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FOREWORD
TO BAILLIERE'S 'ELEMENTARY TROPICAL
HANDBOOK SERIES

Bamilliere’s  Elementary Tropical Handbooks are
designed for the use of students 1a tropical and sub-
tropical countries  They are stmply written so that
they can be used by those whose knowledge of
Enghish 1s too hmited to enable them to use standard
English textbooks Idiomatic expressions have,
therefore, been avorded, but technical terms have
not been excluded These are defined and ex-
plawned, as 1t must be regarded as part of the
student’s education to master the commonly used
techaical expresstons.

Agam, English textbooks are frequently too full
for the tropical student, since they have been
written to the syllabuses of State examinations
‘Where, therefore, the detail was excessive or
thought to be beyond the reach of the studeat 1
tropscal countries 1t has been omitted, with the
mtention of keeping the book well within the
student’s grasp and yet makng it sufficiently full
1o enable him to follow his profession with interest
and intelligence

It must be understood that these books are
intended 10 be accompanted by tuitton  Those who
have had experience of teaching 1n the Tropics will
appreciate the necessity for the most careful and
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pamnstaking struction and for that reason demon-
strations and illustrations of a simple nature are also
essentral and details of these are appended to each
chapter
It 1s a cause for much satisfaction that these small
tropical handbooks have fulfilled their purpose,
and we trust that they will grow i usefulness as the
years go by.
JOHN P MITCHELL



PREFACE TO SECOND EDITION

The first editton of this Manual was mntended
primanly for Africans in trasning for the Sanitary
Inspectors' Certificate of the Royal Sanmtary
Institute In this second edition additional matenal
has been included 1n the hope that the book may
be of cqual service to students 1n any tropical or
sub-tropical country A number of the drawings
has been adapted and redrawn from type
drawings 1ssued by the Kenya and Uganda Medical
Departments These are Figs 20, 48, 49, 56 and 64
from the Kenya Medical Department and Figs 12,
19, 52 and S5 from the Uganda Medical Depart-
ment, which are acknowledged with thanks
Valuable help has been recewved from Dr 1 P
Mitchell, CB E, who has revised completely hus
section on Communicable Diseases and has added
wformation on discases not mentioned 1n the first
edition, from Mt G H E Hopkins O BRE, who
wrote the section on Medical Entomology and also
from Dr Garnham who has revised thus section and
bas fupphed much additional matter especially about
the newer nsecticides and methods of using them
In conclusion I should like to record a special
debtof gratitudeto Dr H S deBoer, CMG ,MC,
who was responsible for the institution of the
course of traming for Afncan Health Inspectors in
vo
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Uganda, for which this manual was first compiled
and which owed so much to his continuous help
and 1nspiration

) HJ
Sedgley,
January, 1950
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2 TROPICAL HYGIENE AND SANITATION

If we take gas from a large vessel and put 1t 1mto a
smaller one, we say that the gas has beeq compressed
mto the smaller space If we take gas from a small
vessel and put 1t into a Jarger one, we say that the gas
has expanded into the larger space

As gases are compressed they weigh more, and as they
expand they weigh less, volume for volume

COMPOSITION AND PROPERTIES OF AIR

Air is a mixture of gases.

Air 13 composed of several gases, which are well mued
together, but which do not combine to form a new knd
of gas 1t 1s invisible, but its presence 1s made evident
to us 1t other ways We are conscious of tohaling st
when we breathe, we can feel it blowing against us when
1t 1s 1p motion, either as wind or as a draught, we ¢an
se¢c the movement of grass and trees and ot mipples on
water caused by 1t

Aur takes up space,

To prove this, take an “empty ™ jar-~1¢, a Jar filled
with air, turn 1t upside down and press 3t under the sur
face of 2 bowl of water You will find that the water
10 the bowl does not nse and fill the jar The air 1o
the jar prevents it from downg so  Try the same expen
ment_ with a jar which has a hole m the top  You
will find that the water nses quickly and fills the jar,
driving out the air through the hole in the top

Air has werght, can expand and ks compressible.

Take a large bottle fitted with an artight cork, and
weigh 1f carefully Remove the cork and heat the bottle
Now replace the cork quickly and reweigh the bottle, it
will be found to be kghter than 1t was  As the weight
of the bottle 13 constant, the difference must be due to
the change 1n the aif 10 1t What has happened 1s that
the arr 12 the bottle expanded when heated, and there
fore required more space, some of 1t escaped into the
surrounding air When the bottle was weighed the second
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time there was less air 10 1t than when weighed the first
tme Therefore the reduction of weight was due to a
reduction 1n the weight of the aw m the bottle and this
expeniment demonstrates two things

{a) That air expands when heated.
(b) That atr has wesght.

If the cork of the bottle ss fitted with a valve of the
type found on bicycle tubes another txperiment may be
tned

Allow the bottic to fill with asr  Put 10 the cork and
weigh the bottle  Now pump In more air with a bicycle
pump  Weigh the bottle again 1t will be found to be
heavier than it was before the extra awr was forcibly
pumped ;n The air which was enginally i the battle
has become more ughtly packed or compressed to allow
for the entry of more ay This expenment demon
sirates two things

(a) That ayr has weight.
(b) That air 1s compressible

Alr vames fn weight according to (a) ifs femperatore
(b) its pressure

(2) According to its Temperature —In the abave
experiment @t bhag been shown that air expands when
heated and that a given volume of beated air weighs
less than the same volume of cold air  Thus 1s what we
mean when we say that hot air weighs less than cold
a1 It follows that 1n calculating the wesght of a given
volume of air we must know its temperature

{b) Actording to its Pressure ~By pressare we mean
the force of lhe waght of one. bndy actng agaiost
Bnmthae Ta

strength of your arm to do 50 1n Other words you must
e upward pressure to counteract the downward pres
sure of the weight of the stone
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Take a pair of scales and put a 10-pound weight on
each side  The scale will be exactly balanced because
there 1s 2 pressure of 10 pounds on each side If you
remove one of the weghts, the scale on that side will go
up and the other containing the remarung weight wilt
g0 down Now put your hand into the empty scale and
press  When you are exertiag a pressure of 10 pounds
the scales will stand even  If you use more pressure, you
will weigh down your side of the scale, 1f you use less
your scale will be higher than that contaiung the weight.

In the case of the second expenment with the bottle
of air, where extra air was forced into the bottle with 2
pump, we found that there was an extra weight of it In
the bottle, although the volume remaimed the same We
now know that extra weight means greater pressure, and
that to calculate the weight of a givea volume of air we
must know, not only Its temperature, but also ts pres
sure

ATMOSPHERIC PRESSURE

We call the aiz m which we Iive the atmosphere
The atmosphere extends to a height of from 40 to 50
miles above the sucface of the earth, and, as ¥k
weight, 1t exerts pressure on that surface At sea level
atmospheric pressure 13 at 18 greatest, and 1t becomes fess
a3 the ground nises above this level If we climb a moun-
fam or go Up 1n 2 acroplane the atmospheric pressute
becomes reduced as we nise, because there 1s less aw
above us

Atmospheric pressure 1s about 14 7 pounds per squate
inch at sea-level, and at a_height of 2,640 feet (half 2
mule) 1t 13 nearly ope tenth less

There 1s an tastrument which 1s used for measunng
arr weight or atmosphenic pressure This 1s called the
barometer,

You can make a smple barometer for yourself  Take
a tube closed at one end and fill 1t with mercury Close
the tube completely by placing your finger tightly over
the open end Now invert the tube into a small bastn
of mercury and take away your finger You will find
that, although some of the mercury has run out a
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columa of 1t remaing 1a the tube  What 18 keeping st
there?  J1)s the pressore of the atmosphere on the sur
face of the mercury 1 the basin 10 which the wube 15
standing

Repeat this expeniment with another tube and you
will find that the second columa of mercury 1 of the
same length a3 an ghe first {ube This means that you
have a measure of the atmoesphenc pressuce

A column of memtury such as this with hines marked
on the gube to sadicate the nse or fall of the mescory
13 a barometer and can be used to measure herghts
Suppose that the mercury 1o a baremeter stands at 30
mchey at sea level of the barometer is takea up to 2
hesght of 5000 fect the mersury wll be tound 1o bave
fallen to 25 tnches  The explanation 1s fhat there 13 Jess
atmosphenic pressure on the surface of the merenry
0 the bow] and the column of mercury which 15 pushed
up by the weight of the ar 53 correspondingly shorter

To cateufafe the Weight of Alr —For general pur
poses we may say that the weight of 13 cubic feet of
ar iy | pound We know however that the weght
of air depends on 113 temperature aad pressufe

For purposes of caleulatsan we fake the atmospbenc
prossure ot se level—1e 147 pounits per square inch
~ay a standard The weight of any quantty of air at
this pressuce and at any given temperature may be asces
tained by using a tormula

The formula for calculaunn the weipht of a cubie
foot of air at ordinary atmospheric pressure and at 2ay
piven temperature {degrees Fahrenheit) s

147
RAET: )
where Waweight of 1 cubic foot of air 10 pounds
T=temperature {degrees Fahrenheit)
Frample —What 15 the weight of 1 cubic foot of air
ata tempersture of 70' Fahrenhent 1
47

Waight= 535 ('D+4

S =009 pound
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THE COMPOSITION OF AIR,

Air conststs of a number of gases, well mixed
together but not chemically combined By this we mean
that the varous gases have not joined together to form
a new gas but remain o thetr original form and retan
their own properties

The most important of these gases are oxygen, mitro-
gen, carbon dioxude and water vapour The proportions
vary a little but pure arr may be said to be composed
by volume as follows

Oxygen 2096 per cent

Nitrogen 000 . .

Carbon dioude o0t .,
Total 10000 ., .

Water vapour vares considerably 1n amount accord
g to conditions which will be explamned later

The Guses of the Air
Oxygen —Oxygen 15 an element—that 1s a sunple
substance which cannot be split up into other substan
ces Jt has no colour, no taste and no smell It supports
combustion—i e, 1t 18 necessary for the production of
flame or heat It is required by ammals and plants to
sustain ife which 13 dependent on the process of com-
bustion It readily combines with many other substan
ces heat and light being given out when the combination
takes place Heat only 1s produced 1if the combustion
1s slow The compounds which result from the comb
nation of oxygen and other substances are called oxides
For example 1if any substance contarming carbon 18
burnt the carbon mn 1t 15 released and combines with
the oxygen 1n the air to form carbon dioude Dunng
the process of burning which 1s also called combustion
heat and hght are given off but heat only if the pro
cess 15 very slow
Oxygen 18 necessary for Combustion —To show
this burn a candle m an cnclosed space  As soon as
the oxygen m the air 10 the enclosed space 13 exhausted
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Carbon dioxide will not burn® at will not support
Ufe or combustion,

Carbon dioxide 13 formed when the carbon m any
substance 13 combined with oxygen as in the process
of burmng It 15 given off 1n the breath as a waste
product of the burming Drocesses in the body Plasts
give off carbon dioxide also when they breathe

Water Vapour—~If we pour water mte a dish and
leave 1t exposed 1o the air, the water will, m tme,
disappear  If we hang wet clothing up 1 the air the
water 10 the clothung will disappear What has become
of the water 1n both these cases? It has been takea
by the surrounding air 1n the form of water vapour
We say the water has evaporated, meamng that it has
turned tnto a gas and miogled with the air around it A
certan amount of heat 1s necessary to make the process
of evaporation possible, and, as a rule, the greater the
heat, the quicker the process

You can test this by heating the water mn your duish,
1t wi)l disappear much more gquickly than st would if
left unheated If evaporation is taking place very rapdly,
clouds of steam anse and then disperse into the atmos
phere

f P pos

and fall as ram

Think of the great surfaces of water—lakes, nvers,
and seas—~which are continuously exposed to the air
and to the warmth of the sun, then you will under
stand why there must always be water vapour 1 the
arr Its function Is very \mportant Without it every-
thing would be dned up

The quantsty of water vapour in the air 15 not con-
stant but vanes with the temperature of the air and the
1ocal condiions for example, the higher the tempera-
ture, the more water vapour the atmosphere can hold.



e d g, 08 D e of
thay Mouny 0 4y thyy the felaty, hun-uduy of
't 50 per

) 4 s pay no defing, shape or Volum, I
S¥Pangs "?écﬁm'cly i noy Onfiney 204 gy,

Sty g Oampﬂmcd o 5 SMajpey Yolume

@ Gasey Aayy MR apg oty Pressype The

B gy Vaney With ture

) e 25 of the A0 formy 5 surple DL,

Rot 5 chcm:c.z) compaund

@ a) COtysyy Mam), of Dygen and Hitrops,

With Smaliey Santryyeg Of Wty Vapoy, dng

oy,

) rbon
(e) Ovygcnlx t ey Part op the 5
n Nl{rogen I3 lnmlve, 3t

Canpoe

Tves oo dilygy the
Otypen 2ng . PO e O cogy

Sup,
bumun
1] Carbon ioxidg &5 nccuury to Plapg lige
sy,
'S the (‘ompemwn Of 0rg, mosphem- awr
2 Wiy Are 1he Properte, Ommon o aqp
3wy O e a0, b aie gy g Mgy, £ases 4oy



12 TROPICAL HYGIENE AND SANITATION

(d) Manufacturmg Processes.—Where machiery 1s
used the air may be vitated by smoke or by exhaust
gases, or both

The exhaust Or waste gases from motor<ar engmes
and others of the same type (tnternal combustion) con
tam the poisonous gas carbon monowde (CO)

Offensive trades, such as blood boiling, Sozp-making,
bone boiltng  hide drymng, gut scraping and so on, vitute
the arr by foul smells and orgamec matters

How Polluted Arr is Purified.
Impure air 1s punfied m two ways
(@) By diffusion
{b) By movements I the amr, or currents brought
about by varying temperatures

(a) Duffusion,—Diffusion 1s the property which gases
bave of expanding mndefintely and of munghog with
other gases  They do this in spite of differences in therr
weight, or as the weight of gases 15 techically called,
their density  Jhe gases of the ar vary m weight
or density Nitrogen 13 lighter than oxygen, and car-
bon dioxide 1s heavier, but we do not fiad these gases
1 layers 1a the atmosphere They have mxed of diffused
to the mixture which we know as ar, and thewr pro-
portions to each other are practically constant—that 15
they vary very little even under varymg circumstances

‘This diffusion of gases does not take place imme
chately two gases of varying degsities come mto contact
with each other, at first there 13 a tendency for the
heavier gas to remawm under the highter one, but after
a time dffusion 15 complete, and the two gases have
formed a perfect mixture

Air, which 15 2 mutture of gases, retains this property
of diffusion, and, if confined 1 a vessel of porous
matenal such as unglazed earthenware, will gradually
mix with the outside arr, the process of diffuston taking
place through the sides of the vessel

1t follows from this that even if a room 13 unvent-
lated there will always be a certam amount of change
of atmosphere 1n 1t by diffuston through the walls\ This
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process 1 however much too slow for practical pur
poses and moreover the better the matenals of which
e house is bult the slower the process wll be
Diffusion tberefors cannot be relied upon as the sole
means of ventilation

{b) Pwrification by movements caused by varylag
temperatures Is the chief natural means of ventilatwg
sooms The quickest but not always the best way to
¢change the air of a room 1s to open the doors apd
windows and to let the wind blow through Wind is
umply i 1a mauon  Hat air 18 hgheer then cold aw
ol arr being heavier exerts more pressure falls and
pushes the hot, light air out of us way Thus we get
moyv ng arr which on a large scafe we call wind or on
a smaller scale draught

Consection Cyrrents —Comvection currents are caused
a g - .

mto contact wath the hot parts they absorb some of
therr heat and themselves become warmer  Stmulacly the

T R giving 0Ur $0me of 118 dear decomies coaier
This movement of parts of the air and the sterchange
of hest conbnues unll the whole mass of the arr n
the room has reached the same temperature  This pro-
€ers 19 ealled convection, and convection currents are
the streams of air which are set 1 motion while the
Process 18 going on

The arr of an occupied room 1s heated by the breath
and by the body heat of the occupants also by fires
or by lamps burning in the room The air becomes
Wammer than the air omtside the room It becomes
bghter and therefore 1ts wesght of pressure becomes less
1€ ¢old fresh aur 35 allowed to enter from the outs de
 pushes the warmer hghter and impore arr upwards
S0 we take advantage of th s knowledge when providing
means of ventilation by makmg outlets for hot vitated
11 near the top of the room 20d Inlets for fresh atc 1
the walls fower down
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would mean a complete chaoge of ay once an hour
as the rooms of such a dwelhing would have to be very
large and would therefore be very costly to buld
In practice 2 smaller air space 1s provided and the air
1s changed more frequeatly—eg, 1if 500 cubie feet of
air space 1s provided the air would need to be changed
25%%9 =6 times per hour

By changing the asr six times per hour we do
not mean that the air 13 allowed to remam stagnast
for one sixth of an hour and 15 then suddealy removed
and replaced by fresh arr The change must go on
gradually and constantly at such a rate that at the
end of an hour the air has been completely changed the
required number of times

Calculations Necessary
In order to estmate the amount of air admitted or
delivered to a room n an hour 1t 13 necessary to know
the sectional arez of the snlets and outlets and the
rate or veloaty at which the air 1s flowing in and out
of th= room The formula 1s
Quantity of atr deltvered per hour=A x V x 60
where A=total area of mlets or outlets
V=veloaty of air m feet per minute
60—number of munutes 1 ope haur
Example 1 —How many cubic feet of arr per hour
will be dehvered to a room which has two nlets each
1 square foot in sectional area 1if the velocity of the
incomng air 1s 60 feet per mute?
Solution —Quantity of air delwvered per hour=
AxVx60

60—number of munutes 1n ooe hour
If Q=quantity of air delivered per hour
Q-2x60x60 7200 cubic feet,
Example 2—What will be the total sectional mlet
area requred to chavge completely six umes per hovr
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the arr ol a room of 2000 cubx fect capasity 7 The
veloenty of the 1ncomyng air 1s 60 fect per ounute

Solution ~Amount of a1t to be delivered per bour
#2000 x6=12 000 cubic fect

12000=AxVx60

L pw 12000
S A e

The veloaity of arr wmn feet per munule can be
measured with the aid of an tostrument called the kata
thermometer  This imstrument s afso kadwn as a
“comfort meter It consists of a glass bulh and a stem
The bub 1s filled with spint and og the stem are two
marks ‘The ligher mark indicates the Jevel 10 which
the spint tiees ta the tube when at 4 emperatute of
100° F, the lower mark ndiates the level reached
by the spint when at 3 temperatuse of 95° F - The word

A" 8 a Greek word meanmg down and 1
usiog the kata thermometer & record 1s made of the
hme taken by the spirtt 1a the tube 10all from the Jovel
of 100° F to that of 95* ¥ The length of ume taken
will dipead on the cooling power of the air and s
therefore an snd cation of thar power The greater the
cooling pawes of the amr the shorter will be the fength
of tme taken by the spt sn the tube to fall 5° m
{emperzture

=3} square fect.

- ' . 2bove
. s lovel
0 ~ soted

'
1010 2 flask contatning hot water }

This estiniating the cooling power of the air i ropms
it the most smportamt use of the kata thermometer
23 the comfort of the occupants depunds to a large
¢stent upen this coolmg power  Full instructions for its
use far ths purpose are prostded with cach mstrument
the management of which 19 best Jarncd by actual prac
e It should be noted thar 1f recordings are to be of
packeal vatue observations should bde faken at the
same tme and on the same day both snside aad outside
the building which 1 bemg tested
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It 15 because the cooling power of the air depends
partly upoa 1ts velocuty that the velocuty of the aw cag
be calculated by means of the kata thermometer,
together with the chart which 1s provided with the mstrn
ment for this purpose

Rate at which A may be Delivered,

If the veloenty of the air 1s too great, draughts are
produced

A draught 1s a stream of air at a lower temperature
thap that of the room, which when directed upon the
body or part of the body, produces a feehag of chill
and discomfort

The velocity at which air should be dehvered lhere
fore, depends upon is temperature At 7.
comfortable velocity would be about 100 to 200 fcct
per minute for a room, such as an office or classroom
11 which sedentary work 1s carried on If the tempera
ture 13 fugher, the velocity may be mcreased without
causing draughts, 3f 1t 1s lower the velocity should be
decreased L]

Quantity of Awr Space.

The mumum amount of cubic space which should
be provided for each occupant of a room varies with
different types of buildings and with the uses to which
they are put

The ronowmg amounis may be taken as 2 general gmde*

Vumbe
Type of Bulding 1 Num ;:'a{, f‘,‘;‘,ﬁ" Feet

General hospttal 1,200

Infections diseases hospital 1,872 (2,000 for small-
pox hospitals)

Sleeping rooms 500 (mmmum height
10 feet, mmmum floor
space S50 square feet)

School classrooms 125 for each pupil and
500 fnr teacher
Dormitories  {labour camps |, T -

ete
Cowsbeds
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Floor Space

In considenng cubic space in coppection with vents
[ayon the question of floor space must be taken tnto
copsideration The cubic capacity of a room mught
adequate for the number of people who are to otcupy
1t and yet its shape might make nt quite unswtable
for buman habjtation

For example a room of the capacity of 2000 cubie
feet would accommodate four people provided the dimen
6ons are suitable

Sufable dimunsions would be  15x 13} feet (floor
thace) x 10 feet {height) =2 000 cubic feet

Bat af we heightened the room to 20 feet the floor
space would be reduced accordingly 2s follow 10x 10
fect (floor space) x 20 fect (hesght) =2000 cubre fect.

With this height of room venulation would be bad
and the floor space would crowd the occupants and
inerease the tisk of droplet infection

Agan i we increased the floor space unduly the
haght of the room would be reduced below the
ceepted mmmum of 10 fect

PRACTICAY, MFTHODS OF VENTILATION
Definitions.

Methods of ventilation ate grouped under two bead
lngs (1) Natural Ventlation (2) Artificial Ventilation

(1) Naturat Ventdation —The methods which come
tnder this heading make use of the natural forces of
Affusion and the movements due to varying tempera
tures of the atmosphere They are usually employed
m dwellings and i such buldings as schoots and
hospitals

@) Atificial Ventilation —The methods which come
Under ths heading tequite the use of some mechanical
dpparatus such as fans_cither to force m fresh air
Or to extract foul arr  They are usmally employed in
dery large buldings such as blocks of offices public
halls theatres and so on

Natural Ventilgtion of Buitdings.—In occupied rooms
the afe becomes heated by the hear of our bodes and
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Fanlight —One of the best types of window 15 that
which bas a small part at the top made to apen wmde
pendently of the rest of the window  This 1s called 2
fanlight It may remain open at night or i bad weather
when the man part of the window 1s closed

In order that they may remamn apen 1o bad weather
fanhghts are best arranged with hinges at the top or
bottom or they may be pivoted at the centre

4
o/
<

Fic 3 —FanticHrs

Bach of these three methods 15 shown m Fig 3 Not¢
that when hung from the bottom the fanhght 1s made
o open wards

In hot countries and for 2 cheaper class of butdmg
the space usually occupied by the fanlight may be left
empty and covered with wire gauze as a protection
agatast mosquitoes and other msects

Hopper Windows are very sutable for schools hospt
tals and similar bumldmgs They are windows which are
hung at the bottom wings bemg provided to close
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the mdes  Tncoming air 18 directed upwards and 18 not
feft 33 a draugit, these windows may be allowed to
temam open even duting heavy tam (e Fig 4

S Sasher—A window made wih shiding sashes
1 2 very goed type for venulating purposes, but one
which 1 rarely found an tnodern buildings and 1s mever
met with n the tropics (see Fig 9

L

2L

Cascment windows {see Fig 6} amanged on a teast
™0 ndes of 2 room ate very satufactory Whes it 18
Talning of when strong wands are blowing from any
dicection, the windows on the windward side may be
¢losed and the others feft open

Protection of Windows—In malanous dstncts sl
windows must be protecied by wire gauze aganst the
iegress of mosquitoes  These wire guards, if made 1o
open, should always be closed from sundown to sun
nse

fic 4+—A Horrea Wonow
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When a fire 1s burning this action 1s very much
wncreased  The arr 1n the flue 15 heated becomes lighter
nses and 1s replaced by the cooler ar bebund it The
heated air travels up the flue at a rate of from 3 to 6
feet per second and fresh awr comes jn through the
mlets of the room at the same rate to take its place

VENTILATED
RIDGE

EAVES
VENTILATION
ARROWS IND CATE
AIR CURRENTS
Fig g ~-VaNTraTss RGE ETC

Iz this way with an ordnary flue 9 by 9 aches
from 6000 to 12000 cubic feet of air per hour will
be pushed out of the room and will be replaced by cool
fresh air

Rule —Djscharge of hot air in cubic feet=velocity
or air 1n feet xarea of flue 1n square feet

Example —The sectional area of a flue 1s 12 by 12
nches

‘The veloaity at which the arr 1s moving i a flue
5 feet per second

How much arr will be removed from the room 1
one hour?

Solution —Discharge of air 1n eubjc feet per hour

=5x3600x1
18000 cubic feet per hour
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1 The Extrachon Method —By this method the it
ated air 15 extracted from the room by revolviog fans
usually dniven by electnicity and fresh amr comes 1
from outside to take sts place This method 15 espect
ally switable for factories 1 which dusty or otherwise
dangerous trades are carried on

Care must be taken to place the inlets 1 suck 2
position that the incomnag atr will be drawn only from
the outside and not from corndors closets or other
undesirable places

2 The Propulsion Method, or Plenum System —By
this method the air 15 dnven wmto the room by fans
and the vittated air 1s allowed to escape by spectal out
lets While this system 1s 1n operation doors and wn
dows must be kept closed It 18 a suitable method of
ventlatien for large public buildings such as theatres
which are temporanly occupied by large numbers of
people

HOW TO INSPECT VENTILATION
Practical Details

Tume of Inspection—It is tmportant to make the
mspectton while the room 1s being used for its normal
purpose and 1f possible towards the end of the penod
of occupation

Methods to be Adopted

(a) Immediately you enter the roam motice your
sense impressions Does the atmosphere feel
hot and stuffy? Is there an unpleasant smell
or body odour ?

(b) Are the windows open or closed?

(¢) Are the ventilators open or are they stuffed
up or covered 1 any way?

(d) Take wet and dry kata readings and the tem
perature of the room Take your note-bock
and enter the answers to the above questions
and the kata readngs

Next draw a rough plan and section of the room
and then proceed to take the following particulars

{a) Number of occupants adults and children over
ten years of age then children under ten years
of age



AIR AND VENTILATION »

(b} Length, breadth and height of the room

{c) The size—length, breadth and height—of any
large obstruction, such as a large cupboard
This will be worked out later and deducted
from the cubic capacity of the room

) The kind of wiadows To what extent they arc
made to open, ther pumber, mtwation and
arez Do they all open to the external air”

() Number and posiion of the doors and with
what do they communicate—passages, rooms
or external ar?

() Number, size, kind and position of pemmanent
ventlators Do these open directly to extermal
a1r or (o a verandih enclosed by wire gauze ¥

() Notc any other mattery affecting ventilation—
g, fircplaces, with or without flues, Lamps
materials of which wajls are constructed
roofs, method and matenals of construction
whether of not a ceiling 13 provided.

(h) Calculate arcas (floors, windows, etc) and cubic
capacities (of toom, obstructions, etc) ascer
tam 1f conditons are found fo comply with
legal requirements or the laws of hygiete

Return to your office and make a good sketch drawn
10 3 sutable scale, of the premuses 1spected, and write
3 report sctting down all your facts and calculations

Note—~When calculating cubic space for ventlitng
v‘z‘?w" it is usual to meglect any height fn excess of

eet,

Exercises,

T What 15 meant by cross-ventilation” and “through
veotifation™?  Dustinguish between natural ventila

, JJon and artificaal ventilation

2 Make a sketch to scale of a dormutory sutable for
the accommodation of twelve adults  Indicate
oumber yizes and posiion of windows and vest
Liors  Calculate the floor area and the total
volume of the room '

3 Give a list of offenuive trades, and show in cach

‘vhe_ surrounding #ir 18 vitiated by the
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4 Describe the dufferent types of window kaown to
you, stating what you consider to be the advantages
and disadvantages of each type Illustrate by
sketches

5 How would you ventlate (a) 2 building copstructed
of mud and poles with thatched roof, (b) a sleep-
1ng room constructed of brckwork with corrugated
won roof? Ilustrate by sketches

6 What are convection currents? How are they set
1 motion? What practical use can be made of 2
knowledge of these currents 1 planning the ventt
lation of 2 building?

7 What 18 meant by the ‘allowable respiratory
mpunty’ of air 7 Does an excess of carbon diox
1de always denote respiratory impurittes 1a the air
of a room?

8 Four people occupy a room the cubic capaaity of
which 1s 2000 cubic feet. If the velocity of the
1nceming air 1s 60 feet per munute, what wall be the
total sectional inlet area required to change the
ajr of the room completely six tumes per hour 7

9 What do you understand by *overcrowding” w 2
slecpmg room? What diseases are kely to b
spread by such a condition ?

10 What 1s a ‘back to back’ room? State for what
purposes you constder such a room to de undesic-
able, giving reasons In each case

CHAPTER II
WATER

Water 15 not only essential 4o lfe, but a plentiful
supply of clean water 1s necessary for the well bemg of
any community large or small, for without an ampleé
water supply houses, clothing and persons cannot b¢
kept clean In selecting a site for a house or village
therefore the first consrderation should be the presence,
within a reasonable distance, of a good supply of usablé
water



wuu. »

A p\:m;iu\ l\lpp 1y baviog cn secured 1 18 pecessary

(bt the poPIE o ate 10 use n nould be showd how

pm:cv. u, su nm 1t may b e kept <I¢ :n and may not
angef

how 10 dn\ vmh waler whlc\\ 18 0 be nsﬂd (er dnok
g of m the Prepd aravon of food s 18 pecessary
becamse wam 15 & medwm for the \ransmussion o( many

duseases wcludind
1 Those 18 which the nfectind orpanisms. are
catried by walel wch as dysentery durrhes

olers
se which af€ c:\useﬂ by parasiti worms sueh
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Cl\F.\IlSTRY AND PHYSICS AS APPLIED 0
WATER

What Is Trater?
pure water colmsl! of a ¢ chemical 1 combinatiod of the

two gases OXYEER hydrogen ¥ the pmpor non ©f
2 volumes of hydrog!n : 1 of ORYVESD- chemcal
formula

1 Y,
tlydrogen js an clement. 1138 Y oolaur\m 28 which
h;nnl support mmbusu \:nl wru s nself very

e o property 1 COMOC, i either of ther-
Pure water will nm mppen combust w 118 Ot inflam
mable It wilt ot support ute for shes and othet
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1s again put under pressure by the pump unt 1t becomes
hqmd  The process conunues, the compressed bqud
being released within the expanston prpe, where 1t
becomes gaseous agam, and so the ammoma circulates
and extracts heat from the brine until at last the tempera
ture of the brige is lower than the freezng poat of
water—that 1s, 1t 1§ lower thar 0° C

The cold brne 15 made to circulate sn pipes through
a chamber m which trays of water have been placed,
taking heat from the water and from the ar of the
chamber as 1t goes The temperature of the chamber 1s
thus lowered until 1t reaches freezing point and the water
turns 1ato 1ce

Such a chamber may be used for the preservation of
food by cold storage as well as for the manufacture of
1ce

WATER AS A GAS

When water s bailed 1t 15 coaverted mto about 1,700
Uumes 1ts own volume of steam Thus if a pint of water 15
converted tnto steam, 1,700 piats of steam are formed
This steam 1s almost entirely free from any impunbes
which may have been present in the water, the mpun
ties remain 1n the vessel This fact 13 made use of when
pure water 1s needed for chemucal and other purposes
The steam from boiling water 15 caoled by passing %
through a coil of pipes round which cold water crce
lates until it becomes liqud  The water which flows
from the coil 1s called disblled water

How Water Bouls in an Oven VesseL—Water has the
power of dissolving many gases and in all water there
18 a certain amount of dissolved air  When water 15
Beated, the first thing that happens 15 that this dissolved
arr 15 driven off and escapes from the surface of the
water Then the molecules of the water nearest to the
source of heat expand and Iise, the cooler ones from the
top stnking ta take thetr place ‘This process of curculd
tion continues becoming more and more rapid uau all
the water has been raised to boilng porot. When the
water 15 botling the molecules are moving so rapidly that
they overcame the pressure of the atmosphere on the
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necessary to fish fe and further it helps to fe punfy
polluted water by oxidising orgame mpunties Ammonia
of present in any quantity 1s an indication of recent pollu-
tion by usne

water used for dnnking and for domestic purposes Lead
15 very poisonous and 15 usually found only i very
soft water which has been in contact with lead pipes
lead lined tanks etc

Hard and Soft Water

Hardness 15 estimated according to the pumber ¢l
grams of the hardenmng substance contamned 1n 1 gallon
of the water Ope gram per gallon gives 1 degree of
hardness 2 graims gives 2 degrees and so on  Water
containing more than 10 grans of hardentng substance
to the gallon—1e water of more than 10 degrees of
bardness—~is called hard below 10 degrees 3t 1s called
soft Very hard water has disadvantages which are as
Fattows
(2) Hard water wastes soap and 15 unsuitable for

laundry work

(b) Vegetables and other fopds are not sa diges
uble when cooked 1n 1t

{c) When used 1a the boilers of for example st
engines a deposit 15 formed on the nside of
boilers and pipes This causes waste of fuel
as much more heat 1s peeded to ratse steam
The deposit also tends to block the pipes
Such deposits can be seen wmside kettles 10
which hard water 1s botled

Softening of Water —Water which s too hard may
have the hardness removed or reduced by taking away
all or some of the substances which cause the hardoess
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The methods employed to do thus depend on the nature
of the hardness of which there are two kinds-—tempor-
ary bardness and permanent hardaess,

Temporary hardness 15 wsually due to the presence of
caletum carbonate of magnesium carbonate  These are
substances which can be dissolved only m water which
contatns carbon dioxide if we remove the CO, from the
water they will be precipltated—te they will cease to
be dissolved they wilt become solid and fall m the
form of a powder to the bottom of the water the water
baving lost its CO, is no longer able to hold them
wlytion

€0, may be removed from water by boiling & proce s
which dnves off the gases It may also be removed
by adding me  The hme umites with the CO, 1n the
witer and forms calaum carbonate which s 1asoluole
and falls to the bottom as a precipitate

For large supplies of water 1 ounce of quicklime 15
3dded 1o every ) 000 gallons for each degree of h:rgh}:a
o s - -

. . .
L} . -

Hardnesy which can be removed efther by bolling or
by the addution of lbme s called temporary hardness.

