior to going off with
the digestive gsymptoms. In these two instances it appears
probable that the illness arose out of working in an environ-
ment containing s mixture oi carbon monoxide and petroleum vgpour
for a period of seversl months.

guite apart from the question of atmospheric contamin-
ants being active in the production of dyspepsia, the working
posture with compression of the abdomen must interfere with
the normal functioning of the digective tract. Carried meals
too must also have an influence.

It is true to say that the job of a sewerman is certainly
not one for a man who has suffered from a stomach disorder.
There is sufficient evidence from the records of sickness
avsence over the years to justify the statement that gastritis

is common in sewermen, ana the investigations of the
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environmental conditions revezl that agents are present from
time to time in sufficient concentration to produce these
disgorders.

There is insufficient evidence to prove that peptic
ulceration has been caused by the nature of the work of
sewermen. Several confirmed cases have been found in sewer-
men in Glasgow in previous years and it would seem probable
that this condition may be merely the final stage of the
progression from dyspepsia, through gastritis, to frank peptic
ulcerstion.

At the time of the examinations different squads dis-
playea different stages of that progress, for example, one
night-shift squad had three men glmost at the stage of acute
gastritis, while in one day-snift squad three men were mainly
troubled withh flatulence.

(c) Respiratory Tract Infections.

Zspecially dquring the winter months, the warm humid
atmosphere of‘the sewers is in direct contrast to the cold of
gsurface conditions. After perspiring heavily in the sewers
the men come to the surface and sit, at bresk-times, in draughty
shelters or try to keep warm close to the brazier set up at the
roadside. It has been shown that rapid changes of tempersture
also occur in the sewers. Thus, sewermen in the course of their

employment are exposed to conditions whicn are known to
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predispose to chills and rheumgtic infections.

Head colds are not uncommon among these men but few
stay off work for more than a day or two, and the proportion of
the total sickness gbsence due to this cause ig exceedingly
smgll. It is surprising to find that as far as coryza is
concerned the percentage loss of time due to this disease com-
pares favourably with that found in most factories and workshops.
In tns recent influenza epidemic in Glasgow only one sewermen
was off work due to that infection.

As far as chest concitions are concerned, only one case
of chronic bronchitis was founau.and that sewerman had had 15
years' service in the sewers. Three cases of tuberculosis were
found, one active and two quiescent, while a fourth man developed
pleurisy with effusion during the course of this investigation.
It would be difficult to draw any definite conclusions from
these findings as to the attributgbility of these diseases to
the specific conditions of work. Bronchitis could undoubtedly
arise from exposure to concentrations of such a gas as chlorine,
but in that case a definite source could be traced. The parti-
cular sewerman affected gives no such history. Again, in a city
such as Glasgow, where pulmonary tuberculosis is so prevalent,
the chances 0of the source being extra-occupational gre too grest
to warrant tne suggestion that the condition arose out of and in
the course of the employment of sewermen. Reduction of resistance
due to toxaemia caused by such work may play a part but how
great that

part may be it is not possivle to estimate.

&~
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Whereas in lead intoxication, pulmonary tuberculosis is a recog-
nised complication, the same correlgtion has not been found
with intoxications from carbon monoxide, benzene or petroleum.

(d) Rheumatism.

Accorauing to the records of certified sickness sbsence
of sewermen, rheumatic conaitions claim a high proportion of
cases. When these are analysed, however, it is found that they
include many cases more correctly diagnosed as influenzsa,
lumbgr strains and sciatica. Mibrositis (4 cases) and arthritis
(1 case) remain in this group snd it is doubtful if they are all
rheumatic in origin. Iluscular and grticular rheumgtism do occur
but doubt exists nowadays as to whether fibrositis can be
included in the rheumatic diathesis.

At the medical examinstions only one man wss found to
have fibrositic noaules and these were located in the muscles
of the shoulder group. One case of ankylosing spondilitis was
isolated while osteo-arthritic changes were present in many of
the lumbar spines X-rayed.

The rheumstism complex coes seem 1o occur in sewermen
but the disabilities arising therefrom seem to depend more on
trauna rather than on the stage of the infection. The conditions
of work of sewermen, both postural and environmental, are such
as to predispose to osteo-arthritis, especially in the lumbar
region, even more 50 than those of many other heavy labouring
jobs. The same conditions also tend to aggravate a pre-

existent lesion of the same type.
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C. Contget with Solids, Liquids and Vapours.

l. sSkin Conditions.

In the course of the work of sewermen, contact is made
with a large variety of chemicals in the three physical states.
Many of these substances, having gained access to the sewers
as trade wastes, gre irritants to the body surface. 1In
addition to the factor of individual sensitivity, the specisl
conditions under winich the contsct is made with these substances
play an important role in producing lesions. Limitation of
working space in many of the sewers leads t0o abrasion of the
skin of the elbows and foregrms on the wglls of the sewer, while
the continuous contact with moisture and grit creates a degree
of maceration of the hands which renders the skin more prone to
infection. Hurtnermore, the high bgcterigl content of sewsge
mskes skin sepsis an ever-present complication.

Among known skin irritants which have been isolgted
from the Glasgow sewers agre coal-tar and allied msterials,
petroleum, mineral oils, sulphuric acid, alkaline waste
meterigls from chemicgl works, various oxides and salts of iron,
zinc, chromium and copper. The concentration of these sub-
stances varies considerably according to the distance from the
source of entry to the gewer. Dilution plays an important part
in whether skin effects will be produced. ‘here, however,
chemical reaction in the sewage has caused the precipitation
of a solid irritant, trouble may arise when the silt is being

removed. This has happened in several sewers where 1l members
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of a squad hgve developea a contact dermatitis.

In sduition to contact dermatitis, conjunctivitis may
arise either frow contact with a gaseous irritant, such as
petroleum vapour, hydrogen sulphide, chlorine and ammonia,
or from splashing of an irritant into the eye.

In each of the cases of dermatitis and conjunctivitis

mentioned in g previous chapter a definite relationship to a
particulsr irritant in a particular sewer was estgblished.
One fegture brought out by the medical examingtions was that of
complication of the original skin picture by secondary infection
and mutation to an eczematide which was excited into activity by
a material completely different from the originsl irritant.

Some of the sewermen who had been formerly employed in
road repair squads showed evidence of previous small burns on
the forearms sustained while handling hot tar, but, apart from
these, gave no history of haVing contracted any skin lesions
wﬁile in that employment. During their period of employment
in the sewers,'however, several of them mentioned that various
blemishes had gppeared on their skin from time to time and
their description of the lesions suggested that they might have
been caused by contact with tar or oils. OQOn investigating
still further it was found that the lesions had gppeared while
working in certsin sewers, ana a Vvisit to these sewers made it

possible to decide whether tar or oil had been to blame.
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(&) Skin Lesions due to Contact with ifinersl ©il.

Skin reuctions due to contget with wmineral oil have long
been known to occur gmong workers in the cotton spinning and
shale 0il industries. 1In receut years similegr lesions have
been found to occur in the engineering industry and indesed
Cruikshank asnd Squire (1948) have established cases among
engineers where the stage of malignsncy has been reached.

Both cutting and lubricating oils were found to produce
the lesions. Other writers have shown that similar lesions
occur in garage workers due to lubricgting and diesel oils.

In Glasgow, acneiform rgshes due to contact with mould oilsg
were found to be prevaleﬁt among certain workers in the concrete
pre-casting industry.

With regard to the causgtion of skin regetions due to
contact with mineral o0ils, it has been estgblished that there
aré two distinct factors in the oilg, namely, a dermatitic
factor responsible tor the production of the comedones, follicu-
litis, pustular dermatitis and simple erythema, and a carcinogen-
ic factor responsible for the dermgtitis papulare, dermatitis
erythematosa and epithelioma. The dermatitic factor is respon-
sible for much of the skin reaction %0 contact with oils,which
is found among industrial workers, but it is only in & minority
of cases that it causes disgbility to such an extent as to
necessitate absence from work. The csarcinogenic factor, however,
is an importent element in the production of industrial cancer.

Regegrches in recent years hgve shown this factor to be composed
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of polycyeclic hydrocarbons allied to 1:2:5:6 ~ dibenganthrene,
the first cancer producing hydrocaroon which was isolszted by
Kennaway in 1925. The use of fluorescenég spectroscopy by
Mayneord, and later by Hieger, in the study of carcinogenic
substances opened up a new field which led to the discovery of
3:4 benzpyrene . as the carcinogenic substance in pitch. Many
other aromatic condensed ring compounds hsve been tested sgnd
found to be carcinogenic.

Twort and his collesggues hagve shown that the carcinogenic
factor in many oils can be remdved by treagting the oils with
ligquid sulphur dioxide. Substitution of these 0ils in the cotton
industry are proving to be satisfectory in the spinning mills,

(b) Skin Reactionsg to Contact with Tar.

upgrt refers to a complexity of substances produced from
the destructive distillation of coal in gas-works or iron and
steel works. By distillation of the crude tar various grades
of oil are separated as shown in Table No. 47.

The various components of tar produce similar skin con-
ditions to those resulting from contect with minersl oil, nemely,
acneiform rashes, folliculitis and comedones; dermatitis
erythematosa, and, finally, epitheliomas. 1In addition, however,
fumes of tar produce a light sensitisation reaction or "tar
flgshes" or "the smarts"™, as the reagction is known to the workers.
The lesions in this reaction sppear when the worker emerges into
the open, particularly wnen the sun is shining or when a wind

is blowing.
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The symptoms consist of smarting in the exposed skin of
the arms, hands and face, while the eyes have g burning sensagtion
and there is photophobia. The skin in the afiected area becomes
erythemagtous and may go on to marked oedems and dermatitis
gimilar to what occurs in severe sunburn. Pigmentation\develops
in the affected areas and persists for some time. In some indiv-
iduals an allergic eczematous dermstitis appears snd conjuncti-
vitis may be severe,

As in the case of mineral oil skin reactions, mglignancy
does not sppear in the skin until after middle life and not
usually until gfter a long period of exposure. In some instancesg,
however, the epitheliomatous lesions only appear long aftgr the
worker has cegsed to be exposed to the skin irritgnt.

Discussion.

gewers draining gas works and coke ovens carry a trade
waste which conteins products of the various grades of distillagtes.
They are constantly present though thelr concentration varies
gccoruing to thelroutine at the works. These particular sewers
have their walls coveréd with tarry condensate and the atmosphere
almost constantly contains fumes of these tar compounds., Varying
degrees of tar erythema occur and on leaving the sewer the man is
conscious of smarting of the eyes agd tne skin of the face. In
sewermen, repesgtedly in gnd out of these sewers, the tynicsl
regctions are seen.

Into one sewer, & large gquantity oi heavy tar was dis-

charged from s steel works and caused g serious breckdown in the



pumping machinery of the main low-level sewer in the south side
or the river. gix seweruen wita suxiliary lgbour from the
Sewsge Department were set the task of removing thousands of
gaellons of this Tar from the pump wells and from a long section
of the sewer. within forty-eight hours of starting on this job
in the middle of the summer, agll made complzint of tar "smartsv.
Both day-shift end night-shift workers were affected. The
lesions varied from simple‘redness of the exposed parts of the
body to gross oedema of the face, forearms and hands, and in
three of the guxiliary workers g weeping allergic eczematous
dermatitis occurrea. The condition was controlled by the use of
protective barrier cream, rubber gloves, and the'weéring of a
tannic acid cream when going out into sunlight after the day's
work. By these measures the tar smarts dissppeared but pigmen-
tation remained in seversl of the men for two to three months.
Eye conditions were troublesome from tar splashes entering the
eyes. The wearing of perspex eyeshields helped to reduce the
incidence of conjunctivitis. The sewermen in this group who
were removing the tar from the sewer developed the typical acne-
iform rash not only on the forearms but also on the body and
shoulders. This was due to the saturation of their clothing
with tar from the wglls of the sewer and glso from the tar
vapour percolating through their garments. This emergency job
“lasted for severszl months and typical comedones were seen in

egch of the sewermen in gddition to papules and folliculitis.



In some of the older men who had worked in these tarry
sewers from time to time over many years there was deep pigmen-
tation of the forearms with patchy redness and pale areas and
the skin was dry and scaly. There were suggestive patches of
- hyperkeratosis.

Flﬁorescent spectrograms of the tars present in the
sewers showed that they contsined polycyclic hydrocarbons
allied to bengpyrene gpectroscopically and therefore must be
considered gs carcinogenic.

With regard to the mineral oils present in sewers, the
evidence that they produced the skin reactions in the form of
gemeiform rgshes seems established, though only one of these men
had to leave his employment because of the development of a
secondary dermatitis of an infective ngture.

Another source of skin reaction due to tar products was
that dry scaliness whicin arose on the forearms and backs of the
hands of many of the sewermen as a result of oontinued misuse of
carbolic disinfectant. This crude disinfectant was being used
in excessive concentration to wasn the hands and forearms after
legving tine sewers in order to prevent leptospirosis. The men
" actually stated that they experienced tingling and numbness of
the fingers for a short time gfter its use. This rezction was
found to be counteracted by an gpplication of methylated spirits
in g test case. The reaction seemed to be due to excesgs of

carbolic in the wisiniectant solution.



4 wide variety of skin conditions appear to be liable to
occur frowm work in the sewers, but the most prevalent lesions
are aefinitely estgblished as due to tar gnd minersl oil.
dvidence wgs found of industrisl dermatitis having ceaused
absence from work, but in these instances trade wastes from the
chemical industry were to blsume.

The potentialitiés of serious dermatitis of occupationsal
origin are ever present, but no prior warning of the dangers
seems possinle except in the case ol those sewers known to
contain tars and minersl oils. Seamples of oil floating in the
sewers were alco found to be carcinogenic on sgpectroscopic
anglysis. (See appenaix.)

(2) conjunctivitis.,

Conjunctivitis ol occupationsal origin in sewermen csan
occur as s result of contact with fumss or through splashes
into the eyes. Ammonis, chlorine, hydrogen sulphide, tar fumes,
and petroleum vgpours have been founa to produce conjunctivitie
in sewermen. In such instances the eye condition forms part of
the general effects resulting from exposure to an atmosphere
containing these fumes. Splasies of tar compounds, acids,
alkglis, and mineral oils form another source of the condition.
Trade wastes from pesint works, chemical works, paper mills,
beccause of their suspended solid content, can caguse irritation
0f the eyes either through splashes or the rubbing of the eyes

with contaminsbed hanas.
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There gre thus numerous agents lisble to cause
conjunctivitis in sewermen. Direct contect with the
irritent is the initial factor in the setting up of the
condition, but it is readily realised thst, because of the
bacterial content of sewage, secondary infection of a per-
sistent nature is liable to ensue, just as happens in the
case 0 skin conaitions.

(3) Infections due to Contact with Solids, Liquids and Vapours.

Reference has alrezdy been made to the onset of gastro-
enter&tis following the accidental ingestion of sewage by sewer-
men. The bsacterial content of the atmosphere in sewers hsas
been shown to be high ana several investigators have cultured
B.typhosus from sewer gir, especiaglly in regions where
splashing of sewsie occurs, such as at the entrance of a
brench sewer to a main. 4t the medical examingtions no skin
nor eye conditions of g primary infective nature established
as hsving been contracted in the sewers were found. 1In the
medical histories, however, it was found that impetigo had
been contracted at work.

Leptospirosis, already discussed in a previous chapter,
is the most seriqus of the infections arising from contact

with liquid.
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V. Lighting iIn Sewers.

Miners'! Nystasmus.

This illness hss long been known to occur in miners.
Various theories were formulated as to the cgusaticn of the
~disease, but it is now generally accepted to be a psychosomatic
illness with eye symptoms, and is related to prolonged work under
emotional stress in an gwkward position in the dark (Stern 1948).
Cempbell, Harrison and Vertigen (1948) suggest that in cases of
nystagmus ﬁhere~is breskdown of binocular vision under con-
‘ditions of low illumingtion.

It has been estgblished in recent yearé that miners
nystagmus is due to working in g poorly-1lit environment, asnd it
has been found that the minimum illumination to prevent the
disegse is 0.4 foot-canale. In countries such gs the United
States of America, where the standara of illumingtion is well
ébove that level, no cases of nystagmus have occurred.

Discusgsion.

0f four sewermen showing oscillatory movements of the
eyeballs, only one had other signs and symptoms suggesting a
purely organic cause for his eye condition. Of the other three
men, two were ex-miners of over 1) years' experience and both
hsd more than five years' service in the sewers. Both had
giddiness and heaocache, and one showed alterstion in tempera-
ment. The fourtn man hac psychoneurosis associagted
with slight nystegmus and other eye symptoms. His gervice

totalled 28 yesrs as g sewerman.

A\
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These three men could be considered as early cases of
nystagmus, though certain of the symptoms such as giddiness and
headache coula oe gccounted for by other environmental defects
found to exist in the sewers. There was no doubt, however, of
the existence of an alteration in their mental outlook, and the
presence of a mild degree of anxiety neurosis. #hen it is con-
-sidered that each of these men has had over 20 years in employ-
ment involving awkward working positions in illumination of low
intensity, it seems possible to establish & cause and efiect.
Proof that the illuminstion of the sewers can be held respon-
sible for the proauction of the syndrome woulca seem to be given
in the case of the sewerman with 28 years' service, His only
exposure to illumingtion of less than 0.4 foot-candle snd poor
working conditions in an awkwara posture has been during his
service in the sewers. In the other two cases it is possible
that previous working in the mines had predisposed to the eye
condition and that return to similar or worse conditions in
the sewers hasd caused progression of an otherwise latent
tendency.

In all of the cases, the condition is mild, but it is
suggested that miners' nystagmus must be considered seriously

as a possible diagnosis in these instances.
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Cnapter X.
THis SFPSCT  OF ENVIAONumsNT ON  SNTHANTS.

During the course of this investigation, four men
entered employment as sewermen. Their histories are shown in
the aAppendix. Three of these men were fresh to the work in
sewers but Case N.S.D. had had some experience of sewers in
that for nine years he was responsible for the control of the
flow of sewage in g section of the main drainsge system. He
operated the penstocks controlling the storm water overflows.
In that job he had to enter into the penstock control chgmbers
t0o carry out weekly oiling of the machinery as well as reising
or lowering the barriers as conditions demanded. He was thus
exposed for short intervals to the atmosphere present in thege
8~9 feet diameter waterways. One other man should reslly be
classified as & new start, viz., Case No. 41, since he had
only 14 days' service in the sewers when he was examined in
the course of this investigation. Thus, under the heading of
new starts thére are threec men with no previous contact with
sewers, one man with a fortnight's experience, and the fifth
with nine years of limited service in the main drains.

411 except Case No. 41 were medically examined before
they were started in the job of sewerman. The examinstion.was
similar to that conducted during this investigation, including
blood analysis and X-ray examination. This was of great value,

for the findings at that examinagtion could be used as a standarad
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for each man to detect any devistions at later exeminations.
(Case No. 41l had his bloou examined on the first day of his
employment in the sewers,)

Fortnightly blooa exsminations were carried out for g
period of three months in each case, and the trends were found
to follow those already described for sewermen of several years'
service. The results are shown in Chart No.5.

Sewerman N.S.A. hag been employed in brick gewer No.2
for three months and then in sewer No.l for the next three
months. Within three weeks of the start of his employment he
cemplained of giddiness on leaving the sewer, but this was found
to last only for about haglf-an-hour. Breathlessness after
exertion developed in the secona week but he quickly recoveread.
This was most apparent while he was climbing out of the sewer.

Case N.3.b. spent his Tirst three months working on
pipe sewers in the suvburbs and in the centre of the city. After
the annusl holiday he went on to night-shift asnd worked in both
pipe and brick sewers inkthe centre of the city. Ziddiness on
leaving a sewer was complained of occasionally but no breath-
lessnesé troubled the man. During s spell in a brick sewer on
night-shift, headache ana irritation of the eyes occurred during
the two weeks employed in that sewer.

Case N.S5.C. has worked slong sewer No.l since starting
as a sewerman. He developed giddiness three weeks after first
entering this sewer and a week later he had bregthlessness when

climbing out of the manhole. This feature has persisted and is
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lasting up 1o a quarter-of-an-hour after reaching the surface.
After a month in this sewer he developed a few 0il papules on
his forearms. |

Case N.S5.0. has completed two months in sewer No.l snd
has now developed symptoms similar to those of the previous
sewerman. His skin showed some reaction to contact with oil
three weeks after he started this type.of work. Headache has
been troublesome, particularly towards the end of a shift.

Case No. 41 has been employed entirely in brick sewers,
firstly for three months in the north of the city, then in the
west, and finally in sewer No.l in the egst end. 1In the course
of his first yegar he has not had any siciness absence, though
in the past few months he has had attacks of indigestion occas-
ionally, a symptom hitherto unknown to him. He reports s
feeling of lightheadedness on regching the surface after a
spell in g sewer.

On medical examingtion of all of these men gfter three
months, no altération was Tound in their general condition and
no change had taeken place in their clinical findings. At six
months g slight unsteadiness in balance was found in cases No.
41 and N.3.A., while at the end of one year case No.4l showed
slight fine tremors oI hunds.

No change was found in the levelg of the blood pressure
in these men, but the exercise tolerance tests producea slight
breathlessness at each of the examingtions, thouszh there was no

change in the time taken for the pulse to return to normgl rste.
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Sense of smell was reported to have Become poorer in two
instances.

It is seen that certain of the more acute symptoms
common to sewermen gppeared quite early in their career though
no rgaical changes were found at medical examination. &Evidence
was found of absorption of carbon monoxide in the bloods of
three of these men, the readings being 8.5, 6.0 and 4.5 per
cent. saturation at the end of a shift.

With regard to the blood chahges, it is interesting to
note that s rise in haemoglobin level was notea in three cases
within the first fortnight oi starting this work. In the other
two instances, no rise wss noted in the first fortnight (cases
N.5.D. and 41). 1In Case N.5.D., it was noted that his pre-
employment haemoglobin level was higher than any found in the
control group and was more in keeping with some of the resd-
ings common to sewermen. This, no doubt, was due to the
fact that as a patrolman in the mgin drainsge system he hsad
been exposed to atmospheric conditions allied to those found
in sewers. His later readings, however, show the variations
found in sewermen. Case No. 41 worked on the surface for the
major part of his first fortnight anda this sccounts for the
absence of changes in his blood. During the rest of the year
his blood varied in like manner as his mstes.