Permanent hardness 1s due to the presence of sub
Mances which are soluble 1n water even when 1t does
fot contain €O, and which cannot, therefore be
Temoved cither by boiling or by adding bme these
substances are usually caloum sulphate or magnesium
tulphate and 1t 14 difficult 1o remore them and at the
tame tme leave the water fit for dnnking purposes This
my be done by paswing the water through a substance
Enown a8 permatit, which possesses the power of absord
g Ume and magnesium salts,

I the water 1+ required only for laundry purposes
% may be softened by the add ton of sodium carbonate
(washing sod2) “This results in the formation of sodim
wiphite and calclum or magneniom carbonste the fatter
 Precipitated and the former remains in the water but
daes not cavse hardnets
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surface of the candle  After a time the candle becomes
coated with such matter and requires 10 be cleaned. It
should first be brushed to remove the depont, and then
be boiled to sterilize 1t (see Fig 9)

A filter such as the above 15 smtable for filtering
drinkeng water for a small fanuly only, because 1t works
very slowly If larger supplies of filtered water are needed
pressure filters fitted with more or larger candles are used.
In pressure filters the candles are fitted 1nto a closed
metal cylinder, and a pressure of about 35 pounds per
square inch 1s used to force the
water through them quickly
smacon n Suich filters are used 1n large ost
w5 "™ tutions, such a3 hospitals and
P muneral water factories

b Ciltration of Large Supples
of Water—For filtenog large
W supplies of water two forms of

filter are used These are the
slow sand filter and the mech
Fic 9—A Caoie  ancal sand filter
s Slow Sand Filtration —This 1
the oldest and suil one of the best methods of filtration
on a large scale  Its disadvantages are the large size
of the filter required and the slow rate at which the water
passes through, owwg to the fact that no pressure s
used
The slow sand filter consists of an open tank about 6
feet deep, with an arrangement of open jointed field pipes
la1d on the bottom, these pipes receive the filtered water
and convey 1t from the filler Embedding the pipes 1s 2
layer of coarse gravel about 14 feet deep, and above the
gravel 1s a layer of sand 2} 1o 3 feet deep The remam
g portion of the tank contains the water to be filtered.
The tank 13 fed from a pipe leading from the reservoir
As the water swks through the filter orgamic matters,
including various bacteria are strained out and are feft
on the surface of the sand  After a few days® flow these
orgamisms increase aad form a thin gelatmrous Eayer or
film covering the entire surface of the sand  This film 18
of the greatest value for 1t prevents the passage through
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the flter of the smallest organisms, including diease
germs Ul thiy film has formed the filter does not
fanction properly, o the water which bas passed through
before 1ts formation is allowed to run to waste The time
uken for the film to form and to become effective 1y
about three days  After thas 1t gradually thickeas unul,
after 2 peniad varying from three weeks to three months
it becomes o thick that the water can pass through it
only very slowly When this stage has been reached the
P et T e

v,

Slow sand filters can deal with an average of 50 gallons
of water per day for each square foot of their surface
area

Mechanica] Sand Filter —The mechatical sand filter
consists of a closed steel cylinder contaiming sand and
gravel 10 A height of abous 4 fect, through which the
water 1s forced by pressure  These filters also dupend
upon the formation of the gelaunous film for their
efliciency The rate at which the film 13 formed and the
Tength of tme taken for 1t to become loo thick depend
Lpon the amount of water which passes through the filter
™2 given ume

Mechanical sand filters are uswally capable of dealing
with about 2500 gallons of water per day for cvery
square foot of their surface arca thatis they work about
£ty umes as fast a3 does a stow sand filier  The film
forms and becomes thick much mote quickly the average
e taken for formaton is from three to four hours,
and sfter three or four days it becomes too thick for
economucal working

When the film 19 toa thick 1t must be removed Thus
8 done first by forcing air through the filter from below
upwards  The air breaks up the film and loosens the
8and  Following the air a stream of filtered water fs
forced through in the same dusction  The water washes
the wand and the gravel The durt 1t washed slowly
Away from the bottom upwards and paswes out through
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surface of the candle  After a tune the candle becomes
coated with such matter and requires to be cleaned It
should first be brushed to remove the deposit, and then
be boiled to sterilize 1t (see Fig 9)

A filter such as the above 1 swtable for filterg
dnaking water for a smail famuly only, because 1t works
very slowly If larger supplies of filtered water are needed
pressure filters fitted with more or larger candles are used
In pressure filters the candles are fitted mto a closed
metal cylinder and a pressure of about 35 pounds per

square inch 1s used to force the
water through them quickly
woincon s Such filters are used 1a large 105t
SR tutions, such as hospitals and

s muneral water factores

e Filtration of Large Supples
of Water—For filtenng large
|- supplies of water two forms of

filter are used 'These are fthe
g slow sand filter and the mech
Fi¢ 9—A Canptr  amical sand filter
e Stow Sand Fultraion —This 18

the oldest and still one of the best methods of filtraon
on a large scale Its disadvantages are the large sze
of the filter required and the slow rate at which the water
passes through, owmng to the fact that no pressure is
used
The slow sand filter consists of an open tank about €
feet deep, with an arrangement of open jointed field pipes
laid on the bottom, these pipes receive the filtered water
and convey it from the filter Embeddiog the pipes is 2
layer of coarse gravel about 1} feet deep, and above the
gravel 1s a layer of sand 24 to 3 feet deep The remam
1ng portton of the tank contains the water to be filtered.
The tank 13 fed from a pipe leading from the reservoir

As the water sinks through the filter orgamc matters
mcluding vatious bacteria are stramed out and are left
on the surface of the sand  After a few days” flow these
orgamisms Increase and form a thin gelatmous layer or
film coverng the entire surface of the sand This film ts
of the greatest value, for it prevents the passage through




WATER o

the filter of the smallest organisms including diease
gems Untd this film has formed the filter does not
function properly so the water which has passed through
before sts formation 15 allowed to run to waste The time
tzken for the film to form and to become effective 1s
ahout three days  After this 1t gradually thickens unti,
after a peniod varying from three weeks to three months
1t becomes so thick that the water can pass through it
ooly very slowly When this stage has been reached the
film and about 2 inches depth of sand 1s scraped off the
sand bewg washed and replaced  Water 1s then passed
through the filter as before being run to waste until a
new film has formed when the filter 15 again ready for
e,

Slow sand filters can deal with an average of SO gallons
of water per day for each square foot of their surface
ares

Mechamcal Sand Falter —~The mechanxal sand filter
consists of a closed steel cylinder contaming sand and
gravel 10 a height of about 4 feet through which the
water 15 forced by pressure These filters also depend
upon the formation of the gelanmous fim for thew
eficiency  The rate at which the film 15 formed and the
length of time taken for 1t to become too thick depend
poa the amount of water which passes through the filter
i a given time

Mechanical sand filters are usually capable of dealing
with about 2500 gallons of water per day for every
square foot of thew surface area thatss they work about
fifty umes as fast as does a slow sand filter The film
forms and becomes thick much more quickly the average
tme taken for formation 1s from three to four hours
and after three or four days 1t becores too thick for
sconomical working

When the film 35 too thck it must be removed This
8 done first by forcing air through the filter from below
Upwards The air breaks up the film and loosens the
sand  Following the air a stream of filtered water 13
forced through 1n the same direction  The water washes
the sand and the gravel The dirt 15 washed slowly
away from the bottom upwards and passes out through
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treat 2(())00 gallons of moderately polluted
3

‘water

{b) Make 2 stock solution and use it for treatng
small quantities of water when necessary The
stock solution 1s prepared as follows Make
a level teaspoonful of chlorde of lime o 3
smooth paste with water; dilute this with 4
teacupfuls of water and keep in a tightly
corked bottle  One teaspoonful of this stock
solution should be put into each 2 gallous of
water, which should thea be allowed to stand
for fifteen muautes It should be safe to use

the water for dnnking after this penod
Other Methods of Water Stendization on 2 Small
Scale—P Potash —Sufficient should be

o
added o give a pik unt 10 the water I the colour
N - > tn ea =nteafe, and more

tablet form
- art of water
one hour
Dishllation —This method 1s used by chemusts when
they need pure water The apparatus needed to carry
out this process consists of a boier from which a cod
of pipe runs into a vessel through which passes a con
stant stream of cold water  The water 1n the boiler 15
heated to boiling point steam mnses from the surface of
the water and passes 1nto the cold ptpe where 1t con
denses into water again
Distilled water contamns no organfc or morganic
impurities, but 1t 15 not palatable and the process ts too
expensive for ordinary use The water may be acrated
after distillation 1f this 15 done 1t makes excetlent dnnk
ng water

Sources of Water Supply
Supplies of water for ordinary purposes may be
obtained by the followmg methods -
1 Collecting ramwater from a clean surface such
as a corrugated ron or a tiled roof—tre duect
ramfall
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2 Constructmg reservowrs 1 the high lands to
collect water from the surface of clean unpol
luted groupd, This 15 known as vpland surface

ater

wi

3 Taking water from nvers streams or lakes this
15 also surface water

4 Collectmg underground water as it 1ssues from
the ground 1 fthe form of sprmngs or from
wells dug or bored for the purpose

Daeet Ramfall

If ramwater 1s collected from clean roofs and stored
1n clean tanky it 15 the purest of all natural waters

Ram 18 formed by the condensation of water vapour
produced by evaporation from the water of the oceans
Iakes and rivers It therefore contains no solid tmpurn
ties until 1t falls upon a dirty surface such as a roof
fouled with dust, dead leaves and the excreta of burds

1f ralawater 15 to be collested for use as drnking
water the roof must be provided with proper eaves
sutters and down pipes discharging 1nto covered and
protected storage tanks These tanks may be constructed
of galvanized 1ran or better of concrete provision must
be made for frequent cleaning and a tap must be provided
(ar‘!he withdrawal of the water

this automatically causes the first portion of each rasafall
o run to waste thus ensuring that the roof 15 washed
before any water 15 allowed to run 1mto the storage tank

The disadvantages of direct ramfall 2 a water supply
are the tatermuttent nature of the supply the hability to
pollution from dirty roofs and storage tanks and the
fact that raimwater 1s tasteless and unpalatable owing to
the absence of aeration and of munerals

To estimate the Quantity of Raluwater Available —
The quantuty of ramwater falling upoa a surface may
be esumated as follows
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treat 2000 gallons of moderately polluted

water O
(b) Make a stock solution and use it for treating
small quantities of water when pecessary The
stock solution 1s prepared as follows Make
a level teaspoonful of chlonde of Iime mto a
smooth paste with water, dilute this with 4
teacupfuls of water and keep m a tightly
corked bottle  One teaspoonful of this stock
solution should be put into ¢ach 2 gallons of
water which should then be allowed to stand
for fifteen minutes It should be safe to use
the water for dnnking after this period
Other Methods of Water Stenization on 2 Small
Scale—Permanganate of Potash —Sufficient should be
added to give a pmk tint to the water If the colour
disappears withia an hour the water 1s not safe asd more
permanganate of potash should be added
Sodwm Sulphate —Thts 1s obtamable m tablet form
Two tablets should be dissclved 1 a quart of water
which should then be allowed to stand for one hour
Distillation —This method 1s used by chemusts when
they need pure water The apparatus needed to carry
out thus process consists of a botler from which a coil
of pipe runs into a vessel through which passes a con
stant stream of cold water The water 1n the boiler 18
heated to boilng pomnt steam mses from the surface of
the water and passes nto the cold pipe where 1t con
denses 1nto water agan
Distilled water contans no orgamic oy norganic
impunties but 1t 13 not palatable and the process 1s to0
expenstve for ordinary use The water may be aerated
after distiflation 3f tns 1s done 1t makes excellent drimk
ng water
Sources of Water Supply
Supplies of water for ordmary purposes may b
obtained by the following methods
1 Collecting ramawater from a clean surface such
as a corrugated 1ron or a tiled roof—1e, direct
rainfall
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2 Constructing  reservous 1o lbe high fands to
collect water from the surface of clean uapol
luted ground  This 13 known as upland surface
water

3 Taking water from nvers streams or lakes ths
15 also surface water

4 Collectng underground water as 1t sssues from
the ground 1 the form of springs or from
wells dug or bored for the purpdse

Direct Rainfail

1f ramwater 13 collecled {rom clean roofs and stored
in clean tanks 2t 2 the purest of all natural walers

Ram 15 formed by the condensation of water vapout
produced by evaporation from the water of the oceans
lakes and nvers, 1t therefore coptains b0 sohd wmpun
ties woul 1t fatls upon a dirty surface such 4s a roof
fouled wath dust, dead leaves and the excreta of bieds

16 rawwater 1 to be coliected for wse 3y dnokng

gutiers and dowa pspes discharging into toversd and
pfulcmd storage tanks  These tanks may be constructed

device catied a_rafnwater separator 1s somctumes vsed
this antomatically causes the first porton of each raafal)
1 run to waste thus ensuring that the roof 13 washed
h!’{:re any water s allowed to run o the storage tank
tbe absence of acration and of mwerals

To estimate the Quantity of Rainwater Avallable —
The quantty of ramwater fafing upon a surface may
be esimated as follows
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Reseryoirs

Reservowrs are usually partly natural and partly art
ficral  For example a valley may be converted wmto 2
reservorr by the erection of a concrete or carth dam
across 3 parrow part  The water 18 led from the reservour
fo the filters and thence to the town by large steel or
concrete pipes called mains

If possible the reservorr 15 constructed at such a height
that the force of gravity alone 1s sufficient to rame
the water 1n the mains to the highest part of the town.
If this 15 impossible pumps have to be used and the
expense of providing a water supply 15 greatly increased

Lakes and Ruvers.

Lakes and nvers are common sources of water supply
They are under the best conditions Lable to be poliuted
1n the manner descibed above and when their shores or
banks are thickly populated they are more especially
bable to pollution In manufacturing districts 100
waste water and other refase from factores 15 often
turned 1nto a iver  So also ss the effluent from sewers
and drams

Even 1n a country where there are not many sewers
nivers are polluted becausc of the imsamitary habsts of
the people who live near to them  If latrines are mot
used the ground becomes very foul and filth 18 washed
to rivers and streams by the rain  Ip many places
cattle and goats are allowed to pollute the places. from
whick water 15 drawn

If a village denves its water from a rver this should
be divided into sections each of which should be
reserved for a particular purpose The upper reaches
should be protected and used only for the drawing of
dnoking water  An area on both bapks should be
fenced  The banks themselves should be tnmmed
and where necessary stomes should be laid down to
form a hard surface so that mud shall pot be formed
by the traffic to and from the water Down niver from
this section other sections of the mver should be
reserved—one for bathmg ome for the washing of
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tlothing and, last of all, one as 3 dnnking place for
cattle should be made

All water drawn from a source hke this should 1f
drawn for dnnhang purposes, be stored, ltered and
sterilized Under no aircumstances should 1t be used
usless 3t has at least been allowed to stand for a while
to clear uself, and then it shouid be boiled  These two
pracesses can, and should, be carned out under the
most prumtive of couditions

When a mwer 15 used as a source of water supply
oo 3 large scale, the water needs to be carefully pun
ficd before delivery to the consumer  Prelminary
storage (o aliow of sedimentation 13 always necessaty
befare filtration and stenlizaton can be undertaken

Sometimes 1t 15 posmble to wmprove the quality of
watcr derived from a mver by swking wells at some
distance from 1ts banks The water percolates through
the 01! between the nver and the well and 1s thereby
partially filtered Care must be taken to exclude sw
face water from such wells, but the subsoil water may
be allowed to enter, unlesy there is reason o fear that
1t may be fess pure than the nver water

Another method sometimes adopted ss 10 dig trenches
parafiel to the river hank and at some distance from
W 5o that water may seep through the miervenmng
ground from the nver to the trench The dipging of
wells 13 the better method, as thesc are more easiy
Protected than trenches

Ruver and hike water 15 classfied as surface water
and 13 vsually sofy

Springs and Veells.

Water detived from either of these sources 1s elasst
fied a5 underground water and 13 usually harder than
sutface water, owing to the nunerals dissolved m it
dunog {ts passage through the so

Origia of Ground Water—The onginal source of all
waters 1 the rawfall  Some ranwater evaporates and
retums to the aw to {all again 3s taw, some rums off
the surface of the ground to form streams nvers and
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through the soil before finding an outlet, a great deal
of natural filtration has taken place Contanunation
may, however, occur 1if the surface pollution 15 great
and 1f, at the same tume, the upper mpervious stratum
contains numerous cracks through which the water may
trickle down without any natural filtration taking place

Owing to the munerals and gases which the water
dissolves durng 1ts journey through the rocks, deep
apring water 13 usually very hard and sparkling

Protection of Springs.—If a spring 18 used 23 a source
of supply for dnoking water, every effort must be made
to prevent pollution dunng collechon ¥t 1s pot suff
ctent to make a hole near the spring and to scoop up
the water from this, some arrangement of pipes should
be used s0 arranged that the water may enter the collect
ing vessel 1n as pure a condition as 1t was when 1ssung
from the onfice, or eye, of the spring

Fig 12 shows 2 method of domng this recommended
by the Medical Department of Uganda and used o that
country with successful results

The wall or dam (a) should be watertight, and may
e built of stone or brick m cement mortar, OF it May
be constructed of concrete It should be built a lutle
1n front of the eye of the spring The 2 inch galvanised
1ron prpe should be fixed near the bottom of the dam
and it Is recommended that the water should not be
allowed to nse 1n the space behund 1t, as the pressure
thus caused usually results i leakage round the sides
of the dam It s for thus reason that an overflow 15
provided 6 mches above the bottom of the pipe The
overflow (b) should lead mto 2 covered ruhble or
french dram It has been found m practice that people
frequently plug the outlet pipe with the rmustaken idea
that this_ will conserve the water supply, 1z such cases
the overflow prevents the accumulation of water behind
the dam, with the conscquent danger of leakage or even
of bursting

The outlet pipe should be so arranged as to obiam
2 miumum height of 1 foot 3 snches between lts dis
charge end and the place on which the buckets which
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recelve the water are 1o stand, thus can ke done on
vopmg ground by ziving sufficient lengih of pipe and
on Jevel grovnd by siing the concrete stanve at the
pmper distance below the pipc

1pnog may be covered over wath comugated
iron -hms, on the top of which is a layer of earth as

7 SURPACE WATER CATERMENT DRAIN

2GALY oK
<unmets. PPE

coneRETE

EYE OF SpRING! STANCE

SECTION

PLAN
Fi¢ 12 —A Provecres Srnw

thown 1n the sketch or 3t may be covered with con
§2¢t¢ 9r even with poles and carth. The latter 1t not
tecommended as the poles are very biable to be attacked
by white ants

The waste water should be carried away by an earth
dram and the whele collecting scheme should be pro-

¥ ew
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{c) The top of the well should be coversd with
coacrete and, tn addition, should be provided
with a concrete surround several feet wider than
the outside circumference of the well The
concrete surround should be raised above
the ground [evel The water should be drawn
by a pump, dipping with buckets or other
vessels should pot be permitted

Fig 14 1llustrates the above points

CASTIRON
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sumimmo
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FRUETETR
Fi6 14 —THE PROTECTION OF A WaLL

Deep Wells—These, as a rule, are dug ont for the
first 10 feet, and are then completed by bormngs of
smaller diameter  The borngs are hoed with steel
pipes
The dug portion of the well should be protected in
a manner siumilar to that described for shallow wellt
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QUANTITY OF WATER REQUIRED

When the question of the provisien of water supply
for a village or town 15 being conudered 1t 1s necessary
to Xnow for what purposes the water will be requred

Under any circumstances each indwidual an the
community needs water for dnoking bathung the wash
g of clothes and the cleansing of the house There
may be ammals to be provided for There may also
be pubbic insututions, such a3 schools bospitals and
Botels which have special needs In towas the amount
of water vequred for water<loset and dran Qushing
for the washing of strests and for manufactuning pur
Poses must also be taken nto account

The minimum awount of water required for a willage
communsty 1s about 12 gallons per head per day thus
amount 15 made up as follows

Drinking water 03 gallon
Cooking water 07
Bath etc, water 50 gallons
Laundry waater 30
House cleansing water 10

Total 120

Special Requiretents

Hotels 30 gallons pet head per day
Hosp 1aly 4050,

Schools “ 0, B
Horses 16 . "
Cowy 10 n

In large towns 1n Evrope the allowance of water per
Bead vanes from 27 gatlons to 84 gallons per day
ccording 10 the needs of local industnies and to the
dleansing methods employed by the local authonty

Takang an average of 35 pallons per head per day
Wiy allowance would be atlocated as follows
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If a sample 15 to he faken from a river or lake, the
bottle, with stopper 1 place should be submerged to
a depth of 1 foot below the surface The stopper should
then be removed and the bottle allowed to fill The
bottle 1s sunk 12 thiy way to aveid the collection of
water near the surface which may be of better quality
owing to 1ts contact with the ar

If a sample 13 to be faken from a tap or pump the
water should be allowed to run to waste for a few
munutes m order to clean the mouth of the outlet The
water which has been standing 1a the pipe should be
run off before the sample 1s taken

The sample must be taken without delay to a chemust,
together with the following information

(a) The source from which the sample was taken
(5) The kind of apparatus wsed for drawing the

‘water

() If from a well, full details of the well and its
surroundings.

(d) ¥ the sample 13 of surface or ranwater details
of the kind of collecting surface and of means
of storage

(¢) The state of the weather—e g has there been
2 long dry spell or a pertod of excesuve ran?

For Bacterlological Exammation —The greatest carc
must be exercised 1n collecting samples for this pur
pose otherwise the rTasults obtaned wall mot be con
clusive

Properly stenlzed plase bottles with glass stoppers
must be used 1f possible these should be obtamed from
the laboratory ready for use Any part of the bottle
or stopper which comes into contact with the waler
to be examuned must not be touched with the fingers
or altowed to come 1nto contact with anything excephing
the water collected.

The filing of the bottle should be done 1n the same
manner as descibed for chemtcal examination the
stopper should be replaced quickly and tred down with
otted stk The sample should be sent to the laboratory
at once as 1t must be examned as soon as possble
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after collecion  If 3t must travel a0y distance the
bottle should be packed in an 1e bot to prevent an
sacrease 1 the number of micro organisms 1n the water

TO CALCULATE THE YIELD OF WATER

(a) From a Well—The amount of water yielded by
& well may be determined 1n the following way

Mark the normal level of the water and pump until
this hag gone down several fect if possible  Mark
the new level note the ume and measure the distance
Setween the two levels Record the tme in hours re
;;mred for the water to regamn its normat level. Now
et

D=diference In feet between the two levels
Assectional area of the well
T=tume 1z hours taken to regain normal level
G=yield 1 gallons per hour which we want to find
The formula 15
DxAx625
G="mr

Example —How many gallons of water per hour may
be obtuped from a well of diameter 6 feet i which
after the water level had been lowered by 4 fest nor
mal level was regamed 1 three bours

Salution -~The section of the well 18 2 circle diameter
§text,

* the sectional area of the well
=3 1416 X3% 3
82744 square feet

From formuly
G=
4x282744 %625 _ 70686
LAxBTeE (TR

DxAx625
T

=23562 gallons per bour

) From a Piped Sprmg —This may be found by
taking the time needed to fill a vessel of knows capacity
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PART 1L~THE BUILDING OF A SIMPLE
DWELLING

1 How to choose and kmproye bulding sites,

When selecting 2 site for a dwelling house, the chief
points to be conudered are 1ts healthimess and general
convenience

By healthiness 1s meant freedom from conditions
which may be injunous or dangerous fo bealth The
condittons necessary to the healthiness of the site arc
as follows

(@) The soil should be porous apd well drained. A

e e i a amemnfe b

The ground water should be at Jeast 10 feet below
the surface, otherwise its nise and fall will render the
site damp and will force impure ground alr into the
bulding The ground water 15 found at vanous depths
below the surface In some places 1t 1s only a foot, 10
others 1¢ may be many hundreds of feet down In all
cases the water level nses and falls according to the
presence or absence of heavy rain

‘The ground air 1s that which occupies the interstices
of the soil above the water level When the water rises
during heavy ram it pushes out the air and takes its
place When the water recedes air again enters, and so
there Js a constant movement of ground water and
ground air upwards and downwards

() The site should be clean, If the ground i poils
ted wath refuse, or by leakages from drams or pit lat
fines, or by any other objectionable matter, the ground
air will be very impure and, as it 1s constantly moviog
1n and out of the ground, 1t may cause the site to be
unhealthy

(¢) The site should mot be too low A site on rising
ground 1s cooler and easier to draln than one 1n 2
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valley 1t 1s not, bowever best as a rule to build on
the very top of a high hill as the house would be
exposed 10 storms and would be too far from a water
upply

(&) The site ahould be fo the windward of any
#wansp which may be [n the vicimty If the site 15 Dot
10 the windward of a close by swamp the house 1s
kely to be infested with mosqmioes which are carned
gm A o E ) x

HOLE BORED
AT EVERY.

INT AND
PITH REMOVED

£6 15 —A Lucs Bu0o rreraren ron Supio L DhaNave

Improvement of Sifes—(a) 1f a buildmg must be
erected on a waler 1ogged e the ground must first
of all be drained This may be done by an arrangement
of ficld pipes of french draing draining into 2 stream
or other swtable place

Where large bamboos are avalable thess can be
lised for thus purpose if they are prepared as shown m
Fig ;S Scyeral bamboo pipes should be lud i each
trenc!
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space, floor space, ventlatton and lighung sst ont m
Chapter I

Proviston should be made for separate rooms for
sleeping living cooking and the storage of foodstufls,
Pacilittes for bathing and means for the removal of
refuse and waste water should also be provided

If the dwelling 1s to accommodate a family separate
sleeping rooms should be provided for the parents and

Fic 19 —PLAR OF A Two-Roomep Housz

for the children of either sex. Thus for a man and
wafe with male and female children at least three
sleeptog rooms are needed m addition to a hving yoom
bathroom and store

Figs 19, 20 and 21 show very smple types of dwel
lings which fulfil the above requirements (They are
adapted from type drawings issued by the Kenya and
Uganda Medical Departments)

3 Setting out the Building
Having chosen a switable site and design, the pext
matter Tequinng attention 13 that of settmg out the
building en the site
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The settng out of the house shown 1 Fig 20 will
be taken as an example

vemampa

,.w
“

e T
o -
s SRy
s e

Fic 20 —A Tumes Rooweo House

Acgles—Alf the angles are nght angles and may
be set out by the method known as the 3-4 S rule  This
© based on the fact that the square of the hypotenuse
of a nght angled triangle 15 equal to the sum of the
squares of the two other sides,

This gives us the rule that if the two sides of a nght
angled tnangle are 3 and 4 respeetively, then the hypo-
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Second Step —Find Lines 1-3 and 24 at nght angles
to the base line by the 3-4 5 method, m
3 and 4 2and fix Iines as before. dme 1 pess

These three Lines, thus fixed, form guide Imes from
which all the dimensions on the plan may be measured
and set out

‘Third Step.—From pegs 1 and 3 measure 3 feet to
the nght and wmsert pegs 5 and 6 Fix loe

Fourth Step,-~Measure the length of the front of the
building on the plan and sct out this length from peg
5, obtawmng the postion of peg 7, take the same
measurement from peg 6 and imsert peg 8  Fix lmey
56 and 7-8

Fic 24 —A Lins Boarn

We pow have the exact position of the extreme out~
stde walls of the bulding

Fifth Step—Now obtain the position of the remain
g walls by measurement from the plan asd msert
pegs 9 20 10 their proper order Put natls mto all thesc,
fix the Imes and the outhne of the bwldiag will be com
plete This 1 shown shaded 1n the figure

Nate —AlL the pegs are 3 feet away from the wall
faces, so that they may be out of the way of the work
of excavation and of buidiag the walls

The lines ab, ed, ac, bd show the position of the
ontside of the walls

Suxth Step.—The correctness of the setung ont should
be tested by measunng the diegonals of the vamous
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rooms, first on the plan and then as set out If the
two measurements tally 1o each case, then all 15 well.

Seventh Step—Line Boards are erected over the pegs
to show the posiions of foundations, footings and walls
Gsee Fig 24)

These are rough boards pailed across two stakey driven
1nto the ground The position of the wall faces 15
taken from the Degs and marked on the board, the
other lines needed are measured the carrect distance
from these and fixed when required

4 Foundations and Footlngs

Foundations.—The foundations of a bulding include
the whole of that part which 1s below the ground—i.e.,
2 layer of concrete and the fooungs which rest upon 1t

AY bnck or masonry walls must have foundatons,
and these should be dewigned to distribute the pressure,
of waight, of the busldiog over u greates area  They
also prevent unequal setilement, which would cause
the walls to crack

As bullding proceeds from the bottom up the fnt
step to be taken alter the setung out 1s completed, is
to dig trenches for the foundations. The next 13 to
lay the concrete and on this to build the footngs

The footings conmist of a weswes of steps, cach one
projecung 2} inches beyond the course above, the lowest
course being usually twice the width of the main wall.
Thus below a 9iach wall there will be two courses
of footings and the bottom course will be 18 sachey
wide he concrete projecty 4 lnches on either side
of the bottom course, thus extending further the pres
ture area

Fig 25 shows & crosssecton of foundations for a
9inch wall. The concrete 13 6 1nches thick

The Trenches tor Foundations.—In the last pasagraph
we determined the width of the trench oecessary for
a 9inch wall—namely 26 inches, made up ay follows
the fowsst step of the footings 18 inches pluy the 4 inch
roweuon of concrete on each wde equals 8 inches,

"
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total 26 inches The depth wall de;

with the pature of the ground :urf:ce:d upon ad vary
In every case the walls must start upan a level foun-

dation The bottom of the trench must be levelled by

facans of a spint level, the use of which will be learned

best by practical work on the buslding

-2
Ft6. 23 —CXO33 SECTIONS OF FOUNDATION FOR A 9 1NCH WALL,

Laying the Concrete~The bottom of the trench
having been lcvelled, pegs are drven into 3t at suitable
distances apart These will project above the surface
of the ground a herght equal to the thickacss of the con- *
crete—ie,, in this case, 6 jnches above the ground

The concrete 13 then put into the trench and beaten
wth wood or fron rammers untl it 1s Jevel with the
top of the peps When the conerete 1s quite hard it
18 ready to recewve the first course of footings, which
1s two bricks wide (sec Figs 25 and 29)
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The making of concrete will be descnibed 1n the sec
tion devoted to building matenals No concrete should
be made unless 1t 15 o be used at oncc as 1t 1 useless
1f 1t nets before being put mto place

$ Bonds in Brickwork,

Definitions.—The bond 13 the way m which bricks
are bult mnto footngs and walls so as to overlap in
vanrous ways thus ensuring strength and unity

There are scveral bonds but the commonest aad
best are the two known as enghsh bond and flemish
bond respectively

A stretcher 15 a brick lard with 1ts length lyng along
the length of the wall

e
(TN

e
mcdane

teoaticr

Pic 26 —EncLisk Bokp

A header 1s a bnck laid with its length across the
thickness of the wall and 1ts ends showing on the wall
face

Mortar cons sts of ume and sand or of cement and
sand 1t is used 1n buiiding to bind together the stones
or bricks and to fill up the spaces between them, so
that water may not enter the walls Tt 1s also used for
plastening or rendenng the surfaces of walls foors
and of concrete work (se¢ section on Building Materials)

Bed jounts are the horzontal joints 1n a wall  The
other jomts are called vertical joints

Bricks are usually made 9 inches Jong 4} wnches wide
and 3 faches thick
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A closer 15 a brck cut lepgthwise down the middle
1ts size pow being 9 wches long 24 nches wide and 3
wnches thick It use will be seen in the following

figures

e gon
SN0

b

an
B o

Fia 27 —Conners IN ENGLIsH At i FLENTSR BOND

Courses —~Walls are bult 1 honzontal rows of
brcks each fow having @ bed jount of mortar between
1t and the one above These rows are called courses.