An interesting feature of thase entrants was the time
taken for their bodies to adapt themselves to the posture of

their new jobs. In the first weekx all complained of backache
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which became worse as the day went on. In the second week

the aching became less and by the end of the third week the
back muscles had reacted sufficiently for this complaint to

disappear.
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Chapter XI.

THi LONG-Tuwil sfewCls OF ORK IN THm SWWdns oITH

SPuCLAL RiufodaiNCm TO THS AGm OF RETIRAL.

Perusal of available records has shown that, for
various reagsons, it is unusual for men to reach the normal
retiral age of 05 years while still employed in the sewers.
Thege records also revegl that few sewermen, once started in
the job, ever leave it because of dissatisfaction. Such lgbour
turnover as exists does not arise from the usual causes. On
the contrary, vacancies in the staff of the Sewergge Section
arise mginly as the result of deaths or through the enforced
retiral of a sewerman due to medical incapscity for this type
of work. A review of the lengths of service of the men at
present employed bears out this fact, that long service is the
rule among sewermen. Almost hglf of the present number have over
ten years', while fully 34 out of 42 have over five years'
service.

How long can a Sewermgn remain in thig Employment?

Among the pregent group of men, six have over 25 years'
employment as sewermen, the longest period being 28 years.
Sinoé the gveraze age of entry to thigs occupation is found to
be just under 38 years, almost half of the men cgsnnot nope to
complete more than 25 years in this type of work, even if they
regched the aze of ©) years and were still actively working as
sewermen. Thus it cen be said that, providea the age of start-

ing work as a seweruwzn is low enough, 1t is possible for the job
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to be followed for over 25 years.

It is understood that in the past a few men hagve been
employed in the Sewerage Section for over 30 years, but some
doubt exists gs to whether gll of that service was. in the
capacity oi sewerman, for the pragctice prior to 1937 was for
men to be employed as winchmen for s number of years before
graduating to the more specialised jdb of sewerman. In the
present investigation, only service as g sewermsn hss been
counted, though a few of the men had a short spell as winchmen
before becoming sewermen. Agsein, slthough two of the foremen
heve close on 30 years' association with the sewers of Glasgow,
and still hzve to enter sewers periodically, only & proportion
of that long service has been gpent in Ifull-time employment with-
in the sewers.

Pactors influencing Length of Service.

Apart from the age-qualification at entry referred to
above, the following factors have an influence on the duration
of g man's service in the sewers:-

(&) Accidents. Sewermen, in common with those gainfully
employed, are subject to injuries as a result of accidents at
work. These untoward occurrences mgy result in serious or
minor injury, and, in some instances, the outcome may be a
fataulity. Death may result from direct violence, drowning or
gassing. So far there have been no degths among the sewermen
from direct violence, though serious injuries such as freacture

of the pelvis have occurred. Drowning hgs occurrea and a
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number of deaths from gassing have veen recorded from time to
time.

Disablement from en accident or gessing in the course
of employment does occur among sewermen snd g number of retirgls
have been enforced on this gccount. The dangers of accidental
injpry in this employment are increased because of the location
of mgnholes in the'middle of roads and streets.

The longer a person works in the capacity of sewerman
the greater is his chance of injury or gassing. Thus, out of
eight men with over 20 years' gervice, four have been gassed,
and other two have had mgjor injuries in the course of their
work.

(b) Leptospirosis. This infection could also be consgsidered

as en accidental occurrence depen@ing on the sewer to whicn g
man is posted for work. The chances of contracting the disease,
therefore, will increase as the years of service advance. Three
of the men with over 20 years' service have suffered from this
disease. They recoverea and were able to continue at work, but
eight of 29 sewermen contracting this infection have died since
1935, while at least one man was unable to refturn to work because
of cdisability resulting from thst illness.

(c) The Type of Sewer in which York was mainly carried out.

The incidence of injuries and leptospirosis has been found to be
much greater in brick sewers than in pipe sewers. The most
difficult problem arising in a pipe sewer is the clearance of g

blockage, ana where otner metnous fail, the road can be opened,
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the blocked section of the pipe removed and g new section lagid
in its place. 1In the case of brick sewers, breakdowns take s
different form and most of them can be dealt with from within
the sewer. Thus, in emergency work, where the risk is greatest,
the chances ol injury, gassing and leptospirosis are greater

in brick than in pipe sewers.

Because of the fact that men can crawl into the brick
sewers, additional effects can be produced from environmental
conditions. In the pipe sewers the men work st the bottom of
the manholes, for instance, and so can straighten their backs
ana change their posture much more regdily than in the brick
sewers. Again, because of the lgrger volume of sewage in the
latter tunnels, there is a greater chance of encountering
industrial trade wastes due to the larger drainage ares served.
In brick sewers there are fewer artificisl aids to ventilation
compgred with the forced draught produced by the watet jet
for washing silt along to the masnholes in pipe sewers. for
this reason, workers in brick sewers are more exposed to fumes
and gases present in the atmosphere of their working environment.
Bffects of this exposure lead to certain defects which msy
produce incepsocity and cause premature retirsl from employment.

(d) Teamwork in a Squad. where a sewerman hes developed

certain disabilities it frequently happens that his mates in the
squad will "carry" him by taking over some of his duties in
order to make the work lighter for him. This practice, well-

known in inaustrisl esteblishments, smounts to a modified form
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of meaical rehabilitation. The patientt's fellow workers in

the mill or the factory will carry him as a passenger for ga
time until he is better able to pull his weight in the team.
Ahere progress is not made, the team~spirit graduglly dis-
appears aznd the patient has to give up his work. In sewermen
there is & remarkable loyalty to each other in the squads, a
common finding among men exposed to danger. Instances have
been founa where disabled sewermen hgve been "covered" by their
mategs for several years. The oldest sewerman in the group,
Case No.l, has rarely been inside g sewer in the past six years;
he has worked as a winchmgn on the surface gll of the time in g
five-man night-ghift squad. At clinical examination he was
relagtively symptom-free, but, on closer investigation, he was
found to have a markedly raised systolic and digstolic blood
pressure with poor exercise tolerance. There was limitation of
flexion of the spine due to osteoarthritis, and it was felt thsat,
had he been entering the sewers daily, persistent backache and
progressive breathlessness would soon have enforced his retiral
on medical grounds. £ven when working on the surface, he had to
have the gssistance of a mate to ao the'lifting of hesvy buckets
of éilt. furthermore, he had a large hydrocoele which almost
certainly would hagvs restricted free movement in the confined
space o1 small sewers. Thus, while this employee will have
completed, in g few months' time, over 28 years' service as a

sewerman, nis effective service is probably less than 22 years.
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The fffects of Long Service in the Sewers,

while the total number of retirals on medical grounds
is not known for the period 1935 to 1949, it hss been estab-
lished that cardiovascular degenerstion accounted for three
sewermen, pulmonary tuberculosis and rheumgtism for two each,
and Weil's Disease, peptic ulceration, and carcinoms of the
bowel for one each. Two men left the job on gccount of skin
disease durihg that period. During the game interval of 15
years, eight sewermen reached the normal age for retiral.

The c¢linical findings on examinstion of those men with -
over 20 years' service gre tabulated in the Appendix (Table No.
48). 1t is to be noted that their weights lie close to the
mean for the whole group.

(a) Skin Conditions. Three men (Cases Nos. 1, 5 and 22)

showed pigmentation and pale patches on the forearms, with
evidence of scarring. Two had patches of early hyperkeratosis
and all had ichthyosis of the forearms. These lesions could
be attributea'to long exposure to tar and oil proaucts.

Case No. 22, whose service in sewers known to carry trade
wastes containing tar products had been longer than the others,
showed the most marked chianges. Some three years ago he had a
wart removed from his vocsal chords. Investigstion at the
hospital concerned has revealed that douobt existed as to the
carcinogenicity of tnis growth. It is possible that this
lesion may have been due to the inhalation of carcinogenic

fumes, such as tar, over a long perioa.
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Two main reatures of those men with long service were
found to be g degree of cardiovasculsr degeneration and the
incidence of symptowms snd signs relatew to the lumbar region
of the spine. JSymptoms of gastritis were found to be persist-
ently present in four of these men, while a permanent disturb-
ance of balance existed in varying degrees among five of the
eight men in the group. With regard to temperament, several
displayed a degree of anxiety with regard to entry into meny
of the sewers. This was obviously related to previous incidents
in those sewers involving either members of the group or their
squad mates.

(b) Cardiovascular Degenersgtion. Cardiovascular degener-

ation appears to affect some sewermen after a number of years in
the job. Breathlessness after exercise gppears quite soon
after starting this type of work, especisglly in brick sewers.
A falling off of tolerance for exercise follows and, atfter a
long number of years, a deterioration in the quality of the
heart sounds is noted at clinical examinagtion of these men.
In some of the men an upward trend is found in both the systolic
and diastolic blood pressures and eventuglly frank hyperpiesis
can be diagnoséd. In other instances there is g tendency to
low blood pressure.

Reference to those cases where sewermen in the past
hgve had to retire due to heart conditiong suggests that these
patients haa struggled on at work until some intercurrent ill-

ness, such as influenza, coryza, or zcute bronchitis, had put
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that strain on the myocardium which produced sudden onset of
cardiac failure. Almost overnight these men had become chronic
invalids, and, although there was partial myocardial compensa-
tion, they were unfit to return to work. Hach of the three

men had fifteen or more years of service as sewermen.

{c) Conditions of the Lumbar Spine. Three of the gbove men

with over twenty years! service have defects of the lumbar
spine of such g degree ags to limit their entry to the sewers.
In other words, their efficiency as sewermen has been reduced
to an occasional exsmingtion at the bottom of a manhole. 4
day's shift inside a sewer is quite outwith their csgpabilities.
This incapacity has been récognised in two instances by the
foreman and they had arransed for these two men to operate gs
additional members of certain squads. Cases Nos. 1 and 25 were
thus passengers on account of advanced osteo-grthritis of the
lumbar spine which caused severe backache on attempting to
work in the sewers. These men both had limitation in flexion
of the spine énd both had frequent acute attacks of sciaticsa.
Case No. 8 has already been referred to as a case of
ankylosing sponaylitis involving the lumbar spine. He was
"ecgrried" at headgquarters for only‘six months and then had

to give up the job of sewerman. Case Ho. 22 has been off

work twice in the past few years witn lumbago. At the time

of his medical examination he was recovering from right-

sided scisbica which was attrivuted to a hernigtion of an

intervertebral aisc. The condition 1responded to
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rest, but it has been noted that he has had a slight recurrence
ol symptoms towards the eand of several shifts, more especislly
when he has peen working in g smgll diameter brick sewer. It
is probable that further attacks will arise ana that sooner or
later Case No. 22 will hgve to be withdrewn from sctive work in
the sewers.

Two of the men show msrked osteo-arthritic changes in
the lumbar spine {(cases Nos. 19 and 18). These two men hsd
limitation of flexion only, though Case No.l5 had radiologicsal
evidence of lumbar kyphi-scoliosis with marked distortion of
the lst and 2nd lumbar vertebrae and case No.l8 had a marked
kyphosis. Both are aged 51-52 years. Cgse No.l) worked in pipe
gsewers, while case No.l8 has been employed mainly in brick
gewers. Jfor several montns prior to the examingtion he had been
working in large dismeter sewers on the south-side of the river.
This probably accounts for the absence of symptoms related to
the back at the time of the examination. His main complaint
was of exhgustion at the end of a shift.

Thus, out of the eight men, the only tWQ sewermen,
cases Nos. 23 and 28, who displayed no evidence of damage to
the spinal column in the lumbar region had been employed meinly
in pipe sewers. 41l of the cases showing ggteo-arthritis were
of & degree more marked then any found among the control group,
mgny of whom had been employed for comparable perioas in heavy
lezbouring work , pbut not in confined spaces. Since osteo-

arthritis is the result of repeatea minor trsumata to the joint
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concernewu, and since the condition is founu commonly smong the
joints most frequently in use at work, it seems reasonable to
conclude that the presence of the condition in the lumbar spines
of men, the major part of whose working life has been spent in
seweis, can be taken as attributable to the nature of the employ-
ment. That the condition can progress to such a degree to cause
incapacity among certain of the sewermen is demonstrated in the
cases outlined above. Not only are the radiological findings
more gross among sewermen with long service, but the incidence
of acute symptoms is much grester than among older men employed
in other trades. |

Bven if it is argued that the extent of the osteo-
arthritis in many of the sewermen could be attributed to their
age, then it must be admitted that the incidence of symptoms
and signs of low backache common among sewermen cannot but be
relsted to the radiological signs of disease in the spine and
the néture of the employment.

The radiological findings are more advanced among sewer-
men mainly employed in brick sewers than among those whose
employment has been mostly in pipe sewers. PFurthermore,
among brick sewermen in the same sge-group, the osteo-
arthritic changes are more extensive in those with the longer
service.

(d) pigestive Disovrders. Hsalf of those men with long

service complain of indigestion with upper abdominal pain



- 173 -

relaiveu tu mesls. 4s has been shown egrlier, indigestion
associgted with g particular sewer is common gmong sewermen,
but the symptoms disappear on transferring to snother sewar,
In the case of the long-service men, they all give histories of
hgving hed several short attacks of indigestion while working
in several sewers, but four state that in recent years the
condition hgs been present glmost continuously. Other men
with upwards of ten yegrs' service make similar complsint of
indigestion, as do two oif the foremen with long service.
Although a number of these men hgve had radiological examing-
tion after a barium meal only one case was established gs
peptic ulceration (Case No. 42 with 15 years' service).
While the mgjority showed no radiological abnormelities in the
stomgch and duodenum, two of the cases were estgblished as
gastritis, while a phird case was known to suffer from
gastritis before he became & sewerman. Records show that
seversl men have had to retire becsuse o0f peptic ulceration
and chronic gastritis during the past twenty years. 1In
gdaition, several men have died from conditions thought to be
cancer of the stomach.

The presencerf s0 many ceseg of indigestion among
a smegll group of men suggests a common cguse, and that can
be found in their eamployment. The development of symptoms
which can progress to true ulceration at an age past

middle life, as has nappsned to two wmen witein the past two
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years, conflicts with the generally accepted symptomatology
found in peptic ulceration of idiopsthic origin. It is more
usﬁal for symptoms attributsble to hyperchlorhydris to dis-
appesar after the agge of forty. Among sewermen the symptoms
tend to get worse., Several sewermen state that the symptoms
are worse gfter eating fatty foode, while a few state that

meat causes stomach upsets in their cases. The possibility

of permanent liver dsmage after leptospirosis suggests that
this may be the cgusative factor among sewermen developing
symptoms after eating fats, but only the minority of this class
heve had the infection. The possibility of a toxic factor can-
not be overlooked, and the presence of vgpours known to produce
digestive disturbances has already been shown to exist in
Glasgow sewers. This gppears to be the most likely cause of
the trouble. Alcohol and tobacco seem to play a negligibple
part in the production of gastritis in sewermen. A few of them
consume beer, especially at the weekends, and most are smokers
of mdderate consumption, but the same symptomatology with
regard to digestive disorders is found to exist in non-smokers
and non-drinkers among the sewermen.

Retirals in 1950.

One sewermgn died during 1950, his death being attri-
buted to pesrforstion of a peptic ulcer, after an illness caused
by myocardial insufficiency. He was in his late forties and

had been in the employment of sewerman for over 12 years.
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four men had to give up the job because of medical
unfitness, namely Case No.2 aue to cerepellsr damasge, Case
No.8& to ankylosing spondylitis, Case No.20 to dermatitis, and
Case No. 40 due to hernigtion of an intervertebral disc. 4all
of these men were fitted into other jobs in the Highways Depart-
ment where their defects would cease to be handicsgps to employ-
ment. All but the last-nsmed had ten years or more ssrvice

Reierence has already been made to Case No.)> who in my
opinion is unfit for his present duties on account of low-grade
phthisis plus gross osteo-grthritis in the lumbar spine.

Case No.40 (eged 47 yesrs) and the man who died gre the
only two of the gix men referred to above who are under fifty
years of sze. The reasons for their retirals from the work of
sewermen gre typical examples of incagpacitating disabilities
arising in the course or this employment.

Age ana the Working Period in the Sewers -
Their Influence on Retiral.

Few men with really long service gppear to reuch the
normal retirai agze of 09 years while still getively engsged in
the work of sewermzn. Ressons for the enforced retiral of many
of the men have zlready veen given. But, early retirzsls seem
to be relatively common at the 55 to 00 age period, even in
men with much shorter service than twenty years or over. 1In
this period past midale life, senile change has glresdy begun
and the heavy wear and tear imposed by the conditionc of work

in sewerg seem to be less eagsily tolerztew after 55 yesrs of
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age. Those men starting the job of sewerman for the first time
at the age of 50 or theregbouts have glready lost much of the
pligbility in their joints and muscles, =zn. hence are less able
to adapt themselves to the requirements peculiar to this type of
work. In some wno have glrezdy spent a substantial part of their
working life in jobs demanding heavy expenditure of energy, there
may already pe a degree of disability (latent gt that time) which
is quickly brought out in the new type of job. For example,
osteo-arthritis of the spine, a development through wear end tear,
mgy have produced no symptoms in the previous Jjob, but after a
few years in the sewers it may be a crippling disapility. Again,
the myocardium may not be able to maintain its efficiency under
the strain, not only of the heavy work but also the toxicity of
the atmosphere oi the sewers.

Previous reference has been msde to animal experiments
which provea that myocardial damaze resulted from exposure to
low concentrations of carvbon monoxide over g period of ﬁime.
Thet similar effects occur in man has also been established by
several investigators. Thus, it can be said that some of the
myocardial degeneration established as occurring in sewermen
after s number of years! service is attributable to the working
environment. This damaze is more severe in the older men
becsuse it is usually superimposed on damage from other csguses.
In youth such exposure produces damage which can be got over

by cowpensatory mechanisms in the puman body., After middle age
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these mechanisms are not only more sluggish but also less com-
plete and hence the danger of breakdown is greater,

Service and age of Retiral.

The establishea method of gelection of employees suit-
able for work has been to choose known snd tested men from
other sections of the Highways Department. The selection has
been carefully carried out by the ingpector and his foreman,
particular gttention havin. been paid to the man's gbility as
a worker, to his courage and to his religbility in carrying out
instructions., Initiative and adaptebility were other require-
ments sought in the prospective sewerman. By wgtching men
employed in other branches of the Highways Department for a
number of years, the selectors were able to select good types
of recruits to the ranks of the sewermen. The incregse of pay
assocligted with the job was an attraction to the employees of
the other sections. Largely on account of the latter there has
always been no difficulty in obtaining the required number of
sewermen gnd so the foremen could gifford to take pains to get
the types of men they wented. Their views on the age of recruits
are of interest. fThey held that men under the aze of thirty
had not settled down in life sufficiently to take a reasoned and
sensible gpproach to the work in the sewers. Boisterous
benaviour at work would be dangerous not only to themselves but
also to their mates. Self-discipline was really only developing
at the age of thirty. Thus, the selectors tendea to choose

older men Tor the job and put no regl upper limit on the gtarting
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age oI sewermen. In the present group of workers, guite g
number entered the job after the gge of fifty.
In the years prior to 1937, there were two grades of

workers in the sewers, namely, underground workers, i,e.,
sewermen znd surface workers or winchmen as they were called.
Between 1935 and 1937, particular interest was taken in sewer-
men during the investigations into the incidence of lepto-
spirosis among them., These investigations were being conducted
by the Trade Unions so tnat evidence could be submitted to
justify the inclusion of Weil's Disease in the Scheme of Work-
men's Compensation. HRepresentgtions were made by the Trade
Unions to the employing sguthorities that winchmen sghould be
included as sewermen in the gsquad and take & turn in the work
underzground. The argument was thet the man on the surface, if
he had experience of the sewers, could be of great assictance
in rescuing his mates should there be an accident involving one
or more of the underground workers. Hach mgn in the gsquad could
hgve his turn on the surface.

| In many ways this development in 1937 was a good thing,
for it meant that in a squad of three men, each would work
underground on only two days out of three instead of every day.
Phis reduced by one-third the amount of exposure to the sewer
atmosphere ana the postural discomfort of each man. Against
thet, however, the change nas gradually resulted in the recruit-
ment of older men. dinchmen were rescruited somstimes in their

early twentics, and after seversl years woulu be promotzd to
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the rang of sewerman, often before they had reacned the age of
thirty. Nowacays there is no period of gdjustment such as that
obtained in the job of winchman between a man leaving a

lebourer's job in the streets and entering the sewers.
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Chgpter XII.

fBCOMuuNUATTONS DI RuCliy TONARDS THi ITwPROVOMENT Of THE
WORKING CONUITIONS ANL THa PRoVANTION OF DI SABLmwNT
IN GLASGO«w SHWARMALN,

The Ideal.

The idesal method of preventing disablement is to remove
the sewermen from work inside the sewers znd substitute the
machine for the masnual worker. This has been done in many
difficult jobs in industry, and, at the present time, that
transition is taking place in work very similar to that of
sewermen, ngmely in the mines.

More locelly, in the public services, the Cleansing
Depazrtment is making rapid progress in the use of mechanisation
in many of its processes. Not oniy are new refuse disposal
units being constructed which are almost completely mechanical,
but mechanical street sweepers and street washing machines are
now in daily use. Gven more revolutionary suction methods of
street sweeping are contemplated, while research is being con-
ducted into the possibilities of mechanisation in the method of
transference of refuse from bins into lorries.

These changes in the method orf refuse collection and
disposal glready hsve done much to safeguard the heglth of the
employees as well as improving the efficiency of the Department.
Twenty yeurs ago these methods were considered to be quite
impogsible as practical propositions, yet now they are in every-

day use.
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In view of these advances, it would seem not impossible
that mechanical methoas spplicable to the clearing of silt from
sewers could be developea by engineers. Limitstion of space,

a great hazerd to sewermen, presents many obstgcles to the
designing of suitable mechanical appliances. One does feel,
however, that it might be possible to use suction apparatus or
mechanicagl scrapers and conveyors, similar to those used for
the dredging of river beds. The important feature of any such
apparatus must be that it is transportable and must be cagpable
of being used in the various dizmeters of sewers.

‘Other poseibilities are the incorporstion of grit settle-
ment tanks at various points along the sewers, into which the
gilt might be washed and then removed mechanicglly without the
necessity of men asctually entering into the sewers. Large
access manways would facilitate the removsl of this silt.

Anofher important ideal is the prevention of entrance
t0 the sewers of trade wastes likely to be harmful to sewermen.
This would involve the setting up of trade waste disposal units
at certain factories and, in addition, & special force of
inspectors to supervise tie disposal of waste from industrial
premises. Attempts are already being made to gchieve this end
by means of the new Rivers Pollution Boards which gre shortly
to be set up throughout the country.

It is fully realised that Tfor economic and other reagsons,
few, if any, of the above suggestions are possible at present,

but it is stre=zseda vhot *trere 1s a great necd for examinstion
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and review of the whole problem of water-borns waste and its
disposzl in the Glasgow gres. In such an investigstion, atten-
tion should be directed to the utilisation of methods less likely
to cause injury and disggbility to the small group of men who ars
responsiovle for the»maintenance of efficiency in the network of
sewers which lies below the streets of Glasgow.

Where manual methods of sewer maintenance must be con-
tinued along present lines, snd it is realised that present
methods must of necessity continue for many years to come, the
following recommendgtions gre considered 'as absolutely essentisl
if an honest endeavour is to be made to improve working condit-
ions of sewermen and thereby gttempt to reauce the incidence of
disablement among them, proved to hgve grisen in the past;»

I. Meesures directed to improve the wnvironment,

for obvious reasons it is impossible to beautify the
working environment slong the lines generally used in industry.
Nevertheless, in two main respects the environment can be
improved, nzmely, by the institution of measures designed to
improve the ventilation in sewers and by the introduction of
better methods of lighting.

(a) Ventilation.

(i) General Ventilation of Sewers. Because of complaints

of nuisance by residents in certain districts the manhole covers
have been sealeda over so that offensive fumes are prevented from
annoying tae puoblic. Over a period of years tnere has been g

sradual reduction in the amount of natural ventilation of sewers.



- 183 -

During the szme period there has been g continuous expansion
of industry with a resultant increacse in the volume of trade
wgstes emitted into the sewers. The effect of this policy
has been to cause increased concentrgtion of fumes and

gases in the sewers. In order to counteract this, it

geems essential that ventilating shafts be introduced at
suitable points along the sewers in such g way as to achieve
ventilation of sewers without causing nuissnce to the public.

(ii) Local Ventilgtion in Jorking Areas. The Sewerage

Section has a mechanical ventilgting fan which can be used
to draw foul gir from a section of a sewer. Its use is
restricted to known danger points, but it is felt that its
efficiency is poor. 1Indeed, on cslculation of the air
movement in g gewer where this fan was in use, it was found
to be only sowe 40 feet per minute IN THu OPPOSITE LIRCTION
frow which it should have been, had the fan been working
properly. To gain the best atmosphere, baffles must be
used to cut off fumes from adjacent sections of the sewer,
and & satisfactory inflow of fresh gir established naturally
or mechgnically where necessgry. There is sufficient
evidence to justify the use of mechanical ventilsting aids
in all work done inside sewers.

In this way Ifresh gir would be drawn in at one msnhole

and foul air withdrawn at the next., In "blind ends", fresh
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air should be introauced at the furthermost point from
the manhole so that the séwermen in the section can be
sure of g supply of fresh.sir.

Ailr pipe-lines from an eir compreésor mgehine, such
as is used to supply power for pneumatic.drills in the
carrying out of road repairs, would be satisfactory for
this purpose, provided care is taken to ensure that exhaust
gases from the diesel engine come nowhere near the asir in-
take of the compressor. This method was used successfully
for the ventilation of the pump wells gt the breskdown
resulting from the discharge of tar into the low-level
sewer on the south side of the river.

(b) Lighting in Sewers.

The present method of illuminstion in sewers,
nzmely, by the use oI primitive o0il cap-lamps is to be
condemned, not only from the poiﬁt of view of poor illumin-
ation but glso from the smoke gnd fumes emitted by the
lamps. Thése lamps not only use up oxygen but also add to
the fumes and vapours in a sewer.

Blectric lighting offers most possibilities and
further trials should be given to various methods using
this source of power.

Genergl lighting from a number of lamps fixed to

portable standards could be used in the lgrger sewers
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when work involving severgl days was to be carried out.
Low voltage currsnt from s small petrol driven generator
of the type commonly used on R.A.F. girfields during the
War would meet the requirements of these larger sewers.
Alternatively, the source of this current could be from
the street lighting circuit, use being made of a suitable
transformer.

In the small sewers and for short inspections, the
electric cap lamp opergted from g smgll accumulstor
hitcheda to the msn's clothing woula be g considersble
advance. 4 trial of this type of lamp is gt present in
progress. The headpiece is of glastic and light in weight.
It is operated from g small three-volt accumulstor enclosed
in s water-tight case of aluminium alloy which can be
attached to the belt or strapped to the chest., The perspex
front of the lamp is moulded so that some light is thrown
laterally, as well as being directed forwgrds by the
reflector. At ten inches from the eyes, the intensity of
illumination with this lsmp is 14 foot-candles at the
centre of the beam and four foor-candles at the edge of the
beam. This is a vast improvement on the oil lamps which
were found to give only 0.25 foot-candle gt the same
distance. Improvement in the reflector to give less
concentration of light is sugsested, and the use of a

polarising filter to reduce reflection from the fluia surface.
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The use oI electric lamps is meeting with some
opposition at preseat. This experience wlso occurred in
the mines when similar changes were made in the method of
illumingtion there. The gdvantages of the improved method
of lighting, nowever, far outweigh the disadvantages of
ingbility to detect concentrations of irrespirable gases
by means of reduction in size of the flame of the oil-lamp.

Irrespective of tne method of illumination used, not
only must its intenéity be increased considerably, but, also,
‘there must be much greater attention paid to testing of the
atmosphere for the presence of dangerous gases. One safety
lamp of the type shown in Fig. No.8 is available in the
Sewerage Section, but its use is mainly in the detection and
trscing of coal gas leegks into the sewers.

The 0il lamp is 1lit and the flame adjusted so that
its tip just reaches between metal pointers 'A'. 1In the
presence of methane the.halo round the flame of the safety
lamp reaches higher and heats the brass container 'C', from
the ingide of which the heat csasuses a spiral wire to expand
out to touch terminal 'B’. When the circuit is thus com-
pleted tne electric bulb is 1lit and shows through the red
glass window. The electric lamp is set to go on at
s concentration of 3.5 per cent. metnane in the gtmosphere.

Normally the lamp is slung from the chest when used in mines,
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but in the sewers it is lowereoa down the manhole, snd if the

electric bulb lights, the reda light from the glass window

ig viewea from the surface by mesns of the side reflector.
There are various tests for other geses commonly found

in sewers. These tests which involve the staining of a suitably

tregted blotting paper could be used with advantage in many of

the sewers and the sewermen taught to interpref the colour
changes so that they could retire from the sewer when dangerous
concentretions were indicated. Carbon monoxide, for instance
can be detected by the brown gtegining which it produces on
palladium chloride paper. Similarly, lead chloride paper can
be used for the detection of hydrogen sulphide.

Protective Measures applicgble to the Sewermen.

(1) Protective Clothing.

One bsad feature of the present protective clothing is
that, being composed mainly orf rubber, it does not permit of
the evagporation of perspiration from the skin surface of g

large part of the body, especially where waders are worn., The

‘upper part of the body is only feebly protected from dripe from

the roofs of sewers and from the splashing at branch entrances.
The corduroy walstcoalbts occasionslly supplied tend to be rather
warm and sre not reglly waterproof, It is suggested that an

upper protective garment which is waterproof yet permitting of

evgporation of perspiration shoula be supplisd to sewermen,
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Materials of this type were developed for use in the Royal

Navy during the recent ‘war, ana were of such a type that, while
normal evaporation of sweat was permitted, sea water could not
penetrste the fabric for some 36 hours. Suits of such material
proved of use when immersion in the sea resulted from enemy
action. The material must be of such é type as would glso stand
up to the hard wear and friction against walls ligble to occur
in sewers.

In the past, protective gloves hgve not been worn by
sewermen. There would seem to be a place for these in thig type
of work, especially in oily and tarry sewers. The gloves must
be pliable and fitted with washable linings. Some of the
heavier plastic materials would be suitable for this purpose.
The gloves should hgve long grmlets, capable of being attachesd
to the sleeves of jackets in such g way that the junction is
waterproof witnout causing constriotion of the foresrms.

At pregent the sewermen wear the usugl type of working
clothing to their work. With only ordinary engineer's overalls
as an overlay (apart from the area coversed by thigh boots or
waders), it is readily understood that soiling of personal
clothing frequently occurs. In some séwers this soiling can
be quite extensive. DBecause of the source of the soiling, the
odour can be exceedingly offensive. it prescnt, sewermen are
issusd with two sets of overallg ana these are replaced by the
issue of g new set every gix months. No specigl srrangements

sre mede for tne clewning of soilea overalls and otnsr personczl
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clothing. These hagve to be taken home and washed there.

Many oI tne men feel thgt they cannot ask their wives to tackle
the washing and so do it themselves, often with very poor
domestic facilities.

This arrangement seems to be most disgusting. Heving
had one's own clothing soiled in visits to the sewers, one
appreciagtes very much the discomfort not only of travelling
on public transport with such offencive odours clinging to one's
person, but also the problem of clesnsing of the soiled garments.
It is recommended most strongly that not only shoula the outer
garments worn by sewermen be provided by the employers, but
also that specigl arrangements should be mgde for the regular
lsuncering of thoge garments including overalls.

(ii) wWashing Facilities for Sewermen.

Closely linked with the clothing problem is the guestion
of adequate washing facilities for sewermen. On.the site the
facilities must needs be primitive in the agbsence of piped
supplies of hot water. The present method of issuing free
passes for entry to the public baths is not the answer to this
problem, for few of the men actually have a bath before going
home from their place of work. ‘

A scheme similar to that being introduced to the
Cleansing Department is recommended. In the various parts of
the city, baths, changing rooms and lockers agre being fitted

up on the lines of the pit-head batns provided for miners,
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It is most desirable that similar facilities be provided
at suitaole points throughout the city for the various squads
of sewermen. 1In this way, not only would filth from the
sewers be kept out of the homes of these men, but also, where
skin irritants were prescnt in the sewer in which they were
working, a more compiete removal of these from the ckin would
be achieved.

That sewermen should be able to dissociate their homes
from their work by such an arrasngement would have g marked
effect on their mental outlook and family life.

(iii) Protective Cresms.

Protective creams have only a limited place in the
protection of the skin from irritents found in the sewers.
Recommendations have already been made in favour of the use
of gloves but there are occasions where the bare hands will
still hsve to be used. Only then have barrier creams a
limited use, and that is where the irritant is water soluble.
Water resistant creams could then be used, but as far as o0il
and tar are concerned, since creams resistant to these
substances are water soluble, no protection could be given
by their use in sewers where water is ever present.

(iv) Protection against Leptospirosis.

Recommendations have slready been made in Chapter VIII.

(v) Trsnsportation of Hquipment to and from the Working Area.

The loaded hsanu-cart useda by sewermen weighs approxi-

mately 135 cwts. 1In the past the various teaws of three men
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hegve manhenaled these vehicles from the depot to the working
ares ana oback daily. On many occasions these journeys have
involved heagvy pulls up-hill. 1In the past few years two =x-
army motor trucks have been used in certain emergency jobs,
but, in the main, each team proceeds to and from the working
areg on foot (complete with barrow). In this ers of efficiency
in industry it would appear advantageous to experiment in the
use of jeeps and trailers for the more rapid and less tedious
transportatiqn of men and materigls to the working site.

III. Pre-gmployment and Perioaic Medical mxaminstion of Sewermen.

In the past, few if any pre-employment medical examin-
ations were carriea outb on recruits to the Jjob of sewermen.

The method of selection tended to ensure that quite good types
of men, both physically and mentally, were recruited. It does
not“follow that those men were ILfree from physicel defects which
might bresk down as the result oI work in the sewers.

In the iight of the early findings of this investigagtion,
it was recommended that pre-employment medical examingtions
should be cgrried out on men selected by the foremen gs other-
wise suitable for the job. Out of ten men sent for examingtion,
four were turned down, one because of hyperpiesis, one on account
of perforated ear-drums and a history of gastritis, one orn
account of varicocse eczema, and the fourth because of his age
and osteo-arthritis of the lumbar spine. This lzst man was
grossly overweight und was considerea generally to be & bad risk

in & sewer.
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The pre-employment examination was similar to that
carried out on the sewermen and included X-ray of chest and
luwbar spine, and & full blood examination. The advantage of
the pre-employment examination is that a record is then avail-
able for compgrison should the man hsve to be examined in the
course of a subsequent illness. Such a record would have been
of infinite value when one was called out to ses two sewermen
who were ill prior to the start of this investigation. In
these instances the family doctor was ungble to give much
help because these men had only recently moved t0 & new housing
areg in the city with consequent change of doctor.

Periodic examingtions would be useful at six-monthly or
yearly intervals in giving an assessment of minor devisations in
health. Where special work has to be done in gn environment
known to have a toxic hazard, special examinations could be
conducted more frequently. 4gain, those examinations could
be used as a guiee in cetermining whetner a man was still fit
for employment as a sewerman when he was nearing the end of
his service. If a defect were found in such a case and it weas
likely to csuse incgpacity in the job of sewermen, then it
would be possiwvle to have the man transrierred to some other
suitable employment before he was seriously disabled and
forced to retire on medical grounds. It should be possible in
this way to reauce the effects of disabling illnesses which

nave been so cownon gmong sewermen in the past.
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Azalin, included uncer the heading of periodic medical
eXamingtions would come a medical examingtion, before their
return to work, of all sewermen who had been off ill. This is
considered to be an essential part of the medical service because
work in the sewers is not suitable for the rehabilitation of the
convalescent. An arrsngement must be mgde whereby sewermen can
be rehgbilitated in other work for seversl weeks after g serious
illness before they go back to their former job. A sewerman
not fully recovered from gn illness, or one suffering from a
defect to such g degree as to be a passenger in the squsd is
not only a danger to himself but also a danger to his mates.

In "carrying" one man, the other members of the team have to

do longer perioas underground, thereby greatly increasing their
risk of injury, anda, shoulu an accident occur, the passenger on
the top, in attempting to rescue his mates, may get into diffi-
culties himself and hence a greater tragedy can result.

IV. Age of Recruitment and Retiral Age.

It has been shown thsat the job of sewerman calls for
the expenditure of gieat physical effort under very difficult
conditions. The human body once adapted to the needs of special
conditions can continue to work efficiently under those con-
ditions for a prolongead period. Since the human mschine oper-
ates most efficiently between the ages of 20 and 35 years, it
seems desirsble that men shoula be recruited to the work in the

sewers as early in that perioa as possible. The worxg in itself
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canmot unuer agny circumstances be considered attrsctive, but
an effort must be made to recruit men at least under the sage
of 35.

Men in their 50's have got beyond the stage of adaptib-
ility end cannot be expected to survive ldng the traumas and
physical strgin of their new job in the sewers. Even men in
this age-group well adjusted to the work after years of
experience show signs of break-down in their cegpacity for work
in the sewers.

It has been shown in the previous chgpter thet 20 to
25 years as a sewermgn produces certain defects in the body
which render a man less able for his job. One is convinced that
no man beyond the age of 55 years shoula be employed in the
daily work of meintenuznce within the sewers., Beyond this age
he is a ligbility to himself and to his meates.

In other jobs demanding similsr courage and endurance,
as in the Rire Service, steel erectors, the Services in wartime,
and the police, certain age-limits are laid down beyond which a
mgn is congidered to be unfit for service, Some men are still
capable of continuing the particular type of work even when
they reach the retiral sge, but, since experience has shown
that efficiency deteriorates gquickly at ages beyond that optimum,
it is the recognised procedure to pension gll men on reaching
the upper age limit.

In the case of sewermen, one ig of the opinion thet 55

should be the upper g-e limit. Azain, 19 years' service as a
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sewermah seems to be the maximum lengfh of service possible
without causing minor disablement. After that service the
incidence oL derects rises so that by the time the 25 years®
service mark is reached mgjor defects are relatively frequent
gmong thege men. Twenty-five years' service is recommended as
lthe outside limit of the effective working time of a sewerman.
At the end of that time he should be given a small pension in
recognition of his services, and transferred to g less arduous
job elsewhere in the Corporation's service. This procedure is
recommended in preference to retiral on pension, for it is
important that those men shoulu continue in suitable employment
until the normal retiring age of 65 or later.

Difficulty has arisen auring the past two years in the
placement of sewermen unfit to continue work in the sewers.
The numper of joos in the Highways Department suitable for these
men is very limited, ana nence some of the disabled sewermen
have had to be gllowed to retire on pension and seek employment
elsewhere, On the whole, the various Corporation Departments
are separate employing units and it is not easy tq persugde one
Department to recruit disabled employees Irom another. Again,
even glthough an employee's unfitness for his former work is
attrioutable to the nature of the work and he is transferred to
a suitable job, it does not follow thaet his wage level will
remgin the seme as formerly. It is more usual for tne employee
to be psid the rate fof the job in his new employment. In a

few instances, the Discability Pension paild by the Ministry of
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Nationel Insurance brings tne new wage up to the level of that
of the former employment. This, however, does not happen in
all cases.,

Again, in order to gvoid unrest among employees in a
particular grade of work, it is unwise to have several scales
of Waée-rates for the same work. Accordingly, it has been the
experience of several sewermen to find that when they becgme
unfit to continue work in the sewersg they were offered alterng-
tive employment at a reduced Weekly wége. In some instances
this led to domestic finencisgl hgrdship.

The suggestion of g special pension to men who hgve
completed 15 to 20 years' services as sewermen would ensure that
when the employee was transferred to glternative employment
there would be no fall in income. There are, however, possible
difficulties and delgys in achieving the necessary amendments to
the present supersnnugtion scheme.

An alternative method of securing a solution to thisg
problem woul@ be for a certain-group of jobs to be feservad
for sewermen who had completed the required service in the
sewers or had to retire from that employment premgturely on
account of disability attributaole to tne naturse of that work.
Jobs which might be suitable for schewuling as fitted for former
sewermen gre weighman in the Weighte and Measures Depsrtment,
swing-bridge attendant.

5

The number of poste in these categoriss is emall, und
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thus in the course o0i g few years when filled by retired
sewerimen thnere woulw be no problem or differentisl rates of
pay. oSewermen woula then be able to continue in the Corpor-
ation's employment at thne same remunergtion until they reached
the normsal retiral age of 69 or later. Thereafter they could

retire on full superannustion pension.
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Conclusions.

In carrying out this investigation one has had the
opportunity of studying life in an underworld, known only to
a few workers in the cities and townships throughout the
civilised world. That men should have to work under suci con-
ditions and with such primitive methods in this Twentieth
Century seemed at first unbelievable, but with more study of
the working environment it readily becsame apparent that major
obstacles lay in the path to early improvement of these
conditions.

By studying the environment it was possible to define
certain factors likely to make an impact on the body mechanisms
of these workers. The medical examinations conducted on the
sewermen revealed various defects which hgve been discussed in
the previous chapters. In establishing that the casuse of many
of these defects was intimately connected with the environment
in which the work was done, a relationship between health and
occupation was proved in the case of Glasgow sewermen.

An opportunity has been taken to make certsin recom-
mendations designed to improve the working conditions and
thereby the healtn of these underground workers. It surely is
not too much to ask that these few men, on woom depends the
smooth running of the city's drainage system, be given facil-

ities ana conditions of service comparable with those made




- 199 -

avsilable to workers in many branches of industry at the

pregent time.
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Common Sewers in Glassow in the Year 1816.
The locaution of sewers is shown in red
on a photostat copy of a Plgn of Glasgow
dated 1790, housed in the People's Palace,
Glasgow Green.

Glasgow Main Drainage System (1911).
Additional intercepting sewers have been
constructed in the new housing aress but
these are tributaries of the main system
shown in this Map.

Location of Glaggow sewers where the atmosphere
is known to be dangerous.

Location of sewers known to harbour rat vectors
of leptospirsl infection.

Plan of Glaégow (1948). sSewers are located
below every street in the city.
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List of Common 3Jewers in Glaszow previous to April, 1816.

dExtract from Cleland's "Annals of Glasgow".

The following is a particular description of the Common
sewzrs, which were formed within the Royalty previous to April,
18160:-

Albion Street (North) - The sewer in this street originates at
the Canon Street Sewer and terminates at the north side
of the Independent Chapel.

Argyle Street - A sewer commences in this street, about sixty
yards east from nobertson 3treet, and runs east till
it joins the gewer in Jamaica Street. Another sewer
comuwences at miller Street, and runs wesgt till it joins
the Jamaica Strcet Sewer, crossing undernesth St. Enoch's
Burn.

Bridgegate Street - A sewer thirty yards long is formed on the
north side o1 the street, terminating in the Stockwell
Street Sewer. 4 similar sewer is formed on the south
side of the street, terminating in the Merchants' Hall
Lane Sewer.

Brunswick Street - A sewer commences at Vilson Street and
terminates at Brunswick Plsace.

Buchanan Street - The sewer in this street receives the water

from George's Street Sewer and carries it down to

Argyle 3Street

Candlerigg Street -~ The sewer runs slong thne whole length of
this strcet.

Canon 3treet - A sewer coriginates at the Candlerigg Street and
terminates 10U yards east frowm North Albion Street.

Charlotte Street - The wide part of this street has a small
sewer which terminates in the Camlachie Burn.

Cochrane 3treet ~ The sewer in this street commences at the
eagt side of Frederick street and terminstes at the
entry to the George Inn Staples (City Chambers).

Frederick 3treet (south) - The sewer in this street communicates
with the sewer in the south side of George's 3quare.

Gallowgate Street - A sewer commences at the Cross and runs
down to the Molindinar Burn.

Gallowgsate Street - A sewer is formed in this street from the
Molindinar Burn to the east side of Campbell 3tieet.

Georzge's Street - 4 sewer commences at the east side of
Balmano Street and runs west to St. Georgzge's Church.