Englsh bond —This 15 @ method of laying bricks ta

' s

- fad
ws the
- which
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®) A layer of felt treated with bitumen  This may
be used alone or better, laid on the top of z

layer of cement mortar as described above

(¢} A specially made damp-course matertal consist
g of a layer of sheet lead between two layers
of bitumentzed felt (* Ledkore )

(d) A layer of sheet lead

(¢) Other matenals are often used 1 Burope, such
as two layers of slate bedded 1n cement mortar,
two courses of very hard and dense bricks 1
cement mortar, glazed stoneware tiles, and so

on

Fig 25 shows the correct position of the damp proof

course 11 relation to ground level and floor as desenbed
and as used for the three roomed house (Fig 20}

7 Roofs.

Defimtion—Pitch —A roof must be constructed with
a slope 1n order to throw off the rain  This slope 13 called
the puteh of the roof It is described exther by the aum
ber of degrees contained mn the angle between the rafter
and the springing Lae or by the proportion which the nise
bears to the span—ie,

se
pl(dl’m

Thus Fig 30 shows a roof whose sides slope at 45
degrees and whose nis¢ 1s equal to half 1ts span  Such
a roof 13 descnibed esther as a 4S-degree putch roof” or
a3 “a { pitch roof ”

The mimmum slope or pitch of a roof vares accord
mg to the kind of material used for covering  The
following are the munimum prtches which should be used
for vanous roof covenngs

Roofing Material Mumnam Putch
Corrugated 1ron 12 degrees

Pan e 33 degrees or }-pitch
Plamn tiles 45 degrees or §-pitch

Thatch 45 degrees or § pich.
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tug-of-war, A e beam 1s subjected to tensile stress by
the outward thrust of the rafters at each end of the beam

{Fig 31 (a))
Compression 1s a squeczing Or crushing stress, such g
one gets in the struts of a truss [Fig 31 (c)}

=
FOTENS LE STRESS. 18 sutanns

L ST A e——
Ftc 31 —Sraesans
The duction of the forces 13 showa by arrows

Cross-stress 15 a stress applied transversely or acrosy
a bar or beam, tending to bend 1t or to break it across

[Fig 31 ()]

Fic 32 —A LeaN Yo RooF

Shearing Stress.—This tends to cut the fibres across or
1o cause them to shde upon each other The foot of &
principal rafter tends to cause the fibres of the tie beam
1o slide upon each other [sec Fig 31 {b) at (a)] The
portion shaded 1s lable o be * sheared off,” or cut off,

along the dotted line
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Forms of Rool~The simplest form of roof has oaly
one wopt, the endy st on tuo paraliel walls, one uide of
‘which 1 hightr than ibe other 1o us way the roof
3tix the necessary alope, 2t 313 ¥nOwD 33 3 fean-to roof
(e Fig. 32)

Roofs with two main slopey are known a2y span rools
(26 g 33 Yhe tnanpuiar parts of e end wally are
Xnown as gables

216, 33 X §ra ROGP {Gartgn)

Another form of span roof has o gabley the walls ase
wmed up @ the samae heght 3l round the bulling,
aad exch ¢ead of the 1oof o thoged 33 showa 11 Fig 3¢

Such & roof 13 kuawn 13 3 bipped rool, and the fafters
ut the potal of taterssctson of the four slopes are called

i saliaes,

A couple rook & % span 1oof formed by two raBlens
fied to the ndge board and wall plate ¢, Fip 35
Tuch 2 roof should pot be wsed except where the apan
3 under 12 feet, a8 there 1 3 tesdenty for he feet of
the caftecs to tpread and to thrist ot the walls, a5 shown
by the dotted Linex

“



# TROPICAL HYGIENE AND SANITATION

The remedy for this defect 15 to add a tie beam which
will hold 1n the feet of the rafters The roof then
becomes a coupleclose roof  Such soofs are smtable for
£pans up to 16 feet (see Fig 36)

If the span s greater than 16 feet, the ne beam will

L maTe:

Fic 34 A Hierso Roor Fi6 33 —A CourLz Roor

have a tendency to bend downwards 1n the middle—that
18 to sag To prevent this a supporting member called
the king post, 18 added The rafters bemg looger owng
to the greater span will also tend fo sag and must be
supported by struts,

walL PLAYE/

Fi6 36 —A Cours Crose Roor
We now get what 1s known as a king post roof which
1 switable for a span not exceeding 30 feet (see Fig 37)

The King post Roof —This mcludes the roof trusses
or principals the purhas and the common rafters
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The trusy or principal g the framework, composed of
the ti beam, the prncipal rafters the king post and the

euts.

Pasts of & King¥ost Truse (o2 Frg 37—} Toe
The OesmmrAs far 2y the roof {self 1 concerged the
pbgect of the te beam 1t to Bold the feet of the pnncipal
safters and fo prevent thems {rom spreading 10 s thus
subjected fo & pollig of tenmle streus 1f 1t also carmies
ihe coling, 1t te sibyccied 10 % cross-tersy 15 addition

PG §7 A King Forr Roor

1X) The ¥ing post iy 3t o hold up the centre of
e be beam #0d thus prevent 1 Irom saggtog It e sub-
Jected to a fesmle stress. Yron cods are sometmes used
Instead of Pe beams and king poste

{3) The prscipal rafiers ate the sloping bmbers of the
truss. They are fised at thexr wpper endy to the king
post and at theyr lower ends to the ue beam. They
fective & Cross Stess amd § v g
« o LiLLOIE guojected to compresston
After assembly, the trussey are placed across the
walls, spaced abour 6 to 16 fect apert, and the puckns
are fited to them

The porhios are umbers runmng longitudinally from
Uuss 1o truss. and ke to sypport the common rafters.
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In order to prevent the inside of an iron roofed budld
mg being uoduly affected by changes m the outside
temperature, cetlings of wood or plaster may be provided
m the rooms, together with pleaty of ventilation both
above and below the ceilings

Fixing Corrugated Iron Sheets—These should be
natled to the purkns—which are spaced about 4 feet apart
—with galvamzed won roofing nails made for the
purpose  The holes for the naus should always be made
at the top of the corrugations, otherwse ramnwater wll
run down through them and the result will be a leaky
roof

In fixing the sheets, 1t 15 best to give a side lap equat
to two corrugations and an ¢nd lap of not less than 4
nches

Ridge and hips are finished with specually shaped 6
feet lengths of galvanized iron (see ndge of roof 1 Fig
39

Tiles—Tiles are made of a materal sumlar to that
used for bricks, and form one of the best roof covenngs,
Therr advantages are, they are bad heat conductors they
do not harbour vermue, they present a good appearance
and therr manufacture provides employment for lfocal
workmen  Thewr disadvantages are  they are zob 5o
easily transported as corrugated iron sheets, many may
be broken i transit Skill 1s required for fixig, they
arc beavy and need strong roof framework to carry
them, the cost of the building being therefore mcreased

There are two kinds of tiles 11 common use—plain
tiles and pan bies.

“The plamn tile 15 usvally 104 1nches long by 6} waches
wade, and from # to } mch thick It 1s not made perfectly
straight lengthways, but has a shght curve or camber,
which allows the tai] of one tile to fit tightly to the back
of the one below 1t [see Fig 40 (@)] Tiles are usually
1md on laths which are nailed to the commen rafters

Terms used In Tile-layngz—Nibs —A b 15 2 projec
tton on the back of the top end of a tile by means of
which 1t 15 hung oa to the lath [Fig 40 (8]
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Lap (for Plamn TiHes) —Ths 18 the distance by which
the tail of one ule overlaps the head of the one in the
second course below it [sce Fig 40 (b))

Gauge —This 13 the distance between the laths
measured from the centre of one to the centre of the next
IFig 40 (&)

Margie —This 1s the exposed part of each ule It
15 always the same length a3 the gauge (Fig 40 (5)]

The Laths or Baftens—These are parrow stnips of
wood usually 1} inches wide by # tnch thick, which are
nailed at right angles to the rafters to support the tiles
{sce Figs 40 41 and 42)

Raute to calculzte the gauge and margin (plam ties)

Gauge ==l:ng(h of z'.\le lap

Example —What 13 the gauge for laymg 10§ x 6§ inches
plain tles to a lap of 23 mnches?

Solutlon —By the rule
Guugen LB b
~ie_the tile Taths will be nailed on to the rafters at s
distance of 4 inches apart measured from the ceatre of
one lath to the ceatre ot the next.

Laying the Tiles—Tile layimg begina at the caves and
1 caried upwards to the ndge The first or lowest
course conssts of tiles of a different size from those used
for the remainder of the roof their length beiag equal
to the gauge plus the lap {see Fig 40 m and 41 (m
They are laid progecting over the fas
2 inches 1n order to cause the nmwzler to fall m!o lhe
caves gutters  Over this row ules of ordinary size are
lnd( ;l}) that 1n effect the lowest course 13 double [see Fig
)

The fascia board is fixed higher than the top of the
faths in order ta give a tlt to thiy int double course
This tt makes the tail end of the second course St
; bl)l;\ly to the back of the tles in the first {see Fig 40
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Fi6 40 —A Tuep Roor

The ndge 15 covered with tiles of 2 special shape
embedded m cement mortar [Fig 40 (b)] Sinular tiles
are used for the hips

L8 [owmn

a
Fic 41 —PLAN oF Puav TiLnG

Pan tiles are curved and they differ from plan tiles
m that, whereas plamn tiles are laid 1o such 2 manner
that there 15 a double thickness of tile all over the roof
1 the case of pan tiles thece 1s only a sungle thickness
except at the pomts where the laps occur It follows
that the number of pan tiles requured to cover any given
roof area will be much less than the number of plamn
tiles needed for the same area
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Pan tles are usually 14 inches long by 9 inches wide
d arc given a side 1ap of 2 iches and ao end Lap of
to 4 {nches

Lap for pan tiles 13 the distance by which a tile extends
er the one tmmeduately below it not, as 1n the case of
ain tiles mn the second course below

The gauge for pan tiles 13 length of uile munus the lap
Fig. 42 () shows a cross section of one form of pan
« showing side lapt

Fig 42 (b} shows a longitudinal section showmg end
> gauge and margin

Fo 42 —Pan Titms

These tes when lad form a series of corrugations
om ndge to eaves They are not laid double at the
wves a8 tn the case with plan tles

8 Tloors.
Concrete Floorn.—Floors should always be rarsed
bove the level of the outside ground and wherever
osuble should be constructed of hard, durable and
uily washable material which will aot harbour rats or
sect vermun
The best matenal for floors 1 the tropics 1s concrete
rought to a smooth and level finish
Laying a Concrete Floor—The floor shown in the
ree-roomed house (Fig 20 section) will be taken as an
xample
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to give cross-ventilation, and that those of the central
room give through ventilation,

The sizes of the windows should conform to the
requirements of the local authonty's rules In this case
the outside rooms are 10 by I1 feet in arca, and the
central room 15 12 by 11 feet

Fi6 43 ~Jonts

Therefore the total window area for the outside rooms
should be ot less than 2258 =13 aquare eet.
For the ceatral room the total window area should be
ot Les than M <164 square et

square feet of window area
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Casementy,—The most commonly wsed $ype of window
18 called the casement window, 1t consists of 2 window
frame with two glazed portions which mest in the centre
and are hinged at the sides  Fig 6 shows a window of
this type

Doors~The simplest type of door 1s one constructed
with tongned and prooved boarding—called matche
boarde—which are held together by ledges. This s
known a3 a ledged and braced door, and 15 quite smtable
for the type of house shown 1n Fig 20

et

¥ w0 0 sarrcuacnacs

Fic 44 —Lebcen ann Basctd Doox

Such a door 1s shown 10 Fig 44, wath the names of the
vanous parts indicated.

The ledges and braces are fixed on the wside of the
daor, and the braces are fixed 30 a5 10 inchne downwardy

- . . B .
nd be $0 placed 23 1o conee; h as possidle of the
TOOM Wheb s man eI
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Door Frame—Doors are hung to ther frames a3
shown izt Fig 44, 1o this case the frame 1s constructed of
4 by 3 mches tunber

Fig 45 (a) and (b) shows how 2 door frame 1s set sn
a wall, windows are set 1n the same way

Note that the frame in this case projécts about 4 sach
beyond the rmside surface of the wall so that 1t will be
flush with the finished surface after the plaster has been
apphied

i 4
7

rusTer,
R

FIo 45 —SErTING A Door Fraus

The vertical timbers of the frame are called the jambs,
and the horszontal piece at the top the head,

The head 1s morticed and the jambs have tenons
When the head 18 1n place, it should project 3 mches
beyond the yambs on each side as shown 1 Fig 45 (2)
the projections betng known as horns, and their purpose
bewng to fix the top part of the frame The daor frames
are placed 1 posiion and the walls are built round them,
the horns being butlt into the walls The lower ends of
the Jambs are fixed to the concrete floor with iron dowels,
these are picces of & inch round 1ron bar, cut off about 4
ches Jong, 3 inches being inserted imto the centre of the
bottom of the jamb and { inch projecting into the con
Crete
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The jambs may be fixed at other ponts along ther
fength by long naus dnven into preces of wood, which
are bwlt into the bed jounts of the wall for this purpose
These pieces of wood are called pads, they should be of
about the tame thickness ax the bed jomnt and should be
made of seasaned wood, otherwise they wall shrink and
become loose

The best hinges for use an a ledged door are those
nown as T-hinges (see Fig 44)

10 Plastering.

Plastering means rendering the inside of the walls with
a thio layer of martar in order 10 oblamn & smooth
unbroken surfice  When used for exteror work in
order to protect amferior brickwork, and so on, it
known a3 stuced work or rough cast.

Plaster may be spplied to walls of stoze, brick o con
crete It may also be apphed to a base of wooden or
meta) aths, as 1 the case of cethings or partiions  In the
case of the brick or masoaty walls these are left rough
and the joints are raked out to about § mch from the
surface, 30 that & “key" js formed 10 bold the plaster
posttion  In the case of Jath work, some of the plster

Tassey between the spaces aad folds over on the wpec
alde thus achieviog the same end,

¢ mottar o1 plaster, 33 12 13 called may be made of
hme and und or of cement and sand

Uime. —Lime plaster must be .;-pu:d o at least
two coats, xhc total thickness beung # 10 } inch  The
Best coat it brought to w smooth and level surfsce and
Is left for two or three days While stll soft l: h
#cratched all over wath diagonal grooves. These groo
Provide a firm hold fos 1he secongd coat, which is xqueezcd
1nto them

Tlst Coat~The plaster for the first coat iy knawn as
rough stuff, and b composed of 1 part of lime to 2 or 3
parts of saad To this muxture must be added Jong ox
haie, or fibre, to the extent of ) pound to every 3 cubic
et of mortar  The purpose of 1his s to bind the martar
together, lme mortar has oot eufBeient strength i sisclf

« Thaa st coat s 1aid to » thickness of about 1 tnch
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Second Coat.—The second coat consists of 3 parts
lime to 1 of fine sand No hatr 15 added if the plaster
mg 1s to be finished 10 two coats ‘This coat is laid on
after the first coat has dried or set, and should be about
#to } rach 1n thickness

Cement Plaster.—Cement plaster may be finshed 1
one coat, and no hair 1s required  The mortar may con-
sist of cement 1 part and sand 3 or 4 parts, with sufficient
water to make 1t into a stff paste

Rough Cast—Rough cast 1s plaster used on exterior
walls 1n order to improve their appearance or to protect
porous building materals from the action of the weather

It may conust of 1 part cement and 3 or 4 parts
coarse sand applied in two coats, the second of which 1s
thrown on with 2 trowel This method of applcaton
gwes the rongh appearance from which the name rough
cast 1 obtaned

11 Painting and Decorating,

Paint.—Paint 13 used not only to give a good appear-
ance to buidings, bat zlso 10 preserve the surfaces o
which 1t 15 applied

All paiot 1s composed of two parts—the pigment and
the fluid medium.

The pigment gives colour and body to the pamt, and
consists either of muneral oudes or of vegetable dyes

The flud medium 1s the hqoid 1 which the pigment
18 dissolved It 13 also termed the velucle, because is
purpose 18 to carry the pigment evenly over the surface
to which 1t 15 apphed The flud medium may be ofl,
1n which case the paint 15 known as ol paiot; or it may
be water, in which case 1t 15 called water paint, Oil pamnt
must be used when the paiat 1s used as a preservative as
well as a decoration  Water pamnts are used for decora-
tive effects only They have very hittle preservative value,
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Limewash 15 a muxture of kme or white chalk with
water The matenials should be mixed to a smooth paste
allowed to stand for some time, then diuted with water
to the necessary consistency.

To prevent the limewash rubbing off when dry, sue
(fine liquid glue) should be added to the mixture, the glue
will hold the ime to the wall after the water has cvapor
ated The same end may be achieved by adding 1 table
spoonful of powdered alum to 1 gallon of whitewash

If the surface to which either distemper or lime wash s
to be applied consists of new plaster, a coat of sz
diluted with hot water should be laid oa while stll hot
This will fill up the pores o the plaster and prevent the
pawnt from soakung into 1t

Outside Work.—When hmewash 1s to be used for out
can - L mda atacmenn £ ~ o thar of the

- . - st

(2) Prepare the following
(a) 62 pounds of quickime mxed with 12
gallons of hot water
(b} 12 gallons of rock salt dissolved in 6 gal
Ions of hot water.
{¢) 6 pounds of Portland cement.
Put (b) mto (2) and mux well Now add the cement
and stir untl thoroughly muxed

PART II

1 Causes and Cure of Dampness in the Walls
of a House,
As we have seen, it 15 necessary to take precautions
agamnst the mse of moistare 1 the walls of a house

There are many reasons for this A damp house 18
W 4i - -aawadl aad the woode

]
- .t
- one

permanently damp, the possibility must be guaraed
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a section of a hollow or cavity wall 1 brick work The
thin outer portion of the wall (a) 1s tied or bonded to
the man wall (c) by iron ties spaced every 24 tnches 1
cach fourth course ~ The cavity (b) 1s 3 wnches wide and
must be protected while the wall 15 being bumult from the
mgress of mortar or broken bricks, which would form a
bridge and would conduct mousture to the inper wail

(¢) Fuang tile laths to the walls and hanging them with
plain tiles 12 a manner sumular to that employed 1 roof
mg  This 15 known as tile-hangng

(d) Rendering the extenior surface of the walls m
cement mortar or rough cast

{(e) Panting the extenor surfaces of the walls with ol
patnt or with one of the waterproofing liqmds sald for
the purpose

(f) Applymg a coat of hot asphalt This has not 2
pleasing appearance

(z) The following method which has given good
results A solution of soap 1o botling water 1s appled
whulst still very hot this s allowed to dry thoroughly
and then a coat of alum dissolved 1n water 1s put on
The alum and soap combine to form an wmsoluble com
pound 1a the pores of the brcks or other matenals and
make the wall waterproof

Remedies for Dampness arismg from Cavse 1 (a}—
The above methods (c) to (g) may also be used as
remedies 0 the case of walls which have proved to be
damp Except 1 the case of (d) the work should be
carried out dunng a spell of dry weather so that the
walls may be as dry as possible at the time of treatment

Remedy for Dampness ansing from Cause 1 (b)—
1f the martar is at fault the jomnts should be raked out
to a depth of about § inch and the work repouted 10
good cement mortar

Cause 2—The Damp proof Course —The damp proof
course may have been omutted or may have been con
structed of waferior or unsuitable matenals

Remedy —A new damp course must be mserted This
can be done by removiog a few feet of bricks or con
crete blocks at 2 tme inserting the damp course and
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then making good the structure of the wall. This process
18 repeated unul the whole of the new damp course has
been inserted

Cauvse 3.~Unprotected Parapet Walls.—A parapet
wall 12 one which runs up above the roof, as shown 1
Fig 47, and 1010 the top of which rain wall soak, caustng
dampness 1o the whole of the wall uless precautions are
taken

Fig 47 ~~PACTECTION OF & PARMAPET WaLL

la the sketch the top of the wall 1 protected by a
coping or cap, which may be of stone, concrete, or good
bricks set on edge and lud i cement mortar Fig 47

A geA HY MR L oo cabe o mmmmd 6 ghay

ihe wall (see Fig 47)

Behund the parapet wall 1t a gutter, which receives the
water from the 7oof, it 1 shown made of boarding
covered with galvamzed sheet iron as in this case the
roet is covered wath corrugated sron sheets

Note that the metal 15 tumed up aguast the wall the
turned up portion being held in place by another piece
of mctal which has been Inserted 1010 a bed jomt of the
wall and turned down, This prece of metal 1 called an
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apron, and 18 marked mn the sketch  The wall side of the
gutter 1z not fixed 1 any other way, so that the metal of
which 1t 15 composed may be free to expand and contract
without buckling

On the other side the gutter 13 fixed with nuils to the
purhn, which 1s shaped as shown 1 the sketch so that
Ms upper edge 1s reduced where 1t comes 1ato contact with
the corrugated 1ron sheets, thus lessemng the possibility
of water passing between the wood and the 1ron by capil
lary attraction

Other materials, such as sheet lead or asphalt may be
used for gutters 1 a sumilar manner, they are generally
more expensive

Cause 4 —Defective roofs, ranwater pipes and gutters

Remedy.—These should be renewed.

Cause S,—Deposits of matenials, earth or rubbish
aganst the walls, and extending to a height above that
of the damp caurse

Remedy.—The ground surrounding the house should
be kept clean and free from such deposits

Cause 6—Large trees surrounding the house attract
1ng moisture and reducing the drymg action of the sun
and wind

Remedy —These should be cut out, so that the house
atands 1n a clear space

2 Building Matenaly

Asphalt and Bitumen —Asphalt and bitumen arc syn
onymous names for a black, tar like, mouldable sub
stance which 1s found mn vanous parts of the world mn a
patural state It 1s also manufactured from petroleum
tar and other substances

The name asphalt 1s, however, more commonly used
to designate rock asphalt, a muxture of Limestone or sand
stone with bitumen  This muxture also occurs m a
patural state but generally it 15 manufactured and 1s the
tar Iike substance which 1s commonly used for surfacing
roads Rock asphalt 1s sold 1a blocks, which are melted
by heat and applied to the sutface while in liquid form
When cooled 1t hardens, but does not become brtle
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1t 15 water proof, and 1 valuable for coverng fat roofs,
for floors that require frequent washing, as 1m slaughter
houses, and for waterproofing tapks and cisterns It s
partcularly valuable for damp proof courses, because
ot caly 18 it waterproof, but 1t 15 to some extent phable
and does not fracture

Far most purposcs 1t 1s applied n two layers to a thick
sesyof § to § inch.

Asbestos.—Asbestos 13 a whte or grey fibrous matertal
which 18 very soft when powdered It 13 mcombustible
1t 1s obtained {rom mines, and i3 manufactured into sheets
of folls for covering roofs, cetlings and walls of bwildings

Bricks.—Bricks may be unburned of burned, and may
be either machine or hand made  As bricks vary enor-
mously i their nature and quality accordung to the kind
of earth from which they are made, and also to their
method of manufacture, we shall first set down the
eharactetistics of good bricks.

Vvl Mt

R . P
four hours
(@) They should be free from eracks and small

{¢) They should emit & metallic sound when two are
struck together
N They should be strong sad not casily broken
th 2 hammer or trowel.

It is obvious that most of the above qualities apply to
burned brcky but the unbumed vanety has its vses 10
Flaces where fuel 13 expensive and difficult to obtain

Beick Earth.—It Is very important that a smitable earth
should be chosen, and samples should be taken and
ﬁz'vtonzhly tested before brick making is started on any

The most smtable kind of earth 1s usually found below
e surface of the ground, near mvers and swamps.
Secimen bricks should be made from earth taken from
Yenous bkely plices and should then be put to dry In
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the shade The earth finally chosen should be one which
makes a brick that does not crack i the drying and
which sets firm and hard  Note that if the bricks are
dned too quickly by being exposed to bot drying winds
they will crack even if the earth of which they are made
is a suitable one

If cracks appear which are not due to faulty dryimg the
earth 13 unswtable 1f of too a clayey a nature, 1t may be
improved by being well mixed with earth of a hghter
sandrer nature

e T o ™ e L ey

. \ .
bottom fixed to the mould
A sutable earth having been chosen and tested all
small stones should be removed, this 1s mmportant, as
stopes cause cracks and faults in the firished bricks
The earth should then be mixed with water and pre
pared by treading and kneading until 1t 3z of such a
consistency that the bricks ship easily from the moulds
The plastic earth should be rammed 1nto the moulds

handle attached to 1t {sec Fig 48 (a))  The bnck
T et Ta Al @nn  m tha thade tn drv

harbour ticks and other vermin  In these two respects
they are no better than mud and pole construction and
shere fusl 13 avatlable 1t 15 infinitely better to burn the
bncks  The one advantage of wnburaed bricks s that
n a2 timberless country the amount of wood used 1 the
construction of a building can be reduced to a mumum
by their use
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Burmed Bncks.—In the makiog of these the same
methods are used as for unburned brcks except that (1}
the sample bneks, after drymg  should be placed 12 a2
heated oven and left for several days 1 order to test
the burning quality of the earth, (2} the moulds used are
generally of a dufferent size—wiz, 9% inches long 4}
anches wide and 3% inches deep 1nside measurement. Thus

v
bt 2 4
-

i 08 MOD 08 N BUANED MRS

Fio 48 — Barex Moutos

€ivex 2 brick 9 inches long by 4% inches wide by 3 inches
deep when burned when bricks are burned they shrink
* hutle in all directions  The moulds are made in the
1ame manner («ec Fig 43)

When a sufficient number of bricks have been made
3nd dned they are burned 1n the following manner It
is called clamp burning






SANITARY BUILDING CONSTRUCTIUN 113

Finng the Clamp ~—Each thousand bricks needs about
one ton of firewood, which should not be cut or spht
1t small picces otherwise the fire will burn too rapidly
and fiercely The whole process of burming will take
about four or five days

0n the first day small stow fires are Iighted 1n the four
Breholes  The bricks in the clamp must be heated grad
ually because 1f the fire 13 too hot at first many brcks
will be destroyed

The fires are kept buming night and day the heat
being 1ncreased each day untl the bricks which were left
uncovered at the top of the clamp become red hot
These are nmow covered with lgose carth ke the
remainder

The finng now ceases and the fireholes are closed with
bricks and mud The heat 1s thus retained tn the clamp
and the bricks will contnue to burn for some days
When the clamp 13 quite cold 1t may be demolished and
the finshed bricks stacked carefully in lots according
to their quality

1t 1 usually found that the bricks nearest to the fire
Boles are over burned, while those on the cutside of
clamp are under buroed

1t the clamp capnot be protected against rain the
burmag must be dode in dry weather otherwise the
bricks may be destroyed

It posuble a roof of corrugated iron should be erected
on poles over the place where the clamp 13 to be built
thax should be several feet hugher than the clamp other-
wisc 1t 15 lable to be destroyed by fire  The 1rop sheets
used for ths purpose may afterwards be used on the
bulding to be erected.

Cement—The best kind s that known as Porthnd
cement, It Is made from chalk and clay accurately pro-
portioned and muxed together in a sturry mill until the
mixture s of a uniform composiion This 18 then
burned in an exceecingly hot kiln unul clinkers are
formed thesc are then ground to a powder of such a
degree of fineness that 82 per cent. of it witl pasy through
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a sieve baving 32400 holes to the square 1achk  This
powder 13 the finished product

‘When cement powder 1s ruxed with water to form 3
paste chemical achion 1s set up as the water combines
with the cement and the paste begins to harden  This is
known as the imtial set and should not be mterrupted,
otherwise the cement loses a great deal of its strength
and, mn fact may never harden or set properly For this
feason cement concrete or cement mortar should only
be prepared in such quantities as can be used ummed:
ately, before the 1nitial set has begun

Cement Concrete—This 15 a mixture of Portland
cement, sand and broken brck broken stone or other
simidar bard matenal The broken bricks or stones
form what 1s known as the aggregate

The proportions of materials vary according to the
purpose for which the concrete 1s intended They are
as follows

Parts by Volume
Cement  Sand AZETe

gate
For foundations walls and floors 1 3 6
Water tanks rewnforced work 1 2 4
Rough work covering sites etc 1 4 8

Muxing Concrete by Hand —Ia making concrete 2
clean aggregate the individual fragments of which vary
1 s1ze from that of 2 gran of marze to that of a hens
egg 1s requred  The sand used must be clean and free
from earth or vegetable matter The materals should
be measured and spread on a clean wooden platform or
other smooth hard surface 1n the following order first
the sand spread 1o an even layer and next the cement
The whole should now be turaed over with 2 clean dry
shovel three or four times or uptil the two ingredients

are thoroughly mixed which will be when the mixture 1s
" ? = Tha annreeats 12 now thrown over

umes
. at the
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Popose Hollow blocks e lighter and much fery
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gations are formed either by passing the flat sheets
through grooved rollers or by pressing them

Corrugated 1ron sheets are obtaable in sizes from
6 to 1D feet long and about 2 feet 2 mnches wide They
vary 1 thickness or gauge, as 1t 1s called, No 24 gavge
18 2 useful wesght for general work The lower the gauge
the thicker the sheet

The following table shows the approximate oumber
of 10-feet sheets of varions gauges per ton  The cor
responding number of sheets of other lengths may be
calculated by simple proportion

No 18 gauge 42 10-feet sheets per too
No 20 gauge ' » "
No 22 gauge 67 " » »
No 24 gange 84 . "
No 26 gange 08, » .
No 28 gauge 120 v ow

‘ .
‘ . ’ . o
1 . -

1ng matenal water 18 added the quicklime thus becomiog

slakes
Slaked hme 1s used mited with sand 10 the same way

condensation moisture forms on its surface, as it some

times does on that of cement mortar
PR — e Yok b done nat

Shez(‘lead 15 designated by its weight per square foot—
eg, sheet lead weighing 6 pounds per square foot IS
called 6 pound sheet lead.
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Lead is used for gutiers, fashings, Bat roofs Gisterns
&amp courses and pipes It 19 expensive (s weight
makes the fresght charges very high), and for this reason
aad the fact that it expands readily on exposure to heat
R 13 Dot 10 very general use 1n the tropics.

Lead wool conussty of fine threads of lead twisted to
the form of a fope 1t 15 used instead of molten kead for
taulked lead joints 1 iron pipes.

Red lead and white Tead are pigments bsed 1n the
manufacture of pamts and for jointiog metal ware

PART NL—SIMPLE QUANTITIES AND
ESTIMATING,

1 Concrete, Plaster and Mortar

To estimate Amount of Concrete required —We are
taking for an example the three roomed house (Fig 20
P ), and will proceed to estimate the amount of con
erete required for the foundauons.

Refer to the plan and section mentroned above, from
the section we find that the concrete for the foundations
should be 6 inches thick and 2 fect 2 inches wide the
vanous lengths may be taken from the plan  For easc
W measunng 1t 1 advisable to make a rough foundaton
elan, remembering that the walls run along in the ceatre
of the concrete  See Fig 51, in which the concrete it
shown by dotted Lnes

On examting the sketch you wall find that the space
10 be filled with concrete is made up of twelve rectangles
exch of which 15 2 feet 2 inches wide, the length being

2 kengihs ©f 36 feet 9 inches = 73 feet 6 inches
4lengthe of 9 feet 7 inches = 38 feet 4 fnches
4lenopths of 6 feet 9 inches = 27 feet © inches
2kengths of 4 feet 9 inches w 9 feet 6 inches

Total length of concrete = 148 fect 4 inches
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Using the above table
Amount of cement required 1s 13 poundz x 1607
Amount of sand required 18 042 cw. ft. x 1607
Amount of aggregate requred 1s 084 cu ft. x 1607
, Cost of cement at 7 shilings per 100 pounds —
13x1607x7
-—10—0—514625 stullings

Cost of sand at 20 cents per cubic foot = 042 x 1607
*x 020 = 1350 shillings

Cost of aggregate at 50 cents per cubic foot & 084 x
1607 x 05 = 6749 shillings

Total cost of materials for concrete —227 24 shillings

2 Bucks, Stone and Concrete Blocks

To find the number of brcks required for 2 simple
building the volume of the walls and footings may be
v, 3

x - - . 289 of
] « o+ = orthe

- g 20

~' - bricks

. - . ofthe
walls mnclude two courses below grouna tever 12) the
number of bricks needed for the footings The sum of
these two quantities gives us the total number of bricks

required

{1) (a) Refer to plan and obtain the total length of
the walls zallowing 9 maches for thickness  We get
QX3+ @Ax11)+(@4x6)+(2xT5)=153 fect

(&) Refer fo secion and nofe that the total height
of the walls 15 11 feet 4 1nches

(o) Note that the thickness of the walls is 9 inches

From (a) (6) and (¢} volume of walls=153x 11¥x

1teet= 254 cubie eet
A brick measures 9 x4} x3 wmches
. Volume of a bnek ixlxlmﬁgg cubic feet
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Nolume of wallt _ cumber of bricks i walls
‘elume of & bricl
1
Number of bricks 1n wallsm 2232128

=18,496

{2) There are two courses ia the fooungs—one 15 13§
Inches wide and the other 13 18 inches wide
{a) Average width of footings=

'”; 18 1575 snches

() Height of footings=2 courses=6 inches
(c) Length of footngs=length of walis=153 fect

From () (5) and () volume of footings=

153 feetx} footx 1% = ]ﬂ’ cubic feet

Yolume of fooun;
Voo 3 brcy =mumber of bricks m footings
213 > 128
T
Total pumber of bncks required=number of brcks
i walls + oumber of bricks in footings=18 496+1428
=19534  Say 20000 bricks
Note.~Window and door openings have been racla
&din the caleulanon the extra bricks altow for losses
10 cutung and waste

Mortar—Rules.—1 Allow 1 cubic foot of mortar for
every nsty bncks

2 Amount of me mortar produced="bme and sand
=28 per cent.

3 Amount of cement mortar produced=cement and
Rnd-17 per ceot,

Example—~1f 20000 bricks are necded to buld the
three-roomed house what wall be the cost of the cement
£0rur 1 3 for the bnckwork ? (cement at 7 shilliogs
Pr cubt foot and sand at 20 cents per cudic foot)

=1428 bricks
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Using the above table
Amount of cement required 13 13 pounds x 1607
Amaunt of sand required 1s 042 cu. ft x 1607
Amount of aggregate required 15 084 cu ft. x 1607
. Cost of cement at 7 shillings per 100 pounds =
13x1607x7
o0 =14625 shllings

Cost of sand at 20 cents per cubic foot = 042 x 1607
x 020 = 1350 shillngs

Cost of aggregate at 50 cents per cubse foot = 084 x
1607 x 05 = 6749 shilngs

Total cost of materials for concrete =227 24 shillings

2 Bricks, Stone and Concrete Blocks,

To find the number of bricks required for a sunple
building the volume of the walls and foatiogs may b¢
caleulated and divided by the volume of one brick The
same method 13 apphcable m the case of buldings of
stone or of concrete blocks..

Example —Find the number of bricks requured for the
building of the three roomed house shown 1. Fig 20

Solution —We calculate (1) the number of brucks
needed for the walls less foolings—t e the height of the
walls 1nclude two courses below ground level (2) the
number of bricks needed for the footngs The sum of
these twp quantities gives us the total qumber of bricks

required.