George's Square, east side - A sewer is Jormed behind the
Buildings, it runs from Georzse's Street to Cochrane
Street 3sewer,

~



George's square, south side - The sewsr in this street
originates at the Z“ueen Street Sewer and terminates at
the east siae ol Frederick street.

George's Square, north side - 4 sewer is formed in front of
tne Buildings, sand also between the Buildings and Offices;
the lstter runs to Nortn Hanover Street.

Hanover Street (south) - 4 branch from the sewer in Ingram
Street, runs northwaras, and terminates agbout the centre
of anngttan Buildings.

Hanover street (north) - A sewer is formsd in this Street,
frow tne upper ena of the Buildings, and terminagtes in
tue sewer, north side of George's 3Street.

High Street - 4 sewer from the Tontine Court runs down till
it joins the Galluwgate Sewer on the north side of
that street.

Howgrd Streset -~ The sewer in this Streset originastes at St.
a&noech's Burn, ana termingtes a little to the east
side of waxwell Streect. ,

Ingram Street - A branch from the upper sewer in Lueen Streetd
runs along Inzram 5treset, to.the east side of Hutcheson
Street.

Jamgice Street - The wsewer originates at the River, at the
east side of the Bridge, and terminates in Argyle Street.

King Sticet - The sewer in this street originstes at the
larkets, and terminates at the iiarket Lane Sewer,

ljarket Lane - This sewer originates at the Bridgegate Street,
and terminagtes at the iolindinar Burn.

Merchants' Hall Lane - 4 sewer is formed in this Street from
the Bridgegate street to the River.

Miller Street ~ 4 sewer is formed in this Street from Ingram
Street to Argyle Street.

Montrose Strect - The sewer in this Street commences .at the
north side of Cochrane Street, runs down to Ingram
Street, and joins the Candlerigg sStreet sewer.

Queen sStreet - A sewer commences about sixty yards south from
Ingram Street and joins the sewer in Argyle sStreet.
Another sewer in Queen Street commences at the north
end of the west side of George's 3Sguare anda runs down
to twenty yards south of the Theatre; it then runs
across in an obligue direction, and joins the Buchanan
Street Sewer at fifteen yards north from Gordon Street.

qQueen Street (north,) - 4 sewer commences at the north end of
this Street, and terminstes in the George's Street
SEWET .

Rovertson Street - The south end of this sewer is connected
with the River, and terminates about forty-two yards
north from the plane of the buildings oi Trafalgar Plsce.

saltmarket Street - The sewer in this street originates at the
north side of the Bridgegate Street ana terminstes 1in
the iviladinar Burn.



s5t. @noch's Burn - The Burn is archea and made into = sewer,
from Goruon street northwards to fifty yards south
from Bath street, ana from Gordon Street southward,
one hundred ana ninety-two yards.

St. George's Place - 4 bruauch from the Buchansn Street Sewer
runs along the south side of 3t. George's Place.

st. Nicholas' Street - The sewer in this Street commences a
little to the west of Weaver Street, and terminates
in a Garden, on the east side of Kirk Street.

St. Vincent 3treet - The seweyr in this Street commences at the
east side of 5t. Vincent Lane, anc termingtes in the
Buchanan Strect sewer.

Ste. Vincent street (west) - Two branches from Buchsgnan 3treet
Sewer gre formea in this Street; they terminate
neairly at 5t. wmnoch's Burn.

Slaughter House - The whole Lanes or Passages leading to the
Killing-Rooms have sewers formed under them.

Stirling's Road - 4 sewer is foimed in tone hollow ground,

g little to the south of the Roau; 1t runs eastward
towards Taylor 3treet, one hundred and ninety-two feet.

Stockwell 3Street - The sewer in this Street connects itself
with the River at the west side of the Bridge.

Town's Hospital Lane - 4 sewer originsting at the River runs
along the east boundary of the Hospital.

Trongate - A sewer is iformea in this Street from Stockwell
Stireet to Candlerigg Street.

Wilson Street - The sswer in this Street commences at the
Candlerigg Street Sewer, and terminates at the centre
of Brunswick street.

York Strect - The south end of this Sewer is connected with

" the River ana terminates about 40 yards south from
Anderston Wglk.
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appendix A - Chgpter IV,

ATuOSPHual C  STUDIss IN  Suimks.

lethoa of Investigation.

The equipment used consisted of a globe thermometer,
wet and dry bulb thérmometer, sling psychrometer, silvered
kats thermometer, stop-watch, and thermos flask.

A piece oI wooa was Wedged .across the sewer as high as
possible snd to this was slung the globe thermometer. Similar
wedges were rixed. for the wet and dry bulb thermometer and the
katathermometer. The instruments were adjusted so that their
bulbs were suspended at approximately halfway between the
level of the sewage and the roof of the sewer.. In the majority
of instances the investigations were carried out in sewers in
which men were working.

The thermometer readings were taken by means of
illumingtion from an electric hand-torch. In the case of the
silvered katathermometer, the silvered bulb was carefully held
into the thermos flask containing boiling water until the upper
reservoir of the instrument was two-thirds full with the alcohol.
The silvered base was carefully dried and the time taken for the
alcohol level to fall from 130° to 125° Fahrenheit, measured on
a stop-watch. In the first few trials an effort was made to
take the average of five readings on the kata, but this was
found to be impracticable as it was found that conditions in a
sewer changed so rapidly tnat tanese readings bore no close

approximastion to eacn other. =xactly the same technigue was
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followed in eacn series of readings. The kata reading was
taken first, then the sling hygrometer, the wet and dry bulb
thermometer, and, finally, the globe thermometer (when it was
used). The apparatus was set up as already descrived and
allowed to stana in the sewer for gbout half-sn-hour before
any readings were tgken. The cover over the manhole at each
end of the section in which regdings were being taken wsas
removed throughout the proceedings.

The calculation of the various results from the read-
ings recorded was carried out by means of the technique out-
lined in M.R.C. ﬁar Memorandum No. 17 (Environmental Warmth

and its Measurement).
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Appendix B - (Chapter VI.

ACCIDANTS TO SAFAEN.

(a) Injuries.

(1) 1929 - One sewerman sustained s crush injury to
his testis caused by the falling-in of the wall
of a sewer. Arising therefrom he developed a
hydrocoele. This condition still reguires
periodic treatment.

(2) 1931 - One man was washed through a sewer gs the
result of g sudden rush of storm water. He
escaped with only slight abrasions snd shock.

(3) 1939 - A sewerman sustained bruising of the ribs
as the result of falling in the sewer in which
he was working.

(4) 1941 - While working at the bottom of a maniiole s
sewermagn was hit on the ncaa by & brick wnich
fell from the waldl. He suifered from concussion
and was off work for one week.

(5) In 1944, while g night-shift squad were having a
megl in their portable shelter in Gordon Street,
a motor van crashed through the shelter causing
one sewerman t0 have a fracture of the pelvis
and snother sewerman to sustain bruising of his
back.

(6) In 1949 a sewerman fractured s rib as the result
of fglling in a sewer.

(b) Gassing.

(1) 1930 - One sewermnan gassed in Watson Street Sewer.
Patient was off work for ones week thereafter.

(2) 1935 ~ One sewermsn overcome by gas in Ardgowan
Street Sewer. Removed unconscious to Victoris
Infirmary where he was detained for two days.

(3) 1937 - One sewerman gassed in St. Rollox Sewer.
The symptoms suggest that the gas here was
hydrogen sulphide.
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(4) 1942 - Two sewermen diea and five were affected
by gassing whiie repairing a breszkdown in
Barrowfield Street Sewer. Two of the men were
detained in the Royal Infirmary for a period
of 14 days. Caroon monoxiae, gmmonia, benzene,
and other volatile hydro-carbons appear to have
been the cause here as the sewer drains trade
wgste from Provan Gas and Chemical orks.

(5) 1943 - milnpark Street sewer was responsible for
one case ol sewer gzas poisoning. The patient
had haematemesis and melena during the acute
stage 0f his illness in the VWestérn Infirmary.

(6) 1944 - Two men were gassed in Cromwell 3treet
Sewer and were detained in the Western Infirmary
for tem days. They had been clearing a chokage
in the sewer. It was established that the fumes
arose from benzol whichh had entered the sewer
from g nearby garsge.

(7) 1950 - One sewerman was overcome and two slightly
affected by fumes while working in Nelson Street
sewer gt night. The fumes were thought to
have originated from trade waste entering the
gsewer from a flour mill.
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appendix ¢ - Chapter VII.

P VouNIION OF LEPTOSPIEAL INFuCTION,

sample 0T Card issuca to Glgsgow Sewermens: -

CURPORATION &  GLASGOW

INSTRUCTIUNS TV wal #ORKING LN SoWsks

Nawe : Address: Qccupation:

Precsutions azainst Risk of Leotospiral Jaundice.

1. After leaving s sewer, the hands and forearams should
always be thoroughly washed with soap and wsrm water®,
This should also be done befors taking any food or drink.
On no account should food or drink be handled vbefore
washing the hands.

2. Particular care shoula bz taken to wash thoroughly any
cut, scratch or abrasion of the skin as soon as possibvle,
whether the injury was sustained on the work or not.
Tmmediately after washing, an antiseptic should be then
applied to the affecteda part with a clean piece of cloth
or cotton wool and the wound protected with a strip of
gguze completsly covered with adhesive plaster. The
wound shoulu be kept covered until it is quite hesled.
Suitable antiseptic gauze and adhesive plaster are
suppliea for use.

3. Avoid rubbing nose or mouth with the hands during work.

4. 3ee that your food is properly wrgpped up in a clean
paper before leaving for your work and never open the
parcel of food until the handas have been thoroughly
washed und aisinfected.

5. Keep this card in a safe pluce and when you have occasion
to go to your doctor or to a hospital on account of
illness, show the card and make sure that these attend-
ing you know your occupation.

Aeneii. liacgregolr, Thomas SOmers,
Keaical QOfficer of Health. Ml.04ii. & City Eng.
January, 19738.

#Mhe water should be heated on the chauffer in the
utensil providea for that purpose.
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Appendix D - Chapter VIII.

CLINICAL oXaudNAPION OF SuimililN,

(a) Method oi blood mxamingtion.

Two millilitres of whole blood were withdrawn from
the median basilic vein of each man and collected in a bottle
containing four mgm. Wintrobe's Solution in crystalline form,
with which the sample was csrefully mixed. The syringes,
needles and bottles were dry sterilisedvin an gutoclave before
use, and compression of the arm was maintained only for s few
seconds to permit of easy entry of the needle into the vein.
KBach man had been completely at rest for half-an-hour before
the blood was removed. The samples were removed between three
and four p.m. in the dsy so that at least two hours had
elapsed since the consumption of a meal. All of the specimens
were examined within 12 hours - in the majority of instancés,
the interval between obtaining the specimens and their
examination was less than two hours.

The hgemoglobin was estimated by means of a Spekker
Absorbiometer, using the alkaline haematin method. 0.0) cem.
of blood is mixed with 4 cem. of N/10 Hydrochloric Acid and
left at room temperature for 40 minutes and then diluted to
J cem. with N/l sodium Hydroxide solution. This preparation
of the blood is carrica out in the 5 ccm. glass cell of the

Spekker apparatus. By means of the Chance green filter lighnt,
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the absorption of the solution is measured on the micrometer
scale. By reference to the standaraised graph for the apparatus
the heaemoglobin content in grams per cent. is read off for the
appropriate micrometer reading.

(b) Form used for recording results of ledicsl Hxamination.

seesssssssess Lepartment
MEDICAL oXAaMINATION

¥

Name : Age:

gd@{ess: Pregesnt QOccupation:
shift: Length of Service:
Married state: Wage:

Size oi House: No. of Qceupants:

Batn in House:
Baths (when taken):
Previous heaical History:
History of weil's Disease:
History of Back Strains:
Qccupationsl History:

Height: Weight: Che st ®xpansion:
Genergl Appearance:

Heart:
Blooa Pressure:
Exercise Tolersnce Test:

Lungs:
Digestive System: JMouth: Tongue : Teeth:
Abdomen: '
Hernia:
Indigestion: MNeals:
Nervous System: Reflexes:
Balance Test:
Tremors:
Urine; Albumen:

Sugal':
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Locomotor System:

iuscular Development, etc.
Lumbgr Pain
Deformity of 3Spine

Feet
Veins: Varicose
Hegemorrnoids
Byes: Visual 4cuity - R. L. without glasses
R. L. with glasses

Colour Vision - R. L.

Ophthalmoscopy - R. L.
fars: T.ile R. L.

Discharge

Hearing

Skins

X~-ray of Chest:

Blood Hxsmination:

Protection against Leptospirosis:

Date of Inoculation with Leptospiral Vaccine:
lst Dose - 2nd Dose 3rd Dose

Schuffner Tests (Dates snd Results)

Present Physical Condition:

Name gnd Address oi Private Practitioner:
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{c) Chest Lesions in Sewerwen - Clinical Notes.

Cause No. 4 had clubbing of the fingers and appérent
prominence of the left clgvicle. There was impairment of the
percussion note in the right apex and diminished respiratory
murmur in the right apex. The left side of the heart was
difficult to outline by percussion. X-ray snowed some fibrosis
at the right apex of doubtful activity,while the left basal
pleurs was thickened. Exsminations of sputa from this patient
failed to revesl any tubercle bacilli and the erythrocyte
sedimentation rates were normal. X-ray examination one year
later has revealed no change in the fibrosis.

-Case No. 5 was noted to be psle at the time of examina-
tion. The percussion note was limited in the right upper zone
and adventitise were present on auscultation. Chest movement
was reaquced on the right side. X-ray examination showed
active tuberculosis in the right upper quarter. The lesion
éppearea to be of the chronic fibroid type with small
cgvitation. Sputum examinstion revealed the presence of
tubercle bacilli after several specimens had been negative.

In view of this patient's age (nasmely, 57 years) and the
evidence suggesting that a low grade infection had been present
for a long period, it was considered that no benefit to the
patient could be achieved by surgical interference and a stay
in a sansgtorium. In any case, his domestic circumstances

ruled out any possibility of wveing able 10 persuaue him to go
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into a chest ward for tregtment. His wife, a diabetic, had
contrécted gangrene 0L the feet snd Wwas more or less bed-ridden.
There was no family. As this man was handicapped by sciatic
pain due to osteo-arthritis in the lumbar spine, emphasis was
placed on this lesion rather than on his chest as a reason for
his legving the job of sewerman. 4s a fsll in wages would
probgbly result from a change to another job, he refused to
co-opersgte ian tne suggestion. As he had just under four years?
service to complete before becoming entitled to retire on full
pension under the Corporation's Supergnnuation Scheme, it was
felt desirable that some arran-ement should be made to ease
this man's burden. His foreman agreed to transfer him to s
job at the headquarters yard, where his entries to the sewers
would be considerably reduced. As these medical examinations
were conaucted on & purcly voluntary basis, no official action
could be taken without the consent of the sewerman, and, as

no consent was forthcoming in this instance, it would have
been & gross breach ol faith to have done more than the steps
outlined above,

Case No. 14 displayed clubbing of the fingers and was
fairly tinin. ¢linical examinstion of his chest revealed
scattered rhonchi in the lower zone of each lung. He denied
having had any previous chest illness and stated that he had
only a smoker's cough in the morning. X-ray examination of

chest showed chronic bronchitic changes in both bases.
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The chest X-ray film of Case No. 15 showed some fibrosis
avove the right root, but his genergl condition was quite good.

Case No. 32, a sewerman aged 44 years, wgs found to hgve
no clinical signs of chest disease, though his X-ray showed a
smgll area of soft infiltration in the left apex. Repetition
of the X-ray one month lgter showed no chanze in the condition.
Sputum tests were negative for tuberculosis, while the erythro-
cyte sedimentation rate was not increased.

Case No. 33 had had a "cold" some ten days prior to
examination. Glinicallj there was nothing to suggest any defect
in the chest, though there was early clubbing of the fingers and
he stated that he had a morning cough of the type found in
smokers. His X-ray showed some loss of translucency in the left
lower mid-zone. This lesion had disappeared one month lgter when

he was re-X-rayed.
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(d) Industrisl Derwatitis - Clinical Notes.

(1) Sewermen.

Case No. 4 had an acute dermatitis contracted while
working in the Govan area in 194p, for which he received
treatment in hospital. The condition was attributed by the
dermatologist to contact with an irritant while at work. The
condition was quiescent at the time of the examinsgtion.

Cases Nos. 12 and 34 contracted the dermatitis while
working in different sections of the same pipe sewer in Govan.
Rubber boots were not usually worn while cleaning this small
sewer, The work involved the removal from the manhole of a
white silt washed down from the distal section of the sewer.
Splashing of the legs occurred frequently and severgl men have
developed skin conditions from contact with this white silt
which is understood to contain spent carbide from the manu-
facture of acetylene - this evidence is based on the odour
from the sewer at this point. The acute phase of the skin
condition had occurred in one case eight years ago and there
were areas of pigmentation at the sites of healed lesions,
overlying parts being dry and scaly. In the other case, the
acute phase occurred just over one year ago.

A sewerman sasecd 47, with ten years' service in the
sewers (including four years in the Army), gave a history of
hgving been in hospitsl Tor three months early in 1946, suffer-
ing from an acute dermatitis which he contractea while working

in a large sewer nealr the city boundary. Silt from s large
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chemical factory was being removed from the sewer when he
contracted an acute skin condition on his foregrms. Redness
and burning were fegtures of onset. Blisters appeared and
when these ruptured his arms became raw. The condition spread
to the face, body and legs. Treatment cleared the condition
from all but the skin at the back of both knee joints. At the
medical examination he displayed thickening and redness of
the skin in these flexures. It would appesar that posture at
work and friction casused by the wearing of thigh boots and
wgders were thé factors csasusing the persistence of lesions
in this site.

One of the forsmen sewermen, aged 40 years, gave the
following history:- He left school at l4 years and worked
as an apprentice mouluer for one yesar. From 1919 $ill 1931
he was g miner in the Ayrshire coalfield, being engaged mainly
in mine-driving and tunnelling. After three months of unem-
ployment he became a steel erector for one year, then followed
periods of casual employment as a labourer in a timber yard.
In 1934 he became & labourer to a stone-mason in the Highways
Department. In 1938 he was selected for work as a sewerman
and followed that employment until 1942 when he was called up
for gervice in the Royal Marines. In 19473 he was invalided
from the Services because of g knee injury sustained while
pleying football. He was able to resume his employment as a
sewerman, however, and was promoted to foreman in 194o. 1In

the course of his auties as foreman he has to eniter sewers
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where breskduwns have occurred and assess what type of repairs
will be required in each instance. This entry into the sewers
occurs two to three times weekly or oftener depending on the
frequency with which faults develop.

When he was being medically examined in the course of
this investigation it was noted that he had raised inflamed
plaques 0L g dusky hue on the back of his neck, just at the
collar margin area. The legions simulsted those of psorisgsis
but no silvery scaless could pe produced on rubbing. He stafed
that the skin condition first gppeared on his left forearm in
1941 while he was clearing a blockage in a small sewer in the
north of the city. A weeping dermatitis developed on the fore-
arm and lasted for six months. Theregfter, the skin condition
healed but reappeared the following winter on the chest. 1In
succeeding winters it reappeared on the right thigh, right
knee and for the past five years it has recurrea in its
present form eacn winter on the neck. He maintains that the
condition started as a result of his work in the sewer draining
Robroyston Hospitsl. The condition was diagnosed as a psoriasif-
orm eczematide primarily due to his former occupational derma-
titis, the recurrences being due to soiling of the collar of
his spnirt frow drips ZLrom the roofs of sewers. The condition
has been slow to respond to treatment at the out-patient

department of a city hospital.
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(2) Control Group: Case of Oil permatitis - Clinical Notes.

This man was employed as a compressor opergtor in the
Housing Department. His lesions, consisting of macules and
papules, were extensive on both forearms, especially the right,
right shoulder and chest, fronts and inner sides of thighs and
legs, and on the buttocks and inner sides of calves. He was
aged 22 years, and from 1942 to 1944 he had been employed in
various jobs as aﬁ errand boy. From 1944 to 1947 he had been
a locomotive driver on & light railway on a Corporation build-
ing site. a4fter two years in the Army he returned to the
Housing Department in 1949 gs a compressor operator. A diesel
engine drives the compressor unit. tuel o0il has to be carried
from oil barrels in pails and is poured into the machine's
tank, which is located above the engine. 1In this way the
diesel 0il has to be poufed into the tank inlet well above
the shoﬁlder level of the opergtor. No filling funnel is
used in the operastion, and hence 0il is spilled in the process
and splsshes on to the opersgtor. This is particularly lisable
t0 happen on windy weather. This man often carried the pail
of 0il on his‘right shoulder and hence the prevalence of
legions on th;t site. The absence of lesions on the dorsum
of each foot is accounted for by fhe fact that he wore rubber

boots at work.
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Clinical Notes on Sewerman Case No.2. This sewerman,

agea 58 years, started his working life gs a farm labourer
and later was employed in a carpet factory. He served in

the Army at home ana overseas from 1908 until 1921, his only
illnesses being an attack of malaris in Bombay and a compound
fracture of the right humerus in Mesopotamia in 1916. After
six months! employment in a steel works he became s Highways
Department labourer in a tar spraying squad. He followed
this employment until he became a sewerman in 1941.

In 1943 he contracted Weil's Disease while working in
a sewer near the Meat Market and was off work for 24 months.
This illness started like an attack of influenza with aching
in the limbs and he later became jaundiced. There were no
haemorrhages. Previously, in 1942 while helping to rescue
seversl sewermen wno had besen overcome by fumes in a sewer,
he wgs hit on the head by a brick dislodged from the top
of the manhole. The only other illness reported was an
attack of left-sided sciatica some 20 years ago.

In the course of the review of Schuffner reactions
of the bloods of Glasgow sewermen in 1949y, his serum caused
agglutination in a dilution of 1 in 30. This was taken as
confirmstion of his previous leptospiral infection in 1943.