(1) (3) Refer to plan and obtawn the total length of
the walls allowing 9 inches for thickness ~We get
2x35)+(4x 1)+ 6)+{2x7 5)=153 feet

{b) Refer to section and note that the total height
of the walls ss 11 feet 4 inches

(¢) Note that the thickness of the walls 1s 9 mnches

From (a), (6) and (¢), volume of walls={53x I1§x

2601
3 feet= =7~ cubic feet
A brick measures 94} x3 1nches

9
", Volume of a brick $x#xi=j7g cubw feet
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The formula used 13
Area of roof=2 IxL
where I=length of rafter (plus overhang, tf any)
L=length of eaves
Example —How many plain files lad to a 4-nch
gauge, wonld be required to cover the roof of the three
roomed house Fig 207 (size of tles 104 %6 1nches)

Solutlon —Refer to plan and section and take ot
length of rafters and eaves—ie
Length of rafters=[=7.5 feet
Length of eaves=L=137 feet,
Leagth of rafters of front verandah=6 feet
Length of rafters of back verandah= 8 feet
(a) Total area of roof=
area of area of front area of back
mam roof +  verandah roof + verandah roof =
2 IxL  « IxL + IxL
2x75x37 + 6x37 + 8§x37
37 (15+ 6+ 8) square feet=37 x 29=1,073 square fect.
(b Number of plan tiles peeded =
area of roof
margin x width of tile
Margin=1 foot, width of tile=6 mches—3 foot
* Number of plan tiles needed—
o 1073 % 66,438 11k
=t = x 4 les
Corrugated Iron Sheets—The first step to be taken
when estimating the number of corrugated mon shects
needed for a roof 18 to ascertan what length wil be
required these may vary on different parts of the roof
To do this make an accurate drawing of the section of
the roof 10 a fairly large scale Ge, 4 or 4 mch=1 foot)
From ths the length of sheet required may be taken by
measurement
The number of sheets needed 15 got by dividing the
tength of the eaves by the width of the exposed portioa
of a sheet—te the width of a sheet minus the side lap
For roofing work a side lap of two corrugations—te.

[
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about 4 1mches—should be gives  As sheets are made
2 feet 2 anches wide (as a Tule) the exposed portion of
the sheet it then 2 feet 2 inches—4 tnches=1 foot 10
ches

Example.—What number and lengths of corrugated
won sheets would be needed to cover the roof of the
three roomed house (Fig 20}

Solution—(a) By measurement from the section we
fiod that three slopes need 8 feet sheets and one slope
Beeds 6 fest sheets Therefore we need sheets of twp
Yengtis—8 fest and 6 feet

6} By measurement from plan the eaves are 37 feet
Iong  On each slope number of sheets required=

length of eaves
&rposed portion Of shoet
Exposed portion of sheet=width of sheet—sde lap
=2 fect 2 inches—4 mnches
=1 foot 10 mches=17 feel
(1) Number of 8 feet shects

3x di:sw—ny 61 sheets
s
@ Nomber of Sfeet shosts=
{f =201-sy 20 sheess

4 Palnting.
R 18 difficult to estmate for panting work owing
10 the vaned nature of the work
For rough estmating the following table may be
used Note that the amount of paint needed for each
uecessive coat 1s less than for the previous one

Palnting on Wood,

F!myw;t 1 pound of pamt wilk cover about 4 square
ards

»
Sum;: r;m 1 pound of paint will cover about 5 square
N
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19 How would you calculate the area of (1) a hupped
roof, (2) a gabled roof ? Illustrate by sketches

20 Describe fully, giving 2n example, the method of
estimating the number of corrugated 1ron sheets
veeded for a roof What 1s the exposed portion
of a sheet?

CHAPTER IV

REFUSE DISPOSAL AND HOUSE DRAINAGE
REFUSE DISPOSAL

‘The collection and disposal of house refuse and excre
mental matter 13 a very mpostant part of the work of
all who are engaged 1n samitation 1t 15 the first problem
which must be tackled in any district, and the success
of any further health measures introduced will depend
to a large extent upon the efficiency with which at 1s
solved.

Mouse yefuse includes waste vegetable and ammal
matter, ashes, tins, rags, broken bottles, paper aad sa on

Excremental matter consists of faces and urme

Methods of collection and disposal vary according to
local conditions but whatever the method adopted may
be, no nuisance must be caused dunng storage, collec
tion, or final disposal

m this 1nclude d which
are offensive or likely to be imurous or dangerovs to
bealth, such as bad smells fly breeding attraction of
rats and other vermin mosqurto breeding and the spread
of mfectious diseases

Disposal of House Refuse.

In towns, house refuse may be dealt wth as follows

1 Every householder must provide himself with 2
sanitary dustbin This 1s a cylindrical receptacle of gal
vanized wron, about 18 mches in diameter and 2 feet
6 inches high having an effective capacity of about
4 cubie feet, 1t has a tightly fitting Iid which 1s capable
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of keepiog out the ramn and preventing the escape of
offensive smells  This should be kept 10 a shady place,
1 the open, which 13 convenient for the kitchen from
which most of the refuse comes Any waste matter which
can be buroed on the kichen fire should be so dealt
with, the remaimder bewg placed 1m the b
2 Al regular mtervals the b 15 empued by the
“dustmen® employed by the townstup authonty te
specaally constructed carts or lornes, and the fefuse 1
taken away to the place of disposal
3 The ultmate disposal of the refuse may be carried
out by ucineration or by upping, or, if the town w
Bear to the sea, 1t may be put 1ato barges, taken out to
®a a0d dumped 10 a swtable place
lacoeration or Buraing.—For the disposal of the
retuse of a large town this s the method least likely
to give nse to nussance 1f the destructor 1 efficient and
#tuated in 2 swiable place Such a destructor 13 a large
94 evpensive apparatus and cannot be adequately des
senbed here
Tipping —This conusts of tipping the refuse on to
Waste land o into disused murram pits or quarries  The
advantages of this method are
1 Thers 13 no large wnitial qutlay for the purchase
of an incmerator
2 Low lying land and holes may be filled n and
made useful,
The disadrantages are that the followiog nuisances
™ay anse if proper care 13 not taken
1 Flies and rats may be attracted and breed 1
farge numbers
2 The refuse may catch fire and create smoke and

dus

3 Paper and other hight refuse may be blawn abont
and cause untidiness

4 Welly and other sources of water supply may
be contaminated In order to prevent the
Occurrence of the above nuitances 2 system
known as “controlled tipping” 1s adopted

’
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2. Each day enough dry and easly burped refuse
should be sorted out and used for starting the fire  When
necessary, a litle dry grass or wood may be ued for this
purpose This dey matenal 1s placed on the firebars of the
mcmerator

3 The dner portion of the remainder of the refuse
18 now put 1nto the 1acinerator and the damper portion
pot on top

4 The fire 3 now lighted, the lower and drier part of
the refuse burns and generates heat, which dnes the
upper damp layer, this i tura catches fire and the whole
mass 3s reduced to ashes

3 When all the refuse has been bumed, the ashes
should be remaved and the incinerator prepared for the
work of the next day

‘The ashes are quite harmless They do not contain
any matter which can putrefy and smell badly, nor do
they attract rats and flies They may be dug imto the
soil of gardens with advantage, as they cantair matenals
which are useful as ferulizer and plant foad

Conversion into Manure —This method of disposal
for fouss refie 15 very swddie O commay distoes &
3t pot oaly provides an efficient means of disposal, but
the manure obtaned as a result of the process i1 a valu
able aid 1n the cultivation of farm crops There afre
two ways of workuig this system

1 The Manure Pit—FEach house 1 a wllage has its
own manure pit which 15 a trench 6 feet wide 3 feet
deep, and as long as may be necessary Into this alf the
house refuse, banana skins, waste food of all kinds yard
sweepings fowl manure goat mapure, Weeds, grass €hp
pings and so on are thrown At the end of each day the
surface of the refuse 15 covered with a layer of soil 6
inches thick  As the organic matter 1 the pit decom
poses heat 13 generated and this will kill many of such
fly larvz as may hatch out. When decompoution s
complete, the mould forms a valuable fertihzer which
should be dug 1ato the ground when 1t 1s being prepared
for crops The pitrogenous part of the monld acts as
a plant food, while the non mtrogenons matter provides
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bumas, which conserves the mitrogen and motsture 10 the
soil.

2. The Indore Process—Thy 15 a more claborate
working-out of the above system, and includes the dis
posal of night solt 23 well as of housc refuse It has
been used wath success fos the diposal of mght sodd and
house refuse in several large towns m India. It may be
catned out as follows

The grouna should be outsde the village, but
wot 100 far away from #t, otherwise carting expenses will

—

serona o

Pic 33 —A Trenot ror Invors Process

be heavy A trench 15 feet wide, 2 fect deep, and 23
10ng 21 13 necessary 15 prepared the bottom of the trench
hould have 3 fall towards one end s order that storm
water may be discharged from 1t The excavated earth
is piled up actoss the higher end and along both sides
of the trench at a distance of 10 fect from its edge
e Fig 53)

Charglng —A vacant space of 6 fect 1 length s Teft
at the higher end of the treach (A2), and chargtog Is
begun on a seetion 5 feet across the treach and 4 feet
along its side  Refuse 15 spread evenly over this section
{marked A 1o the figure) to a depth of about 4 1aches
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Collection—The best system of collection 18 that
known as the dauble bucket system Two buckets are
provided for each latrine  These are specially made for
the purpose and have tightly fittog Lids, which are
removed when the bucket 15 placed 1 the latrine  The
sweepers remove the used bucket, over which they place
the Iid, and replace 1t by a clean one ‘The used buckets
and contents are taken 10 specially constructed carts to
the disposal place, where they are emptied, washed aod
made ready for use the following night.

Dnusposal—The Indore system, descbed above, may
be used or might soul alone may be disposed of by a
system of trenching A certamn area of ground well
away from the town and from any water supply should
be set aside for this purpose Trenches ‘ahcut 2 le‘e:

15 necessary at the disposal place to prevent amy lty-
breeding or other puisance amsing from carelessness i
tipping or 1n covering the night soil,

Exercises.

) Descnbe folly a system of disposal for bouse refuse
which you would recommend for adoption 1a a large
township

2 Descnibe the method of refuse disposal known as
“controlled tippng,” mndicating what you consider

3 S - .

estimate the size of such an mcimerator? State how
1t should be managed 1n order to obtaim good results
4 Describe the “Indore™ process of combined house
refuse and might soil disposal  What are the
advantages claimed for the above systom?
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5 Describe how & pit latnne should be constructed (a)
of temporary matenals (b) of permancnt matenials
Sker.h each type clearly showing the pit and quoting
all dimensions

6 Sketch and descnibe a good type of bucket latnne

7 What 18 meant by the dry conservancy system™ of
wght 201t disposal?  What steps should be taken o
enure that 5o nuisance will anse from the working
of this system?

8 Deseribe what you conuder to be a good method for
the collection and usposal of the contents of
bucket latnnes (3) 1 a town (b) 11 & counlry
hospitat or other srmiar mshituhon

The Water Carrage System.—Under thyy system the
excreta are deposited directly into properly constructed
muoitary fitings, and are then carned away by water
through drafns and sewers to the d sposal place

1 & system of pipes used for the drainage of
one building only or of a number of bwldings situated
within the same plot 1t is the property of the owner of
the building or burldimgs

A sewer i3 8 larger drain and 1s usvally the property
of the township authonty Private draws are connceted
1o the sewer which carnes the draimage (ot sewage) from
all the houses in the town to the common disposal place
If there 13 110 sewer the drains from a bulding may be
congected to and discharge 1010 a septic tank, which i
urn 18 conbected to a field drainage system of 0 & 02k
age pit (e p 155)

House drains must always be conmstructed of heavy
<astiron or of glazed stoneware pipes properly jointed
0 that they are airtight and watertight

Glazed stoneware 13 made by buroiog a muxture of
fint and xand unul it forms & dense bard and strong
mteral The glazed or shiny surface is obtained by
throwing 2alt mnto the kiin while the pipes are burming
The fumes from the salt form a kind of glass on the
tnuide and outside of the prpes and this renders them
both murnght and watertight,
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cepting chamber, and must be not less than 12
1nches and not more than § feet above the sur
face of the adjoimng ground The top of th
PIpe must be protected with an et valve to
prevent the escape of foul air and mosquito
gauze to prevent the entrance of mosquitoes

Method of Laying —Pipe laying starts at the lowest
end of the drain—that 18 at the end furthest away from
the building—and the pipes are Jard with therr sockets
pointing towards the higher end (r.e 1n the direction of
the burlding), thus the flow of sewage through the pipes
18 from socket to spigot, as shown by arrows at () Fig
58 They must be laid 1 such 2 manner as to rest on 2
solid bed throughout their length. To ensvre that they
do not rest upon their sockets only, holes must be made
i the ground or concrete under the sackets $o as to leave
them free  These holes must be filled 1n after the drain
has been tested

et o m o A e

the top of the barrel of the pipes

Cast 1ron or steel pipes may be supported on 12 nch
concrete piers one behind each socket and at a distance
of not more than 6 feet apart measured from centre to
centre of the prers

Stoneware pipes may be jomed with cement mortar—
12, 1 part cement and 2 parts sand  See (5) m Fig 58
which shows one half of a socket and spigot jount.

If the prpes ate of cast wron or other metal jomnted with
ordinary socket jomts the jomts may be caulked with
molten lead or with lead wool.

In the case of stopeware pipes note that the cement
mortar 15 sloped to an angle of 60 degrees on the outside
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of the jot, forming a collar around the pipe  Care
must be taken 10 remove any mortar wiuch may have
been squeezed imto the pipe otherwise this wall tend to
collect solid matter from the sewage and will probably
cause 2 blockage The cement may be femoved by
means of a half round scraper passed down the pipe as
soon as the jont 1s finished—that 1s before any cement
which may have been squeezed to the pipe has time to
et

PRI @ e
. Fic 38 —Das Nact Derare
Traps.—Traps 1a sanutary fitungs and drainage work
are arrangements which are designed to retain a small
.
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round pipes and arc used for the outlets of samitary
firtungs such as baths sinks lavatory basins and so on.
They are made in lead copper brass guametal iron,
glazed stonewarc and enamelled earthenwate  The shape
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varies according to the position of the outles, the
standard shapes are shown i Fig 58, which illustrates
the forms known as “P,;  Q,” and “S” traps from their
resemblance to these letters of the alphabet.

Samtary Fithogs.—Samtary fituags include lavatory
basius, staks, baths, water closets and unmals The
matenals i general use for their manufacture are cast
wron and different kinds of pottery for the actual fittngs
and vanious alloys of metals for the pipes, traps faps and
other accessorles

Cast won 13 hard, though britle, dense and impervious,
and may be cast nto agy shape desired and m large
sizes When used for samtary fittings, the surface 15
generally covered with vitreous enamel, but st may also
be pamted or galvanized

Pottery used for sanitary fitings 18 made from vanous
kinds of clay burnt 1n kilns  The kind tm most general
use 35 made from fireclay a porous substance which 1
readered impervious by berng covered with an enamel of
porcelain, but the best kind of pottery for this purpose
15 that known as watreous chuma, which 13 1mpervious
throughout its mass

Alloys are muxtures of two or mor¢ metals Those
1n most general use 1n sanitary work are

Brass, composed of copper and zinc

Bronze, composed of copper and tin

White metal, composed of copper, mckel and zinc
or of copper, tin and antinony

General Conwideration —All samitary fitngs should
be sumple to use and efficient 1n action ‘They must be
strong and durable, and should be, as far as possible
self cleansing 1 use  They should provide ready access
for any pecessary cleansing operations

Water Closets and Latrines—These are very mpor
tant samtary fittings, being designed to receve and dis
charge excreta There are many different types but
the principles of construction of all types are the sare
Here we shalf confine oursefves to the consideration of
two types only—viz the pedestal washdown closet, and
the squathing block fatrine
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General Specifications —A water closet shoald be con
structed of glazed earthenware emamelled fireclay or
vitreous china Tt must be fitted with a flushing m
and be of such a shape capacity and construction as
10 contain a sufficient quandly of water and to allow

f
Fic 39 —A WATTR Croser

exereta 10 fall free of the sides directly into the water
1t must have an efficient trap with a water seal 2 inches
In depth, and having an exposed and accessible outlet
connecting it to a soil pipe or dran Fig 59 shows the
section of a washdown water closct connected to a sl
ripe and allustrates the above ponts,
Squnlm\g Block Type Latrines—Fiz 60 shows the
The basin or pap 13 sct level wath the floor and
u embedded in concrete  In this case the basin and

L
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trap are separaie parts joined together at the time of
fixing by a socket and spigot jount, This has the zdvan-
tage that the outlet may be turned to face in any required
direchion I geperal prinoiples s type s stmilar to
the pedestal type, but the basin 15 shallower and no
seat 15 provided

Fig 60 —A SQUATTING Biogx LiTaiNE

Arrangements for flushmg Both Types—A special
flushing tank, fitted with waste-preventing apparatus and
of not less <. 4 Eamen ded
The flush ¢ . -
and made ¢ .
sustable ma . .
pipe leadmg from a flush tank may be conaected to the
pan of a water closet or unnal

Flushirg tanks are made of cast srom, sheet steel
glazed earthenware, enamelled fireclay, and sometimes
of glass They may be supported on brackets as shown
m Fig 59, or may be screwed directly to plugs m the
wall by means of lugs formed on the casting

The waste-preventing spparatus vanes greatly in detail
sn different makes, but pearly all depend upon siphoaic
action to empty the tank and a balt valve to check the

mcoming supply
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Ooe system 1s shown n Fig 61 Its action 15 as
{ollows.
1 The dome 15 lifted by a pull on the chain
2 The chain 1s released suddenly and the water
within the dome 1s thrown over the top of the
mner tube
3 This sets up siphonsc action which emptics the
tank quickly and gives a good flushung action
10 the basin of the closet,
Flushing tanks are usually fixed at least 5 feet above
the pedestal or squattng block but some types are
specially made to gve a good flushing action when

Fi6 61 —A FLLaming TaNc

Bixed quite close to the seat 1a European types of closet
Water 13 supplied to the tank through the let pipe, and
is contiolled by an sutomatic ball valve The valve 1s
opeacd by means of 3 lever, at the extreme end of which
is a hollow ball made of copper which floats on the
water  As the level of the water sinks the ball drops
with # &nd the valve 15 opened  When the water rises
the ball foats upwards rawing the lever, which pushes
the valve on to its seating this closes the valve and no
more watcr can enter the tank (see Fig 61)
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water 10 the pan  Siphonic action 13 started and the
water which forms the seal of the trap 1s forced out

‘To prevent this happening, an antisiphonage prpe—
that 15, an air_pipe—-is Tun alongside the soil pipe to
P S S A W ROV A
e e '

o - ) a
a pomt not less than 3 inches and not more than 12
inches from the highest part of the trap, the conpection
must be oblique and 4o the direction of the flow (see
Fig 59)

Antisiphonage pipes for soil pipes must not be less
than 2 ioches in diameter, and must be of the same
quality and jounted 1o the same manner as the soil pipe
sself  When fitted 20 a waste pup¢ antisiphonage pipes
must be of the same sizc and quality as the waste pipe.

Antivacoum Traps—These are traps specially made
to prevent siphonage, and are sometumes fitted {0 waste-
water fitings instead of an antisiphonage prpe being
provided

Drain Testng.

The two methods of dong this which are i most
general use arc known as the water test and the smoke
fest, The fisst of these the water test 15 the one which
is usually employed for tesung new drains before they
arc covered over Drains must be watertight, and local
regulations ask that they shall be capable of resisting
1] . . .

dram Jeaves the bulding

The water level 18 marked and 15 watched for a
penod of half to one hour any subsidence denotes a
Yeakage If the drainage system ts a large one the test
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may be applted section by section between the inspec
ttont chambers beginning at the highest end of the drain

The smoke fest 15 used for detecting and locating
leakages 1n exssting drains especially ta old ones which
are likely to be damaged by the appbeation of the
water test It 1s also used for testing vertical pipes such
as soil ptpes  The smoke test 15 applied by the use of
a smoke machme with bellows which are used to force
the smoke into the drains under a shght pressure  The
smoke 15 produced by the burning of special paper or
olly cotton waste 1n the machime and 13 conveyed to
the dramn through a flexible rubber tube connected to
one of the dram plugs

All openmgs n the section of dramn under test are
plugged with dram plugs and the smoke 13 introduéed
at the lower end Leakages are shown by the fall of
the dome which 13 attached to the machine and may
be located by the escape of smoke from any of the
Jomts or from any cracks or holes yn the pipes them
selves

The Awr Pressure Test—This 1s a good test for soit
and waste pipes but 1t 15 not so suttable for under
ground drains although 1t may be appled to them if
desired  The method of application 1s shown 1n Fig 63

The pipe to be tested 13 plugged at both ends with
drain plugs which should be water sealed as shown
m order that any leakage of air or water through or
around them may be detected A rubber tube (b) 18
connected to a metal tube which 15 mserted through
the topmost drain plug (@) To the lower end of this
rubber tube 1s attached a bellows (d) and 2 branch tube
to which 1s fixed 2 glass Utube § nch diameter ()
Water 13 poured 1nto the U tube and as 1¢ 13 not under
pressure 1t teaches the same height i both' arms A
15 now forced mto the pipes by the bellows the pressure
thus produced raises the level of the water 1n the outer
arm of the U tube

This process should be continued until there 13 & dif
ference of 5 inches between the water levels in the two
arms of the tube If this difference remaing constant
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for at teas? five nunutes, the pipc may be considered
o have passed the test, but 1f 1t 15 not mamntamed a

akage of afe 5 tndicated Thus may be focated by
smeartng suspected joints with a $ozp solution, when
any escape of air will be shown by the appearance of
s0ap bubbles

e
osats v e
ass v e H -

Fic 63 AN Am Pressury Ten

Ultimate Disposal of Sewsge under the
Water Carriage System.

In large towng this i3 undertaken by the township
authonty, which provides sewers and disposcs of the
Sewage  Where no sewers exist, each houscholder makes.
his own arrangements for disposal, subjct o the ap-
oval of the authonty In such cases the sepic taok
tystem may be adopted

A scptle tank 15 usually made of concrete or of brick
work set i cement mortar and plastered 1 coment
on the Inside to render it waternght. lts purpose
to recewve the sewage from » building and to retan
1t unt] the solids contained i it have hquified and can
be passed on to a system of subsoil drans or to a
toakage it This hquefaction or digestion of the faxces
1 brought about by the action of certan bacter:a and
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1o gtve these tme to act a septic tank should be de
signed to hold three days flow of sewage When the
tank s first used some time elapses before proper work
1g conditions are set up and the tank should never
be completely emptied after septic action has started
although 1t may be necessary to remove some of the
sludge from time to time  Disinfectants must got be
used 1n water closets which discharge 1nto septic tanks
otherwise the action of the bactena may be retarded
and the septic tanks may cease to functon properly

ST cone

[

Fig 64 —A Sepic TaNK

Fig 64 (a) shows 3 septic tank suitable for the ds
posal of watet-closet waste oaly from a house occup ed
by erght persons  Th s has been designed on the assump
tron that the discharge will be 6 gallons for cach person
per day and allowing for three days sewage rest 1o
the septic tank

Soskage Pit.—At (5) 1s shown the soakage pit properly
covered with concrete and fitted with an awrtight man
hole <over stmilar to those used for anspection chambers
1 the drainage system (sce Fig 63) This pt should
be at least 25 fect away from any bmldimg and in such
2 posiion that there 15 no psk of the lquid which
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percolates from it 1ato the soil ganimg aceess 10 a spring
or well which 13 used for drnking water Great care
must be taken to avord this, as water which has been
contarunated by the efffuent from a soakage pit may
five nse lo outbreaks of typhoid or of other water-
borne diseases  In no case should 3t be within 150 feet
of any sourcc of water supply used for human con
aumption  In some cases the sepc tank 13 onutted and
the sewage 18 discharged directly wto the soakage pit

Imhsation System Under this system the efituent
from the septic tank 1 passed into a senes of subsor!
drains, which may be copstructed of field drainage ppes
in & manner, smitar to that already descnbed as switable
for the subsorl drainage of damp mtes In order that
punfication of the effluent may be heiped by the acuon
of oxygen 1n the air and of bactena m the sonl the
dramns for this purpose should not be laid more than
from 12 to 18 1nches betow the surface of the ground
if the soll 15 porous about 1 foot of pipe should be
allowed for each gallon of duly discharge from the
tank, if 1t is not, a greater length should be gven If
i - - 0y . 3

.« e
. .- |
e

e, . . '
ever, be naken that the pipes are lad 1n such a position
that the effluent does pot coutamunate any supply of
dnnking water

Exercises

I What 15 the difference between a sewer and a dram ?
Of what pracucal use 18 2 knowledge of the dis
tinction between them ?

2 Of what maternals must the pipes for howmse drams
be made? Descnbe how a dram 15 lard and gonted
Wostrate by sketches

J Draw to scale a plan and section showing an nspec
ton chamber and infercepting trap, tzking (he
depth 1o the invert as 4 feet  Descnbe the uses of
both chamber and trap
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to give these tume to act a Septic tank should be de
sigoed to hold three days' flow of sewage When the
tank s first used, some tume elapses before proper work
1ng conditions are set up, and the tank should never
be completely emptied after septic action has started,
although 1t may be mecessary to remove some of the
sludge from tmme 10 time  Diswnfectants must not be
used 10 water closets which discharge 1to septic tanks,
otherwise the action of the bactena may be retarded
and the septic tanks may cease to function properly

FiG 64 —A SHPTIC TANK

Fig 64 () shows a septic tank suttable for the dis
posal of watercloset waste only from 2 house occupied
by exght persans  This has been designed on the assump
tion that the discharge will be § gallons for each person
per day. and allowing for three days’ scwage rest in
the septic tank.

Soakage Pit.—At (b) 1s shown the soakage pit, properly
cavered with concrete and fitted with an awctight man
hole cover simular to those used for mspection chambers
i the dramage system (see Fig 63) This pit should
be at least 25 feet away from any building, and in wch
a poswion that there 1s no nsk of the hqud which
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five nse 1o outbreaks of typhoid or of other water
borne diseases  In no case should 1t be withun 150 feet
of any source of water supply used for human con
sumption In some cases the septic tank is omutted and

Lirigation  System. - Under this system the effluent
L] L PRI
e

punfication of the effluent may be helped by the acton
of oxygen in the air and of bacterta in the sod the
drains for this purpose should not be laid more than
fram 12 to 18 nches below the surface of the ground
If the soil 18 porous, about 1 foot of pipe should be
allowed for each gallon of daly discharge from the
taok, if 1t 1s not, & greater length should be given If
4 sufficient amount of land can can be set ande for the
Purpose fhis 1s a better method of disposing of the
«flluent than the use of a soakage pit because a con
udetable amount of purification takes place before the
Lquid sinks deeply imo the pround  Care must, how
ever, be taken that the pipes are laid 1 such a posinon
that the effluent does not contaminate any supply of
dnnking water
Exercises,

1 What 18 the difference between a sewer and 2 drain ?

Of what practical use 15 a knowledge of the du
, lnction between them ?
2 OF what matenals must the pipes for hovse dran

made? Describe how a draim is Jaid and jornted

Ilusirate by eketches

w 10 scale a plan and section showing sn wnspec

tion chamber and intercepting trap, takiog the

depth to the invert as 4 feet Describe the uses of

both chamber and trap
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must keep hus hands dry, and on no account must he
massten them with sputle or by dipping them 1nto the
milk, he should wear a cléan white overall and a white
washable ¢ap

The first two squrts of milk from each teat should be
pejected, because the mouths of the teats frequently con
tain dirt, or bacteria and this first milk may be 1nfected

Immediately after milking the milk must be removed
from the shed and placed in a covered receptacle It
hould be cooled as soon 2s posstble 10 a temperature of
Iess than 50° F, i order to retard the muftiplication of
bactera, which increase very rapidly 1o milk at body

at,

This, however, 15 generally imposuble unless a
tefngerator 13 avarlable, and we usually have 10 be satis
fied 3f the milk 15 cooled to a temperature of oot more
than 5°F higher than that of the water available for use
1w the cooler

A milk cooler 15 usually a box hke apparatus with
corrugated outer surfaces over which the milk runs
 fine stream It 15 kept cool by a flow of cold water
through pipes which arc arranged mside the apparatus

Immediately atter cooling the muk should be poured
ioto sterile glass milk bottles which should then be
covered with ciscs and kept in a cold stoge at a tem-
perature below SO*F until delivery

mlk bottles should have a wide mouth, so that
they may be cleaned easily and they should be sealed
with properly fittng waxed cardboard discs specually
made for the purpose Ordinary bottles of the type
which 13 used o contain Whiskey spints, ctc, are not
$00d, as the narrow neck makes proper cleansing almost
wmpossible

(¢} The Dairy Utenslls—These include the milkiog

ot ok
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1 They must keep their persong and clothing 1 a
clean condition
2 If they are suffering from or have been i con
tact with infectious disease they .must report
to a Medical Officer of Health and must not
resume work until they have recetved huis per
mussion to do so
(5) The cows must be healthy and should be kept
clean and well groomed If possible they should be
examined by a veterimary surgeon once n cvery three
months and any ammal showing signs of disease hkely
to affect the milk imjuriously should be removed from the
herd The milking herd should be kept apart from other
cattle

F 6 65 —FL008 OF A MILKING SHED

(c) The milking shed should be provided with a floor
of cement concrete so finshed that the surface is shghlly
rough ‘The part on which the cows stand should be 7
feet wide and should have a fall of 2 inches to a maoure
channel -which should be at least 4 inches decp at 1ts
highest end and 18 inches wide (see Fig 65)

The roof should be of corrugated iron or other dustless
matenal The sides may be open or partly enclosed 23
desired

The mulking shed must be kept clean and nothing
should be done to cause dust 1 1t withun half an hour
of milking

(d) Procedure —Immediately before milkung the udder
and teat of each cow must be washed with clean water
and dried with a clean cloth  The mulker must wash bis
hands with soap and water and dry them on a clean
cloth his milking stool should be scrubbed clean SO
that he will not dirty hus hands when moving it. He
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during the course of delwvery, or after reaching the
premuses of the consumer

8 Cholera~The mulk may be contaminated by fiies
tsce 7) or by infected water (see 4)

Definltion of & “Carrier"—It 18 possible for ceraia
people to carry the germs of an ifectious disea
mfect other people wathout themselves d:velupinx lhe
symptoms of the disease Such people are known
“carniers,” and the fact that they are harbouring h:mn
A e b St —e

1 13 mpossible to enswre these conditions at present
especally in the tropics, but there are several methods
by which milk may be made safe for human consump
tion  There are four of these 1n general use—viz. bou
ing, complete stenthizaton pastcunzation and drytng

1 Bollng—This 15 a method which can be adopted 1n
every home A soon as the mulk 1s delivered, it should
be raised to boling pomt and then allowed to cool. It
should be kept in a ¢lean vessel 1n the coolest avaslable
place, and should be protected from contamination by
dust or Mlies or from any other source

By this method the pathogemc orgamsms (but not
sporest will be killed and the mulk will be less likely to
0 sour, as the orgamsms which produce lactic agid will
be reduced 1n number

2 Complete Steritzatlon—~This mcans the kifting of
all micro-organisms and their spores and <an only be
dane by keeping the mitk at a temperature above pormat
boling point for at least twenty munutes When the
Procesy is complete, the nulk should be stored as der
tnh(d above

iradvantages of bath these methods (especially

d No 2) arc that they alter the character of the mitk and
affect tts nounshing quahties also that the vitamins are
destroyed.

In spite of thus the danger of infection from raw mik
U 30 great that the disadvantages of bosling are out
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All utensils should be
(@) Rused with cold water immediately after use

then
(b} Washed and scrubbed with hot water and soda
he

(¢) Rinsed with ¢lean water then
(d) Stenlized by steam or boiling water

After stenizatior the niensils must be stored w a
clean dust proof place until required for use

Infected milk~The diseases which may be com
municated to man by tafected milk include tuberculosis
undulant fever eptdemic sore throat typhoid dysentery
diphthena epidemic diarzheea and cholera

How the Milk may become Infected—1 Tubercalosls.
~The bovine tubercle bacilh may be contained 1n the
milk yilded by a diseased cow or the mlk may be
contaminated by the fmces or other discharges from
diseased ammals

2 Undolant Fever—A cow which has suffered from
contagtous abortion may become a carrier and although
at the time herself gerfectly bealthy may pass the organ
1sms of the disease 1n her muilk  These organisms set up
undulant fever in man

3 Epidemic Sore Throat—The milk may become
anfected with bacith from the udder of a cow which s
suffening from mastiis or from ulcers or eruptions on
the teats

4 Typhold—Milk may be infected by carners of
typhoid or by contacts employed m the dairy It may
also be mfected by the wuse of contammated water for
the purpose of washing the damry utensils or for the
purpose of frandulent dilution of the milk

5 Dysentery-—See Typhoid

6 Diphtheria,—The milk may be infected by carriers
engaged 1n work 1o or around the dury

7 Epderuc Diarrhea —The mulk 1s contarminated by
dust or fles tiis 15 evidence of cazeless handhug ar
unproper storage (probably both) while at the dauy
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dunng the course of delivery, or after reaching the
premuses of the consumer

Cholers.—The mil¥ may be contaminated by fues
(sce 7) or by infected water (sce 4)

Definition of & “Carrier "—It ts posuble for certain
people to carty the germy of an mfectious disease and to
wflect othee people wathout themselves developing the
symptoms of the discase Such people are known as
“carners,” and the fact that they are harbouring harm
ful germs can be established by medical examunation

Method of making Mk safe for Food.—If mulk 1s
produced under hypienic copditions {rom healthy cows
113 & safe and wholesome article of food Unfortunately
1t 13 1npossible to ensure these conditions at present
especially 1 the tropics, but there are several methods
by wh_l"{: milk may be made safe for humaa consump-
fom  Thore aem €a = <F st on - [

shoutd be kept in a clean vessel m the coolest avarlable
phee, 20d should be protected from contamination by
dust or fhes or from any other source

By this method the pathogenic organisms (but oot
pores} walk be killed and the milk will be dess hkely 1o
£0 sour, as the ofpamsms which prodoce lactic acid will
be reduced m number

2 Complete Sterilization —This means the kalling of
all micro-organiums and ther spores aod can only be
done by keeping the milk at a temperature above normal
boiling point for at least twenty minutes  When the
Process 1 complete, the milk should be stored as dex
tribed above

The diaadvantages of both these methods (especially
of o 2)are that they alter the character of the milk and
affect 1ts nounshing qualites also that the vitamuns are
destroyed,

n spite of thus, the daneer of mlecuon from raw milk
M 10 preat that the disadvantages of boiling are oot
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weighed by the protection secured agamst discase
Method No 1 above should always be adopted whea
other means of safeguarding arc 0ot available

3 Pasteurization —Tlus s the best method of makizg

pathogenic organisms which may be present, 2nd to
reduce the number of lactic acid producing organisms
without any change i the nature of the milk and without
destroying the vitamins  To accomplish this the milk is
held at a temperature of not less than 145° F, and mot
more than 150° F, for at Jeast thirty minutes, and is
then is cooled to a of not more
than 55° F, These hmsts of temperature must be abso-
lutely observed if the process 1s to be successful, if the
temperature falls below 145° F the bactena will not
be killed, and, on the other hand, if 1t nises above 150° F
the physical and chemucal character of the milk will be
changed

4 Drywg—By this method all water 18 remaved from
the milk by evaporation, the solds remammng in the
form of a dry powder which can be made into hqud
mulk again by the addition of the proper amount of
water  The powder 15 not quite stenle, but, owitg to
it dry state, micro-organisms cannot develop and in-
crease  The powder 1s called “ milk powder ™ or “dned
milk”, the muk made from 1t 15 nearer 1n character
and vitamun content to fresh milk than s boded or
sterthzed mulk  This 1s due to the fact that only a very
short exposure to heat i3 needed to turn the mulk wmto
powder

The process calls for special equipment and cznpot
be carned out i the home There are several methods
m use, including

(1) Rofler Drywg —Very thin films of muik are passed
over the surface of revolving rollers heated to a high
temperature by steam or hot air passing through them
The heat causes the water 1n the milk to evaporate
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and the solids remain 1 the form of thn wafers or
flakes which are afterwards powdered.

(2) Spray Drying.—A fine spray of milk 1s passed
through a current of hot ar duniog the peocess the
water evaporates aod the solids fall 1 the form of a
powder

Milk powder 13 packed in sealed airtight tins and
will keep for a long peniod 1f the tn 13 left unopened

Milk Producty.

! Cream.—~This may bc taken from the milk by
“skimming” of by “separating "

Skimming —Milk 13 allowed to stand 1n a large bowl
unul the cream rises to the surface when it may be
removed A large spoon perforated with small holes is
the best to use for this purpose as it allows the milk
10 pass through and retains the crcam  The remaining
milk b called skimmed milk_and 15 of course inferor
in quality to whole milk The number of bactenia i
b cream 13 wsuaily very fugh as they rse with the
cream

Separating —In 2 large dasry cream is usually removed
by a machine called a “separator”™ The milk is put
into a cylinder which is then rotated very rapidly The
beavier part of the mulk is thrawn to the outer pact of
the machine and lhe cream which 1s lighter 1s left 1o

~ s
. st ecream the

. ! fk and con

Cream may be pasteurtzed 10 the same way as milk
o :hemxml substances should be added to preserve It
2 Butter 1s milk fat clotted together It is prepared
by churning separated cream Tt containg 83 to 85 per
cent milk fat, small quanties of protens walts and
sugar and should have not mare than 16 per cent. water
he cream 13 allowed to stand for some hours in
orkr 10 give the baallt which produce lactc aaid time
1o work ‘The said produced by them durng this period
fauses the milk to “sour™ or “npen” as 1t s called
Thus 18 necensary n order to give the butter a good

»
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flavour and so that the globules of fat may brezk down
easily when churned

Churning 1s sunply & means of shaking the cream
violeatly so that the globules of fat are broken up
and clotted together 1ato a mass, or lump, of fat, whch
15 called butter

The butter 15 washed with cold water and then beaten
to remove all surplus moisture and fo make 1t fim,
some common salt 1s usually added It 1s then packed
1nto casks or made up wnto any shape and size required
for use

Butter 1s sometimes adulterated by the addihon of
other kinds of fat or of water No preservative other
than salt 1z allowed by law  Pasteurized cream should
be used 1n order to ensure that the butter shall be frec
from tubercle bacilh, but the flavour of butter made
from such cream 1s not generally hiked so the cream
for butter making 1s usually in the raw siate

3 Marganoe 18 a0 smutation butter made from anmal
or vegetable fats mixed with milk in order to quve 2
taste resembling that of butter When good, 1t 1s an
excellent food

4 Cheese—When milk 15 soured, the protens or
casews of the milk form clots (called * curds ™), which
are contained 1n a clear hquid known as whey These
clots or mulk eurds, after having been removed from
the whey and pressed mto sohd form, and haviog under-
gone vartous other processes, are known as cheese

Cheese, therefore, is the clotted casein of milk,
together with varying proportions of milk fat and salts
It 15 made from separated milk, whole milk, or mlk
with extra cream added 2ccording to the proportion of
fat requred 1n the_finished product Genuine cheese
must contain fio fat other than that obtaned from milk

5 Ghee 1s clanfied butter—that 1s, butter which hat
been heated and allowed fo cool, this process helps to
mprave s keeping quahties, but so alters sts flavour
that 1t 1s not liked by most Europeans Tt 15 however,
3f well made and sn good condition, an excellent food
and 15 1n very general use among the Indians
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Preparation of Ghee~-Putter 15 melted over & slow
fire and then sct aside to cool  After cooling the whiter
and morc flud portion s removed, this 1s the best
qualty ghee The thick remdue 13 then muxed with
ground nut o1l and used as infenor ghee

Ghee may also be prepared by boiling butter over
a clear fire until all the water has evaporated It shoutd

akummed from tume to ume dunng the process It
18 then stramned through a cloth

Condenged milk 13 mitk from which most of the
water has been removed, by this means is bulk s
greatly reduced and storage and transport are greatly
faciltated. It 15 sold 1n asrtight tns and 1s very useful
in places where 1t 1s difficult to obtamn fresh milk, when
required for use, the correct amount of water should
be added

Sweetened condensed milk 15 made by miung milk
with sugar and then reducing the water by evaporauon
1o & vacuum pan until the mixture 1s of the desired con
uu;-:iy This is then poured 1ato tins or casks and
x

This mulk will reman sosnd for a Jong Ume even
after the contaners have been opened, as the amount
of added sugar 35 sufficient to retard the growth of
bactena

Evaporated or Unsweefened Condensed Mitk—This
it made in 3 similar manner to the above but oo sugar
1 added  After the condensed mik has been put
into the tins, these arc immediately scaled and stenhized
by beaung In 2 steam oven  As loag as the tia 1s atr
bight the milk remains good, but once the tin bas been
opened it will keep for about the same length of ume
5 would ordinary botded milk

Condeased skim milk 15 milk from which the cream
has been removed before condensation cither wath or
without sugar, has taken place 1t should not be used
3 & food for infants

advantages of condensed mulk are It 15 vsually
free from Twing disease germs. It can be kept for 2
tery long tme in good condition and ready for use
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and 13 therefore very valuable 10 places where good
fresh mulk 18 not easily got It 13 easily packed and
can be sent very fong distances without deteriorating

The disadvantages are that 1t 15 usmally more expen
sive than fresh mulk, and that some of the vitamuns may
have beea destroyed during the process of condensation
This 1s not of great importance #f these are present 10
other foodstuffs consumed

N —PRESERVATION AND STORAGE OF MEAT
AND OTHER FOODS

Necessity for Preservation EMost food 1s at iy best
when fresh The best meat 15 usually fresh meat the
best eggs are newly Lad, the best frut and vegetables are
thase straight from the garden It 1s aot, however, always
possible to obtain food supples 1o this ideally fresh con
dition for many reasons certamn articles of food may
pot be obtamable locally, and must be imported from
some other district or country, some foods (fruits for
example) can only be produced at certan seasons of the
year but at these seasons the supply greatly exceeds
the demand and unless some method of preserving or
stotng the surplus 15 evolved great wastage of food
stuffs 15 cqused There may be a bad year of drought
in which case any foods which have been preserved or
stored and carnied over from the previous year become
very valuable ipdeed  For these and many other reasons
much time and thought have been given to discoveneg
the best methods of preserving and storing foods, so
that they may remain 1n as fresh a condition as 15 Pos
sible pver long penods of time

Why Food becomes Unsound —If a piece of meat of
vegetable 1s left uncooked for a few days it grows soft

food mto ts elements and 15 caused by the action vl
bactera which have gatned access to the food If the
atmosphere 35 warm and mowst decomposition proceeds
more rapidly if 1t 1s dry and cold, decomposition 15
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checked  In other words the bactena which cause
decomposion flounsh and multply rapidly m a hot
motst atmosphere, but are unable to grow i a very cold
or dry one,

If we can prevent the access of these bactera to food
woffs or €an create condions which are unfavourable
to ther development we can prevent decomposition
and the food wilf remain 1n sound condition for a long
tme

How Food Is Preserved —This 15 accomplished 1 the
tollowing ways

(2) Methods which create conditions unfavourable
for the development of bacterizs

K ad of Foodstuffs for

Method whick the Merhod 13
wsaally Enplyed

1 Salung Meat fish

2 Pxckling with brine Meat fish

1 Drymg Meat, fish fru, vege
tbles  cereals  mitk
egg yolks

4 Smokmg Meat fish

S Refngeraton  (presct  Meat, fish frmt, vepe

vation by cold) tables eggs mulk
§ Prewenving with sugsr - Frut

Preserving with chemi  Sausages frut jam  cer
cals tain wines and other
nnks

(b) Destruction of bactcria and protection of the Lood
trocu the eatry of further bacteria:

K nd of Fodstuffs for
Method whleh the Method is
wswally Emphrved
1 Stenlizmg a0d cannng  Meat, fish  vegetables

it
2 Stenlimng and botthng Vegetables, frut.

(<) Covering with Some Substance o prevent Access
of Racterta—Eggs preserved in water glass, el
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“Methods which create Conditzons unfavourable for

the Devefopment of Bacteria,

1 Salting—Salt thecks the action and multplicanon
of micro-orgamisms and especally of the kinds that cause
decomposttion 1t does not however destroy disease
producing organisms Al meat therefore which 15
itended for salung must be free from disease and
perfectly fresh and sound before being treated.

Method —A dry muxture of common salt sugar and
saltpetre 13 rubbed well into each piece of meat A
clean store preferably limed with matersals having a
smooth 1mpervious surface 18 prepared  On the bottom
13 put a heavy layer of salt and on thus a layer of meat
Prepared as described above  Next comes a heavy layer
of salt then a layer of prepared meat and so on 13
rotation untit the store 1s full,

The meat 15 left undisturbed for a peniod of from
ten to twelve days when the salting process will be
complete it 15 then washed and 1s hung vp te dry
a drymng room It 15 sometimes hung in a smoke
chamber for a few days the temperature bemng main
tamed at 85° F (see Smoking)

2 Pickling—Thts 13 another method of using salt,
but 0 this case the meat 15 put 1ato a strong solunon
of salt and water called brme Again only meat which
13 free from disease and which 1s perfectly fresh and
sound should be used

Method —The pickle or brne is first prepared 1t
consists of salt saltpetre and a litle sugar dissalved 10
water and 1s very strong the streagth of the soluton
being usually about 85 per cemt This pickle 13 ustally
contained 1 wooden tubs which ate provided wath per
forated wooden covers these being small enough to fall
mside the tubs where they float on the surface of the

0

The meat must be perfectly sound and must have
lost all ammal heat before beng put ito the pickle
When a sufficient qUaatity of meat has been placed 1
a tub the perforated cover 1s put on fop of the meat
and 13 weighted this ensures that all the meat will be
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pressed below the surface of the brine  The salt pene-
trates anto the meat slowly and somcumes 1a order to
hasten the process the pickle 15 mjected 1nto the sub-
stance of the meat by means of a purap fitted with 2
bollow needie hke a lirge hypodermuc synnge By this
means the preservative 13 quickly brought into contact
with the intenor as well as with the surface of the meat.

“The time required to complete the process of pickling
2epends upon the atrength of the pickle the totai weight
of the meat, the weight of the mdividual pieces, and
on whether or not the pump has been used  About
one day for each pound of meat i the twb may be
taken as a sough estimate

Inspection of Pickled and Satted Mest~—1f the oro
cess has not been carned out properly the meat wall
be pale in colour and will fecl sumy 1f on the other
hand it smells badly and 1s of a greemsh colour putre
faction has et in. This indicates that the meat was
not sound when pickled Putrefaction often starts peat
the bose and 1t 15 advisable when mspecting to thrust
a piece of wire or a kmife into the meat  Ths should
then be withdrawn and smelt 1f there 1 anv odour of
Putrefaction the meat should pot be sold for human
consemphion

It salied meat 1s hard and shnvelled 1 appearance
yg probably old stock

3 Drying—This method of preserving foodstufls
makes use of the fact that bactena cannot develop or
floursh in a perfectly dry medum  The manner 1
which the drying is done varies accordsng 10 the kind
of food wheh v to be presened but 1y each case the
Pprocess depends upon the evaporation of all morsture
by dry heat and storage afterwards in a dry atmosphere
ot in artight uns,

4 Smoklog—This Js a process which 18 sometimes
applied to fish or meat after saltng or drying  The
meat or fish is hung from tron bars 1o & chamber which
i provided wiuh a venulator i the toof smouldering
wood or sawdust fires are Ighted to generate smoke
which 15 drawn upwards to (he ventlator and thus per-
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meates the ar of the whole chamber The temperature
nside the chamber must not exceed 85° F
of Dned Foods—A odour
mdscates decomposition  If the food has been exposed
to damp, moulds may have formed, their presence being
made evident by green or black patches on the surface
5 Refngeratior —This 1s the storage and preservation
of food 1mga cold atmospbere When the temperature
of foodstuffs 1s brought very low, the action and devel
opment of the organisms which cause putrefaction 1
arrested and the food can be kept 1n sound condition
for a very long ime  Cold does not kill the organisms

. . N .

The cold store or refrigerater 3s mamtamed at the
temperature desired 1n the way already described 1o the
paragraph dealing with the manufacture of rce (Chap
ter II)  This temperature vanes according to the kind
of food which 1s to be preserved Those which have
been found by experience to give the best results are
given below together with the kind of food to which
they apply

Temperature of
Kind of Food il
Meat When 1ntended to be 36° 1045°F f
Fish kept for a few days
Poultry,[ oaly, as 1n a butcher’s
el shop or private house

Meat chilled for export purposes  29° F
Meat  frozen for export purposes  15° to 16" F
Mk

w
“
m

Bggs

Frut (Note —The diffierent kinds As cold as pos
of fruit vary very much m the * sible  without
amount of cold they are able to damaging  the
withstand without mjury  The frujt
temperature suitable for each
kind has to be found by expen
ment)
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& Presrving with Sogar —Sugar retards the growth
of bacteria in food m very much the same way a3
does salt as we have scep a Ditle sugar 18 added to
the muxture used for salung and pikling meat. Sugar
bowever 18 mamly used ay a preservative for fruits
m the form of jams jellies and crystallized fruit

Crystaltlzed froit is frut which has been boiled 1 2
syrup made from sugzr and waler agd which has then
been atlowed to dry As a resuit of this process the
sugar forms erystals 1o the substance and on the surface
of the fruit,

Jams 204 Jelbes.—For jam the fruit 3s boted with
Ms awn weight of sugar unul it sets™ or becomes
stiff on cooling 1t 13 then poured into jyars or tios and
saled

Jelly is prepared in the same way except that the
solid pasts of the fruit (e seede skins elc) are re
moved by passing the jam through a stramer before
pounng it inta the jars or tins.

7 Prescrvation of Food by Means of Chemica) Antl-
wptics—This 13 not conudered to be a good method of
preserving food and should only be used when no other
feans can be employed

In England only two chemical substances may be
added to food they are benzoic acid and sulphur dioxide
and they may only be used tn certain cases and in spect
fied small amounts  1f exther of these two preservatives
has been used in food whuch 1s offered for sale the fact
must be declured on 2 tabel fixed to the food container

The foods to which one or the ather of these chemi
calt may be added are

1 Sausages and sausage meat

2 Certain kinds of fruit

3 Jams jelhey and crystallized frun
4 Sugar

5 Comflour

6. Oclatine

7 Certan wines and other dnaks
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2 Examine the can for damage, rust and soMenng '
defects, remembering that if the can 1s not absolutely
artight the contents Wil mdst probably be unsound.

If the cans are very rusty, some of them may have
rusted through, these will be no loager arrtight. Al
leaking and non-airtight tins should be condemmed

3 The ends of the cans should be depressed, of con
cave Any bulging or conveuty may indicate that the
contents have decomposed, and that the gas thus genera-
ted has pressed out the ends of the cans Such cans
are known as blown cans

In the case of actd fruits, the acid of the frut some
times attacks the metal of the can, 1 which case hydro-
gen gas 1s generated, this presses out the ends of the can,
which then appears to be blown

All blown cans should be condemned.

4 Tap the surface of the can with the knuckles or
with a ptece of wood, a good can shonld emit 2 dull
note, whilst a bad one, which contains gas or air, gives
a sound like that of a drum  This method 1s known as
testing by percussion.

Summary showing methods of preserving vanow
foods

Food Methods adopted for Preservation
Meat Salyng, picklng, canmog, freezng,
chillin, drymg
Fish Salng, pickling, canomg, freezing,

chilling, drying
dryng , ‘refngcmuon
Vegetables  Cannmng, bottheg, drywmg, refngeration

Milk

Frut Canuing , bottlng, drymng; crystalhziog,
‘making into jams and jellies, refrigera
tion

Bggs Refrigeraung at 33° F, preserving

water glass, etc
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Storsge of Foodstulls,

Dunng storage and at all other times every effort
should be made fo prevent contamynitien of food by
exposure to dust flies and other vermin or by uncleas
and unsecessary handling

1a the House ~—Cvery house should have a food safe—
1 a cupboard with sides and door made of wire ganze
which will adnut atr and keep out flics and other insects
This should stand 10 a 00l clean well ventilated part
of the buusH 2+ O0 3 Verandzh—pever 1 a lning of
sleeping roo:

Inthis u{e should be kept all meat and mifk whether
cooked or not and all cooked food which 15 required
for further use The safc and uts contents should be
protected from dust.

Ia Shops—Ia the Botchers Shop —Meat which 13
awa ing male should be kept in a large fly proof meat
safe  This may be eassly and cheaply constructed in
one vorner of the shop the materials required being
3 wooden framework and wire gauze The floor of the
$hop should be of cement concrete which should be
kept clean by washing with water not by dry sweeping
Costomery ;hsu\d not be allowed to hand‘\c the meal
efore purcha

o other lood shope—¢ g cooked food shops aweet
thops cating houses confectioners shops bakers shops
aod grocers shops-—food which 15 to be exposed for
nle (such av cooked meals cooked frints bresd sweet
meats, ghee butter) should be covered with or wrapped
1 fly proof matenal or should de placed in closed
boxes with glawy Lide or fronts which will extubit the
food and yet prevent contaminanion by dust and fles
These boxes can be cheaply made from empty petrol
boxes e

All foodstuffy which are intended 10 be eaten without
furiher eooking must be adequately protected from con
fatmimation by fles or other \en-mn nben offered for
sl This b usually 2 kgal cequ

The main stock of cerealy in lll lhcm should be
Mored in rat proof bins of gram cnbs
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ted, then the spleen and kidneys, the prescapular and
snguinal Iymphatic glands, udder, bones and jomss
Appearance of tubercles in secondary infections—ie,
those produced after generalization has set n
1 The tubercles are very numerous, and are
scattered throughout the substance of the
infected organ
2 Bemg of the same age, they do not vary much
1 size or in the stage of their development,
their s1ze 13 about that of a millet seed

Inspection of Carcass after Evidence of the Presence
of Tuberculosis has been Detected.—If the inspection
descrbed 1 Section IV of this chapter gives grounds
for suspecting that a carcass 1s infected by tuberculosis,
the following routine should be observed

1 Examine the surfaces and substance of ali organs
and their lymphatic glands for tubercles, this
should be done both by touch and ncision

2 Examine by cutting imto shices the followng
lymphatic glands 1n the carcass iself lower
cervicle, presternal, suprasternal, prescapular,
suptamammary (i female), superfictal tguial
(10 male) 1hiac and sublumbar The precrural
and popliteal may also be examyned if neces
sary (See Section 1V for situation of lym
phatic glands)

~ . )

Action fo be taken when evidence of tuberculosis
has been fouad

Organs.—If tuberculosis 1s found on the surface of
1n the substance or 1n any of the associated lymphatic
glands, the organ should be seized

Head—If any of the Iymphatic glands of the head
are affected, the head and tongue should be seized
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§ The walls ctc must then be two co:
oy given two coats of

I Rinderpest or Cattte Plague —This 18 an fec
twons disease which 1s most often found 1n cattle and
of which the causative orgaprsm has not yet been found

Post-morfem  Signs.—Inflamed patches are found on
the Lips and i the throat The stomach and ntestmes
are also imflamed and swollen and red streaks may be
deen n the rectum  In the later stages the flesh is very
dark m colour and the lver 1s enlarged and 1s dufl
In appearance

Action —The carcass and organs must be destroyed
and the case reported to the medical officer and the
vetennary officer

IV Black quarter 1s caused by a bacillus It ss most
often seen in young cattle but may also attack sheep
and goats  Black quarter 1s not commumcable to man

Post mortem Signs —Swellings are found on the leg
loin shoulder buttocks and neck If these swellings
are cut a gas escapes and the tissues are found o be
full of serum The muscles of the diseased parts are
dark red 1n colour and give off an unpleasant odour
which increases if a portion 1s warmes

Action—The carcass and organs should be con
demped.

V Foot and Mouth Disease —This 15 a disease caused
by a virns  Nearly all ammals as well as man may be
affected

Signs —Bladders or blisters (called vesicles) about
the size of a ten-cent prece and fitled with a watery @ud
appear i the mouth on the tips and sides of the tongue
on the Lips at the point where the hoof joms the foot ind
0 the cleft of the hoof They are also sometimes found
on the udder and teats The vestcles burst and leave
sores the fuid which escapes contams the virus, and 13
the means of contaminating pastures and other places,
thus spreading the infection far and wide —Amumals
suffering from this disease must not be moved to uma
fected areas
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Actlon.—The carcass should be detained and the case

reported to the medical officer of Yetermary officer
farther actton will depend on the adwice given.

VI Pamavitle Infections.—A parasite 1s a plant or
a0 mal which cannot lead an tndependent existence but
which attaches itself 10 and denves its nounshment {rom
another plant or antmal called the “host™

Anunal Parasites —There ate many diffcrent kinds of
these, each having its own way of lving some Lve on
the outside of the host and suck blood—cg fleas Ice
Others make their way into the itestines and either
absorh some of the food which the host has d gested—
€g tpeworms and roundworms—or attach themselves
10 the istestiney or other interna) organs and suck blood
—¢g hookworms

In this section we shall confine ourselves to the con
wuderation of those parasitic infections of animals which
are transmissable to man by the eanng of infected meat
of which cause detenoration of the organs and carcass of
the host thus making them unfit for human food
Amang th~ former arc Cysticercus bovis and Cvsticercus
eellilosz  of the lattsr those most commonly een are
flukes and hydatd cysts,

Parssites transmisable to Man through
Tafected Mest.

T Cysficercus bovis—Thus 1s the cystc or bladder
Worm stage of a tapeworm, Tania saginata which lives
in the human intesune

Tapeworms may be known by their length (¢ T2nia
sagnata veaches & length of 1S to 20 feet) and by their
fat segmented bod es  They have o digestive system,
But oblain their food entirely by absorpion through the
tkin this food consuts of “chyle® or digested food
bsorbed from the small intestine of the host The bead
of scolex contaim no brain or mouth, and appeans to
seTve ymply s & means of attachment,

The Life Hirtory of Tenla sagiaata—This consists of
%0 stagey, the farval and the adull Duning the larvat
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stage the host of the paraste 1s the ox The larva is
known as Cysticercus bowis  Daning the second or adult
stage the host 13 man  The cycle 18 as follows

(1) A person infected with Tema saginata defecates 1n
the grass, some of the segments of the tapeworm, con
taining eggs, bewg discharged with the faces

(2) The membranes of the segments decompose and
the eggs, being freed, stick to the grass

{3) An ox comes along and eats the infected grass

(4) In the stomach or 1atestines of the ox the eggs hatch
out mto larve  These make therr way into the muscular
tissues of the ammal favounte positions being the mus
cles of the cheek, tongue, bnisket, diaphragm, shoulder
and heart

(5) Having found a swtable spot, the larva encyst

¢, they cover th with a thin *km
or membrane This 15 a restiog phase, and the larve
undergo no further development unless they find therr
way to the body of a man The cyst 15 now a small
sem: transparent bladder, contaimng flurd and the head
and neck of the future tapeworm

(6) If the ox 15 now slaughtered for human food and
if its flesh 1s caten 1 a raw or undercooked state the
mmature tapeworm will be set free during the digesuve
processes, and will attach itself by means of suckers on
its head to the small intestine of its host

(7) The body segments, each of which has a complets
reproductive system, begin to develop from the head 1
the form of a chain, those furthest away from the head
bemng the oldest, increase 1o size as the eggs which they
cantaia mipen

(8) The mpe segments become detached and are dis
charged with the fces

The cycle 15 now complete, the mfection having been
carried from man to the ox and from the ox to man It
15 to be noted that this mfection of the ox can only
oceur 10 countries where proper samtary measures for
the disposal of human excrement are meglected The
remedy 15 the provision and use of proper latrnes 1a
alt commumities
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often become greatly enlarged and thickened, standing
out as white cords on the surface of the Liver In some
cases the substance of the organ is not changed, but
generally 1t turns a greysh colour and becomes very
firm to the touch If the liver apd ducts are cut, the
flukes emerge, together with a dark sticky flurd

Flukes are commonly found 1n the livers of sheep and
oxen which have been feeding 1n wet, marshy places

Action.—The affected organ should be condemoed.
If the carcass is dropsical or emacrated, 1t should be con
demned

Life History of the Liver Fluke —Like the tapeworm
flukes spend their larval stage 1n one host, the 1atermedi
ate host, and their adult siage wn anotber, the definte
host,

The cycle 15 as follows

(a) The adult flukes 1n the bile ducts of an nfected
ammal are hermaphrodite—1 ¢ , cach fluke has both male
and female organs and fertiltzes 1ts own eges  The eggs,
having been fertihized, are carned by the bile to the
1ntestine, and are eventually evacuated among the fzces.

(b) If the faces and eggs are deposited on wet, marshy
ground, or m a puddle or other standing water, the egg
covering breaks and a very tiny larva about 1/100 1ach
long emerges, and unmeduately begins to swim about
1 a very active manoer

(¢) The larva, or “muracidium™ as it 35 called, 1s now
searching for 1ts iptermedsate host, a certain kind of snail
which hves 1n ponds of among damp grass 10 SWarmpy
places  If 1t does not suceed mn findng 2 snail within
eight hours, the larva dues, if 1t does succeed, 1t bores
its way 1nto the spail’s body and there becomes changed

1 form L
v -

They rep Ives for several am
then once agam become changed m form  They now
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have b g round heads and long thin tails and are called

(f) These cercarie bore their way out of the saml and
awim about for a litle whale, finally fastening themselves
to blades of grass and protecting themselves by exuding
a whstance which completely covers them. Thus sub-
sance hardens and the cercanz have become encysted.

() 1 & sheep or an ox swallows the grass on which
the eysts are fixed the covering 15 digested and the
embryos being released creep up the bile duct 10 the
hiver There they grow Into adult flukes ready 10 produce
efss and 50 start the cycle again.

Ii Nydatd Cyste.—These are the bladderworm or
cystic stage of lapeworms (T echinococeus), which live
In the 1mtestines of dogs  The cysts may be found 1n or
on the heart, splocn kidneys liver and lungs of pigs,
theep and cattle ‘They vary 1n suze from that of a small
birds egg 1o that of a hens egg and contain the heads
of the future tapeworms together with some flud

A heavily infected Iiver may contain several hundreds
of hydatds and may become greaty cnlarged  Some
tmes the cysts degencrate and become cascous 1n ths
slate they may be mustaken for the nodules of tuber
culosls. If there i3 no evidence of tuberculons 1n the
correspond ng lymphatic glands ar in other parts of the
€arcass or organs it 13 most hkely that such cascous
nodules are degenerated hydand cysts

Action —The aflected organ should be condemned and
e carcan passed 1f otherwise 1n sound cond tion

Note «~The condernned parts thould not be disposed
of tn any place where they mught be eaten by dogs, which
ate the defiarte hosts of the adut tapeworm otheraise
e cgck will be completed and the infection will be
sprea

$fuman beings may become infected with hydatid eysts
bot 8ot by eating meat contalaing them. The infecuon
it carried 1o man by water vegetables, etc., which have
been contaminated by the frces of dogt which are
karbounng the adult tareworm  For this reawen dogs
should not be allowed 1o enter a slaughterhowe and all
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5 Note any extensive brimsing of the carcass

6 Examune the surfaces of lungs, pleura and pen
toneum for evidence of tuberculosis or 1flammation

7. Palpate the luags—ie., take them i both hands
and squeeze them all over for evidence of tuberculoss,
cysts and abcesses

8 Examine the mediastinal and broachral lymphatie
glands for evidence of tuberculoss If these are
obvrously diseased, do not cut them If a cut 13 made
and disease found, the kmife used must be stenlized
before betng used for cutting bealthy parts of the
carcass

9 QOpen the heart sac (perticardium) and examtne the
surface of the heart for Cysticercus bovis

10 Examine the Liver and the hepatic gland for tuber-
culosis, abscesses, flukes, etc

11 Examune the remal lymphatic gland amd evpose
the kidneys Examune the surface and, if necessary, the
substance of the kidneys for tuberculosis, etc

12 Palpate the wdder and supramammary gland for
evidence of tuberculosts, abscesses, etc

13 Examine the intestines, stomach and splecn, and
the mesenteric lymph glands for tuberculosis, oflam
maton, anthrax, ete,

14 Examine the tongue (Cysticercus bows cte) the
roof of the mouth (nnderpest) and the pharyngeal, sub-
maxillary and parotid lymph glands (tuberculosis)

15 Cut the muscles of the shoulders, cheeks and
bnisket, and examme for Cysticercus hovie

"

under the approprate headings in the previous section
1t 13 1mportant to remember that, unless it 1s absolutely

necessary for the purpose of inspection, a carcass must

not be cut by the inspector 1n such a way as to seduce
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its market value  1f o ewidence 13 found duning the
matine Inspection detasled above the catcass should be
pasied and should not be cut anto any further

Situation of the Lymphatic Glands mentioned In
this Chapter
} Glands to be cxamined (not pecessarity cut) 29 &
fostine measure
Lymphatie Gland Where Siuated
Mediastinal gland fo the medastmal ussue
betaween the fungs  Close
to the esophagus
Bronchia! gland On erther s1de of the trachea
near the pount at which 1t
divides 1oto two branches
to form the bronch

Hepatic gland Near the hitus of the liver
Renal glands In the fat near the hius of
the kadney
Superficial inguinal 1n the cod fat
{male only)

Supramammary gland Above and behund the udder
(female oaly)

Mesentene glands A chan of glands mn the
mesentery paralie] with nd
a hute distance from
intestines

Pharyngeal glands AU the root of the tongue
near Wty boe

Submaziltary glands About 2 inches in front of
the point where the lower
Rw curves upwards

Paroud glands At the roat of the ear

‘MTM atove lymphatic glandy should always be exam
d a3 & routie measare, and it 1t 1s consrdered neces
“"7 they may be inclsed (cut). The proper method 1 to
tlice the gland by several longuudinal cuts 0 that there

i Lttle chance of mssi
e wssing any tubercle that may be
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Radiation —When not obstructed, heat passes away
from a hot substance mn straight lines, or rays, which
spread out in all directions from the source Heat rays
are similar to light rays i this respect, but are not
visible  Heat which 1s travelling 1 this way 15 called
radiant heat,

Radiant heat passes freely through empty space and
13 pot much obstructed by most gases Most solids and
liquuds, however, retard the tramsnussion of heat to a
greater or lesser degree, the heat bemng absorbed by the
substance which ntercepts 1t The heat from the fun
reaches us by radiation, the rays pass freely through
empty space untl they arnve at the edge of the envelope
of air which surrounds the earth Dry air allows heat
rays to pass through wath very lttle obstruction, and so
on a dry day the rays of the sun lose only a wmall
proportion of therr heat on ther journey through the
atmosphere  Water and water vapour, however, absorb
a great deal of heat from the sun’s rays, and the presence
of clouds 1n the atmosphere makes a moticeable differ
ence to the temperature at the earth's surface

When the heat rays reach the surface of the carth,
they are intercepted and absorbed They warm the
surface At mght, when heat rays from the sua do
not reach the earths surface, the surface, being warmer
than the atmosphere, radiates heat back agam mto space
If the arr 13 dry, this escape of heat from the surface
of the earth 13 rapid and the might temperature 18 much
lower than that of the day Deserts ate very hot 1 the
dayteme and cold at mght. 1f, on the other hand, there
15 much water or water vapour in the arr the radiation
of heat from the surface of the earth 1s greatly retarded
and the difference between the day and might tempera
tures 13 not so propounced.