Towards the end of November, 1949, he slipped while

working in s sewer, not only straining his back, out also
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swallowiag some of the sewsze. He manuzed to scramble out
anda go home. He returned to work for two days, but collapsed
and was taken to hogpital where he was detained for a few
days, the diagnosis being recorded as gastro-enteritis.
He resumed work in threec weeks' time but a month later une
collapsed again. He was tresved at home for neuritis of the
left leg. His symptoms resembled those due to herniation
of an intervertebrel aisc in the lower lumbar spine, though
it was noted that his knee jerks were grossly exaggerated.
His nauses, vomiting and occagsionsgl loose stools persisted.
During this stage, there was no jaundice nor wgs the urine
dark in colour. He was referred to a hospital out-pstient
‘department for a neurologist's opinion snd attended there
for observation for two weeks. His condition deteriorated
and his walking became s0 unsteady that it was decided to
take him into hospital for investigation. He now had a
spastic parsplegis, rhombergism, nystagmus, intention
tremor, exaggerated knee and ankle jerks, and his plantar
reflex was extensor especially on the left side.

In view of his occupation, & Schuffner test was
done and found to be positive at a titre of 1 in 1,000.
Largely on the strength of this finding, his condition was
diagnosed by the hospital staff as secondary to an attack
of Weil's disease. They considereu that ne nad an
encephalitis. His blood .igsserman and XKhan reactions were

Found to be positive, but these werc thought to be pseudo-



- 33 -

reactions since he gave no history of specific infection.

on his dismissal from hospital one hsd his Schuffnsr
test repeated, i.e., thres months after the 1/1000 finding,
and the reactiqn Was Tound to be negative. The examination
was done by the same bacteriologist as had-conducted the
investigation of the.specimen submitted from hospital.

In view of the fact that this man showed a positive
regetion to the Schuffner test some six years after his
leptospiral infection in 1943, it would seem regsonable to
expect that, if he had had & second attack in November, 1949,
and his schuffner gave g positive reaction in l/lOOO dilution
two months after the onset of the condition, then three
months later & positive agglutination would be found in a
dilution of at least 1 in 100. That this last test should
be negative tends to dispute the diasgnosis of a second
attack of leptospirosis.

Then sgain, various workers in the field of
leptospirosis have shown that there is no relationship
between thne wWasserman ano the Schuffner reactions. Indeed,
in establishing that a positive Schuffner test, when properly
conducted, gave & true indication of previous leptospiral
infection, even if only in the lowest dilutions, various
workers showeu that "normal" sera, such as those submitted
for the Wasserman test, aid not produce any agglutination

with the leptospirs icteronwemorrhaglac.
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The preseance of symptoms and signs suggesting an
encephalitis is not doubted but one doss not feel that the
diegnosis of the preceding Mieil's Diseasse" wgs satisfactorily
establisned. One wonders whether other causes for the symptoms
and signs could not be found in the sewers. Tgble No. 36
includes this sewerman's two workmates (Cases Nos. 6 and 32),
one of whom has coarse tremors and a poor balance test, while
the other shows only fine tremors. Hfurtinermore, what signifi-
cance is to be attsached to the Wagsserman and Khagn Resctions
which are both strongly positive and remain so after a course
of tregtment? Tuis patient has now resumed work in the
capacity of lavatory attendant, after a period of nine months!'

convalescence.

Control Case No. 10. Case No. 10 among the controls is
also a patient worthy of special mention. He is aged 29 years
and has been employed in the Cleansing Department for the past
394 years.(28 years as a refuse carrier, 11 of which were spent
on the night-shift). wWwhen it is considerec that he weighs only
8 stones snd 7 pounds and that his height is 5 feet 5 inches,
28 years as & refuse carrier is no mean feat for one of such
small buila. On night-shift, refuse carriers work on plece-
work rates and hsve been known to move as much as 12 tons per
wman per shift. It is usual to fina, however, that with advanc-
ing years the man finds that he is unable to cope with such
continuous heavy work afna s0 sesks a traasfer 1o the less

strenuous jor of street sweeper.
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Case No. 10 was no exception, and for the past 114
years he nas been employed as a swecper, formerly on streets
and more recently in back-courts. His mediczl history revealed
that he had suffered from several severe strains of the back,
and in 1948 aad been off work for two months on account of
rheumatism of the back and legs. He had been off work for the
six‘weeks prior to the examination, complaining of weakness in
the legs and lower back. It came out in the course of the
exasmination that the regl trouble had been the onset of pains
in the legs which became so sgevere after walking only 50 yards
that he had to limp and finally stop for a rest. He was a
highly nervous subject and appeareu to be suffering from
neurosis. He had coarse tremors of both hands and his knee
jerks were greatly exaggerated. He had a stutter which became
worse as he became excited. On exsminsgtion it was found that
the tibial pulse was absent in both ankles. A diagnosis of
intermittent claudication was made in this case. He was
offered treatment at a neuro-surgical unit but he refused to
attend there. One other feature of this case was his marked

kypho-scoliosis which undoubtedly was of occupational origin.
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(£) Conditions of the Lyes.

1. Clinical Notes on Cases of Nystagmus in Sewermen.

Case No. 4 had been employed as a miner for 13 years
between 1907 and 1921, and from 1943 had been employed as a
sewerman. He Wwas agéd D] years. He had been employed mainly
on pipe sewers, though in the psast year he had spent most of
his time in brick sewers. His visusl acuity was ©/24 right
and b/bO left. 1In bright sunlight his vision was poor and he
complaineda of giddiness ana headache at the end of his day's
work. He appearcu 10 nave changed his mentgl outlook to his
work after an attack of Weil's disease in 1946, for his foreman
stated that he had beecn an exceptionally religble worker prior
to that date but that since then he had lost his "nerve"
somswhat. Oscillations of the eyes were rotastory-lateral.

Case No. 19 displayed rotatory nystagmus along with a
visual acuity of b/12 right and b/18 left. Apart from giddi-
ness and headache at the snd of a shift, he made no other
complaints. On exsmination it was found that he quickly lost
his balance when attempting to stand on one leg. He was
employed as a miner from 1913 till 1929 and bscame a séwerman
in 1945.

Case No. 22 has been a sewerman since 1922. 1In 1939
he had Weil's Disease. In recent years e is saia to have
become introspective and at the time of examination showed
evidence of g psychoneurosis. He complained of diffigulty in

seeing, especiully when working underground, ana ol pains in



-37_

his eyes when coming into aaylisht from a msnhole. His

visual acuity was found to be 9/12 in both eyes and there
was slight nystagmus whicao was seesn only whnen the patient
looked upwards. Photophobig was marked in this case, and

self-vglancing was poor.

2. Clinical Noteg on (Cases of Conjunctivitis in Sewermen.
| sewerman Case Nu. 34 developed an acute conjunctivitis

some 18 months previously as s result of a splash into the
right eye while working in g sewer. It wﬁuld seem that the
condition failed to respond to treagtment and had become
chronic, for at. the . time of the examinstion he was found to
display early ectropion and thickening of the conjunctiva.

Two sewermen working in the same squad on night-shift
(cases Nos. 35 and 3%6) were found at examination to have acute
conjunctivitis which had occurred only two days previously as
the result of exposure to a pungent gas which appeared in the
sewer. OQne of the men had been overcome by the fumes and his
mate had haa to pull him up the manhole to safety. Investi-
gations proved ths gas to be chlorine which had veen evolved
by the interaction of two trude wastes from factories drained
by the sewer in which they were working.

Case No. 37 was found to have an acute conjunctivitis
as the result of exposure to fumes while working in the manhole
of a pipe sewer. When he was removed to another sewer his eye

condition quicxly cleared up.
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(g) Conditions of the Hgrs in Sewermen.

Three men had active infections of the ear, vigz.:-

Case No.206 - fdxternal otitis of the left ear with some
aural discharge. The condition had been present for only a
few days in this instance but previous attacks had occurred
at intervals.,

Case No./] =~ The right tympanic membrane was slightly
reddened suggesting infection of the middle ear. As the patient
was just recovering from g "cold", the egr condition was thought
to be an extension of the throst infection. When examined again
e few weeks lgter, this condition nad subsided.

| Case No.4l - This man had only been employed as s sewer-
man for a fortnight vefore he was examined. He had a largs
perforation of the right drum with surrounding granulation. A
perforation was present in the left drum and a thin muco-
purulent discharge wss present. It was suggested to this man
that he should seek work in another section of the Highways
Department as one considered that a certain amount of danger
surrounded him becsuse of his ear condition. The potentislit-
ieg of splashes from sewage carrying in a B.coli or other
infection into his ears were great. As the examingtion was
voluntary, nothing stronger than persuasion could be used in
this instance and as the man refused to co-opergte it was
suggested that he wear ear plugs of cotton wool spread with

vaseline to protect himself.
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Appenaix @ - Chapter X.

UCCUPATIONAL HISTORIWS

SaigiliulN - ANTRANTS.

Case No. N.S.A.

Age 39 years; married with 5 children; 1lives in 4-gpartment
Corporation house with bathroom (post-war); present wage
£4:14s., per week.

No previous history of illness. Non-smoker.

Left school &t asze of 14 years and worked as cosgl carrier
until 1935.

1935 - 1941: worked witihh haulage contractor.

1941 - 1945: Army with overseas service in Indis and Burma.

1945 - 1940: Refuse carrier in Cleansing Department.

1940 - 1950: Surfsgcemsan in Highways Department.

April, 1950: Sewerman.

Case No. N.S.DB.

Age 43 years; married with three children; lives in 2-
apartment house - no bagthroom; present wage £4:1l4s. per week.
History of one short absence from work due to a back-strain
many years ago.
Left school at axe of 14 years and worked as an errand boy
for one year.
1921 - 1936:; Worked as labourer in various industries, e.g.,
foundry, mineral water contractor, gas-works
(driver of small locomotive). During this
period he had altogether some 2% years of
unemployment,
1938 - 1940:. Labourer in Highways Department.
1940 - 1943: lunitions worker.
1943 - 1940: served in trawlers in Royal Navy.
1940 - 1950. Gulleyman in Highways Department.
October 1y50: sewermsan.

Case No. N.35.0.

Age 34 yegrs; married with two young children; 1lives in
one-gpartment ol Lour-roomed house, Wwith no bathroom;
present wage £4:l4s. per week.

No history of previuvus illness. Non-smoker and non-dringer.

Left school at l4 years and became & hgulege hand at a pit
in Yorkxshire.

1933 - 1945: Royal Navy.
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Case No. N.s.C. (Contd.)

1945 - 19y47: Labourer in engineering shop.

1947 - 1y49: Labourer in steel works (engaged mainly
in greasing).

1949 - 1950: Labourer in Highways Department.

August 1950: Sewerman.

Case¢ No. N.s.D. ,

Age 46 years; married with two children (aged 14 and
11 years); lives in three-apartment house with no bathroom.
Wage £4:19s. per week.

Previous illness - influengza 1948,

Left school at 14 years.

Farm lsbourer - 7 years.

Fgrming in Canada - | years.

Labourer in building trades - 3 years.

Labourer in Sewage wWorks, 1936-1941.

Patrolman in Sewage Department - 9 years.

Novemper 1950 - sewerman.



FIGURES.
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DI AGRAMS.

Fig. No. 1: Domestic Plumbing Connections.

Fig. No. 2; Sewer Connections.

Fig. No. 3: 01d Stone-Built Sewer - Bridgeton.

Fig. No. 4: Nine-inch Concrete gewer gt
Positiop of Manhole.

Fig. No. 5: Inverted Siphon:

Main Drainage System, Glasgow.
Fig. No. 6: Plan of Storm Water Overflow.
Fig. No. 7: Cap Lamp.
Fig. No. 8: Safety Lamp.

Fig. No. 9: Joint Space between Vertebrae -
Lumbar Region:
(a) Position of Flexion;
(b) Position of Extension.
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FIGURE N° 2
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FIGURE N° S5
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FIGURE N° 6.
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FIGURE N°9Q

JOINT SPACE BETWEEN VERTEBRAE — LUMBAR REG 10N — CYR1AX(1950) BMT

(@) PosiTion oF FLEXION
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PHOTOGRAPEHS.




Fig. 1:

Pig. 2:

" Fig. 9
Pig. 6:

rig. 7:

Pig. 8:
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PHOTOGRAPHS.

Working Site (Surface).
ﬁinchman.
Raising of Loaded Bucket.

Filling Bucket (Front View) -
(316" Sewer).

Filling Bucket (Back View) -
’ (310" sewer).

Passing Bucket to Bottom of Manhole
(3'e" sSewer).

Work in '0" Sewer.

Work in 5'0M" gSewer.
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Fzgr.i, : SuvfeL C e].



Fig.ZmW i"nea*™).



Buckei

Rope from winch

This photograph was taken from street level,
looking down the manhole.
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trig. 4> wFilling" Backet- [FrogtVikl
[Jb'-6"5Kk
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F ig. Fltibg Backet-

(5'~6" Sower).
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Fig 6 to Botknps AW”oU.
(p'~6* Oawr)



Fig. 1 * Wockti2 F~0'"f>amcm
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Fig.g: Work U2 5/~0" &Q0MX.



PHOTOGRAPHS OF X-RAY PLATES;

SPINES.



Case
Case

Case

. Case

Case
Case

Case

Control No. 15.
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PHOTOGHAPHS Of X-RAY PLATES:

N..SDB.

No.21.
No.30.
No.36.

control No.

Control No.

SPINES.

(a) Sewermen.
Normal Lumbar Spine.
Lumbgrisation of First Sacral Segment.

Osteo-arthritis with Distortion of
lst and 2nd Lumbar Vertebrse.

Osteo-arthritis; Sacralisstion of
5th Lumbar Vertebra.

Paget's Disease of Bone (Pelvis).
Osteo-arthritis.

Spina Bifida of 5th Lumbar Vertebra.

(b) gontrol Group.

Ankylosing Spondylitis.
congenital Abnormality of Spine.

Healed Tuberculosis of Cervical
Spine.
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Case.M°2 0 m O 6t&o-artliciiis.

Saaxdiscdxoij of 5+ Lanxtxu?.
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Cascl\l°2l] 1 P‘gVSDisease of B CrA[an)El
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FLUORESCENCE SPECTROGRAMS .

0ils and Tar Compounds recovered from

Glasgow Sewers.




q.V.SPECTRX.

3 :4, T5<mgpyvme- [Control]

Coat Tar hocixcms.

Oils.
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_T.:?'.b;:? N'Onu 1.

LLWGTH OF PUBLIC SIiaRS IV GLASGOW

SR

Year Length of Public Sewers in Miles
1790 First public sewer constructed
1816 43
1818 " 5 to 6
1849 - 40
1863 62%

1869 89
1873 83
1879 : 91
1883 96
1889 99
1893 104
1900 1243
1948 800

Table No. 2.

GLASGOW'S MAIWN DRATNAG= SYSTHM
INTLRCEPTING SLWERS.

: Veloeclt W
Si;% of Liquig Dlsﬁbarge
‘ whe
Locality of Sewer acooraife ! Gradient when "
. to running running
Ft. In. T 1Fe. fiin. Cub.Ft./liin.
From Yoker Penstock (1) 8 2 |1 in 2,082 265 13,890
House 4o Dalmuir: (2) g8 6 {1 in 2,810{ 232 13,164
Glasgow Intercepting
Sewer, Pointhouse Road: 5 6 11 in 2,635 180 4,250 §
Partick Intercepting Sewer, i
Castlebank Street: 5 0 |1 in 2,000} 193 3,790 ;
Clydehank Intercepbing |
Sewer: | 5 6 il in 2,000 | 206 4,887 ;
Y | ‘
South §ide Sewer lo.l i i
Cardonald: 9 0 i1 in 1,760 305 19,427 :
South Side Sewer Fo.4 2
(1) Rutherzlen end: 4 6 |1 in 2,000} 180 ! 2,862 i
(2) St. James' Street: 7 6 1 in 2,000 253 j- 11,176




Table lio. 3.

LXANPLZS OF RUSULTS OF LXANINATION

OF CRULEL AND SETTLLD SilAGES.

(From “Treatment and Disposal of Industrial Waste
Wﬂo'bers", RuA.. Sou'bhgate, HoilaSe0u 1948, )

-
- Town in
Mainly .
Tovm with Residen- [Mhich Mewal | .y 0,
Mixed £ial working 1is Camp
Results in Parts Industries District Icgie_i
per 100,000 odocneusery | N
(except pH) | After After After ! After
Crude iSedimen- Sedimen~ | Sedimen- (Crude !Sedimem-
! tation tation | tation | tation |
T i i
| I ] i
Free and Saline i i !
Ammonia (as N) 8.6 1 4.1 4e4 3.7 6.0 | 6.6 |
i 1 :
Biochemical Oxygen i 5
Demand in 5 Days { |
at 18.3°C. 53 g 25 1843 17.5 85 1 40
' 1 {
Oxygen absorbed E E
from 1i/80 Acid ! i
Permanganate in 1 |
4 Hours at 26.79C. | 1645 1 8.5 542 9.2 30.7 1 11.8
1 ' t
. ' ]
Suspended Solids 2 i 642 8ed 8.2 a4 1 12.2
- i : ]
. i
pH Value. T.ad o Te2 Tu4 - 6.2 1 7.2
] ]

4
!
i




SOME SOCIAL FACTORS - SEWERMEN.

Table No. 4.

i
!

49.4]

Vo Ape | .0 | Size of No. of Bath

Initials in a House Occupants : in We.ros

Years |“T®" | in Apts. Ad. Ch. House £ 8.

D. MOA. 64 6 3 3 - No 6 4:

A. McK. 58 | 4 4 5 1 Yes 5: 15:

P. H. 57 4 4 5 - Yes 5: 15:

T. W. 57 1 2 3 - No 5: 15:
w. L. 57 Nil 2 2 - No 5: 15: -
T. D. 57 7 3 4 - Yes 8: 7: -
Je Mo 57 4 1 5 1l No 8: -5 1
F. McF. 56 3 4 5 1l Yes : 8: 5
Je Te 56 11 2 4 - No 63 10; -
Je Lo 53 ! 4 2 3 3 No 6: 1: 5
Te M 53 1l 2 3 - No 6: 53 =
N. Ro 53 4: 2 4 - No 82 1: -
Je Fo 52 3 2 5 - No 8: 13: 5
Ge. MecGe. 52 | 4 5 6 - Yes 6: 1: 4
Je McA. 52 1 1 2 2 - No 5: 14: -
T. S, 52 % Nil 2 4 - No 5: 13: -
R- Go 52 H 6 4 5 - Yes 6: 15: -
J. McC. 51 E 2 3 4 - Yes 5: 15: =
J. C. 51 ; 2 2 3 - No 5: 15: 1
F. E. 51 | 2 2 4 - No 5: 15: -
H. H. 50 ! 10 5 8 4 Yes 6: 1: 5
Ge Mo 50 | 4 3 3 - Yes 5: 16: 4
F. B. 50 ! 11 3 6 4 No 6: 1l: 5
Re McL. 50 | 4 1 6 - No 6: 1l: 5
Je Be 49 | 3 3 5 3 Yes 5: 17: 5
E. S. 48 ’ 5 3 5 2 No 6: 5: 8
C. D. 48 | 3 3 3 2 Yes 6: 12: -
CeDe 47 : 2 2 3 - NO 5 15: 5
W, McK. 47 ‘ 1 2 3 - No 5: 19: b
Jz S. 46 | 5 5 6 1 Yes 6: 1l: 5
1 2 3 3 1l No 6: 1: 5

B. MeDe. 46 ] . :
J. B. 4 , 3 4 4 2 Yes 6: 1l: 3
A. M. 43 | 6 3 4 4 Yes 6: 1: -
R. X. 43 % 3 2 2 3 No 6: 1l: 5
J. S. 40 | 3 2 3z 2 No 6: 1l: =
' 2 2 - No 5: 16: =~

Jo Ko 38 ! Nil : .

R. O. 36 | 4 2 2 4 No 6: 13

1 | 2 2 5 No 6: 13:

T. Be 34 ’ 5 6: 12.

3 2 2 3 No : :

J. 0. 33 P o1es

T 2 5 1 No 5: 18:

Ro M. 58 . 3 - Yes 5: 15:

| 2e. W. B. .58 3 5 1 s - R R A

Averages: 3.7 - - [ L
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Age
in
Vears

;

i

ervice
in
Years

Age
at

Entry

e e e —— o - e e e

Hature of Previous Lmployment
in Chronological Order.

T

64

58

57

57

57

57

57

56

i
H

1
'
¢
$

27

(=]
W=

14

26

24

37

48

50

31

51

50

32

{
!

]

]
!

*

Platers' mate 3 years; ilerchant Navy 9 years:
boiler fireman 5 years; Ammy 4 yoears; Highways
Department 2 years; Sewerman since 1923,

Farm worker 2 years; carpet factory labourcr
1 year; Regular Army 13 years; steel-works
labourer 9 months; Highwsys Department
labourer 19 years; sewerman since 1940.

Telegraph messenger 2 years; platers! mate in
shipyard 25 vears; paviour's labourer -
Highways Department - 4 years; sewerman since
1937.

. 1
Lanarkshire miner 13 years; Awmy 15 vears;
Highways Department labourcr 22 years;
sewerman sincs 1943,

Lrrand boy 2 years; farm labourer 6 years:
Highways Department labourer 10 years;
sewerman since 1924,

Uiner 20 years (Lsnarkshire and Stirlingshire)
(Brusher 6 ysars); paviour's labourer, Highways
Departmznt 18 years; sewerman siace 1944,

Farm labourer 13 yerrs: building tredes labourcr
8 years; Highways Departmcnt labourer 14 years:
Sewerman since 1942.

arrand boy 2 years; apprentice machineman in

sawmill 3. vears; sawnill labourcr 2

Army 3 years: unemployed 6 months:
labourzr 2 vears; unemployed 1 yoar;
Department labourer 2 yeers; winchmen in

Sewerage Section 1% years; severnan since 1925,

I EALEC]
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Age
ia

Years

tService
v in
Years

Table ifo. 5 (Contd,)

Hature of Previous imployment

10

il

12

13

14

56

53

53

53

52

52

52

4

12

18

15

22

44"

47

41

34

37

30

i

Left school at 10 years in Ireland; fam
labourer 6 years; blacksmith's strikcr 2 years;
building trades labourer 23 vears; knployed
1 year; Hishways Department labourcr 9 years:
sewerman siice 1946,

Faym labourer 16 vears; grave digger 6 monbths:
labourer on railways 6 months; labourecr in
shipyards 3 years; Public works contractor's
labourer .5 years; Highways Jepartmsnt
laboursr 7 years; sewerman since 1941.