Conduction —Conduction 18 the passing of heat from
molecule to molecule or from substance to substzace
by actual contact If one end of an won bar 13 put 1ato
2 fire, the other end becomes hot i tune, the molecules
which are actually mn the fire passing on the heat o
their immediate nesghbours, and this procesy betog e~
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peated until the heat has reached the other end of the
tar Note that the part of the bar which 15 om of the
Sre does not get as bot 25 the part which 18 i 11, because
some of e heat which passes into it 13 gven off by
ndayon from the surface 1to the atmosphere  This
fadiant beat may be felt qunte eanly 1f a hand &5 held
at a lotle distance from the bar

All substances conduct beat 10 some eXxient, some
much mote quickly than othery  Those which pass heat
through themselves very quickly—e g 1ron and other
metals—are called good condoctors; others through
which heat passes slowly are called bad conduciors.

Couvection.—Convetson 1s the carnage of heat from
place to place by heated mokcuks or partcles of a gy
or ligmd  There 15 no comvection n 2 solid yubstance
because 1ty molecules cannot move about freely  When
Beat travels by conducton through a solid, the mole
tukes do not move out of ther place, they mmply Pass
Ox heat on from ope 10 adother When, however, a
$34 e, ait) o 1 biquad (¢ 8, water) 1 beated, the mole-
cules mearest to the source of heat become hot snd
tue, thelr places being taken by cocker ooes and thi
et 1 o A

S "
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together For example, in the case of a veswel of hot
waler, beat is travelling from the botter parts of the water
12 the cooler parts by convecuon, beat Is pasiing frem
1he hot water to the outer surface of the vessel by con
daction beat §y passing from the outer surface of the
vesiet through the alr by radution and 1t abio pasung
110 the ais which surrounds the vessl by convechon
Temperatore~Temperature iy the intensity of heat
122 body It i net a messure of the quantity of heat
which the body contans—e 8. 1 gallon of bofling water
Tpmen exactly the same temperatuse as, say, 10 gallony
©f bowang water although the latter contains ten times
3t tuch beat ag does the former Ia other words, 10
$3om of water peed ten times as souch fued to rare
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Radiatlon —When not abstructed, heat passes away
from a hot substauce m straight Limes, or rays which
spread out 1 all directions from the source Heat fays
are sumlar to light rays mn this respect, but are not
wisible  Heat which 1s travelling m thig way 1s called
radiant heat.

Radiant heat passes freely through empty space and
18 not much obstructed by most gases Most solids and
hquids, however, retard the transmussion of heat 1o a
greater or lesser degree, the heat bemng absorbed by the
substance which intercepts it The heat from the sun
reaches us by radiation, the rays pass frecly through
empty space until they arnve at the edge of the envefope
of air which surrounds the earth  Dry arr allows heat
rays to pass through with very hittle obstruction and so
on a dry day the rays of the sun lose only a small
proportion of thewr heat on their journey through the
atmosphere Water and water vapour, however, absorb
a great deal of heat from the sun's rays, 2nd the presence
of clouds 1n the atmosphere makes a noticeable differ
ence to the temperature at the earth’s surface

When the heat rays reach the surface of the earth,
they are intercepted and absorbed ~ They warm the
surface At might, when heat rays from the sun do
not reach the earth’s surface, the surface, being warmer
than the atmosphere, radates heat back again 1nto space
If the air 1s dry, this escape of heat from the surface
of the earth 13 rapid and the night temperature 18 much
lower than that of the day Deserts are very hot 1a the
daytime and cold at might If, on the other hand, there
38 much water or water vapour 1n the air the radation
of heat from the surface of the earth s greatly retarded
and the difference between the day and might tempera
tures 1s not so pronouaced.

Conduction.—Conduction 1s the passing of heat from
molecule to molecnle or from substance to lubs};mcf
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peated until the heat has reached the other end of the
bar Note that the part of the bar which 15 out of the
fire does not get as hot as the part which 1s 10 1t, because
some of the heat which passes mto 1 18 gwven off by
redation from the surface into the atmosphere This
radunt heat may be felt quite easily 1f a hand is held
at & lule distance from the bar

All substances conduct heat to some extent, some
much more quickly than others Those which pass heat
through themselves very quickly—cg 1ron and other
metals—are called good conductors, others through
which heat passes slowly are called bad conductors

Convection.—Convecuon is the carnage of heat from
place to place by heated molecules or particles of a gas
or hqud There 1s na convection 1a a solid subsiance
because 1ts molecules cannot move about freely When
heat travels by conductron through a solid the mole
cales do not move out of ther place, they sumply pass
the heat on from ope to another Whep, however, a
€as (e, aur) o1 a lquid (¢ ¢, water) 15 heated, the mole
cules pearest to the source of heat become hot ind
nse, their places being taken by cooler ones and tus
Process goes on until the whole mass of gas or Lquid
has been heated by convection (see Chapters I and 11)
These three ways 1n which heat may travel—radiation.
sonduction and convechon—are usually all 1 operation
together For example, 1 the case of a vessel of hot
water, heat 1s travelling from the hotter parts of the water
to the caoler parts by convection, heat 1s passwg from
the hot water to the onter surface of the vessel by con
duction beat 15 passing from the outer surface of the
vessel through the air by radiation, and 1s also passiog.
wito the air which surrounds the vessel by comvection

Temperature —Temperature 1s the Intensity of heat
3 body It 1s not a measure of the quantty of heat
which the body contams—¢ g, 1 gallon of borlng water
tegisters exactly the same temperatare 29, 3ay, 10 gallons
of boiling water although the latter contamns ten ames
as much heat as docs the former In other words, 10
Ballons of water peed ten times as much fuel to ramse
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them to boilng point as does 1 gallon, but when that
paint #as been reached the temperature of the water 18
the same 1n both cases The amount of heat required
to raise a mass of water to boiling poit depeads on
the quantity of water If 2 body at a high temperature
18 placed 1n contact with a body at a lower temperature,
heat passes from the hotter body to the colder, untl both
are at the same temperature

Heat and cold arc not different things Cold 1s &
lesser degree of heat, and the word ys uwsed to express
our sensation when we touch, or are touched by, some
thing which 3s at a much lower temperature than are
our bodies The normal temperature of the buman
body 1s 984° F When a substance feels cold to the
touch, 1t 1s taking heat away from the hand, when &
feels hot, 1t ss losiag heat aad mparting 1t to the baad
This heat which can be felt 1s called sensible heat, and
1t 15 this sensible heat which can be measured by the
aid of a thermometer, the result of the measuremeat
bemng called temperature

The Thermometer.—The thermometer is an 105UG
ment for measuring temperatures or degrees of heat

= ganne swmand

aftached to a fons, thin, hermetically sealed glass tube
At low temperatures the mercury fills the bulb and a
small portion of the tube When the mercury is heated,
1t expands and rises 1 the tube  When it 15 cooled, 1t
contracts and falls The scale of temperature 1s ‘marked

sng 1ce and they markung the height of uw weiew s
on the tube If the thermometer 13 fo be matked 10
degrees centigrade, this posnt 13 called 0° C  If a Fabren
hert thermometer 15 wanted, the freezing pornt 15 matked
32° F  The second 13 got by plunging the bulb mto
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boiling water and the height of the mercury 15 marked
on the tube this beng boihog point  In the case of
a centigrade thermometer 1t 1s called 100° C and m
that of a Fahrenhent 212° ¥

The space between these two fixed potats 15 now divi
ded 100 equal parts or degrees the number of these
bemg equal fo the duference between boilng point and
freezing point in each case—-1e a centigrade thermo
meter has 100° between the two potts and a Fahren
heit thermometer has 180

How Heat is used as a Disnfectant—Heat may be
applicd to articles which are to be dissnfected 1n several
ways—e g through the medium of boiling water through
that of hot air and by means of steam

Boiling Water —Bojling  water 1s an excellent disin
fector for articles to which it may be safely apphed
such as sheets pillow-cases towels artcles of clothing
which are made of cotton cookipg utenstls cutlery and

Note that blankets and clothing made of wool
thould not be borled

Hot Ar—Hot As 1s a poor dismfecting agent for
bulky articles such as mattresses and bundles of blankets
Wy pencirating power being very weak The surface of
@ thek article which 1s also a bad conductor of heat
may be scorched by hot air while the mterior remaims.
quite cold and therefore 1s not disinfected at all Hot
air may however be used for destroying lice and therr
€ges 1n skins or other atticles of clothing which can be
arranged 1n such a manner that the heat has access
ta all the surfaces

Steam —The use of saturated steam 1s probably the
best means of applymg heat for the purpose of disin
fection to beddng and clothing It penetrates readily
into a mass or bundle of blankets or mto a mattress
a0d there gives off its latent heat  When water 1
¢hanging nto steam 1t absorbs heat wthout showing
any fise 1 temperature  This heat 1s catled latent heat
and 3 given off when the steam 1s changing back agam
Wto water (see Chapter 11)
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Steam Disinfection —There are several types of steam
disinfectors  but the general principles on which they
v:‘m'k are the same and we shall take as an example

e—

Thresh Steam Disinfector —This consists of a large
steel cylinder lying on 1ts stde and having double walls
There are airtight doors at each end. This cylinder
forms both the disinfectng chamber and the boiler m
which the steam 1n generated The water occupies part
of the space between the walls of the cylinder and 18
heated by a fire underneath. The steam passes mto the
disinfecting chamber through a pipe  The disinfector 18
usually fixed 1n a wall between two rooms mto each of
which one end of the cylinder projects We shall call
these rooms No 1 and No

How to Use a Thresh Dismfector ~Room No 115
used to receive only mfected articles The doors at this
end of the cylinder are opeoed and the arficles are
placed inside  The doors are then fastened and the
steam 1s tumed on and allowed to flow through the
disinfecting chamber for about half an hour the e<act
penod depending upon the kind of article to be disn
fected and the heat resisting power of the mnfective organ
1sms When disinfection 1s completed the steam s cut loﬂ

3 PR daen L ota bk
are removed  Note that if the dismfected articles were
returned from the chamber to Room No ! they would
probably become re tofected  There should be po
communicating door between the two rooms

How Steam penetrates a Bundle of Clothwg or
Beddmg —The steam 1 the chamber comes into contact
with the cooler surface of the bundle It 15 cooled and
condenses to water At the same time 1t gives off 19
Iatent heat which 1s absorbed by the article The waler
thus formed occupies much less space than did sbe
steam and a partial vacuum 18 formed mto which more
steam rushes and condenses as before  Each time that
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condensation takes place the sttam penetrates a hitle
further 1ato the bundie and there gives off s fatent
heat.  This process contmues until the temperature
throughout the bundle 13 the same as that of the steam
~—that 19 untl the heat has penetrated the whole bundle
and has thoroughly disinfected 1t.

Articles wheh may be best dismnfected by steam
mclude blankets sheets clothmg mattresses and any
srucles wholly made of wool or cotton  Steam destroys
leather articles books and anything 1 the making of
which glue 15 used If tmfected articles are staned—
eg with blood or fzces—the stains should be removed
with soap and cold water before dismfection by steam
is carmied out otherwise the stains will become perma
ently fixed

Note that the object of disinfection 1s to destroy the
organisms of discase without destroywg the infected
tticles, It 13 waste of tume and money to use a method
of disiafection which results in the destruction of the
things to which 1t 1s applied If the mfected goods are
of ltle or no value the cheapest and best method of
disposing of them 1s to burn them thus destroying the
organisms and at the same fime disposing of unwanted
refuse  Such mfected articles should never be thrown
away or put into a dustbm

2 Chemucal Disinfectants —Chemical — disinfectants
may be applied either 1 a hquid or m a gaseous form

Liquid Dusnfectants.—The most commonly used
bqud diswfectants are

{a) Those denived from the distllauion of coal tar
{0} A solution of chlonde of iime and water
) Formalin

() Those denved from the distillation of tar include
¢arbolic acid izal cyllin Jeyes flud, lysol and samitas
They are usually made tato a 5 per cent. solution wath
water and used for spraying rooms soaking mnfected
articles disinfecting discharges fxces and so on

() Chloride of Lime—This may be made imto a 2
et ceat solution with water and used as a spray The
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spiral honizontally within a small glass jar Pour methyl
alcohol snto the jar untl the surface of the spunit 1s about
4 mch from the spiral Warm the alcohol gently
Remove the spural and make 1t red hot Replace the
spiral quickly, and the wire will continue to glow and the
acnid smell of formaldehyde will soon be woticed The
oxygen of the air 1s absorbed by the hot platinum, and
1s then more active than free oxygen, so that when the
vapour of the methyl alcohol comes 1nto contact with
the hot platizum, 1t 1s quickly oudised and formaldehyde
gas s formed

D or i with Foe
dismfecting purposes the gas 15 usually obtamed from
formalin, which is a 40 per cent solution of formalde-
hyde gas 1 water, contarning 15 per cent. methyl alcohol.
It may also be obtamed from formaln tablets, which are
specaally prepared for the purpose If formaln is used
put 5 ounces of permananate of potash mto a deep

PR ] e Ff e T

ool
special lamp

Formaldehyde 15 a safe agent for disinfecting almost
anything, and may be used for books, delicate fabrics,
leather goods and so on without fear of damage
articles must be well spread out so that the gas may come
into contact with all parts, as formaldehyde does got
readily penetrate mto bulky artcles It 1 not a good
nsecticide, and 15, therefore, not used after plague cases

While the gas 18 being released the room should be
closed up, and should remam closed for at least six
hours
(b) Sulphur Dioxide—This gas destroys bacteria, and
also vermin such as fleas and rats It 1s chiefly used for
the latter purpose, as 1t bleaches colours and has a bad
effect on metals and on many fabrics For disinfecting
and disinfesting purposes 1t may be used in one of the
followmng ways

() By burning sulphur 1n a bucket or similar vessel
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about 4 pounds of sulphur bemng used for each 1000
cubic fect of air space Not more thanr 1 pound of
sulphur should be bumed m any one bucket, and it 13
advisable to pour a Dttle methylated spint over the
sulphur before settng fire to 1t

{b) By burming specially prepared sulphur candies
These have wicks which make them easier to light  The
candles must stand 10 a strong metal dish, and about 4
pounds should be allowed for cach 1000 cubic feet of
air space 1m the room

() By using sulphur dioxide gas m cylinders The
air of the room must be moistened by spraying with
water before the gas 15 generated. Sulphur diomde 13
% heavy gas, and sbould, thercforc, be geperated as high
up 10 the room as is practicable—e g , the sulphur msght
be placed 1n a bucket on the top of a pile of boxes 1n the
centre of the room  The room should be closed dur
g the process of generating the gas, and should remamn
closed for about twelve hours—longer 1f possible

General lostractions for Disinfectio, Gases.
‘Whatever gas 1s to be used for dmn(ecnon mc following
rules must be observed

(2} All jounts, spaces and cracks round doors and
windows must be covered n such a way as to
prevent the escape of gas This may be done
by pasting strps of paper, such as old news
papers round them after they have been closed
The paste may be made by pouring boiling
water aver flour and stirnng 1t

(b} Al vennlators and other places through which
g3t may escage must be made gas tight.

(¢) If there are any cupboards 1n the room, the
doors of these must be opened so that the gas
may enter freely

(d) Alf articles which are to remarn in the room for
disinfection must be spread out as much as
possible  Fabncs, curtaing and so on should
be hung on lines stretched actoss the room
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{¢) If books are to be disinfected, thetr pages shouid
be well separated so that the gas may reach
their surfaces

(f) When everything 15 ready, the person 1n charge

of the diswfection should leave the room

quickly, close the door tghtly, and paste strips
of paper round 1t on the outstde and over the
keyhole
() The room should remain sealed for the correct
penied of time required for disinfection
(h) When this has passed and disifection 1s con
sidered to be complete, all doors and w ndows
should be thrown open to allow the gas to
escape and fresh air to enter the room
() The room should be cleaned i the manner
already descnibed as being necessary after spray
disinfection
Note that gascs do not readily penetrate into dense
substances, and should not therefare, be used for the
distnfection of bulky articles such as blankets and mat
tresses  If precautions are taken to prevent leakages,
disinfection of surfaces will be accomplished and many
mucro organusms destroyed
Current Dismfection (sec p 198)—This should be
carned out continuously by the person who 13 attending
the patient, it includes the following
Discharges from the nose and ears should be receved
on gauze or tissue paper aod bumt immediately
Sputum may be treated 1a the same way, or may be
ejected 1nto a sputum cup which contains a disinfectant,
such as a 3 per cent solutron of lysol or carbolic acid
Fieces from 2 typhoid patient should be received mto
utensils which contam § per ceat solution of carbolic,
formaln or other switable disinfectant and should be
broken up and retamed for two hours before bewg
emptied nto the lavatory If pit or bucket latrines are
1n use, the safest way to disposc of such fazces 13 to bury
them 1 quicklime, after disimfection as above
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Infected linen should be soaked 1n cusinfectant for
twenty four hours seat to a steam disinfector, or may be
boiled for at least one hour

Exercises,

1 What do you understand by the term  disinfecuon™?
‘What 1s the difference between current diunfec
ton and “termnal disipfection 7 Which of these
two do you coasider to be the more rmportant?
Give reasons for your answer

2 Distingwsh between a disinfectant and a deodorant
Name two classes of diswafectants and give
examples of disinfecting ageats from each class

3 What do you understand by the followipg terms

process 13 switable and also examples of articles of
common use which would be destroyed by it
H H”‘VLWO“,N you dwsinfect (a) blankets (b) shoes

- .

you would use each of them

CHAPTER VI
COMMUNICABLE DISEASES

Definitions. -
1 Communicable Disense—A disease Which can be
transmutted from the sick to the healthy
ntagion —The transmussion of disease from the
uek to the healthy by contast
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3 Infection—A disease productag orgamsm which can
be transmitted from one person to another without actuat
contact

4 Germ—Literally the ongin or begiomng of some
thing In medical language a pathogemc organism

5 Pathogenic.—Capable of causing disease

6 Susceptibility —A state 1n which a person 1s easily
affected by a pathogemic germ

7 Immunity or Insusceptibility —A state mn which a
person cannot be affected by a pathogentc germ

8 Parasite —Plant and antmal orgamsms which attach
themselves to other organisms and get their nounshment
from them

9 Host—An orgamsm from which a parasite gets 1is
nounishment

10 Incobation —A hatching out—e g a hen sitting on
ber eges In medical language the development of 2
germ of disease within the body

11 Incobation Penod.—~The ttme that elapses between
the enlry of a germ and the appearance of the signs and
symptorns of disease

12 Leson —A wound or imury A structual tssue
change due to disease

13 Quarantive —The 1solation of a place or person
on account of infectious disease

14 Epdemuc—A discase which autacks a great
number of people in the same place at the same time

15 Pandemic—An epdemic which spreads all over
the world

16 Endemic Disease—A discase which 13 always
present 1n a district

17 Hyperendemic Disease —A discase which 1s always
excesstvely prevalent m & distnct.

18 Epizootic—A discase prevalent among anmals
comparablet to an eprdemic among men

19 Sporadic—A disease usually epidemic attacking
only a few 1n a distnct and not spreading

20 Specfic Discase A disease which 1s caused by 2
germ pecubiar to that discase
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Introductory

About the muddle of last century the causes of com
municable diseases were discovered to be living micro
scopic germs  Prior to this time nothing was known of
discase germs and very hittle about bow to avoid infec
tons  The importance of segregation was known for
lepers were cast out and people ran away from pest
bendden places  Immumity following wfectious discases
was also known and protection agawst smallpox by
vaccmation wag practised but why immunity was con-
ferred no one knew

Following their discovery, disease Orgamisms became
the subject of intense study all over the world Theiwr
babits of Ufe and the ways by which they gained eatrance
10 our bodies became known Thus st was passible to
devise means of avoiding jnfection  Knowledge of those
conditions which favourcd or retarded their growth has
for example, taught us that by removing filth and dust
and by admutting ample sunhight into our homes discase
germs can be abolished, knowledge of how the germs
are transmitted from the sk to the healthy has enabled
s 10 protect ourselves against infection even when we
are exposed to it.

Until very recent years apart from doctors and those
whose work it was to study diseasc germs very few
people had any koowledge of them, and 1t was soon
found that for the protection of people at large preven
Uve measures agamnst the spread of disease had to be
devised and enforced upon them  Such measures could
be mstituted and enforced only by the autbonty of the

tate and 50 1t came about that m all civilized countries
Departments or Ministries of Health were formed

Functions of a Health Department~~A Department of
Health 13 directed, as all other Government departments
are from central offices at the seat of government Its
2<tvities are broad aod widespread varying 1 differcnt
countries according to the state of the country's advance
ment 1 1ndustrial and socal hfe In no couotry how
¢ver can a Department of Health perform its functions
eficicntly unless 1t interests stsclf 1 a number of essen

y
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tials which tacludes the provision of sanrtary dwellings
and efficient drainage, the protection of water supples
from the nsk of infection, the supervision of food
supplies, the and contro] of

diseases, and vital statistics from which information 1
obtaned regarding the general health and welfare of the
population  Among other interests are matermity and
child welfare, mspection of factories and workshops the
control of offensive trades and nwisances, and, wdeed,
any whuch to of
the public health generally -

It will be secn that a department with such vaned
activities could not achieve its purpose without close
©0 operation with other departments The Legal Depart
ment with the guwdance of the head of the Health
Service frames the Public Health Acts and Ordinances
which make compliance with rules and regulations com
pulsory The Public Works Depariment provides water
supplies, sewage, schools, hospitals, et¢  The Education
Department assssts by spreading the gospel of health
and hygiene among the young  The Vetennary and Agn
cultural Departments are concemed with the control of
disease among foodstuffs and with the production of
good qualities of food.

Staff of = Health Department—In most Bntish
colomes and dependencies the head of the Health Depart
ment s the Director of Medical Services, who has a scat
in the Governor's Council, and whose duty it 1s to advise
on all matters pertaining to public health and to co ordin
ate with other official departments i carrytog out
approved schemes

On the staff of the DM S are the Medlcal Officers of
Heatth (MOH), who are doctors specially trained 10
public health, and who must hold the special diplomas
of their traung schools It 1s t{mr duty to iafc‘f;u:rd

TR mm 14 = Eate aemns 4 wheh thev

ston of housing condittons, schools, water suppley and
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above all the control of spread of infectious diseases and
nwr\mM 8 their occurrence to the ceotral authonty, the
DMS,

Under the Medical Officer of Health there may be a
qumber of specralsst oflicers whose duties are the 1avestt
gation and control of certamn comtmunicable discascs
such as sleeping sickness, plague, tuberculosis venereal
distases and ohers

Asustiog the Medical Officer of Health are Sanitary
o Mt e el B

of samples of water and food for exammation and above
0 e T o Jater 3 food for e

fotlow this practice  Local Authorities mantun thewr
OWD services and engage their own staff This practice
18 much to be commended for 1t 1 more satisfactory for
the local people 10 have full responsibility for measures
undertaken to protect their health and social welfare

Statutes and Orders.
Poblic Iealth Acts—Public Health Ordinapces are
DEMOAICANY vy mvead amd —amdad ooy b La € o
1
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ueetng places, shops and factones, they stipulate the
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requrements for proper sewage disposal aad dramage
they legistate for the abohuon of nsanstary dwellings
and nwsances, for the preveption of overcrowding for
the protection of ¢hildren, and for many other activites
which are conducve to health.

Infectious Diseases Notification Acts —The control of
mfectious disease 13 dependent on carly notificavon 1t
15 thus made compulsory by law for people who recog
mze such infectious diseases as are notfiable to report
their occurrence along with the name and address of the
patient, without delay

The diseases which are notifiable vary in different
countries It would, for instance, be absurd to make a
discase fike mafaria notifiable 1 a hyperendemic acea
On the other hand 1t would be importaat that t should
be made notifiable 1n a country where the disease has
been stamped out by control measures for the occurrence
of one case might well be the cause of an epidemic  The
diseases which are notifiable 1n most countries are as
follows

Smallpox Encephalitis lethargica
Cholera Poliomyelitis acute
Diphtheria Erysipelas

Scarlet Fever Typhus fever

‘Typhoid group Puerperal fever

The dysentenes Relapsing fever

Plague Cerebro spimal memngitis
Tubercnlonis Leprosy

Ophthalmia neonatorum  Measles

Chickenpox Anthrax, etc

Acute pneumonia

Spot Maps —A spot map 13 a map of a district in which
an outbreak of tafectious discase has occurred on which,
by means of a flag or other mark, the sites of the occur
rence of 1nfectious cases are marked as they anse By
such a contrivance, combmed with careful wvestigation
1nto the distribution of water, muilk and food supplies, the
source of the outbreak ca often be traced The diection
of the spread of the disease often provides a elue to the

source
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Vil Statistis—Registrahon —Every ten years the
population 18 counted—1e a census Is taken  Every

-
persons who d e 1n every thousand of the average popu
lstion of the year This 15 called the crude death rmate
Corrocted and standardised death rates are special rates
calculated from the crude rate 1 accordance with the
places of residence of tndividuals at the tme of death
and of age groups respectively

The Burth Rate.—The birth rate 1s a sumlar calcula
ton—yiz. the pumber of births registered in & year ver
thousand of the population for that year

Registration of Buths, Marriages and Deaths —Burths
must be notufied whether the chuld 1s dead or alive
withn @ certamn period  usoally six weeks from buth
Marnages and deaths are registered also

Infantile Mortahty Rate —This 1s the number of deaths
of nfants occurnng under one year old per thousand of
birtbs registered during the year

Ssolation Hospitals, Quarsatine and Immigration
Camps,

Isolation —Powers are given also by law for tsolation
of mfectious patients and for the control of contacts
Infectious patients are rolated n special hospitals which
are usually separate from other hospstals and at some
distance from concentrated populations In the case of &
hhly infectous disease such as smalipox  special
[Liteianstinsd - o P

shups, :

Contacts may be obliged to live 1 camps ot they are
declared immunc or have passed the incubation period
without showing evidence of contracting tbe disease
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In some cases contacts are placed under surveillnce,
which means that they are aliowed their freedom but
must seport penodically to a doctor, sa that the fist
signs of disease may be recognused and that they may be
solated

An 1solation hospital 1s 2 hospital 1 which infections
cases are nursed

A quarantwe camp 1z 2 camp 1 which contacts are
accommodated while under observation

An immngration camp is a camp where imnugrants
from 2 country 1n which an infections disease 13 preva
leat are 1solated uotit the incubation perrod has been
completed

Port Saptation ~The sautlary regulations relaung to
shipping on entertng ports are designed to prevent the
importation of fections disease All ships are on
arnval visited by a Port Medical Officer of Health who
mspects the ships papers to discover any record of il
health among the passepgers and crew If cases of
mfectious disease be suspected, they ate solated on

< A€ nsed  Tn the cate of

e

. ted

. . el

. . om

‘The duties of a Samitary Inspector 1a relation 10 suip
pog are those of disinfection 2nd disinfestanon pry
formed under the durection of the Port Medical Officer

Ip view of the rapidly wcreasing numbers of pas
sengers carried all over the world by amrenaft, the
amportance of air trapsport ia  the transmussion of
snfectious diseases cannot be too stongly stressed  The
duties of a Health Inspector n relation o atrcraft arc
the same as those connccred wath shipping but as trans
port from one country to asother 1s rapd ordinanly
well withm the mcubation pertod of dangerous infechions
diseases he must act with special caution  Arcraft
comuag from known endemic areas must be most care
fully examined to ensure that no wsccts likely to carry
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discase are brought 1o the aweraft. It 1s the general
practice, for example, to have an awrcraft arnving from
an area where yellow fever 15 endemic completely cleared
of all insect life by an approved method.

Most goverpments msist that persons comng by air
{rom areas where the more senous infectious diseascs
prevail are fully protected by ooculation or vaccmation
before they are allowed to land  Plague cholera typhus
fever and "smallpox ate regarded as serious infectious
diseases It 15 the duty where such regulations exist for
the sanitary mspector to examine certificates and to sec
that they are 1 order In countries where protection by
woculation 13 ot 1nsisted on, passengers may be allowed
10 land under surveillance, after gving their addresses
whic 1 the country The Samutary Inspector then
ootfies the Health Authority of the area to which the
passenger 15 proceeding  The passenger ks then kept
under observation during the incubation period of the
disease which he may be carrytag

Village and Rural Sanitation.

Selection of Sites—As m the choice of a site for a
dwelliog (Chapter 11} the nature of the soil, drawnage,
cleatliness, elevation and absence of nuisances 2
mseet unfestation should be taken into account

e o« am oo e s .

Iatoy

est-houses —People on trek may become infested by
b, ticks, ficas and bugs  Rest houses should, therefore,
be fited outsidesthe willage, and should have cement
loors and amooth walls to prevent the harbourage of
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veraua  Bath houses and fatrines for both sexes should
be provided

Sanitary Plots—The siting of Jatnnes and refuse des
tructors require considerable thought If indivdual
latnines are dug they will be sited 1n the compounds of
the huts If a communal latrine I8 used, it should be
sted 10 an accessible position and should be screened
from the public view Separate accommodation should
be provided for both sexes Constant nspection i
required to maintain cleanliness and freedom from smell
Latines and mcinerators are descnibed ja Chapter 1V

Roads—Roads should be surfaced and cambered for
drainage They should be wide

Dispossl of the Dead,

Bunal —In dispostog of the dead by bumal, certamn
samtary pracples have to be observed Bunal grounds
should not be close to dwellings, they should not be on
high ground from which dramnage may contamate
water supplies, they should not be on low lyig ground
which 15 Liable to be encroached by streams

Bodies should be buneq deep enough :o prevent

- i

the fissures .

In estimating the space required for a cemetery, 1 aure
of ground 1s regarded as a mimmun per thousgad for &
peniod of fifty years

One of the principal objects of burial 1s rapid decom
position and absorbtion of the products Shallow burtel
in swtable soil hastens decomposstion, and provided
exposure by animals 1s gnarded agamnst, this 1s 1deal. The
use of coffins retards the process

Cremation —Crematton, properly performed, 13 the
most rapid and efficient method of disposal of the dead
1t 13, however, expensive, and if 1t It improperly pef

]
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formed on account of lack of fuel and the charred body
15 Teft exposed 1t 18 most wnsanitary

Exposure—~Simple cxposure by depositing bodies on
the ground to putrefy and susk 13 whelly insamtary

The Canses of Communicable Diseases.

Communicable diseases arc caused by pathogenic
organisms which are parasitic on the human body They
ar¢ low forms of plaot and anumal ife  When they gam
entrance to the body they multiply and produce possonous
substances  The body ussues resist their mvasion by
tndergoing changes which destroy the orgamsms and
counteract theiwr powsonous secretions of toxins, These
changes 1n the tissues give nisc to sensations of discom
fort and pain the symptoms of cisease  They also cause
visible changes such as rashes and swellings and other
conditions which can be discovered only by a doctor,
these are spoken of as the signs of disease

Each pathogenic germ produces signs and symptoms
Which arc more or less charactenstic  Thus by a study
of the signs and symptoms the discase is recognized and
the causatlve germ 1s known

The pathogenic bodics belong 10 five groups=—vimses,
rickettsix, bacterfa, protozea and a number of amymals
which are commonly spoken of as animal parasites,

e viruses —Very little 15 known about viruses Most
of them cannot be scen even with the highest powers of
the microscope and most are so small that they can pass
through the pores of the finest filters

Virus diseascs are transmutted by contagfon and by
lnoculation. Examples are measles, smallpox, chicken
Pox and mumps, which are contagions, ycllow fever
:‘?x::‘i: tnocutated by infested mosquitoes and rabies

= e Coe e -

[ . . o
by woculating people with a preparation of the virus
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Smallpox, for example, can be warded off by vaccination
with cowpox lymph, the virus of the cowpox lymph 1
probably the same as thatof smallpox but altered
and made less virulent by passing through the cow

The Rickettsie —The Rickettsiz are very small germs
which occupy a position between viruses and bactera
They give nise to vanious forms of fypbus fever and are
transmitted by several kinds of ypsccty

Bactena.—Bacteria are umversal Fortunately, all are
1ot pathogenic, many are harmless and some are actually
useful, such as those that live in our intestine and help
the digestion of our food.

Bactersa can be seen under the microscope They are
many sizes and shapes Some are stea as mere dots
cocel, others in the form of muute rods, baclh, others
like corkscrews, sphilla, Some arrange themselves ia

.. an a=d am Theyaaw taa
10 Some can move, others cannot  The colones m
which they grow have characteristic appearasces Differ-
ent types, when stained for examimation under the micro-
scope, st differeply

Thus we can 1dentsfy bacteria by their shapes, habits
of life and their staming properties They are commonly
pamed after the name of the disease which they produoe
The presmoccus for example, 1s the cause of pnenmonia
the tubercle bacillus the cause of tuberculosts

Some bacterta muluply by smply dividing thea
bodues, the two halves grow and become adults, and they
continue to multiply e this way Others multiply by
formmg spores

Some are unable to resist adverse conditions 2ad ar¢
castly killed, others protect themselves 1o a number of
ways The tubercle bacillus, for example, has a very
tough skin and so can resist drying the tetanus bacillus
forms munute spores which are very bard to kil

Examples of bacterral diseases are typhoid fever,
plague, dysentery, syphilis, gonorrheea and many others
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Prolozos —Protozoa  aré  pucleated  Single<celled
ammals They are much larger than bacteria and have a

OW

cocet DIPLOCOEEL  STAPHYLOCOCC
STREPTOCOCCI  SPIRILLA VIBRIOS
TERIAINA
BACILLY DIPLOBACILL  SATE 3600 i

FG 67 —Tyres or Bacrria a3 sere THIOUGH A M Ca0scOPE
H ghly muagn fied

&finte gtructure  They can move some by amabosd
movement, others by means of fin like appendages while

~
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‘Worms
Round
Ascaris lumbricoides
Threadworm
Hookworm
Trichina sprals
The filaral worms
Ankylostomes
Tape
Tema saginata
Tama soltum
Tama echinococcus

Flat
Schistosomey

Insects
Lice head body and pubis
leas

Mosquitoes
Fles house, tsetse, sand

Arachmids
Ticks Ormithodorus moubata
Mites Saracoptes scabler

‘The Effects of Infection on the Body.

Disease germs enter the body mamly by way of—
(1) The respiratory tract rofluenza, smallpox, etc
(2} The food canal, typhoid fever, dysentery, ¢t¢
(3) The skin by brtes or through abrasions malara
Gellow fever, syphilis
When the 1nfectious germs have entered the body, the
individual may or may not develop the dmcase If he
be susceptible and the orgadisms be virulent, aa attack
of the spectfic disease will follow, 1if he be not susceptible
—that 15, 1f he has a natural or an acqured immanity—
he will not develop the discase Shortly we shall first
deseribe what happens 10 one who develops the disease
.
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frcubation Penod.~On entering the body, the mfec
tous germs multiply and produce poisonous substances
calied toxms,  For some time, however, the mndividual
w 501 aware of their presence and there 18 no evidence
that he has been infected This penod is known as the
ncubstion period. Some diseases have 2 very short
incubation penod cerebro spual menngiiss, for example,
1akes only one to five days after infection before symp~
toms and wigns appear, measles takes te 1o fourteen
days, while syphilis may be from three to &% weeks
Each disease has a more or lesy constant incubation
pened  Ths 1s an important fact, because when people
have been associated with an infectious diseass they are
Irable 1o develop it, and 50 they are segregated and kept
€ abscrvation Up to the end of the meubation pesiod
The lengih of the mcubation period determines the
penod of isolation or quarantine  People wha nave
been exposed to infection arc called contacts,

The Discase—At the end of the ncubation period the
body reacts 1n defence against the 1nvasion of the germs
and the s1gns and symptoms of the disease become appar
ent. The way in which the body reacts and the ume
taken to recover are charactenstic in each discase  Thus,
from a study of the signs and symptoms aod the duration
of the reaction we recognize the discase and know the
sature of the wfection Iofluenza, for example, ruos a
very short course of a few days, typhoid continues for
three or four weeks, and discases such as leprosy and
1yphully conanue throughout Life  Each, 100, Manifests
W& in a characteristic way by affecting the varous
Ussues always in the same manner

Cure—The termination or cuge of a discase
results from the defensive reactions of the body High
fever, increased white blood celis and the production of
#ntbodies arc the principal ways by which the tissues
overcome the infectioas germs  The natural defensive
feactians can be awsisted by drugs which 1n many cascs
have specific curative actions ' examples are quimne 18
malana and salvarsan in syphibis.
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How Commumicable Diseases are Spread,
Disease 18 spread by many agencies from the vanous
dxsc}mge: that come from the sick—eg, mucus from
the mouth and nose, scales of peeling skin resultiog from
rashes, secretions from open sores, and feces and urine
Infected blood 15 carmed by biting creatures
The agencics by which the germs are carned may be
sumtnanzed as follows
1 From fxces and uwrine—by contamimated food
and water, by flies, by dust and by camers
2 From the mouth a20d nose—by droplets of
moisture, contact with feeding utensils and solled
linen, by sputum and by carriers
3 From the skin—by dust, clothtng and by contact,
4 From the blood—by blood-sucking parasites
mosquitoes, fleas and lice
Fxces and Unne —lasanitary disposal of fzces nd
urine 1s one of the commonest sources of infectron. Flies
which fecd both on food and filth pass constantly from
one 1o the other, beaning germs both on their Jegs and 10
their stomachs Fzces dry and mix with dust  The dust
blown on unprotected food contaminates 1t Water
passiag over fouled ground also becomes mfected and
passing 1mto unprofected water supples, renders the
supply Infectious Diseases which are spread 1 this way
are typhod fever, dyseatery, cholera and wmmple
diarrheea
Droplet Infection~Discharges from the throat and
mouth are peculiarly tofectious, especually 1o the eatly

stages of distase In speaking, sneezing or coughiog a
H . -+ Tha Ana dranlets

free VERULLUL, Lin sivin wes o . N
reduced  Diseases which are spread by droplet mfection
are measles, mumps, influenza, cerebro-spmal fever,
whooping-cough, acute poliomyelttis, scarlet fever wd
diphthenia  Poeumonic plague, a very fatal disease, 1t
also readily spread in this way, o much so that attend
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ants must, 10 aursing thus disease, take specral precautions
by weanng masks over the mouth and nose

Sputum~Patients suffering from nfectious discase
are always provided with sputom cups  These should
bave a litle disinfectant floid 1 them  Sputum whea
expectorated on the ground dries, and organisms pet
muxed 1n the dust. Some which resist drymg are carned
on the dust particles, and when blown by the wind they
stile on exposed food or may be inhaled The tubercle
baciltus 1s carnied 1 this way

Skin Leslons.~Dried scabs and scales from the sk
drop on the ground and are blown about, Smallpox and
chickenpox may be spread i thie way Contact with
tecretions from sores on the skin and mucous membranes
accounts for the spread of such diseases as syphils and
gonorrheea

Cartiers—Homan ~ Carriers—Many  people  carry
pathogenic germs and discharge them without themselves
sullenng from the disease For example the germs of
cerebro-spinal fever are frequently found 1 the noses of
people wha have mever had the disease  Such people
sleeping at close quarters with others ase lable to nfect
thems, and they are called carners

There 15 another type of carier however Dunng the
tacubation pertod 10 a person about to develop a disease
nd for long periads after recovery from the attack the
Berms are carried, and during these periods the patients
e very mfectious Typhoid germs may be carred for
year after an attack  They are passed i the unne aod
Lrces Such people would be extremely dangerous in a
¢ook houss of 1n handling food 10 apy way

Discases commonly transmitted by carners are typhoid
fever, cerebro-spinal meningitis, scarlet fever, diphthena
20d dysentery

Inseet and Other Antmal Carriers—Ilnsects suck
Infected blood, and passing on to healthy persons bite
them and moculate he germs of discase Rabid dogs
wpread rabies by bing  Ticks spread relapsing fever
Other discasey spread 1 this way are malana, yellow
fever, deeping sickness and plague

9
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Disease Incubanon Isolation Quarantine
Measles 10 14 days 14 days 16 days
Whooping 820 days 6 weeks 3 weeks
cough
Mumps 17 21 days 3 weeks 3 weeks
Entersel 720 days [Untd the fmoes{ 23 days

fever and unne are
declared  free
from 1afection
Typhus| I2days 4 weeks 2 weeks
fever
Smallpox 1214 days [Tt all scabs| 21 days
have scparate
Chickenpox | 17 days |Till all scabs| 21 days
have separated
Cerebro-| 15days |Tl one week| 10 days
spinall after tempera
memngitis ture 18 pormal
Dysentry 28 days |Tilt ome week) 14 daye
after the tem
perature 18 nor
mal and exam
mation of the
stools 48 negy
tive
Malania 810 days Nl Nit
Inflenza 14 days | Till complete re-| 7 days
covery
Syphulis 26 weeks| Infection 13 con
trolled by
treatment with —
salvaman  sub-
stitutes
Gonorrheea | 3 S days |After  declared

free from m
fection by lab
oratory exam
1natons of se

crenons
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Dusease Incubanion Isolation Quarantine

Plague 75 days |Absolute unul] 3 days
recovery
Cholera 15 days |Unut vibno 1 7 days
absent from
cxcretions
7-14 days

In any form of communal fe, however, a carmier 15
a danger  The recent victm of infectious discase 1t
wsually known and can be controlled, but the carmer
who 1t not aware of harbouring and discharging patho-
§¢MC germs 13 a senous menace  For thus feason pre-
cautions, enforced by law, are taken when people live
10 townships or 1 communitics, as in prisons, schools
sod bartacks, to prowide m dwellmgs sufficient air
pace and ventilation to mimumize the rsk of infecton
Cooks and servants who are concerned with the prepara
wion and bandlng of food may be examined by laboratory
methods to discover whether they harbour the germs of
dsease  On the outbreak of any serious infectious
disease mmmediate segregation of patients and contacts 1s
ordercd and a search may be made for possible carniers

Contro) of Insect-borne Disease —The prevention of
sread of insect bome disease 1s dependent on two fac

The Discases.

Just as indsiduals are immune to certan infectious
diseases, 10 also are races  Diphtheria and scariet fever
for example, which are much-dreaded and prevalent
discases among Europeans, do not occur i Africans-—at
any rate, fn epidemic form  Others are modified i their
teventy, measles, for example, 5 Jn the Afncan rarely
severe and practically never complicated by 1mflammation
of the Tungs, 50 common t Europeans
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Prevention of Spread.—This ducass 1 virulently
wfectious  When epidemic, people should avoid crowded
places  Ample ventilation, warm clothing at mghts and
good food help 1a warding off infection Ia institutional
fe influenza spreads through the population with great
rapudity Al sick should be segregated, for this 1s a
dangerous disease, preumonia of a very fatal type often
complicates influenza

Hydrophoba,

This 1s an 1nfections disease which 13 always caught
from the bite of 2 rabid ammal Dogs, wolves Jackals
and monkeys are the common carners  The omset of
symptoms <ccurs from oge to six months after o
1ation. The patient becomes excited and cannot swaliow
Severe spasms develop, and are followed by coma snd
death Hydrophobia is a virus disease

Iacubation —One to six months

Isolation —Not pecessary

Quarantive for Contacts.—Nil

How Spread.—By the bifes of rabid ammals only

Prevention of Spread—Rabid anunals are destroyed
Whare she dunzse 22 priovaland, dogr abould be auled
the movement of unaffected dogs 1s restncted and strict
quarantine for dogs imported from an nfected area 1y
enforced \

Typhus Fevers,

Under thig term 18 grouped a number of fevers caused
by germs called rickettsia transputted from man fo mas
by lice fleas, ticks and mutes  The fevers oftea com
on suddenly with headache and great weakness A rash
usttally appears between the fourth and the sixth day
The disease may accur ia mild form espeesally in those
protected by 1oculation

1 Classical Typhos 1s louse borne and 1s a serous
disease with a high mortality The duscase 1s associated
with dirty personal habits and occurs among people who
harbour lice on their clothes or person

Tncubation —From six to fourteen days, commoaly

twelve days
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Isolation —Four weeks, the patient beng deloused and
¥ept 1n a louse free room

Quarautue for Contacts —Fonrteen days after being
deloused.

How Spread.—The nfection 1s passed by the louse
moving from the patient 1o a healthy person. The tafec-
Ied fouse passes the miection either Dy is fxces or by
being erushed the infechon enteripg throvgh scratches
which may be munule, 19 the skie

The disease is not rare 12 prisons especially if over
trowded, among troops om active STVICE OF among
pilgnms gathered together at rebgous centres

Preventive measures—It 13 obvious that the first thng
5 do1s to get nd of the lice from the infected person
Contacts and from the large populaton hikely 1o be
contacts,

Clothing, tacluding blankets, should be dminfected 1o
Digh pressure steam disinfectors having been put into

Ouly substance, specral atteption being given to seams
Stafl eaployed on delousing should be protected by
earing gum boots, tight fitting overalls and skull caps
Therr clothung should be treated with DDT and they
#hould be immunised by smoculation with an approved
vaccine
1 V:

for are avail
able and should be uw@ They have been proved to
feduce the nek of infection It 18 not yet known how
fong inocutation protects but where there 55 contioued
fsk re mmunization should be given at least every six
monthe.
2 Muarine or Rat Trphus—This s a fever which 1
$milat o that of Classieal Typhus but generally milder
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m type The nfection 15 pnmanly one of rats and
especially of the Jarge grey rat  The disease is trans
mutted to man by the flea much 1 the same way that
plague s transmutted. So far as 15 known the dikase
is mot transmutted from man to man

Preventive  measures,—As In rodent conmtrol for
plague, giving special attention to the grey rat which
lives near residential bwildings and wanders around at
mght

3 Scrub Typhos—In this disease the fever 15 acute a0d
the rash occurs on the trunk, spreading later to the
lmbs  The disease 1s spread by a mute 1n 1t larval stage
and a small ulcer may be found where the nfected mite
attached atself to the bady The disease 1s mot Jnlre-
quently fatal The rafection 1s passed from onc geners
tion of mite to the next and 13 mamntamed by feeding
oa susceptible rodents i the mam muce and rats  The
disease 1s not duirectly communicated from map to man

Prevalence —Scrub typhus occurs in localities m many
countries tn the Far East mncludiog Japan and Northern
Australia It was very prevalent among the troops 1n the
recent war 10 Burma and Malaya

Immunization —There 15 po known method of mmy
mzation but an attack confers mmumty which 15 not
always permanent

Method of Control~-No spectal measures need be

.

approved nsect repellants will protect the mndrvidoal.

4 Tropical Typhus.—In vanous parts of the Tropis
other fevers generally believed to be due to ricketista
occur They are known to be transmitted by ticks dog
ticks being pnpheated

Method of Control —Ammals 1 contact with man
should be treated for ticks

5 Rocky Mountain Spotted Fever —This 1s 2 uck
bomne disease occurring specially 3n North and South
Amenca
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fection of th= patient s clothing bedding and house and
of any place visited by hum o the early stages of the
disease must be thorough

Naurses and all concerned with a smallpox hosputal
must be 1solated too

15 the of lymph

from the vesicles of cowpox artficially produced m
calves The virus of cowpex 1s thought to be the same
as that of smallpox but rendered less virulent by passage
through the cow

It 18 prepared in the following way A healthy calf
13 prepared by shaving the sk from its abdomen It
18 scratched on the shaved area and the virus of cow
pox is rubbed i1 Iz about a week the vesicles of cow
pox appear They are scraped off and ground up with
glycenne and some mild disinfectant The calf 13 then
killed and examined carefully to ensure that 1t did not
suffer from any disease  J found to be diseased the
lymph 1s discarded Further tests are made to ensure
that the lymph contains no disease organmisms apart from
the virus  Finally a rabbit 1s woculated and if o us
toward results follow the Iymph 18 placed 1 a sealed
tube and issued for use

The protedures 10 vacctnating man vary according (o
individual fancy A common ogoe 1s as follows [he
vaccinator washes his hands thoroughly An area of
skin s selected usually the upper part of the arm It
15 washed thoroughly with soap and water and dried

The glass tube containmng the lymph 1s broken One
or two drops of lymph are placed on the clean arca when
dry at intervals of 1} to 2 mches The sk 1s then
put on stretch and one or two scratches are made with
a needle or other Instrument which has been stenlised
by boiling or burming 10 a spmt flame The scratches
should be superficral and blood should nmot be drawnm.
The lymph Is then allowed to dry The lymph while
drying should not be exposed to sunlight or dust.

On the fourth or fifth day following vaccimation a
vesicle forms It enlarges and forms a circular bleb
of a pale grey colour On the eighth or mnth day st
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becomes purulent and the skin around becomes red
About the tenth or eleventh day the pustule dnes and
forms 2 scab At the end of three weeks the crust
falls off, leaving a depressed scar  This copstitutes a
successfol vaccination and gives immumty to infection
by smalipox.

If a vesicle and pustule does not form, the vaccination
8 not successful. The lymph may have lost ats virn
kence, 1t may have been rubbed off, or the moculation
may oot have been properly performed It must be
repeated.

If the person protected 1s already 1mmune by reason of
taving had smallpox or by previous vaccination, there
18 wvanably a feehog of sching around the scar within
24 hours and redness is apparent within 43 hours or 72
hours which passes away rapidly This rechiog and
early redness can be taken as evideoce of the person
bewg protegted

Vaccination when successful gives protection for a
tumber of years and somettmes for Lfe but most Health
Authonties” now require re vaccination within penods
of three years as evidence of continued protection

In countnes where vaccipation within the first year
of birth 18 compulsory and where re vaceination is camed
out contistently at seven year intervals, epidepucs of
smatlpox canaot occur  Nurses and attendants 1o small
W,x hospitals must be re-vaccinated more frequently for
safety

A person contracting the disease when the effect of
mmumzation s passing off never suffers in the same
way as those who are unprotected Further, if an un
vaccinated person exposed to infection is vaccinated at
once, he will be fully protected on the tenth day vut

¢ disease appears before then, 1t will be milder m
s altack than i€ he had not been vaccinated at all
Dengoe,

Denguc 15 an insect borne virus disease 1t 13 carmed
by Abdes, and 16 charactenzed by a short penod of
fever and severe lumb pains, which go, but recur 1 three
to four days with the appearance of 4 ras
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Tncubation —Two to five days

Isolation —Nil.

Quarantine for Contacts—Ni!

How Spread.—Most people carry poeumococc, the
cause of this disease, 1o therr nasal passages  What
causes the germ to beoome pathogenic 1s doubtful. [x
posure to cold and adverse conditions of fe lower the
;es‘;sunce and probably allow the germs to mvade the

ody

Normally pneumonic cases are not ssolated. They are
nursed 10 the open wards of hospitals where venttlation
18 adequate and precauttons by dismfection are efficient,

Tn labour camps, prisons and schools where peopls
lve m close contact with each other, poenmonia i
lable to become epidemtc  Careful watch should therer
fore be kept for early evidence of the disease, so that
the affected may be removed at once ~ The disease 8
spread by droplet infection, which 1s aided by bad ven
tilation and overcrowding

1t 1s poteworthy that pneumonta outbreaks are often
associated with cold dry seasons Dust and madequate
warmth at night probably have an mfluence 1 propa
gauag the disease

Prevention of Spread —Ample spacing 1 dormutortes
efficient ventilatton  sufficent bed clothng 1 cold
weather, good food and hygienic conditions generally
combned with segregation of the sick and dust control,
arc essentals in confized commumties These subjects
are discussed elsewhere 12 this manual

Gonorrhea,

Gonorrheea 1 a disease of the genital organs  The
Infecting germ 1s a bacterizm It 13 transmitted by con
tact, usually at coitus, and causes acuic 1nflammation
of the tissues 1nfected by 1t It tends to spread through
out the gemtal organs in both male and female, often
destroying them It may spread through the body,
causmg severe wflammation and stiffening of the jonts
The eyes can be nfected and blindaess often results

Incubation —Three to five days
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Tsolation ~-Pattents suffening from gosorrhaa are oot
Jolated 1n the ordinary sense, but they should be pro-
ubited sexual intercourse

Mow Spread.—Gonorrhesa 18 spread manmly by pro-
muscuous sexual intercourse  Iafechon of the eyes s
caused by unng towels, etc soled by gonorrheal pus
The eyes of newborn children may be mfected during
pasage through the gemital onfice at birth

Prevention of Spread.—Indiscnminate sexual inter
course being the principal—indeed, the only—source of
pemtal 1nfecuon, the obvious safeguard 1s abstinence
Tho, however, 13 a question of morals  Disinfection

tor sod the mudwife
1o some countrics prostitutes are controlled and are
examited at frequent 1otervals, but experience shows that
tontrol by no means provides secunity against infection
Ia the discovery of the sulphonamude drugs and pem
culbm we have an efficient aid 10 preveation of spread
for the administration of thesc drugs deads to an almost
< .

Syphliis.

Syphils s conveyed by inoculation of a spiralshaped
organism At the site of 1oculation a hard sore anses
1o from two to aix weeks  The infecuon then spreads
throughout the body, and m from five to eight weeks
afier the prmary sore developed sore throat and skin
truplions appear These contimue for about a vear
a::r which deeper fesions oceur, affecting all parts of

Incubation ~Two to six weeks

Iwlation —The diseare 15 spread by contact with i
fectious. discharges only, therefore the paticnt 18 mot
tolated in the ontinary sense.
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unné and sputum, and care of the clothing and feeding
utensils  But this 1s the province of the nursing staf
The samtary nspector is concerned more with the dis
covety of how and where the first case became ifectd,
and how and where subsequent cases arose

The movements of the patient prior to faling sick
should be fraced BEnquines should be made whether
any suspicious cases had previously been reported. Who
supplied his mulk, from where he got his water supply,
was his house 1n a sanutary condition, how are the night
soil and urine disposed of, what 1s the state of hus latnne
are there many flies—these are the questions which he
must be able to answer The search for the orgm of
any outbreak 1s often on¢ of great difficulty, and usually
falls to the sanitary officer tumself In this disease more
than 12 any other the human carrier is often responsible
and must be traced

Contacts are placed under surveillance, and report
as required to the samitary authonties for examination

Protective Protection by
can be given agaipst eafenc discases Contacts, nurses
and hospital staff associated with patients should be pro-
1ected  When epidemics occur, the populaticn should
be protected ako  The moculation should be repeated
when necessary, as the protection Jasts for a yeat only
Protection 15 not absolute, the disease does occasionally
affect the moculated, but 1t 1s always mild and sts dura
tion 1s shortened

The Dysenteries.

1 Amabic Dysentery~Amebic dysentry 13 & chroni¢
protozoal disease It s charactenzed by recurrent
attacks of colicky pams and diarrheea Usually there 1s 50
fever As the disease progresses the fzces become mixed
with blood and mucus After periods of quescence
relapses occur  The amcba, entamaba hustolytica
which causes the disease produces ulceration jn the large
imtestine  When active 1t 15 amaboud, but restng @
encysts itself  Both ameeb® and cysts are séen 1 the
stools when examined mcroscopically
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Inevbation.~—Unknown

Isotation —The patient 15 mfectious when the diseate
1 active and also in the quiescent penods when he
passer

cysts

Quarantioe for Contacts.—Nil.

How Spread.—The same as 10 typhoid fever Carriers
are common

Preveation of Spread.—As 1n typhord fever—namely
by batrer nursing, mvestigauon of milk and water
supplies discovery of carmers and preventing contact
with excreta by flies

2. Baclary ~ Dysentery —Bacillary dysentery 18 an
acute bactenal disease  [here 15 fever toxamia acute
¢olic and severe diarthaea with the passage of blood
and mucus often wathout any faces Tenesmus (stratn
Ing at xtool} 15 often severe

$acobation —Two to erght days

Isolation—Till one week after the temperature and
Wools are normal

Quarantine for Contacts—Contacts are hot quaran
tmed 1n the tropies

The method of spread and preventive measutes are as
for typhoid fevers
Cholera,

This disease 18 nghtly histed among the most danger
ous of communicable diseases The causative agent 13
the cholera vibrio, a comma shaped germ which 1s found
10 the bowel and excrement of the person afiected In
mild cases diarrhea may be the main and only symptom
fa the senous tases, which are the typical ones the
durthea 15 continuous and the stools arc watery and
“htsh—spoken of as nice water staols Abdominal pain
30d vomuting 1s severe  There ts thus dangerous loss of
body fuid " The patient becomes dehydrated, a state
which leads to coma and death
ﬁlyn‘cnbnﬂon.—rmm a fow hours to § days—usually 3

Quarsatine of Contacts—$ to 7 days.
b Twolation of Cases.—Until the vibrio 1s absent from th
owel dischargey—usually 7 to 14 days
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How Spread.~—Spread 15 usually due to contammation
of water supplies by excrement from iafected persons.
Vegetables and food including milk coming mto con
tact with contaminated water and personal contact with
the excrement of affected persons are the usual sources
of infection  Domestic flies are also carniers of mfection

Prevention of Spread —Early recogation of the
disease and by of
the stools are important Patients must be ssolated if
possible 1 fly proof rooms Immediate diswmfection of
the stools and vomt by strong disimfectants or by bum
ing are essential measures  Alf articles used by the
patient or in any way soiled should be put mto disin
fectant before being taken out of the room Al food
which has been 1n contact with the patieat must be
burned When the patient ts discharged the room must
be disinfected

Quarantime of Contacts —At least 5 days and con
firmatton of freedom from the disease by examunation of
the stools for vibrios

General Measures —Should ap area become infected,
the sanitary 1nspector must ensure that alf water supplies
are made safe from mfection Shallow wells and pools
are particularly liable to become mafected. Al water
used for draking, cooking, washing and bathig must
be botled and kept 1a covered receptacles Ouly cooked
food should be eaten and after cookiag it must be pro
tected from fles  Bvery possible measure should be
taken to control fles
-A vaceine agawst cholera 1s available

=+t anl T 4 as't8 ance bl should be

. - population

. y inspectors

=+ uld be pro

tected

Cerebro-splnal Fever,

Cerebro spinal fever 1s an infectious bacterial dusease
with a high mortality It begins frequently with head
ache and symptoms of fever, yust like 1pfiuenza Suffness
of the neck follows and the head s frequently drawn



COMMUNICABLE DISEASES 31

ak Delrum and coma precede death A great
anety of ervous symptoms may occur a this disease
Incubation—Ono to five days

Isolation —The nose and throat secretions arc infec-
tous 19 the first week of the disease

Quaravtine for Contacts —Nit

How Spresd.—Droplet infection from earriers 13 the
ol method of spread, and, curiously enough, mfec
ons from cases suffering from the discase are extremely
are

Prevention of Spread.—Control of this disease 18
xcecdingly difficult, as carmers are mataly respoosible
for 114 transmmsion and as carnery are common quAarzn
ane would be out of the question  In epideric periods
the carner rate may ruse to 20 per cent of the population

The disease occurs 1 epidemic form mainly 1 con-
fined commumties as are found 1n barracks, mental
hoem Pt Sl aea e pro

. -
. . - . educe.
Lot = slee
alternately head to the top and head to the bottom of
the beds ‘Thig places a greater space between theur
fspiratory passages which harbour the mfection
Further, ‘samitary inspectors dealing with an outbreak
should always bear in mind that the patient is most
fectious 1n the early stages and that the earber the
treatment the better the results both good reasons for
ediate removal to hospital on the slightest suspicion
that he has got the disease
Acute Pollomyelitis,

Thus 15 an infectious disease caused by & wirus. It
aflects the nervous system, causing paralyss of vanous
Parts of the body

Incubation —Three to four days

Iwolation.~Twenty-one days.

Quiratise for Cootacts.—Fourtcen days

Method of Spread.—The secrenons of the mouth and
80t arc fnfections, even when dned  So &lso 13 focal
matter  Transmussion ean, therefore, be by droplet
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infection and possibly dust Jefected water and food
such as vegetables eaten raw, milk and ice cream may be
infectious  And as always s such condihons, the
domestic fly s believed to be a transmitting agent It s
a carner borae disease and as mild cases oceur which
are not recognised and which show no sigas of paralysis
they are not always recognised and 1sofated

Prevention of Spread—The preventon of avercrowd
g, good venulation, careful disposal of all excreta 1
particular the washing of hands before eating and after
defcecation and the control of fly breeding are all
mmportant measures of prophylaxis Patients must be
1solated, contacts kept under surveillance and 1solated on
the slightest evidence of sickness Early trestment of
all cases 53 of the greatest importance

Tubercolosis.

Tubercolosss 15 an infection caused by the tuberce
bacillus. Chronic lesions form i varous pars of the
body, the patient suffers from fever and mght sweats, be
becomes very weak and gradually loscs werght.

‘When the lungs are affected there 1s persstent cough

and expectorafion of pus As the lupg Gssue &
B L S e Waed The

- . s

When glands, bones aod jounts are aftectes, woid
abscesses form and burst through the skin  They are of
a very chronic pature, and the wounds take a very Tong
ume 10 heal

There are three types of tubercle bacillus—the human
type and that which 15 found 1n cattle, the bovine type
and the bird or avian type

Incubation —Unknown

Isolation —Persons suffering from tuberculosis of the
Tungs should live under conditions of partial ssolation
(see p 253)

Quarantme for Contacts —NiL

How Spread: (a) Pulmonary Tubercolasis —Pulmonary
tuberculosis ty spread by droplet anfection and from dnied
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wtam:  The tubercle bacillus has a very tough skin
hich can reust doying for a Jong tme  When tubereu

Prevention of Spread.—The patient sbould be solated
%0 fat that he should have a separate slecping room
unng the day, though mxiog with his friends he
hould avoud close contact, especially when coughing
¢ should carry a small bottle 1 which there 15 a
ttle disinfectant, and he should spit i thes. The sputum
hould be burned 1n a quick fire  Unless such precau-
o03 aTe taken, everyone in the house will be mfected
omplete 1solation 15, of course, the 1deal but this 1
swally quite 1mpossible 1 the tropics

ooms accupted by tuberculous panents should always
¢ properly disinfected before occupation by others In
he case of huts the simplest method 18 10 bum them  In
¥eeping out, the foor shoutd be damped by spnnkling
ater aboyt to prevent dust from nsing  The sweeptngs
hould be burnt
Ta certain industriey, such as mining, where there 1s a
reat deal of dust 1n the air the lungs become irmtated
Y the dust particles, and 1 this state the individuat 1s
0t prone to contract tuberculosss Special arfange
I€ols are therefore made for reducing the dust as far as
ossible, and for frequent exammation of workers so
hat early infection may be discovered

2 3ome countres spitting on the ground m populous
et of in public conveyances 18 a pudishable offence
e main reason is because tofected sputom when dry
 dangerous

) Bovine ‘Tubercolosis—Some birds, reptiles and
shes suffer from tuberculosis, but their bacills do_not
pfect man  Cattle and pigs are also afllicted and their
Joilt do fect man  The sfection 13 transmutted by
* ik and butter of cattle and by uncooked meat of



2% TROPICAL HYGIENE AND SANITATION

Thus blood muxes with the plug of bacilli 1 the flea's
gullet, The flea becomes exhausted and stops suckug,
and from 1ts distended gullet some of the blood thea
passes back mto the host through the probosess The
flea 15 thus unable to feed itself, and becomes extremely
thirsty, with the result that 1t bites repeatedly, each tme
drawing blood, Which 1t mnfects and then regugitates into
1ts host

Prevention of Spread—If there are po rats, there can
be no plague  The extermination of rats from dwelling
places 1s therefore the first essential m preventatve
measures  The methods of extermnating rats are
described 1n Chapter IX, p 334 The prevention of
spread from patients depends on the type of the disease
Bubonic ¢ases are not infectious o the absence of
fleas unless the lungs have become povolved and they
are coughing and spitung _Pneumomec (cases are
virulently infectious, constant coughing sending out 2
steady spray of mnfected droplets

In both cases 1solation 1s essental, for It i1s pever
possible to guarantee there are no fleas abont, except 18
a hospital ward, where spectal precautions are taken

Samtary personne] investigating suspected out breaks
should wear tight fitung clothing with gum boots 3od
rubber gloves When pneumonic cases are suspected, 2
cotton-wool and gauze mask should be wor

Protective mnoculation should be provided for both
attendants and contacts

Huts and rooms should be disinfected (see Chapter
vII)
Corpses should not be carried for long distances for
burial They should be wrapped in an absorbent matenal
thoroughly soaked with disinfectant fluid, aod be buried
deep on the spot.