Miner in Lanarkshire 14 vears (brushing and
drawing); Ierchant navy 1 year; labourcr in
UsSaa», in cotton printing works 2 years;
labourer in railway (w~ru_qrushing and red-
leading) 2 years; labourer in Highways Dept.
6 years; sewerman since 1943.

Catch~boy wit riveter's squad in shipyards
4 years; Army 1915-1920 (wounds right forcarm
and back); unemployed for about 1 ycar;
apprentice riveter in shipyards 5 vcars,
Eighways Department labourer 11 years
sowerman sincc 1938.

Labourer in tuhe faoctory 6 years; Army 2
years; laboursr in tube factory 5 years;
casual labouring during next 7 vears with
periods of uncmployment; sewerman sincs 1932.

Left school at 14 vears; grocer's assistant

6 years; builders' labourer 5 years; labourcr
to public works contractor 5 years; labourcr
in Highways Department 8 vears; sewerman

since 1935,

: ) 4
Barman 5 years; Awmy 23 years; barman 3 years;

Highwavs Department labourcr 7 ycars:
scwerman silice 1928.




Table lio. 5 (Contd.)

Age {Service i Age
Ho. in in at Nature of Previous mployment
Years i Years | intry :

A 4
16 52 : 11 41 ¢ xrrand boy 1 year; shipyard labourer 3 years; :
Army 5 years; cement worker 3 years;
electrician's labourcr 2 yoars; Parks Departmont |
labourer 6 months; unemployed 1 year; Highways
Department labourer 13 years; sewerman since
193¢2.

17 52 4% 48 | Left school at 16 years; shoemaker 1 year;
engine~ cleaner on rajlway 1 ycar; Army 4 yvears:
labourer on railway 6 months; ovensman in bakory:
1 year; claymill worker in pottery 6 years;
unemployed for 5 years apart from occasicnal
casual work; Highways Department labourer
9 yvears; sewerman since 1945,

is 51 27 24 | Butcher's boy and butcher 6 years; Army 25 years;
unemployed 9 months; sewerman since 1922.

19 51 43 47 | Uiner in Lanarkshire and Northumberland 18 years:
(brusher, drawer and coal-getter); “ram-driver
10 years; labourer in forge 6 years; sewernan
since 1945,

20 51 14 37 | Messenger in printing works 6 years; buillders'
lsbourer 7 ycars; Highways Department labourc
1 year; sewerman since 1936.

21 50 5 45 | Agricultural worker 4 years; Armmy 2 years;
railway worker 25 years (engine cleaner,

- fireman and driver); Highways Department
labourer 1 year; sewermen sincc 1945.

22 50 28 22 { Iron-works machine-boy 3 years; Army 4 years;
unemployud 13 years; sewerman slace 1922. !

23 50 27 23 | Apprentice tool-maker 1 year; carter 3 years;
*- a

Army 2 years; uncmployed 1y years; labourcr

in Hizhweys Department 1., years; sewerman

sinee 192Z.

16 34 | Pit-head boy (picking) 3 years; miner 1 year;
Ammy 1 vear: niner (drawer) 7 ycars; builders'
labourer 3 vears; uncuployed apart from casual
work 3 yeors; sewerman since 1932.
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25

26

27

28

29

30

31

32

spe  Pervice

in

{
3

in

Years | Years

<t e e

49

48

48

47

47

46

46

44

e e e

7

15

21

11

10

Age
at
=atry

33

46

28

37

35

36

39

Table Ho. 5 (Contd.).

Hature of Previous Implovment

Apprentice cngincer 3 years; Air Force 5 years;
unemployed 7 years; builldsrs' labourer 10
years; Highways Departuent 1 year; Amy
2 years; Highways Departmont lahourer 1 year:
sewerman since 1943.

Maintenance labourcr in factory 5 years;
Highways Departmsnt labourer 14 vears;
sewerman since 1935,

Rivet-heater in shipyards 2 years; labourer
in brick-field 3 years; general labourer
20 years; steel~ works labourer 1 ysar;
Army 4 years; Highways Department labourer
2 years; sewerman since 1948.

Brrand boy 6 months; barman 4 yvears; sewerman
since 1921 (winchman 7 years).

Butchers' assistant 9 years; Highways Uepart-
ment lsbouter 2 years; sewerman since 1939
apart from 4 years in Army.

Zrrand boy 6 months; rivet heater 4 years:
builders*® labourer 17 years; sewerman
since 1989.

Bakers' vanman 4 years; Public works Contract.
or's labourer 18 years (tunnel driving, etc.);
sewermnan‘'since 1940.

Lrrand boy 4 years; oncost haulage worker in

pits 5 years; clay-digger in brick works
5%'years; unemployed for 2 years apart from
occasional casual work; Highways Department
labourer 6 years; R.A.Fs 6 years;

sewerman since 1945.

. Quarry lugger 6 vears; unemployed 7 years;

laboursr in odd jobs 3 years; labourer in
Highways Department 3 years; Army 5 years;
Highways Department 1 year; sewerman 4 ycars.




Tableg iica 5 (Con

<t
ol
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~
N

: i

i

. j . . . !
n ' oat Ffature of Previous smployment i
‘ears i Years antr {
;

i

43 5 38 Barman 8 years; aunitions worker 2 years;
unemployed 1 year; baman 8 ycars;
ammunition worker 3 years; fire-tender |
crash~driver at aerodrome 4 years;
sewerman since 1944,

0

40 9 40. Apprentice engineer 3 years; Regular army
8 vears; sewerman since 1935 apnart from 6
vears in Army during recent ‘iar.

38 7 - 31 Lrrand boy 2 years; railway worker (engine
cleaner) 3 years; uneaployed 35 years;
labourer in Highways Department 6 vesrs;
sewerman since 1940 apart from 3 years in
Royal Navy.

36 8 28 Riveter's mate in shipyards 6 months; van-boy

1 year; unemployed 2 years; machine cpcrator
in bakery 9 years; labourer in Highways
Department € months; sewerman since 1942.

34 5 29 | Lrrand boy 6 months; labourer. in hat factory
2 vears; builders' labourcr 5 years; stoker
in Navy and kerchant Navy 7 ysers; sewsrmon
since 1944.

33 4 29 Van-boy 3 years; ven driver 4 yvears; dumnper
driver in public works 4 years; R.\4.F. 4
years; sewerman since 1946.

47 4 43 Tram conductor 1 year; hide porter 13 years;
‘Royal Navy 3 years; furnacemaen in chemical
works 3 years; policeman 2% vears; furnace-
man in chemical works 4 years; trawler
fireman 2 years: furnaceman in chemical works
2 years; public works labourer 5 years;
Army 5 years; Llabourcr in ‘dectriszity  Depart-
mont 2 months; labourer in Highways Depart-
mens 68 months; sswerman 1946 to dato.
38 2/12 38 | Lrrand bov 2 woars: onoulder's hoiv.r
© unewmploved b voar: lsboursr iln Hig
Department 4% yoearsy soWeriisd ginet

TR,
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13
4
i
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13
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Table .ios 5 {1

i P o T ; .
Polge  Servies | Age
i i . . . .

No. ; in . in | at vaturs of Previous —mplomment
+ Years . Years . satry

e e A UV
‘ !

2 | 56 1 15 41 . jLeft school at 14 vears; ainer 9 vcars;

dyke builder and agricultural draincr 1 ycar;
agricultural worker 9 years; refuse carrier
(night shift), Cleansing Department 1929-1934;
lahourer Highways Department 1934-35;

sewerman since 1935,

Table No. 8.

GLASGOW SLICRVEN

GROUPING AGCORDING TO LunGTH OF SuRVICE,

Years of Number of Percentage
Service ‘Sewermen Distribution
Under 5 8 19.05
=10 ‘ 15 37.71 !
~15 7 16.67
~20 4 9.52
-25 3 7.14
; 25 5 11.91
é and over e
Total in all 42 100.00
i Groups:

7
Ve - s ey



Table o, 7.

UANPLLS FROM oIGHT GLASCON bl RS,
Dry | et [Relative |Kata 1. .. Air | Effective | Surface
Siﬁer Bulb | Bulb Humidity | 't C;°11“g Movement | Temp. Temp.
BRI B O s N % Secs. | *9"°T | mt, Atin. °F. °F.
1 e | 6 80 40 | 11.6 90 62 54
6L | 57.5| 82 32 14.8 148 56 54
2 63 | 57 69 35 19 280 54.5 48
3 68 | 63 78 35 13.5 140 63 38
4 ;62 | 58 79 46 10 54 59 44
5 | 68 | 55 83 58 8 15 57 34
6 65 | 62 85 . 36 13 110 61 0
7 66 | 57 58 a7 9.8 45 62 587
8 61 | 58 84 32 14,5 130 56 50
Table No. 8.
ENVIRONWENTAL CONDITIONS I SEWERS.
SWER No. 2.
VARTATIONS AT 15-MINUTE INTERVALS OVER PERIOD OF Ti0 HOURS.
' Dry | Wet| Relative | Kata | . . Air Effective [Surface
Inter-iph | Bulb | Hunid ity | % 00ling | 11 ovement Temp . Temp .
val {op, | op | % Secs. | FOWeT |y, Aiin, OF. oF,
Start | 63 |57 69 25 19 280 54.5 48
1 63 |53 51 35 13 110 58
2 59 |54.5 75 38 12 85 56
3 55 |53 82 31 15 106 51 g
4 67 |58 58 33 14 150 | al !
5 65 ! 62 85 58 8 25 ! 63 i
6 75 | 63 58 65 7.25 25 68.5 |
7 67 |57 54 47 10 60 63 %
Finish| 60 |56 75 42 11 55 58 i
A | —




Tablzs No. D

ATHOSPHLRIC CONJITIONS

11 SiL RS

CHAIICAL ANALYSZS TN GLASGO. SuiiRS.

Carhon Carbon Benzene and
Sewser Wo. Monoxide Dioxide Cther Aromatic
Hydrocarbons.
Parts per Million |Parts per 10,000 |Parts per Million
1 19 9.1 Present
12 8 Not done
3 69 doe. "
13 15 ., doa ;
25 13.6 do.
2 14 15.8 il - Hydrogen
sulphide present.
3 19 10.5 333433
20 . 8.4 500
5 Wil 103 Not done
il 151 do.
Sample of Air . ;
(Boden Street) Nil 4.2 Nil
Sample of Air
Not d
(Glasgow Cross) 12 45 0t done
Table No. 10.
SICKNESS ABSENCE =~ GLASGOW SEWSRMEN,
OCTOBER 1945 TO OCTOBER 1950.
. Nos of Noe. of Absence !
' Disease Group Cases Periods of in i
Involved Illness eeks i
1
Accidents 1 1 3 :
Alimentary Tract 8 8 115 ;
Genito-Urinary System 2 3 18 ;
Infectious Discases - §
(a) Leptospiresis 5 5 90 i
(b) Znfsctious Parctitis 1 1 9 |
¢ Hervous Disorders 2 2 70 :
| Respiratory Diseases 6 7 24 ;
| Rheumatic Conditions 16 17 99 |
| Skin Discasos 5 U AU, SRS AS—
‘ 411 Groups 44 47p 445 |
i ’ )

P

See note at Table 12.



Table Ho. 11.
SICKNQSS ABSLCL -~ GLASGOW SI¥piReTyy.

41str1bqt10n of HLickness Periods

according to Leaw th of *buoncb
1945 - 1950,

- . T T -
Length of Period o i ' o 1
in heecks i 2 ‘ 3| 4 5 }‘.10 -20 i_4o -60 |.g80 ! Total |
Numher of { i ’ %
Periods 4 | 5 : 14 1 ‘ 1515 2 {1 11 a7
i ki i
Table No. 12.
SICKNESS ABSENCE - GLASGOW SEVERMIN.
Annual Distribution cf Disease Groups
October 1945 to October 1950.
1945 1946 1947 1948 1949 ! 1950
Disease Group Oct-Dec.. L . §§9700t._
Per !Cas; PerCas | Per {Cas ! Per,Cas Parl Cas ¢ Per! Cas |
T ; : R R A R T
Accidonts R S e e B B R R
Alipentery Trect A 3L 4 -y -] 23 § 2 156, 3 33 E 3
Genito-Urinary - . .- 107 20 - 1 - —% -1 8 5 1
Levtospirosis (10 |2 57§ 3 155 1) 1 E 1 -1 - -1 -
Other Intcctions Poe ) -1 - 91 1! - 1= - AN - {-
Nervous Systen R S 30:1 i g - i - 9 : 113 § 1
Resovrq+orv System ¢ - | - 712 ; ;6 i 2 512 | - P
Rheumatic lisorders : 3 |1 ! - - 2 12 12 |24 5 127 4
' _Skin Diseases S 3% 1 ! i ARSI NI B
- * Y T T ¥ :
Total 122 ¢33 {1008 ! 45 18 196 ;12 199§ 9
: 1 Y 1 R SO ST
Total for Period Oct. 1945 ~ Oct. 19505~ L Periods «.. 445d
U, Of Cases see.- 57 e
ile3. Per =.Period of
Sas = ‘mmber of
?The disecrepancy butwecn Tablus Hos. 10 and 12 in ths tohtal number

of cases of ahs.ice
faving & continuous absence extending

next is

inecludcd

is

in the botal for cach year.

accounted for by the fact that a sswerman
from one year lato the



Teble iio. 13.

SICKILGS ABSLWCE - GLASGOW SilcRMIN.

Percentage Loss of Time and Percentage lumber of Cases

due

to Disease Groups.

1945 - 1950.

. Percentage of Percentage of
Diseawe Group Total Absence Total ?‘;ises
Accidents 0.7 2.3
Al imentary Tract Disorders 25,8 18.2
Genito-Urinary System 4.0 4.5
Infectious Diseases -
(2) Leptospirosis 20.2 11.4
(b) Infectious Parotitis 2.1 2.3
Nervous Disorders 15.7 4.6
Respiratory Diseases 5.4 13.6
Rheumatic Conditions 2243 3643
Skin Diseases 3.8 6.8
A1l Groups 100.0 100.0

Table No. 14.

KNOWN CAUSES OF DRATH IN GLASGCW SEWLRMEN,

1935 - 1950,

i Total

Cause of Death No. of Deaths
Leptospirosis 8
Gassing Accidents 2
Cancer of Bowel 2
Tuberculosis (Pulmonary) 2
Heart Conditions 3
Lobar Pneumonia 1
Perforation of Peptic Ulecer | 1

i 19
I




Tabls o, 15.

OCCUPATIONAL LMCINNGS OF LUPTOSPIRLL INF. TI0.%.

Percentage Distribution of Casc

“iners 29 '13.8 6 - 17.4
Sewer ‘lorkers 19.5 8.5 11 10.6 19.5 |
Fish Liorkers 19.5 6845 77 8.0 13.0
Farm “iorkers 4 - 12 5.0 %
Scavengers 3 - - 8.0 - !
Butchers 3 ~ - - 19.56 j
Canal workcrs 1 - 11 14.0 - i
Brewery workers 1 - - - ;
Piggery workers 1 - - - - :
Other Occupations 15 12.7 11 16.0 15.4
lion~occupational - - - 9.4 2.2 .
Bathing or Accidental i
Tmmersion 4 Be5 7 22.0 13.0 |
services 5 - - 29 - - !
Sourece Unknown - - 7 7.0 - f
Total iumber Of o B R ==
Cases in Series 29 246 195 73 46 !
Case Fatality Rate i
per cent. i 313 - - - 13.0
. . Nemite England . - - :
Place of Survey i “ngland Sootlond L Services U,S.A. Glasgow é
USRI |
Years 1919-1935 11933-1939 §1940-1946 19C5-1940 | 1926-1949 3
: . Davidson : 3 & Public "}
Investigators 7arious| 3 Snith | Alebon | Somyer Reoords |

N.B.

overseas with leptospirosis.

Services cases included patients invalided from



INCIDZNCE OF

Table No. 16.

LLPTOSPIROSIE IN GLASGOR

Hotified Cases: 1926 - 1949,

Source of Infection No. of Percentace
(Occupational unless otherwise stated.) | Cases of total
Sewermen 9 19.5
weat lLarket Imployees 9 19.5
iiners 8 17.4
Fish llarket ‘orkers . 6 13.0
Apprentice Iron YWorker 1 2.2
Lpprentice Glass Worker 1 2.2
Asphalt Worker 1 2.2
Bricklayer's labourer 1 2.2
Plumber 1 2.2
Tannery viorker . 1 2.2
Paper 1iill iachinist 1 "2.2
Seamen ‘ 2 4ed
Bathing in infected Water 4 8.6
tlale at Holiday Camp who

ate contaminated bread 1 2.2
Total No. of Cases: 46 100.0




Table No. _g;’/_'.

IEPTOSPIROSIS 1IN GLASGOW.
Age-Distribution of 46 Notified Cases (1928 - 1949).

Age Group in Years M les Fema les

Under 15
- 20

- 25

- 30

- 35

- 40

- 45

- 50

- 55

- 60
60

and over

H QAR NN
[}

-
'S
N

All Ages

:J._'..;ble No. 18-
INCIDENCE OF LEPTOSPIROSIS IN GLASGOW.
Seasonal Distribution of 45 Cases (1925 - 1949).

Mouth  leeoe-- Wamber of Cases Total
Males i TFemales Three -Months
January 5 ] -
February 1 i - 8
Varch 2 i -
April 1 H 1
June 3 i -
July 6 E -
August 5 ! .= 21
September 9 i 1
October 2 : -
November 5 ' 8
December 1 !
Total “ 2 46
1




Table No. 1¢.

Cases of Leptospirel Infection ir Sewermen.

Symptoms :"’é
of et
Ser ® n:.::s Hi] s -
- N oure ~4
No. |Year |Month | Age |vice | iinie . A $ Duration
e Pior 3 o Jaundice Heemorrhage &0 Deaths
Years (T iibtc Infection 2 5 of
'g :§ RN H o Incapacity
£ & 2
1 |1910 | - 36 3 x Ix}x}) -
- - x - 10
. - ' - 52
Al I R A B B L R : : 12
s 1931 | - | so| o |- ilixi- N x X Epistaxis - - (?)
- - - x - - »
5 |1931 ] - 51 22 |- l-lxix - X Yo 0 - - §?)
6 |1935 | - 4] 10 |-i-tovl - x . N - - 5?12
7 {1936 |Sept. | 60| (2 i1 x! - ' _ ' 12
T o|i%ss Seg:‘ 8 ( }1 x| 5 xx - x x - Died at home 7 days' 1llness
5 11057 | sare. 511 (2) * L%y X x x 6th Epistaxis 5th - | Died in hospital |11 days' illness
10 | 1937 Oc{;. 56 : - :_: i - - x 4th Haematemesis 5th - | Died at home 11 days' illness
"l Bl W - - x x - | Died at home
11 | 1939 | May 397 10 ixé xg - {Royal Cres. x 4th Epistaxis 5th &
e 3 Haematemesis - 4
ig 1.929 July 37 4 - Exs xE - |Major Street - x 3rd - - - 7 weél]cf
939 | July 42 5 - X% x; - {Major Street - x 3rd - - - 5 ks
14 |1939 | - 60 - -8y - - - x Died at ho e
- - me
iz 1939 |Aug. 45 8 x ExE xs - {Major Street - x 5th - - - 4/12
1 %g:zz? t: .0 1;1 XXXy % Cathedral St. x - - x - 3/12
1% 11045 |3 1- 51 R R Nl Barrowfield St.| - x - - - 3/12
uly 3 -amam- Watson Street x x - - -
R S T NS N B : - | i 4 em
20 | 1943 | 2o . 21 x {xix{ - St. Enoch Sq. - x 3rd Epistaxis 5th - - 4/12
21 (1o segt o X Axixix Cromwell St.(?) | x No - - 4%/12
. X =1 X3 X - x x . - -
gi igig gzz. :g 23 x sx E xi x {Allison St. x x x - 6/?,:
26 | 1945 Nov' 51 1% ; O Stegg Street - - - - - 6/12
. i X K- ﬁ‘.ila.clicburn St., - x 4th - - - 1°/12
Vol nning Park
26 |1946 | Feb. 40 P/12 x ixlx!x & x 3
27 {1946 |Aug. 35| 4 - == - - - z Nf ~ | pted at &
28 {1948 |Oct. 45| 10 x ix} x| x [Heron Street . e
X1 Xy n Stree - x 5th Haematemesis x | Died 7 days after
] ] t

onset

in hospital

*and abdominal pains; 7{ constipated.




Table No. 20.

LEPTOSPIROSIS IN GLASGON SEWERMEN.

Monthly and Yearly Distribution of Cases: 1910 - 1950.

Month No. of Cases Year No. of Cases
January - 1910 1
February 1 1927 2
March 2 1831 2
April - 1925 2
Wy 2 1937 3
June - 1939 5
July 3 1942 2
August 2 1943 3
September 4 1944 3
October 8 1945 2
November 3 1946 2
Decenber - 1948 1
Unknown 5

Total 28 Total 28

Teble No. 21.

LEPTOSPIROSIS IN GILASGON SEWERMEN, 1910 - 1949.

Incidence according to Length of Service.

Length Number Number with
of Service of Men History of Percentage
in Years in Group Leptospirosis
Under 1C 23 6 21.7
20 13 5 38.5
20
All groups 45 14 30.4




Table No. 22.

{EPTOSPIROSIS IN GIASGON SEWERMEN.

Results of Serum-Agglutination Test
(Schuffner Test).

Case Initlals Ago Interval since

No. in Infection Titre

Years in Years

5 | C.MD. ! 56 25 1/100
11 G. M. 50 11 1/300
12 E. S. 48 11 - 1/300
13 Ge MeG.. 53 : 11 1/100
16 P. B. 49 8 1/100
17 Ww. L. 59 8 1/100
18 A. McK. 58 7 1/30
20 J. B. 49 7 1/100
21 "~ J. 8. 41 6 1/300
22 J. F. 52 6 1/100
23 ’J. McC. 52 's 1/100
24 N. H. 53 5 1/100
25 T. We 56 5 1/300
26 Je He 44 _ 4 | 1/300




_‘i_[‘&p}e No, 23.

CONTROL GROUP - SOME SOCIAL FACTORS

Assistant

i

}
i
i

o e

.

Size of | Size of
Age Fami ly House | Bath in Wages
No. in Worlke Departmen in (Apart-; House
Years House ments) £ 8. d.
1. 66 | Watchman Housing Single 3 Yes 4: 16: -
2. 65 | Watchman | Housing Widower 1 No 4; 16: =
3. 63 | Watchman | Housing Married 1 No 4; 165 =
4, 62 | Watchman Housing | M. 4 3 3 Yes 4; 163 -
5. 62 | Watchman Housing Married | 1 No 4: 16: =
6. 60 | Sweeper Cleansing | Married . 2 No 4; 163 -
7. 60 | Cement Gas Married 3 Yeos 4; 19; =
Worker
8. 59 | Watchman Housing Married” 3 Yes 4y 16 =
9. 59 | Watchman . Housing Married 1 No 5§ mt =
10. 59 | Sweeper . Cleansing| Married 2 No 5: -t -
11. 58 | Watchman . Housing Widower 1 No 4; 16: =~
12, 58 | Watchman | Housing Married 2 No 43 16: =
13, 58 | Wash~house ‘ Baths Widower 3 Yes 5; 2:
Attendant i
14, 56 | Joiner . Gas Married 3. Yes
15, 56 { Watchman Housing Married 1 No 4: 16: -
16, 56 | Sweeper Cleansing ! M, ¢ 9 4 Yes 5: =t =
17. 55 | Sweeper i Cleansing { Married 1 No 55 -: =
18, 53 | Sweeper | Cleansing ! M. ¢ 3 2 No 5¢ mt -
19. 52 | Labourer Highways M. 41 3 Yes 4: 16: =
20, 52 Sweeper Cleansing | M. 4 4 2 No 5 wi =~
21, 62 | Watchman | Housing Widower 1 No 4; 16: -
22, 50 | Refuse Cleansing { M, 4 1 2 No 6: =: =
Carrier
23. 49 | Sweeper Cleansing { Single 3 Yes 5 ai -
24, 49 | Refuse Cleaning M. 4 6 1 No 6s 10: =
Carrier
25, 48 | Clerk Water M, £ 3 2 No 5 =t =
26. 48 |} Gas- Gas M, 4+ 4 1 No 4; 19: -
fitter's
Mate
27, 48 { Rat-catcherj Health Single 4 Yes 6: 10: «
28. 45 | Sweeper Cleaning | M. & 2 1 No 4: 16: -
29, 45 | Attendant Halls M, + 3 38 Yes 5: 4: .
30, 45 | Attendant Halls Single 2 Yes 5 8: -
31, 45 | Painter Health M, + 2 3 Yes
32, 45 { Labourer Highways M, + 2 3 No 4: 5: =
33. 44 | Labourer Housing Married 1 Yes 6: 15: -
34, 44 | Slater Housing Married 3 Yos
35, 44 | Labourer Gas M. 4+ 3 1 No 6: 10: =
36. 44 | Remand Home| Children'si M. 5 2 3 Yes 6: 13, _




Table No. 23 (Contd.)
Age Size of | Size of Tt
5 Famil, House ! Bath in Wages
No., v ;n Work Department in 7 (Apart-} House g
€axrs House { ments) £ s. d.
37. 4% | Cleaner Marketbs Single 4 Yes 5: 2: =~
38. 43 | Watchman Highways M, ¢ 2 2. No 4: 16: -~
39. 42 | Gas Fitter Gas Married 1 No 6: 6: =~
40. 42 | Watchman ' Higlmays | Single 2 No 4: 163 =
41, 41 | Labourer { Sewage M. 4 3 1 No 5: 14: -
42, 41 { Compositor { Printing M. 4 2 2 No
43. 41 | Plumber Gas M, 43 3 Yes 6: 12: =
44, 41 | Driver Cleansing { M. 4 2 2 No 53 10: =~
45, 40 | Meter Tester! Gas M, 4 4 3 Yes 5: 18: =~
46, 39 | Refuse . Cleansing | M, 4 3 3 Yes 6: 14: =~
Carrier '
47, 39 | Labourer i Highways M, 4 2 3 Yes 4: 5:
48, 39 | Compositor | Printing M., 4 2 4 Yes 6: 15: ~
49, 38 | Labourer ! Higlmays | Married 2 No 4y 5; =
50.. 36 Gas-fitter's; Gas Married 1 No 5: 2: =~
Mate i
51. 35 | Labourer | Higlways | M. 4 2 2 No 4: 155 -
52, 35 | Labourer | Sewage M, 1 ¢ 2 No. 5: 2: =
53. 35 | Labourer } Higlways M., 4 2 1 No 4s 15
54, 34 | Labourer ' Highways | M. + 4 1 No 4y 13:
b5, 32 | Plasterer | Housing Married 1 No 6: T: =
56, 33 | Labourer Housing M, 41 2 No 53 10: =
57. 33 | Plumber Gas | Single 4 Yes s 10: =
58, 32 | Remand Home | Children's| M, 4 2 2 No 5: 12: -
- Attendant
59. 31 | Refuse | Cleansing | M., ¢4 3 1 No 6s 18: =~
Carrier '
60. 30 | Labourer Sewage Single 3 Yes 5¢ 2: =
61. 30 { Remand Home | Children'sj M. 4 2 2 No 5; 183
Attendant
62, 29 Labourer Sewage Single 1 No 5: 2: =
63. 29 | Enginser Water Single 4 Yes Te 10 w
64, 29 | Refuse Cleansing 1 M. ¢ 2 2 No 5: 1l: =
Carrier
65, 28 | Sweeper Cleansing { Married 4 Yes 4; 8:
66 . 28 | Labourer Ges M. 4 2 2 No 4: 91 -
87. 28 | Turner Sewage Single 2 No 4; 19: -
68, 27 | Fireman Sewage M. ¢ 1 1 No 5: 15: 4
69. 26 | Labourer i Sewage Single 2 No 53 2:
70. 26 | Timekeeper Highways M, 4 2 3 Yes 6: =t =
71, 26 | Plumber Gas Single 3 Yes 6: 10: -
72 24 | Carter Cleansing t M. 4 2 1 No 5: 1: 6
73 24 | Labourer Higlways M, 4 2 1 No 4: 10 -
!
i




Table No, 23 (Contd.)
Age Size of |Size of
No. in Work Department Fa@ily House |Bath in
Yoars in (Apart- | House
House ments) £ s. d.
74, 23 | Labourer Highways Single 2 No 4: 5: =
75. 23 | Labourer Highways Single 1 No 4s 10: -
76, 23 | Gas~fitter Gas Married 1 No 55 18:s -
7. 22 | Labourer Gas Single 2 No 5; 12: -
78. 22 | Compressor Housing Single 5 Yes 53 121 -
Operator
79. 22 | Plumber Gas M. 4 2 2 No 5: 18: -
80. 22 | Labourer Sewage Single 3 Yes 5¢ 2: =~
81. 21 | Engineer Water Single 4 Yeos 7¢ 10: -~
82. 21 ! Labourer Highways Single 3 Yes 4: 10: =
83, 20 | Libraries Libraries | Single 4 Yes
. Assistant ‘
84, 20 | Libraries Libraries | Single 4 Yes
Assistant
85. 20 | Apprentice Health Single 4 Yes
Sanitary
Inspector
86, 19 | Clerk Office Single 4 Yes
87. 18 | Libraries Libraries | Single 4 Yes
Assgistant
88, 18 | Assistant Libraries |Single 4 Yes
Librarian
89. 16 | Clerk Office Single 3 Yes
90, 16 |Clerk Markets Single 3 Yes
91. 44 | Labourer Highways M. 43 2 No 4; 10: =
92, 40 | Labourer Highways M. ¢ 6 4 Yeos 4s 14s =

&




Table No, 24.
GENERAL EXAMINATION OF SEWERMEN

case | 280 | Service| Height ] Weight Chest Measurement
Yo. in in in in Expiration | Inspiration
Years Years Inches | Pounds in Inches in Inches
1, 64 27 60 126 33,6 36
2. 58 9.5 65 153 34 37
3. 57 14 62.5 130 34.5 36
4, 57 7 63.5 139 33,5 35.6
5. 57 26 66 154 37 38.5
6. 57 6 64 143 35.5 38
7. 57 7 67 138 34 36
8. 56 24 62 154 36 38
9. 56 4 67 .25 172 38 41
10. 53 9 67 189 40 42
11. 53 6 63.5 131 36 38.5
12, 53 12 64 152 34 36
13. 52 18 67.5 155 35 37
14, 52 15 66.5 118 32 34
15. 52 22 62.5 142 37 39
16. 52 11 64 134 33 35
17. 52 4.5 63.5 160 34,5 36 .5
18. 51 27 65 .5 128 - 32,5 34
19. 51 4.5 65.75 | 132 33 35
20. 51 14 64 154 36 38
21. 50 5 69.5 208 42 46
22. 50 28 65.5 138 33 36
23. 50 27 62 168 36,5 38
24, 49 16 65.5 152 39 41
25. 49 7 66 143 33 35
26, 48 15 61 128 33 35
27, 48 2 66 123 32 35
28, 46 21 62.5 142 35 37
29, 46 10 64.5 140 35 37
30. 46 11 65 147 36 38
31. 46 § 10 62 140 33 35
32. 44 | 4.5 65.5 151 34 36
33. 43 3 65 154 36 38
34, 43 5 63 132 35 37
35, 40 15 64.5 147 36 38
36. 39 7 68 176 38 40
37. 36 8 62 .5 147 35.5 37.5
38, 34 5 62 126 32 34
39. 33 4 69 180 36.5 39,5
40, 47 4 68 165 36 38
41. 37 2/52 68 156 36 38
42 . 56 15 69 152 35 39.5
Means 64.8 148 34,90 37 .32




Table No. 25.

. e 8 e i

MEAN VALUES OF GENERAL EXAMINATION RESULTS.

SEWERMEN AND CONTROL GROUP.

IS hoooMoan  Velues .
Ago Group | in | Feleht Welght | Ghest Girounforonco in Inchos
! Group i i“d N L A U
Years _L ches | rounds | Expiration|Inspiration | Difference
———— e e , — B b e r - -+
: E (a) Sewsrmen | E s
! ! T ! t '
Over 60 | 1 | 60 f 125 | 33.5 ! 36 ' 2.5
50 - 60 | 23 ‘ 65.01L ; 150 ' 34,87 ! 37.5 : 2.63
40 - 50 l 13 64.5 ., 143.4 i 34,85 ! 36.92 ! 2.07
30 - 40 ' 5 3 65.9 . 157 i 35.6 | 37.8 | 2.2 |
T - T
! Mean Values i ! i ! E
! for all Ages: i 64.8 148 : 34.90 ! 37.32 | 2.42
R i —
! ' (b) Control Group ! !
' ! ) ' 1
Over 60 7 1 65 144.7 | 34.86 | 37 L 2.4
50 - 60 | 15 1 64.36 | 141.63 34.2 ) 36.47 | 2.27
40 - 50 1 25 . 65.04) 131.72 33.02 }  35.36 | 2.34
30-40 | 16 1 65.25 141.44 | 33.84 1 B6.8 2.96
20 -30 1 24 1 65.9 | 136.33 32.7 1 35.7 4 3.0 ,
Under 20 | 5 | 67.6 1 130.2 | 32.7 1 35.6 1 2.9
Mean Values ' B ' 1 '
3 1 1 ! ]
for Ages over ' ] | 1 '
30 years: ; 64.95 | 138 1 33.71 1 36.17 i 2.45
: ] i i .
{ ot v !
Mean Values \ 1 !
for all Ages: I 65.32 | 137.12 |  33.39 i 36.01 | 2.62




Table No. 26.

RESULTS OF EXAMINATIONS OF CARDIOVASCUIAR SYSTENS.
GLASCON SEWERIER.

1 Y
Ao |Sorvice| WALV | Plood Froesure Tororcis Tolerance
No.| in in Heart ystol.tDiastol.| = Test Arteries
Years ! Years mms . Hg . 1 mms «Hg .« gt
; Sounds : Secs. | Breathless
1 64 | 27 3 180 | 110 90 | Yes Arteriosclerotic
2| 58 | 9% 2 180 | 110 60 | Yes do.
3| 571 14 1 160 { 100 | 70| Yes do. |
4 87 i 7 1 140 90 70 } Yes do. ]
51 57 | 26 2 150 1 . 90 ? | Yes do. |
6 { 57 i 6 3 150 | 90 50 | Slightly - i
7| 57 ! 7 0 150 | 80 20 1 Wil -

8 56 24 1 130 | 80 65 1 Yes -
9| s6 4 0 1“5 | 90 | 35! - - 5

10! 53 9 0 150 90 25 | - -

1 | 53 6 1 140 90 30 1 - -

12 | 53 12 3 140 | 75 1201 Markedly -

13 | s2 18 0 150 1 80 50 | Slightly Slichtly

' ! arteriosclerotic

14 | 52 15 2 130 1 80 3 1 - -

15 | 52 22 3 150 ! 90 40 1 Slightly -

16 | 52 11 0 120 1 70 30 1 - -

17 | 52 + 0 140 ! 80 30 1 - -

18 | 51 27 3 140 1 90 80 | Marked -

19 | 51 | | o0 130 ' 80 | 30 1 - -

20, 511 14 3 200 | 125 55 | Slightly Arteriosclerotic

21 | 50 5 0 140 1 90 65 | Marked -

22 ! 50 28 2 120 | 80 | 40 ! Slightly -

23 50 27 4 180 ! 110 65 1 Yes Arteriosclerotic

24 | 50 16 1 130 ! 70 60 | Slightly -

25 , 49 7 0 140 ! 75 30 1 - -

26 | 48 15 0 150 | 90 20 1 - Early arterioscl.

27 | 48 2 0 120 ! 60 35 | - -

28 | a7 28 0 140 ! 80 35 1 - -

29 | 47 8 0 130 ! 70 20 ' - -

30 | 46 11 1 120 ! 80 30 1 - -

31 | 45 10 3 120 ! 80 65 ! Marked -

32 | 44 5 0 140 ! 80 20 ' - -
33 | 43 | 3 0 140 ! 90 15! - -

34 (43 5 1 130 ! 75 45 | Slightly -

35 40 9 0 130 | 80 30} - -

36 , 38 7 1 120 ! 80 45 ! Slightly -

37 | 26 8 0 130 ! 90 20 ! - -

38 | 34 5 0 130 ! 75 20 1 - -

39 | 33 1 4 0 120 i 70 20 { - -

.40 47 4 1 150 | 90 50 | Slightly Arteriosclerotic

41 l 38 2/12 0 135 80 30 ! Slightly -

142 56 ' 15 0 130 | 80 3 1 - - |
*Quality of Heart Sounds - Code: Averape for age - O freatly below averapge - 3
v, : §TIzhtly below average - 1 Unsatisfactory - 4

Moderately ,, 5 -2




Table

No. 27.

Exercige Tole rance Test in Sewermen:

Grouping according to Age.

Age Group Number of Men Number of Men ] Total E
showing showing | Number of Men |
! Breathlessness Poor E.T.Te | 4in Group !
foST A T TS e et "‘"r TR T S e b s i S el e - 5 it 0 ot ot e 18 e 11 2 e oo ..“_:,
60 and over 1 1 y 1 1 ;
-60 6 5 3 9
-55 9 : 6 i 15
-50 2 1 | 8
-45 1 0 4
-40 ! 2 0 3
-35 0 0 2
st e e i . e 2 s i . . O e 0 e} - e i, 2
All Age Groups 21 13 42
Table No. 28.
Exercise Tolrance Test in Sewermen:
. Grouping according to Length of Service.
Years Number of Men Number of Men Total
of showing showing Number of Men
Service ‘Breathlessness Poor B.T.T. in Group
25 and over 5 4 5
| =25 2 1 3
-20 ! 2 1 4 |
-15 | 4 4 7
-10 ' 6 3 15
5 and under !L 2 0 8
All Groups 21 13 42
x2 = 12.08



Table No, 29.

BLOOD EXAMINATIONS - SEWERMEN AND CONTROL GROUP

Sewermen Control Group
Case | [THaemoglobin 1 ;.4 cells C§S° JJeemoglobin, | Rea Cells
No. {in ems.! Haldane| in Millions ° |'in gms. | Haldane | in Millions
A E %4 - per c.mm. % E % per c.mm.
¥ T
1, 11.4 ! 77 3.9 2, 11.8 ! 80 3.9
! , 5, 12,6 ! 8 4,1
2. 12.4 ! 84 4,1 6. 1.2 | 76 3.9
' 7. { 13.2 ' 89 4,3
3. 100.6 § 72 3.8 8. 14,0 ! 94 4.6
' 9. 13.2 ! 89 4.4
4, 16.8 ; 113 5.2 10. 10.6 | 72 3.7
! 14, 12.2 ! 82 3.8
5. 16,8 ¢ 113 4,0 16, 13.2 ! 89 4,1
! 7. } 12,2 !} 82 4,1
6. | 13.0 | 88 4.1 18, | 12.6 | 8 3.9
7. 11.6 |} 78 3.9 20, ¢ 11,8 | 80 4,1
' 21, | 14.0 ! o4 4.4
8. 17.0 1 115 5.4 22, 13,6 | 92 4.8
! , 23, 14,8 ! 100 5,0
9, 14.8 1 100 4,7 24, 11,6 78 3.8
! 26, 11,8} 80 3.9
10. 16.4 ¢ 111 5.2 28, 12.6 | 85 3.9
! : 29. 15.2 1 103 4,1
11, 13.6 1 92 4,3 30. 14.0 | 94 4.5
H 32, 11.2 | 76 3.9
12, 11.9 80 4.2 33, 9.5 | 64 4,2
i 34, 12.8 | 86 4.2
13, 12.2 1 82 4.1 35, 14,0 i 94 4.6
! 36, 11.0 | 74 3.8
14, 12,4 1 84 3.7 39. 13.0 | 88 4.4
' 41, | 13.4 | 90 4.6
15, 11.2 76 3.9 42, 12.8 86 4,1
! 43, 1 11.2 | 78 3.6
16. 16.6 1 112 5.1 44, 12,2 89 4.6
! 45, | 13.0 1 88 4.2
17. 16.6 1 112 5.0 46, 12,6 1 85 4,2
. ! 47, 12.2 i 82 4,6
18, | 17.2 1 117 5.2 | 48. 1 12,0 t 80 4.4
! 49, | 4.0 i 94 4,0
19. | 15.6 1 105 3.7 50. | 11.8 ¢ 80 4.1
' 51. { 13.0 ‘' 88 4,3
20. | 17.6 1 119 5.4 52. | 13.2 1 89 4.4
! 53. 9.6 1 65 3.7
21, | 14.2 1 96 4.1 54, | 12,4 1 84 3.8 |
- 55. 11.6 ' 78 3.7 1
3 5 o {
% i ; { !




Table No. 29 (Contd,)

Sewermen Control Group
3 Ha i
_.aemoglobin | Red cells _hemoglobin | Red Cells
Case |in gms, ! Haldane | in Millions |l Case |3y gng. iﬂaldane in Millions
No. VA I % per c.mm, No. A i A per c.mm.
. : i
22, 15.0 ! 101 4,2 56, 10.4 ¢ 70 3.9
! _ 57. 12,6 ! 85 3.9
23, 17.0 !} 115 5.3 58. 14.6 | o8 5,2
! 59. 1.4 V77 3.9
24, 14.8 i 100 4,1 60. 11.0 | 74 3.9
; 61, 13.4 90 4,3
25. 16.8 | 113 5.2 62. 13.2 | 89 4.3
H 63. 14.0 | 94 4,1
26, 10.0 { 68 3.3 64, 13.0 ; 88 4,1
i 65. 12.6 1 85 4.1
27. 14.2 i 96 4.6 66. 11.6 | 78 4.1
H 70. 14,0 1 94 4,6
28, 13.8 i 93 4.2 71. 12.8 & 86 4.3
i do72. 1.8 1 79 4,1
29, 10.2 {69 3.6 73, 1.8 1 79 40
i 74, 13,0 | 88 4,2
30. 15.8 1 107 5.1 75, 13.0 88 4.2
: 76. 12,2 1 82 3.8
31, 12.8 1 86 4,3 7. 13.2 ; 89 4.1
' i 79. 14,0 1 94 5.0
32. 15.4 E 104 4,0 80. 11.2 ¢ 76 3.6
H 81, 10.6 &+ 72 3.9
33, | 1%3.6 1+ 92 4.2 82. | 13.0 ; 88 4.2
: 83. 13.6 1 92 4,8
34, 12.8 i 86 4.3 84. 12.8 1 86 4,0
: 85. 14.4 97 5.1
35. 11.0 1 74 3.9 86, | 13.0 E 88 4,1
‘ i 87. 13.6 1 92 4.4
36. 13,0 1 88 3.9 88, 14.0 E 94 4.1
i 89. 11.2 1 76 3.7
37, 13.6 1 92 4,2 90. | 12.2 i 82 3.8
i 91. 9.0 1 6l 3.2
38, 14.4 g 97 4.8 92. 1.4 77 3.9
] 1
39. | 17.0 5 115 5.5 ;
F 13
41. | 0.8 1 72 5.8 ;
i ‘ 3
f ! ; N

B. - Cases 40 and 42 wers off work for six months
- hence their blood results are not included.

at this time and




Table No. 30.

Percentage Distribution of Haemoglobin Levels

Mean, Standard Deviation and Standard Error.

! Married hhles““““““
| Control Gro
| I oo} MeReCo Survey °P
Number of Cases ¢ i 3,406 % 74
Mean Heemoglobin Level ! |
(% Haldane Scale) i 102.1 i 85
Standard Deviation i 8.66 ; 9.07
Standard Error of Mean ,L *0.296 J *2.1
Table No. 31.

. - oo e it

Frequency Distribution of Red Cell Counts:
Sewermen and Control Group.

.

et e p e im0 e

Sewermen

40
95.3

Number of Red Cells Sewormen Control Group !
in Millions per [T T T T "“““"'"": """"""
cubte Mitiineers | Wwber {Percemtar | umber {Fercantags

3.0 = 3.5 1 E 2.5 1 E 1.4

3.5 - 4.0 10 ! 25.0 24 ! 32.4 !

5 5.0 3 ; 7.5 9 5 12.2

500 - 505 11 1 2705 4 1 504 '

4 et e s e et Bt A . - . R . R S . 2 B, e At e 2 et . . .—.E.¢ . . i o st o et it et ot et et E,...M-.__.‘_,_._.__,j
All Groups:- 40 i 100.0 74 ! 100.0 i
Mean ® 8 0 ¢ 5 90008 e 404125 4.1892 3
'

Standard Deviation .. 0.5935 oy 0.3935 !
Standard Error + g
Of MOBN eocecesacccs t 0.939 =0.0457 '
Standard Brror of Difference between Means .esececeses 1 0.1044 ;
e cm ot o o e o o |

-



Table No. 32.

- B T RO w—

Case Results of Blood Examinations in the Weaks between
No. Januvary and November, 1950.
10th 15th 19th 22nd 26th 29th 35%h 45th ..., Weeks
1. 11.4 11.4 11.2 12.0 17.0 12.4 16.0 14.6 .... Hb gms. per cent.
3.9 3.9 3.7 3.9 4.1 4.4 5.1 4.8 ..., r.b.c. millions per cmm.
2nd "13th 26th 29th 33rd 40th Tt -

7. 1 11.6 10.8 10.8 13.0 16.4 14.8
3.9 3.4 3.3 4.1 5.1 4.2

1st 4th 8th 14th 19th 26th 29th 33rd 39th

8+ 1 17.0 15.0 10.4 12.5 12.2 12.4 12.8 16.4 16.0

5.4 4.8 3.7 4.7 4.4 4.5 4.7 5.1 5.2
1st 4th 10th 15th 20th 26th 29th 39th 44th
10. 16.4 16.0 10.2 11.3 11.8 12.3 14.0 14.8 14.8
5.2 5.0 3.5 3.8 5.8 3.9 4.5 5.2 5.2
Ist 10th 14th 20th 2Ath 29th 533rd 39th 45th
11. 13.6 12.8 14.8 12.4 17.2 13.2 18.4 15.8 15.0
l V4.3 3.9 4.5 3.8 5.1 5.0 5.2 5.4 5.2
{7777 T 2nd TT5En 10tn 14th 20tn 24th 20th 35Eh 39th 45th TTTtrtTTTT
13. 17.2 13.3 15.0 13.0 10.8 11.2 11.4 15.4 18.2 15.2
5.2 5.0 4.8 4.8 3.7 3.9 3.9 5.4 5.4 5.1
T 2nd Tith 14th 20th 25th 30ta 40th N !
22. 15.0 13.6 11.6 10.0 12.2 15.5 12.2 ' |

4.2 4.7 3.9 3.5 4.5 5.0 4.8

o " L A D < At 0 it

|
i
i
|

' " T4th 10th 20th 26th 29th 31st 35th 40th
26. | 10.0 9.6 11.2 15.2 12.0 16.4 13.6 13.8
) __B8.58.2 3.8 5.0 3.9 5.2 4.8 4.8
I"" 3rd 10th 14th “19th 24th 29th 33rd 40th
29. ‘ 10.2 12.0 16.0 11.8 15.8 15.0 17.0 14.8
1 3.8 42 5.1 4.3 5.2 5.0 5.4 4.8 L o
1" T2nd “Ath 10th 13th 20th 25th 29th 32nd 35th 40th 45th ;
30. | 15.8 13.2 11.8 17.0 13.8 15.0 13.2 17.0 15.2 15.2 15.0
1 5.1 4.7 4.1 5.5 5.4 4.9 4.1 5.4 5.1 5.1 5.0
TTTATTT8Rd T T6En 15tn 20th 24th 29th 32nd 36th 39th 44th
32. | 15.4 15.8 10.4 14.0 12.0 11.6 15.0 13.2 16.8 11.2
4.0 4.2 3.8 4.5 5.9 4.2 5.0 4.4 5.2 4.4 L
4th 10th 15th 26th 29th 33th 40th 44th '
33. 13.5 10.2 15.0 17.0 13.0 16.4 10.0 9.4 !
4.2 3.5 4.8 5.6 4.0 5.2 3.7 3.2 e
3rd 7th 17th 26th 29th 34th 39th 44th
35. 11.0 10.0 15.8 14.0 11.8 15.4 15.2 15.4
3.9 3.5 5.0 4.2 4.4 5.% %;%,_Q:Q,,,**_,‘,ﬁ,__,_“4,*_____‘___~
ond 10th 16th 23th 29th 34th 39th
41, , 10.6 10.0 15.0 16.2 12.0 156.8 1 .8
| 2.8 3.6 5.2 4.8 4.2 5.4 4.0

N.B. TIn the above Tahle the top line of each set of readings indicates
the number of the week between January and November in which the
examination was made. The figure beneath "weeks" shows the
haemoglobin level in grams per cent., while the lowest figure
indicates the number of red cells in millions per cmm.



Table No.

33

DEFECTS OF LUNGS IN CONTROL GROUP.

. m—— e ke o e

- s

Clinical

Case Age
No. ‘ Examination
oo ofn e e <
2 65 ! Signs of emphysema with
! scattered rhonchi.

4 62 Rhonchi in both bhases.

6 60 | Evidence of emphysema,
clubbing of fingers.

19 52 ! Nil.

84 20 | Pidgeon-chested with
flattening anteriorly
on right sids.

! &
Few rhonchi.

86 19 | Breath sounds harsh;
no adventitiae.

21 52 Scattered rhonchi and

i rales throughout both
lung fields.
Limitation of chest
movement.

11 58 Nil - apart from scars
of gun-~shot wounds
in right chest.

12 ¢ 58 Rales in left lower
zone.

25 | 48 Nil

33 | 44 | Nil.

-

i v i o or . " A PP e M B i 0 S8 ot

in these areas.

Bilateral cyst formation
in both upper quarters.
The appearance is indis-
tinguishable from
bileteral pneumothorax.

There are old united
fractures of the right
4th,5th,6th and 7th ribs.

Cystic changes in left
bage with some
atelsctasis.

Little fibrosis in right
mid zone probably due to
healed primary tuberculosis

Pleural thickening in left
base.

O -

)

!

1

Probably old
{ traumatic

! pneumothorax
i due to gun-
! shot wounds
in first
World War.

X-ray Diagnosis
Findings ®

Chronic bronchitic changes. | Chronic |
! bronchitisi
| Increased vascularity Do. |
i both bases. ;
1 £
{ Chronic bronchitis Do. i
i changes. :
!
1 Increased vascularity. Probably g
! :chronic ;
! !bronchitis. |
! Chronic bronchitic fhronic i
, changes. | bronchitis.
é i
{ !
! Tuberculosis right base P.T.
! controlled by pneumo- }
! peritoneum
s Fibrosis in right upper Bronchi-
! and middle lohes and 1ectasgis.
' in left lower lobe.
| Multiple cystic changes
|
!
i
1

!

Rronchi-
ectasis.




Table No. 54.

INCIDENCE OF CHEST " _CONDITIONS BY AGE GROUPS.

SEWERMEN AND CONTROL “ROUP.

- e o it et

___________________ Age Croups f;?iles
Chest Disease Over 60 ! 50-60 40-50 30-40 | 20-30 | Under 20 g
At S A AT b U Al Miyitiustod HR U
R— DY -t S:iC 830 | 803Ce 18.3C. 18.4 Co @;%_C'
Traune SR R N R A I I O R
Chronic Bronchitis { - | 3 171~ - =i - 1=-11{-- 14, 5
Pulmonary : ! : ! ! : :
Tuberculosis - ] : P : ! ] !
(a) Active -0 1! e R R B I A B 14 2
(b) Quiescent Po- P- 1) - 1 - -1 - - - - - 2 1 -
(c) Healed B I T e B O R O o T [N U B A
Pleurisy (Healed) | - |- | =} = =11 | -} - |-1-/-1- (-11
Bronchiestasis Po=- - -1 A I B P -
Acute Inflammation | - } - - 1) - e I T e 1) -
Total No. of ! ! ! : ' ’ o
Cases - 3 4 | 4 | 2 ! 2 - - 1l - 1 6 ! 11
T e Tr [} 1 LB N T T
Total No. of Men ' 1 i 1 1 , : H
in each Age Group | 1 } 7 (23 215 13 525 5 516 - 324 - 5 5 ﬁz-i 92
i ‘ — 1 ) 1 | 1
N.Be. S. = Sewermen; C. = Control Group.
Table No. 35.
ABDOMIYAL DEFECTS.
SEWERVEN AND CONTROL GROUP.
Condition Sewermen Control Group
Hernise -
(2) Inguinal 1 3
(Case 7) (Cases 1, 20, 44)
Herniotomy Scars 1 4
(b) Femorsl 1 -
(Case 29)
(c¢) Umbilical - 1
Herniotomy (Case 33)
Appendicectomy Scars 2 3
: (Ca.ses 5 and 36)
Hydrocoele 1
(Ccases 1 and 7) (case 15)
History of Indigestion 18 3
(Cases 5,6,8,10,11,13,15 18, (Cases 12, 68, 90)
21,27,30,31,32,36,37,38,
40 and 42)
Operation Scar - 1
(Peptic Ulcer) _Jw.ﬂ (Case 11)




Table No. 36

DEFECTS OF THE NERVOUS SYSTEM.

(a) SEWERMEN.
Casge A * Balance Reflexes Tremors of
No. | Age | Service | PRlamce i Reflexes . !
in Yrs.|in Years Knee 1 Abdominals Hands
1
2 58 9% 3 +++ | Absent Marked plus
1 6 27 . ! intention tremor.
+ 1 + Nil.
4 57 7 2 + 1 Absent Nil.
5 57 26 3 + | Absent Nil.
6 57 6 1 + i Absent Coarse
7 57 7 1 + ' + Coarse
8 56 24 1 + ' + : Present
10 53 9 3 + ; Abhsent Nil.
12 53 12 1 + ! Absent Present
13 52 18 3 ++ ! Abgent Nil.
15 52 22 0 + ! Absent Ni..l .
186 52 » 11 3 e ! Absent . Nil.
18 51 271 1l +4 ! Absent Nil.
19 51 4= 1 + ! »* Nil.
20 51 14 3 ++ 1 Absent Fine
21 50 5 2 ++ | Absent Coarse
22 50 28 2 +4 ' Absent Present
26 48 15 0 + | Absent Nil.
32 44 4%‘ 0 + ! + Present
36 39 7 2 + 1 Absent Slight fine
37 36 8 2 + { Absent Nil.
38 34 : 5 2 + | Absent Slight fine
40 47 4 3 + | Absent Coarse
42 56 15 3 ++ | Absent Slight fine
(b) CONTROL GROUP. 5
79 22 0 + E Absent Slight fine
5 62 2 + ! Absent Nil.
6 60 1l + 1 + Nil.
1C 59 1 w4+ + Fine
11 58 0 + ! + Slight fine
21 52 0 S + Slight fine
33 44 0 + 1 Absent Nil.
40 42 1 + 1 Absent Niil.
36 44 0 + : Abgent Nil.
45 40 0 + | Absent Nil. l
92 40 1 + 1 Normal i Slight fine o
*Balance Test - Code: Steady - 0
~ Steady at 3rd Attempt - 1
Slightly unsteady ,, ,, - ;

Mirkedly s ss 25




Table Mo, 37.

NUMBER OF MEN WITH VISUAL ACUITY

LESS THAN 8/12 (SNELLEN) IN AGE GROUPS

Sewermen and Control Group

Sewermen Control Group
G
Afe r:“P Number with Number with
n years Total Defective Total Defective
Visual Acuvity Visual Acuity
60 and over 1 - 7 3
- 60 24 8 15 6
-~ 50 12 2 23 5
- 40 5 - 16 2
All Ages 42 10 61 16
Table No, 38,
INCIDENCE OF SKIN CONDITIONS
Sewermen and Control Group
i \
Skin Disease Number  of Cages
Sewermen Control Group
Acneiform Rashes 6 6
Infective Alopecia - 1
Herpes Simplex - 1
Psoriasis 1 1
Pruritus Ani 1 1
Pityriasis 1 -
Seborrhoea Corporis 1 -
Folliculitis 1 -
Tar Wart of Hand - 1
Carbolic Reaction 5] -
0il Dermatitis 4 1l
Occupational Dermatitis 5 -
All Conditions 25 12 |




Zeblo Mo, 39,

DEFECTIS OF JOINTS AND SPINE

SENERVEN
Age | Service '
Case in in Symptoms and Signs of Lesions Radiological Signs
No. | Years | Sewers in the Lower Back in Lumbar Spine
1. 64 27 Some limitation of flexion, Osteo~arthritic,
Wo symptoms.,

2, 58 9% Tenderness in region of 5th Osteo~arthritic spine
Jumbar vertebra, and elbows,

3, 57 14 Tenderness to right of 4th
and 5th lumbar vertebra. Knee- | Lumbarisation of lst
Thigh Test positive on right sacral segment,
side.

4, 57 K Low back pain elicited on Early osteo-arthritic
flexion. Also has pain in 3rd changes, Similar
finger of right hand and changes in 3rd right
Dupuytren's Contracture of 4th metacarpo~phalangeal
right finger. Jjoint.

5, 57 26 Pain in right side of lumbar Marked osteo-
spine on flexion and on direct arthritic changes,
pressure, Tenderness on spine and knees,
inner sides of knee joints, Narrowing of lumbo=-
Knee~Thigh Test positive on sacral joint.
right side. Marked
disability.

6. 57 8 Tenderness over 4th lumbar Osteo-arthritic,

- vertebra.

7. 57 7 - Osteo-arthritic.

8. 56 24 Pains in back on flexion which No gross lesions
is limited. Pain and tender- evident,
ness in left knee and com-
plaint of knee giving way on
rising. snkylosing
spondylitis.

9. 56 4 - Osteo~arthritic,

10. 53 9 - Osteo-arthritic.

11. b3 6 Kyphosis with limitation of Osteo=-arthritic.
flexion,

12, 53 12 - Osteo=arthritic.

13, 52 16 - No' ebmormality.

14, 52 16 Kyphosis = limitation of Osteo~arthritic.
flexion.

15, 52 22 Distortion of L.l and

Kyphosis.

L.2 vertebrae and
lunbar kypho-
scoliosis.




Table WNo. 39 (Contd,)

Age | Serxvice
Case in in Symptoms and Signs of Lesions Radiological Signs
No,. | Years| Sewers in the Lower Back in Lumbar Spine
18, 52 11 Limitation of flexion, History| Osteo-arthritic lower
of frequent attacks of dorsal and upper
backache. lumbar spine.

17.| 52 4% - Osteo-arthritic,

18. 51 27 Kyphosis. Osteo-arthritic.

19. 51 4% - Osteo-arthritic,

20, 51 14 History of backache. Osteo~arthritic,
Bilateral sacralisa-
tion of 5th lumbar
vertebra,

21, 50 5 Frequent low back pain. Pain Early Paget's Disease

on Knee-Thigh Test. Kyphosis, in right pelvis and
thickening of radial
and left tibial
v shafts,
22, 50 28 Recent sciatica, Clinically No abnormality.
disc lesion,

23, 50 27 - No abnormality.

24, 50 16 Tenderness in lumbar region. Osteo-arthritic.

25, 49 7 - No abnormality.

26, 48 15 - Early osteo-arthritic.

27. 48 2 - Early osteo-arthritic.

28. 47 21 - No abnormality.

29. 47 6 - No abnormality.

30, 46 11 - Osteo-arthritic.

31, 46 ‘10 - Osteo~arthritic,

32, 44 5 Tenderness in region of D,12 Osteo~arthritic.

vertebra. Sciatic pain Narrowing of space
' elicited in Knes-Thigh Test. between D.11 & D,12.

33, 43 3 - Barly osteo-arthritic.

34, 43 5 - No abnormality.

35, 40 9 Occasional backache. Early osteo~-arthritic.

36, 38 7 Knee-Thigh Test positive on Spina bifida 5th

both sides. lumbar,

37, 36 8 - Early osteo-arthritic.

38, 34 5 - No abnormality.

39, 33 4 - No abnormality.

40, 47 4 Symptoms of sciatica. Knee Narrowing of joint

Thigh Test elicited pain down
right sciatic nerve, Pain to
right of 5th lumbar vertebra
on pressure., Herniated inter-
vertebral disc.

space between L,5
and S.1.




Table No, 39 (Contd.)

lying on left side. Slight
limitation in flexion of
spine and of left hip-joint.
Kyphosis,

Age |Service
Case in in Symptoms and Signs of Lesions Radiological Signs
No. [Years | Sewers in the Lower Back in Lumbar Spine
- 41, 38 2/ 12 - Osteoarthritis with
flattening of upper
lumbar vertebrae,
.. 42, 56 15 Pain in left hip-joint when Osteo-arthritic spine

and left hip-joint.




Table No. 40

DEFECTS OF JOINTS AND SPINE

Results of Examination of Sewermen and Control Group

(Aged over 30 years)

S Control
ewermen Group
No symptoms, signs nor radiological defect of spine. 8 28 *
Kyphosis only. - 3
Kyphosis with pain on flexion. - 1
Kyphoscoliosis. - 1
Scoliosis only. - 1
Osteo-arthritic changes radiologically =
No symptoms. 13 10
Limitation of flexion only. 4 5
Pain on flexion of spine 2 -
Tenderness in lumbar region. 4 -
Positive Knee-Thigh Test. 1 -
+ Kyphosis. 2 5
+ Kypho~scoliosis. - 1
Anterior wedging of vertebrae (D.11 & 12).-
with kyphosis - 2
without kyphosis - 1
Healed Tuherculosis of cervical spine, - 1
Ligamentous calcification in spine -
with limitation of flexion only - 1
with lubar tenderness and positive
Knee=Thigh Test ’ - 1l
Ankylosing Spondylitis. 1 1
Congenital Defects of Spine - .
No symptoms - 1
With clinical signs 3 -
Traumatic Distortion of vertebrae. 1 -
Paget®s Disease of Bone, 1 -
Herniation of intervertebral disc. 2 -
L 42 63

* 10 aged 35 years and under.



Table No, 41

B e

BONE, JOINT AND SPINAL LESIONS PRODUCING PAIN

Sewermen and Control Group

Number of Cases
Disease Sewermen Control Group

Ankylosing Spondylitis 1 1l
Ligamentous Calcification of spine - 1
Herniation of Intervertebral Disc 2 -
Congenital Defects of Spine 3 -
Osteo-arthritis 7 -
Paget!s Disease of Bone 1 -
Total 14 2

Table No, 42.

ORTHOPAEDIC FOOT CONDITIONS AND VARICOSE VEINS

Sewermen and Control Group
Anmalysis by Age Groups

- Nunber of Cases
Over P N A11
- 40.5 3040 2030 Under

Defect 60 50-60 0-50 20 Ages
o, s de.) s.de. | sado. | sade. | sl fs.tc,

T - """‘“"Y“""‘“J Sl T T
No Lesions 'z [ 10110 4t19} 2111 121 f -1 171 68
Callosities - 15 51 4| 21 2)2r 2| -1 o -1 . 9113
Pes Planus - 3 1] 51 1)1 2 -1 2f 1. 91 6
Hammer Toe -l 51 - -1 - -1 - - - - - 5;-
Pos Cavus I N S S A Y IR Y A B
Hallux Valgus - - -] = 1} 341 -1 -1 1) -1 - 1} 5
Injuries -1 21 o - -} - A 21 .
Varicose Veins | -~ ; 1 41! 3 1P 71 =) ) =} = -~} - 5111

L ; H H H ; :

Number of Men | ' | ! ! ! !
in 117 24 115 12} 25 5§ 16 - 124 - 15 421 92

Age Group ; ! 1 3 —— { H H

N.,B, S. = Number of Cases among Sewermen.
C. = Number of Cases among Control Group.



Table No, 43.

INCIDENCE OF FOOT DEFECTS AND VARICOSE VEINS IN SEWERMEN

Grouping according to Length of Service

Service in Years
Defects 25 & 25 ” Under Total
Over - 20 ~-15 =10

Callosities 2 - 1 1 3 2 9
Pes Planus - 1 2 1 1 4 9
Hammer Toe 1 - 2 - - 3
Pes Cavus 1 - - - - - 1
Hallux Valgus - - - - 1 - 1
Injuries - 1 - 1 - - 2
Varicose Veins - - 1 2 2 - 5
Number of men
with no defects 1 1 2 1 10 2 17
Total Number of 5 3 5 6 15 8 42
Men in Group .

Table No. 44,

INCIDENCE OF FOOT CONDITICNS AND VARICOSE VEINS IN SEWERMEN
Relationship of Lesions to Type of Sewer Worked

Type of Sewer in which Work
mainly carried out
Defects SrTon
. ric
Brick and Pipe Pipe Total

Callosities 4 1 4 9
Pes Planus 7 1 1 9
Hammer Toe 2 1 - 3
Pes Cavus 1 - - 1
Hallux Valgus - - 1l 1
Injuries - - 2 2
Varicose Veins 3 1 1 5
Number of Men 12 2 3 17
with no Defects

To‘bal.Nmn.ber of 26 5 11 42
Men in Group




Tanle No, 45,

CARBON MONOXIDE IN BLOODS OF SEWERMEN

Percentage Saturation

i
Caseol;?umber Percentage Saturation of CO in Blood
Sewermen Before Work After Work
10. 2 12,20
41. 2 6.0
N.S.A, 2.2 8.5

Table No, 46.

BLOOD EXAMINATIONS OF SEUERMEN
Results Following Exposure to Carbon Monoxide

Caseol:\eTmnher Haemoglohin Red Cell Count
Sewermon in gm:i . (%) millions/C ,mm,
10. 14.8 (14.0) 5.2 (4.6)
41, 12,8 (10.8) 4,4 (3.8)
N.S.A, 15.2 (11.4) 4,8 (3.9)
Table No, 47.

DISTILLATION OF CRUDE COAL TARS

Temperature
Degrees Centigrade Compounds Produced
170 ‘Light oils, benzol, toluol, xylols.
170 -~ 230 Middle oils, phenols, cresols, naphthalene.
230 - 270 Creosote oils, tar oils.
270 - 400 Anthracene oils,
Residue -~ pitch.
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