Relapsing Fever.
.- 4L - enchetes prov

' ie bites of

. ken of 28

= d ratbite

and con
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uaue for three or four days Recavery takes place,
but the fever tecurs after a week, wath general aches
and pams, sometimes once, twice o more tme:

Diagnosis 1s made by finding the spirochete 1n the
Bood This can be done by staimuog or by dark glass
dlimnation under the microscope ot by imjecting the
panents blood to the perttoneal cavity of a white
mouse

Louse-borme Relapsing Fever ~Lice are prevalent only
1 the cool seasons 10 hot countnes They secm to die
off m hot weather The occurrence of epidemuc relapsing
fover 1 thus in @ measure scasomal It occurs only
among people who are habitually dirty 1 thesr habits
Llce live on the body or on the clothing, and do not live
apart from theyr hosts When they feed they suck infected
bl The orgamsms incubate m their bodies for four
teen days, after which the bce become nfective  They
remamn nfective throughout their hife

Preventive measures are isolation of the infected and
the destruction of hice

Tick-bome Relapsing Fever—The ticks responsible
are of the genus Omithodorus and the species vanes n
dferent countries In Afnca the common vector 13 O
moubata 1 South Amerca it 1 O talaie  Like the
fouse, once infected 1t remains infected all sts Ufe, and
{ransmits the nfection to 1ts offspring  Tacks can Lve for
ten years 1f propetly fed Thus when infection gets wto
® hut, especially 1n a rest camp the number of people
[P SAe o P iy g - bl ¥

Rat bite Fever~Thus results from the occasional bites
of mlected rats, ferrets and cats It ean thus Dever

come epidemic
Anthrax,

Autbrav u an mfectious disease which occurs 1 most
farm animaly, such as horses goats cattle and sheep
11 causeq by a bacutius which forms spores  The spores
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can live for long pertods 1 the ground and when
brought into contact with a suitable host they develop
and again become active and pathogenic 1o man the
disease occurs 1n the skin as a very senous type of boll
known as ‘malignant pustule which spreads and 1
often fatal It attacks the lung and also the food canal

Tncubation —Seven to ten days

Isolation —Strict 1solation during illness

Quzrantine for Contacts.—Nil

How Spread —Durect contact with the spores through
handing infected skins or meat  The spores cling to hair
and wool so that hide workers are most frequently
affected by this disease

Prevention of Spread.—The patient should be 1solated
and infected clothing destroyed by burning or disin
fected tn a high pressure stenthzer

Tnfected anumals are destroved and bumt or buned
deep m quickhme without cutting the skin because
blood falling on the ground would fect and it would
be difficult to eradicate the germ spores

Herds are protected by inocunlation with anthrax
vaccine
Tetanus

Tetanus 1 an acute deease caused by the toxm of the
tetanus bacillus There are panful and violent contrac
tions first of the muscles of the jaw and neck hence the
common name lockjaw and later of the muscles of the
body The mfection enters through a wound contam n
ated by mfected sol  Soil infection 1s eommon Where
cattle and horses are pastured Tetanus ¢an be avoided
by careful cleansing of wounds 1n the skin as soon ds
they occur Deeper wounds must be dealt with by a
doctor it 1s usual nowadays to protect such patients by
an mjection of tetanus antitotn People pecul arly
lable to wounds as soldiers in warfare are protected
beforehand by wmoculation with tetanus toxosd >

Trachoms
Trachoma js a highly tfectious d sease It affects the
eyes causing a_destructive chrome inflammation of the
G branc later cause
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scar tissues 1o form in xt which results sn deformuy of
the eye Lds and jajury 1o the comnez

How Spresd~—The thsease 13 3pread by duect contact
wnth an infected person or wodweclly by comtact with
arcles such as towels which have been sotled by iofec
uve dicharges from the eyes. Children are very
ssceptible and susceptibility 18 ncreased by unclean
habuts, poor nounshiment, ient2uon by dust and exposure
10 wind and wn

Prevention of Spread.—~hiost important 1 the recogni
tion of infection It 13 often overlooked or regarded as a
tovial complant  Patents with granular  eyelids,
especially children shoutd be treated by a doctor at

nace
As the nfection 18 more hable 10 occur and spread

other arncles
Usdulant Fever (Malta Fever).

i .o

C - i L
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disease Iy prevalent fecoursc may hase 10 be had to the
wse of preserved qulk only By bodig milk the germs
are Xilled

Mataria

Mafana {s & mosquito-borne protozoal discase ke n
characierized by bouta of fever which recur at threes or
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four day intervals, the period depending on the infecting
parasite Each bout of fever has a more or less char-
actenstic course—a cold stage {rigor), a hot stage and a
sweating stage  There 13 then a one- or two day interval
without symptoms Frequent attacks lead to anzmia
and great weakness

The causes are protozoa which live 1n the blood cells
of man and in the stomach of the female anopheline
mosquito

Incubation.—~About ten days

Isolation —Nil

Quarantme.—Nil

How Spread—The disease 1s spread by Auophelme
mosquifoes (se¢ Chapter VIII, p 286) After an mcnbat
tion pentod 1 the liver the malartal parasites reach the
blood stream and enter the red blood cells  There they
grow and develop into adult parasites, taking their
nounshment from the cell and destroying st. Here, too,
they multply The nucleus divides mto & nember of
sections, each section taking a part of the parasite's
body Thus a number of young parasites are formed
‘When they have grown to a certamn stage, they rupture
the wall of the blood cell and escape  Each young para-
aite enters another red cell and undergoes a simlar
development This 1s the phase of asexual reproducton,
and if the disease be untreated 1t goes on and on destroy-
ng more and more red cells untl the host becomes very
anzmic and weak Meanttme a number of parasites
have acqured sexual characteristics—that is, some have
become male others female  Further development
accurs 1 the mosquito

The signs and symptoms of the disease are related to
the development of the parasite Asetual reproduction

1R a e tmek s

Rantmn tartian malare

stage artives the young parasites are established 1n new
red cells In the quartan type of malama the process of
development 18 sumilar, but takes about seventy two
hours
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Prevention of Spread.—Having knowledge of the para
ate and of wts carner hosy, the means of prevention are
obvious First we can prevent the mosquito from becom
sng ilected by treating the disease and so abolishmg the
parasites from the blood, sccondly, we cas prevent the
mosquito from reaching tnfected blood etther by pro
tective measures or by destroying the mosquito atself

Teeatment—~Quuune 1s specific i malana—that 18 ut
can kill the parasite  Even small doses will cause the
parasitc to disappear from the blood so that the mos
quito cannot be nfected.  Small doses such as have this
effcct will not cure the discase larger doves taken more
frequently are necessary, but this 1s a matter for the
doctor, not for the samitary i pestor

The methods of screcming dwellinas aganst mos
quitoes and of the mosquito breeding are described
Chapter VIIT

Sleepivg Sickpesws (Africsn Trypanosomiasis)

Sleeping sickncss 18 an insect borne discase caused by
a protozoal paraste & trypanosome It aflects both
ammals and man  In man the discase runs in some parts
a very prolonged course 1n others 1t 15 rapidly fatal 1
the carly stages there are intenmuttent attacks of fever
which last about a week at 2 ume  the lymphatic glands
especially those of the neck  become ¢nlarged, and there
s askin rash  In the late stages there 13 at first drowst
ness Tater constant sleepiness and finally coma  In the
meantime the body wastes away and there 12 extreme
weakness.

Tacubation ~This vanies greatly 1 some cases it 16
fro e thaan B o P

. s
. \ ..
« g .

L T I O TR

How Spread —The disease 1s sprcad by tsetse fes
(see Chapter VIII, p 315) When the fly sucks infected
blood the trypanosomes multiply in the gut and the
immature trypanusomes find thesr way tato the salivary
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glands From the salivary glands they pass into the
human host through the biting parts of the fly
Prevention of Spread —As with malara, preventive
measures aum at (a) preventing the fly from becomung
fected (b) destroying the breeding places of the fly m
the neighbourhood of dwellings, roads and nver fords,
80 that man may pot be bitten (sce pp 318 320)
Chagas’ Discase.
Chagas® disease 13 caused by a trypanosome which 1s
transmitted by a bug It occurs wn Central and South
merca

Leishmanasis

A organism called L 18 the cause
of a group of diseases which occur in different parts of
the world The diseases, curously enough, 1a no way
resemble each other

Kala-azar, which occurs i Affea, 1n the tropics, and
on the Mediterranean coast and 1n other countries s
charactenized by irregular fever, enlargement of the ver
and spleen, wasting and loss of strength The disease lasts
for several months and has a very high mortality

Oriental sore 13 a very chronic ulcerattve conditton of
the skin, chiefly affecing evposed parts It leads to
much disfigurement. 1t 15 common 1n India and the
Middle East Espundia, a destructive ulceration of the
nose and pharynx, occurs 1 South America

Tncubation —Unknown

Tsolation —Nil

Quarantine for Contacts—Nil.

How Spread.—Sand flies are thought to be the trans
mutters of the mfection, the genus concerned betng
Phichotomus It 18 2 very small fly, smaller than 2
mosguito It infests dusty bwildings, and the females
live on the blood of amumals and man

Prevention of Spread—The sand fly breeds mn the
dust of human and ammal premises  Stnct cleanhness
1 the home and the removal of cowsheds and other
anmal houses from the human dwelling are essential
measures  Nets of finer texture than the mosquito net
are used for protection at might.
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Filasiasls,

Filarie are slender thread hke roundworms about 2
or 3 inches long  The adult worms live in the lymphatcs
or near lymph glands of man  There they may cause
obstruction to the lymph flow, gtving fise 10 swellings of
the ftissues The common exampe s elephantiasss
which enormous thickening of the skin and deeper
tissues occurs  These swellings are common In the legs,
the cye and the scalp

Whether swellings caused by obstruction occur or not,
wnfestation by filanial worms of any kind 1s spoken of av

nass

How Spread.—The adult worms male and female, live
in the lymphatic tissue of man  There the female gives
birth 10 mmoute worm Lke embryos called microfilarke,
They live 1n the blood Some are always present in the
blood of the skin, some appear i the skin blood
only during the day, others only durtng the might  This
«18 very remarkable, for those which appear m the slun
blood at might are transmutted only by night bing
mosquitoes while those which appear dunng the day
are transmitted only by day biting mosquitees  When

. -
T . . .
into larve

The embryo on entermg the stomach of the mosquito
pentirates the stomach wall asd finds its way into the
muscles of the mosquito's chest,  There it develops for
two or three weeks  When fully grown, it finds jtg
‘way into the proboscis of the mosquito It as now m
the infective stage awating tnoculation nto man  When
the mosquite bites the larve craw! down the proboscs
and 0 enter the human host, where they grow into
adult worms, male and female The female, when fert-
lized, produces enormous numbers of embryos, which
are let Toose in the blood and await a swtable mosquite
1o suck blood for their further development

Preventlon of Spread—~Tlus is a very difficult prob-
lem  In the first place, many people have filanass with
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out knowmng it  Obstructive signs are not always
present  Infection can be diagnosed only by examination
of the blood, taken either durmng the mght or duriog
the day, according te the nature of the filanal worm con-
cerned  Further, many types of mosquitoes transmit the
mfection  The only way, therefore, to avoud infection
18 to avord being bitten by mosquitoes  Anti mosquite
measures are described elsewhere

Ankylostomasis (Hookworm Disease).
disease 15 ch by debility,

bloodlessness, swellmg of the jower Lmbs and face,
wasting and mental deterioration due to anzmia
some countrics this disease 1s very prevalent Where
zood food 15 mot avatlable, or where the people are too
poor to cbtam 1t, infection by hookworms is a very
sentous disease  On the other hand, where food 15 pleat
ful and easy to get, large numbers of tafected people
are apparently hutle the worse for bewg afthcted  Stll,®
however well they may appear to be they would
probably be fitter and more energetic 1f they were not
nfected

How Spread —The adult worms live 1n the intestine
of man _They produce eggs which are passed out 1n the
feces The eggs if deposited on switable so1l, warm and
damp hatch out 1n a day or more The Jarvas feed upon
the fzces and develop  After some time they mature,
and cling to the damp earth or wet grass until the bare
skin of man touches them They penetrate the skin
mmediately, and thus get into the lymphatics and the
blood In the blood stream they are catmed 80 the capil-
lanes of the lungs There they leave the bloodvessels
get mto the small air sacs of the lung and find their way
10 the trachea, up which they cimb to the mouth  They
then pass down the gullet to the stomach, they pass
through the stomach to the upper part of the small intes-
tine, where they attach themselves to the wall  There
they suck blood and produce toxic substances  The
female worms when fertiized pass eggs Into the gut in
enormous numbers and these are passed 1n the fzces
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Prevention of Spread—In tropical and subtropical
countries where sanitary habits are lax and where the
people are n the main cultivators who do not wear
shoes the tpread of hookworm mlection 13 easy  Spread
can however be prevented in three ways (1) bv
saniary disposal of fxces, (2) by avoiding contact with
infected soil, (3) by treating those who carry the worms
350 that their faces are not infected

The worms The eag.
Fic 69 —AnkvLosTOMA

Insanitary disposal of nfected fxces leads to con
tamination of the ground, infection of water and of
vegetable foods and frunts which are caten uncooked
The methods of faces disposal are described elsewhere

The avoidance of contact with infected soil cannot be
accomplished by people who work on the soil  Even
though the feet are protected the hands and arms must

exposed

y mass treatment much can be done but even this
method must be neflectual without the obervance of
sanitary habits for 100 per cent of cures can never be
guaranteed  Thus the only way to keep the discase
under 13 by cducating the people at large 1n sanstary
habits and at the same ume treaung those affected

Schistosombasts,
+Schistosomes ate flatworms  They are parasitic on
min and live 1n the large veins of the portal system
They cause three main types of disease

(a) Urinary schistosomiasis

(b} Rectal schistosomians

() Dropsical schistosomiasi
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The urmary type s charactenzed by 1aflammation of
the bladder and the passage of blood 1n the umne, the

How Spread —The adult worms male and female,
lve mn the portal vein The female lays her eggs m
enormous numbers 1n the venous blood stream, and by
some means the eggs find their way to the bladder and
rectum  They penetrate the walls of these organs and
pass out n the urine or fxces If the faces are
deposited on dry ground, the eggs soon die, but if they
reach water, they hatch out almost immediately, and
small cihated embryos are released These embryos
are called mirmcidia (S mimcidum), they are micro-
scopic  They swim about m the water searching for the
ntermediate host 2 certan type of snal If no snait be
found, they die 1n about a day, but if they meet a

ScrtsTosoma (Biusanzd) Liee History

W
Fi6 70 —Tuz Ecos Fic 71 —The Cinten
Ewsavo

L@ sv

Fic 72 —Tyees Of SNAILS IN WHICH THe Eubaros
Deveior
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suitable 5021l they bore into 1t and find thewr way to the
fiver where they undergo a complete change The body
becames hollow-thaped and on the wmside tmall buds
appear which produce cercariz (larve)  After some
weeks these fagve are fully prown and make their way
out of the snail's body into the water where they wan
survive for one or two days At this stage of develop
ment they are only just visible 10 the naked eye They
are now infecuons and if ey come into contact with
the skin or mucous membrane of their warm blooded
host they penetrate at once and find their way through
the tissues to the portal ven where they develop into
adult worms  When mature they copulate and the
[emale begine the Ife ¢ycle agatn by producing vast
numbers of eggy
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Prevention of Spread ~The only practicable methods
of prevention' are to attack the worm iself 1n s host
by curative medicimes and at the same time to educate
the population i saatary measures which will ensure
a break n the Lfe cycle of the worm

Where the disease 15 prevalent, the population must be
attacked 1 mass  All sufferers are treated by iatra
venous snjections of a preparation of antmony, which
kills the eggs and also the parasites But as it 1s never
posstble to guarantee a 100 per cent of cures, the import
ance of teaching people how the lfe cycle can be
broken by samtary habjts must not be neglected A
knowledge of the life cycle makes obvious the methods
by which 1t can be broken

Guineaworm

The infests the sub hssues of
the legs The female worm discharges its embryos
through a small puncture 1n the skin  Inflammation of
the cellular tissues frequently results from infective
orgamsms getting 1n through the puncture

How Spread —The female worm les under the shin
osually of the Jower part of the leg 1t 15 a long worm
about 20 to 30 inches 1 length and 1/10 inch 1 thick
pess When impregnated, the female uterus, which 18
very large, becomes distended with embryos The head

Guinsaworm  Liep History

—Tue Enorro

- Fi6
Fig 76 —THs FemaLe ‘OF THE GLINEAWORM

GUiNE A% ORM
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through which the embryos are born burrows down
towards the ankle 1t protrudes and the embryos are
dscharged  If these rach wa er they swim abous look
ing for their intermed at  host a water creature called
€yclops  In the body of this minute creature the embryos
deselop and man is nfected by dnoking the water con
taming the infected cyclop  The body of the cyclops
is digested and the young worms are thus et loose

y penetrate the stomach wander about the body
and ysually settle in the subculancous tissue of the leg
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Prevention of Spread.—Where there 1s hability to 1n-
fection, drinking water should be filtered The cyclops
1s thus removed Patients should refrain from allowing
the discharges from the leg wound to contaminate, open
water

Tapeworms,

Tapeworms are of two mam types—the pg type,
Tana solium and the cow type, Tama saginata They
are long flat, segmented worms which Live o the gut,
usually caustag 0o symptoms, but liable to cause colicky
pans, 1rregulartty of the bowels, sometimes a voracious
appetite and other symptoms

How Spread —The worm attaches itself to the bowet
wall by means of suckers or hooklets an the head, whuch
1s no larger than a pin head From behind this minute
head the segments develop and grow, the total length
of the worm reaching 4 to 6 yards These worms are
hermaphrodite, the male and female organs being present
1 the same body

As the segments grow, ovaries and testes, the female
and male organs, develop When the ova become fer-
tilized, the uterus then begins to grow As it grows
the ovares and testes disappear, and the uterus, which
15 distended with eggs, occupies the eatire segment
The mature segments break off and are passed 1 the
fzces

Further development of the eggs depends o whether
they are eaten by their intermediate hosts or not In
the case of T saginata 1t must be eaten by a cow, T,
solium must be eaten by a pig but 1n this case man may
also be the intermediate host

In the stomach of the host the eggs hatch out, the
embryos leave the stomach, pass wito the capillanies and
are carned fo the muscles, where they develop to
small cysts These cysts contam flud and the head of
the future worm  They are wisible to the naked eve as
small greyish transtucent bodies dotted about i the
muscle tissue  Such meat, spoken of as * measly " meat,
when eaten raw or undercooked witl nfect man, ihe
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definite host The bladder like wall of the cyst 1s diges
ted and the head attaches aself to the mtestinal wall

In the case of T solum, man may become infected by
the egg and act as the miermediate host The presence
of cysts 1n the muscles give rise to muscular pawm, and
if the cyst occurs Jn the bran he may suffer from fits
resembling epilepsy

Prevention of Spread.—In tropical Africa few natives
can afford to condemn and discard measly meat They
can, however, render jt safe by thorough cooking Sanmi-
tary inspectors must of course, condemn and destroy
measly meat People who are infected should be treated
and should observe such samtary habits as will prevent
the intermediate hosts from reaching the eggs

s

B
G 85 —ROUNDX ORM

A Ascsuss adult worm 3bout 1 foot long, B egg
1 croscopics

The Roundworm (ascars lumbricoides)

“The round worm 1s cylindrical, pomated at both ends
of a pinkish colour and about 12 or more inches 1n
length It 1s parasitic on man, and there i1s no mter-
mediate host It causes 1tching of the nose, nausea and
abdomupal pain, and more serjous conditions suck as
1ntestraal obstruction and fits

How Spread —The female, when mature, tontains
many millions of eggs, which are passed 10 the faces
The eggs have a hard shell which enables them to resist
drymng  Infected fzces when dry, are blown about
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Thuy aster and food are Lable 1o become wfected.
When eaten by man the cggshell 1s digested and the
Jarvx are set free  They pas from the stomach to the
byer Jnd from there by the bload stream to the hean
and lungs  They enter the air sacs travel up the traches
a0d are gwallowed & second ume  after which they
develop wto adult worms

Frevention of Spread ~The sanutary daposal of fxcey
aad personal cleanfiness cypecially care of the hands
3nd finger patls will prevent wfection and remfection

CRAPTLR vin

MEDICAL ENTOMOLOGY

Medical entomelogy concerms el with the study
of msects eadt other anthropods such as teky and autes
and in parvgular of Ihosc kids which cawse discases
" fan In tropcal counnes the hargest group of
slinesscs aze probably wscct bocne snd 4 1 imporiant
10 keaw the habits of the inscct vectors and bow they
tammt drscase

An mseet bay a2 head thorax and abdomen these
pairs of legs and usually oae patr of wings, though some
have two pairs and others none  Instead ot dones Chey
have a sort of exsernal skeleton or hard skun called
chin  Tucky and mutes are ynlike (mscets beécause they
are nat divided anto thiee parts there 13 no such dutaan
and they bave four pans of fegx ansread of th

Tnsects breathe through a network of tubes which are
found throughout the body and apen st vafious plaves
00 the skin, They have herver and colourkess bload
and poness well developed shnentary and reproductive
aytemy

Most insects pan through complcated stages whist
growing from ez 10 adult A female wrsect 1 fectilsed
by the male it then Lye eggs mhuch hatch 1ato Jarvae
The tarva grows in size and eventually becomes aa adult
somenmes it passes (hrough & pupat slage before fimally
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becoming mature  Very often the Jarva looks totally
different from the adult, 2s for imstance 1n mosquitoes.
When the young stages resemble the adult the forms
are called nymphs instead of larve

Insects are delicate creatures and are very susceptible
to the environment  Most of them do best tn the warm
moist chimate of the tropics In colder places, they take
longer to reach matunty, 1 drier places the death rate
from desiccation 1s high  Many insects fluctuate in
number according to the season--usually they arc most
numerous after the rains but a few kinds, Itke ticks for
nstance, are found 1n largest numbers 1n the dry season

Insects are of great importance because many of them
are the patural carniers of human diseases  The para
sites of these discases have one home m the human
body and a second home 1n the msect and 10 order for
the vigour of the parasite to be gnaimtaiped, it has to
have frequent changes from one host to the other

of the germ 1n the body of the insect

Insects are dangerous to man 1n other ways also The
cause profound shock Everyone 13 familiar with the
general annoyamce resultng from iasect bites and this
tends to lower resistance to disease, Because of their
habuts, 1nsects are iable to transfer, mechanically, germs
from a contaminated source to food or dnuk and thus
cause epidermies of discase  For sostance, fres may feed
on the excreta of a typhoid patent and then crawl over
food destined for human consumption  Whilst the flies
crawl over the food, the typhoid germs get deposited on
1t and when a person eats this food, be may get infected

Tnsects are also harmful to man because they trans
mit vartous diseases 1o his domestic stock and this may
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£3use such 3 Joqp that he ¢ 49 MOVE 10 anpehey Place
where the disease or the insecy 45 absene
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Short descriptions of ghese 1nsects are given below
and also some of the methods used 1t therr control
or eradication  Insects occur 1n many different forms
or species each of which possesses Its own special prob
lem  The descriptions, therefore are only examples and
1t 1s essential that these should be elaborated by the
tutor as local ¢ircumstances demand

BEDBUGS

ldentification —Bedbugs are rather small wingless
msects rounded 1n outhine and much flattened from
above downwards (see Fig 86) This flattening wall dis
tingmish them from all other msects with which they
could be confused Thesr colour 1s dark reddish brown
They have a very distinct unpleasant smell and 10 a
house or room which 1s heavily infested by them he
smell wll often betray therr presence

Life History and Habits.—The eggs are laid 1n cracks
and crevices of walls and furmture especially m the
framework of beds The female lays batches of two
to six eggs usually at intervals of twenty four hours
and the eges hatch m from four to eight days

The young bugs are very sumilar to the adult and
are therefore known as nymphs and not as larve There
are four nymphal stages before the bug becomes adult
and at the end of each stage the nymph casts sts skin
which has become too small for it The period from
hatching from the cgg 1o the bug becoming adult 1s
nearly five weeks The habsts and food of the nymphs
ate the same as those of the adults

Bugs thrive particularly m dirty houses and hide
by day in the cracks and crevices of walls and furat
ture They come out at might to suck blood which
1s therr oaly food

They deposit their faces as hitle black spots around

‘ e A GO P

Dhsesses Iransautcea—scuvogs ale uo
to carry disease but are a source of annoyance and loss
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Repeat the above every day for at least ten days so
as to kill young bugs which have hatched 1 the mean
time and any which have not been touched by the
kerosene or boihog water

ADDT oil spray (sce page 329) s extremely Jethal
to bed bugs and the effect lasts for about six months
Beds aod furmture should be treated also the walis
and the ceiling or roof The insects die as the result
of contact with the depasit of DD T on furniture etc
80 1t 18 unnecessary to spray them directly They may take
a day or so to dic

3 Once the house is clear of bugs t 13 important to keep
1t free of them Keep the house as clean as possible and
search frequently for bugs Put all beds and bedding out n
the gun for a few hours once every week

REDUVID BUGS

Hentification —These insects are also known as
assassin or kisstng bugs They are larger than bed bugs
and they possess wings The abdomen 1s long and 1s
not flattened (Fig 87 p 279)

Life History and Habits —There sre many different
kinds of these bugs some of which shabit thatched
adobe huts of man Ifurking 1 the cracks and crevices
and others the burrows of wild ammals such as arma
dillos bats and field rats Ther life history 1s like the
bed-bugs and they are avid blood suckers They par
ticularly attack the uacovered face of a person aslecp
biting the lips—~that 1s why they are called kissing bugs

Diseaser trapsmtted~—Chagas! Drsense, ot South

Amerlcan T 5 e S
wath a gemr -

reduvud bu -

tant reservo -

ammal or man the lrypanosome! develop n the gut,
eventually becoming numerous i the feces and it 18

through a bite or scratch becoming contaminated with
the bugs fmces that infection results
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Metbod of Control.—Complete control 1 difScult
because of the widespread distribution of these bugs in
outstde baunts, but the use of bednets at mght wilt
prevent them biting and the treatment of the walls and
Soors of & building with & § per cent. spray of DDT
in kerosene will cradicate the asect from houses

Vo

Fic 87 —A Revuvin Buc
ranemires of Chagas dusease

COCRROACHES

ldentification.~Cockroaches are large reddish brown
nsects rtber flattencd from above downwards but not
30 much as the bedbugs They will easily be idenufied
from the figure (Fig 83. The adults have wings but
these are folded closely to the back and will not be
Boticed unless carefully looked for
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Both adults and nymphs feed only by suckicg mans
blood and all species of lice die quite soon 1r they are
unable to obtamn blood

Diseases Transmitted ~The princtpal discase carnied by
lice 15 typhus (not to be confused with typhoid, which 13
an entirely different disease and 1s not camed by lice)

Typhus 15 carned either
by ap wmfected Jouse binng
a healthy person or by hus
crushung 2 louse aed some
of its ifective juices get
ting 1nto a wound (such as
a louse bite) or by scratch
1ng a louse bite and getting
the nfected fwces of the
louse anto the wound thus
caused Lice also transmut
the eprdemic  form of
relapsing fever which can
spread very rapidly and
cause thousands of deaths
Thus dease 18 not transmit
ted by the bte of the louse
but through crushing the
nsect when the escapung
germs get mto z scratch
or abrasion of the skin of
the person The germs take

(Weoyons Prownoology ) gbout  a  fortmght to
develap 1n the louse

ControL—1 Clothes (ncluding bed-clothey) should be
washed and wroned at least once a week The heat of
the iron Xills all stages of lice including the eggs

2 The clothes which have been worn dunng the day
should pot be worn to skeep 1n and 1t is 4 good plan
for a person with two suits of clothes to wear them on
alternate days

3 Hot baths should be taken as often as possible

4 Lice are very susceptible to DD'T and a person can
easily get nd of them by using DDT powder In the
same way threatened epidemucs of the louse-barne discase

F o 89 —A Boov Lousx (Ped cx
it bumanns)
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¢an be preveated by using DD T on a large scale  The
Dest way of applylng the powder is to rub it to all halry
parts of the body and head, and to all articks of
clothing which should be turned inside out Blankets
should ako be treated  The powder i applicd from
tins with perforated lids xnd about 2 ounces per persos
U required. I DDT s not avadadle, inlested clothes

¥ic 50 A Ctan Lousn (Piebwas pads)

can be completely freed from bee by boiling in water
At the same tune, it I8 necessary to have a hot bath uang
plenty of soap, 20 a9 0 get nid of any lice remainisg on
the body,
MOSQUITOLS

Meatification.—Mosquitoes are  slender bodied two.
winged fles They can be distingaished from other kinds
of two-winged fles with slender bodies by their long
Ppropecting probotcis, which is a small tube containing
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the mouth parts. Mosquitoes are divided 1nto two mam
groups—Anophelne and Culicine  The difference
between the two groups will be given below

Life History and Habits.—All mosquttoes go through

four stages of lfe lustory—egg larva pupa and adult.

he eggs are laid either on water or 1n places where
they wil be washed ito water,by ramm  They hatch
to produce larva

Mosquite larve are small grubs or wngglers
which hve i water They feed on tiny particles of
food 1n the water and after a time which 1s very vanable
according to chmate and the species of the mosquito
they change to pup= They must (in nearly all species)
come to the top of the water to breathe

Mosquito pupe are comma shaped and hke the
larve live 1n water They are a restipg-stage durng
which the adult 1s developtng for this reason they do
not feed but they can swim by flapping therr tadls.
Nearly all species must come to the surface of the water
to breathe The pupa period 1s usually only about two
days and at the end of this time the pupa comes to
the top of the water its skin splits and the adult mos
quito chimbs out of the skin and flies away

Adult mosquitoes vary 2 good deal 1n habits but
the ;mportant species are those which feed on human
blood In these spectes only the female sucks blood
the male has less developed mouth parts and camnot
bite The female requres blood because without it
ber eggs will not matwre But she can live for long
peniods by sucking the juces of fruts and plagts 20d
these are the only food of the male,

Most adult mosquitoes hude by day and come out
at nught to feed (that 1s to say they are nocturnal) But
there are others which feed by day and rest at mght,
they are durnal) The nocturnal spectes hide by day
1 dark places somettmes amoog grass but the most
dangerous species 1n dark corners of houses

Diseases Transmifted —The pnnciple discases carried
by mosquitoes are malana yellow fever dengue and
elephantiasis or filarasis
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3 Mularia 3 carried by certain species of Anopheline
mosquitoes (e b 2§7)  Afier sucking the blood of
& man suffering from malana, the mosquto then hides
 a dark corner of the dwelling (o digest the dlood
the has sucked, and ta await the development of the
€553 in ber body When she sucked 1z the anfected
mans blood she mucked 1n the malana parauics as wetl
The blood is digested ia a fcw days but the matana
parautes bave not been digested they have undergonc a
change 1n the meanume They have become what we calt
08cy31s ¢n the walls of the stomach and look Like small
lumps  These o8cysts burst and tmall worm Like things
cilled sporozoltes work their way imto the sahivary
glands 10 that when the mosquito next bitcs a person
the sporozoltes pasy through the proboscis into the blood
of the person on whom the mosquito is feeding This
bappens because when the mosquito bites 1t 1mecty Buid
from the salvary glands to prevent the blood clotung
and clogging the proboscis, the sporozotes are inpected
together witk the salivary flud It 1 th flud which
Gaases the Imitstion and fump which result from & mos
quito bite

The cycle 1n the mosquito lasts about a fortmght that
Is from the tme it sucks in the infectne blood unul
it contuns ripe sporozaites 1 the saliva The sporo-
Tottes develop in the body of the peron who has been
hitten  Fantt of all they enter lrver cells where they grow
Into large bodies which eventually produce a thousand
germs These germs escape into the blood and give
% 10 an attack of fever About 10 days to a fortnight
c!{a;{nﬂ from the time the mosquito bites until the onset
of fever

2 Yellow Fever—This discase 1ty camed by certam
Culiclne mosquitoes (see p 292), and epecnally by Afdes
eepyptl (see p 293)  The very tny ergant m of yellow
ver, known a3 a virus iy present 10 the blood of a
penon suffering from thus discase danng the fint three
days of his fliness, and is sucked in with hi blocd by
3ny mosquito which bites him After this it 1s necessary
101 the virus to develop in the mosquito for about twelve
days before 1t can be passed on and in many kinds of

*
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mosquitoes this development cannat take place and the
mosquito cannot pass on the disease  But 1f the mos
quito 15 of the nght species the wirus 13 ready to be
passed on at the end of the twelve days, and after thi
any person Who 13 bitten by the infected mosquito 1
lable to get the disease

Important reservoirs of yellow fever are the monkeys
of the Afnican and South Amencan forests Special
species of mosquitoes (Aedes africanus 1n Aftica and
Haemogogus 1n South Amenca) carry the disease from
monkey to monkey high up in the forest canopy and
it 1s only rarely that one of these mosquitoes bites man
Sometimes, an nfected monkey raids a plantation near
the forest and 1s bitten by another common mosquito
Agdes simpsoni which subsequently transmuts the disease
o man

So there are three forms of yellow fever, (1) the urban
epidemic carnied by A aegypt! (2) Jungle yetlow fever
camed by special farest mosquitoes and (3) rural yellow
fever carried by 4 simpsoni etc, mn Afnca and by A
aegypti n S America

3 Dengue 15 another virus discase transmnited by
A&des aegypri 2nd other mosquitoes but uslike yellow
fever 1t 1s not a fatal disease It usually occurs 1a abrupt
epidemics  There 13 no known ammal reservoir

4 Elephantinsis or Filanasis 13 transmutted by maay
differeat kinds of mosquitoes of which the most por
tant 1s Culex fahgans

The cause of the disease 15 2 worm known as a Filariz
the larvee of this worm lives 1 mans blood and are
sucked up 1n the blood when he 1s bitten by a mosquite
In many mosquitoes the worm 1s digested by the mosquito
and does not develop, but in other species the larve
develop for 2 short tune and then get 10to the probascis
of the mosquito, where they are ready to enter the blood
of the next person whom the mosquito btes and to snfect
him with the disease

Anophelines
—Adult can be

from other mosqutoes by the followng points

1 They almost always have spotted wings
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2. When sitting on a wall, the adult Anopheline has
he three parts of its body (head, thorax and abdomen)
all 1 one straight line  Culicines sit wath the head and
abdomen fowered towards the wall and the thorax (the
middle portion) humped up (see Fig 91)

Fie. $1-Rarring Posrvions o7 (#) Amortimuna () Liixiw
Mosguiors
(Weaons  Protooology )

o e alkd ke
- M N + a opheliae

- ", .
& WL AL We suriace 0! Uk waicl, Auopheline
larve hie just under the surface and paralic! to 1t so that
the whole of their upper surface is practically touching
the surface of the water (Fig 92) Culicine larve be
with only the syphon touching the sutface of the water
:gd the rest of the body hanging down st an angle (Fig

IR arSiothiaghase:dhimis et Wi el

PR . . -
face touching the surface of the water



26 TROPICAL HYGIENE AND SANITATION

mosquitoes this development cannot take place and the
mosquitd ¢anmot pass on the disease But if the mos
quito 13 of the nght species the virus 1s ready to be
passed on at the end of the twelve days and after this
any person who 13 bitten by the infected mosquito 1

liable to get the diseass
Important reservoirs of yellow fever are the monkeys
of the Afncan and South Amencan forests Specul
species of mosquitoes (Aedes africanus m Afnica and
b . -t P

the forest and 1s bitten by another common mosquito
Aedes simpson! which subsequently transmuts the disease
to man

So there are three forms of yellow fever (1) the urban
epideric carnied by 4 aegypti (2) Jungle yellow fever
carned by special forest mosquitoes and (3) rural yellow
fever carned by A simpsoni etc 1 Africa and by 4
aegypti in S America

3 Dengue 15 another virus discase transmutted by
Aedes azgypn and other mosquitoes but unlike yellow
fever 1t 1s 00t a fatal disease It usually occurs in abrupt
emdemics  There 1s no known auumal reservolr

4 Elephantiasis or Filanasis 13 trapsmutted by many
different kinds of mosquitoes of which the most impor-
tant 18 Culex fatigans

“The cause of the disease y5 a worm known as a Fifariy
the larvz of this worm Iives 10 mans blood and are
sucked vp 1m the blood when he 1s btten by a mosquite
Ia many mosquitoes the worm 1s digested by the mosquito
and does mot develop but in otber species the :arvz

Anophelines.
—Adult A 1 can be d
from other mosquitoes by the following ponts
1 They almost always have spotted wings
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2 When sitting on 2 wall, the sdalt Anopheline Mas
the three parts of Its body (head, thorax and abdomen)
all in one straght ine  Culicines sit with the head and
abdomen fowered towards the wall and the thorax (the
middle portion} humped up (see Fig. 91}
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examimation will show that they are really hanging from
the syphon and not lying with thefr whole wpper sur
face touching the surface of the water
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The difference between the eggs and pupz of the Ano
phelines and Culicines are not of importance to students
But it 13 worth that the eggs of A

Egg raft (Culicine}

{”ﬁﬁw@%@

Larva (Anophetine)

Qe %
-l S

Pupa (Asopbel ne) Leevs (Calicine)
Fr 92 —Lirs History of 4 Mosquiro

and some species of Culicines ase Jaid siogly, and hat
rafts of egas (Fig 92) always belong to Culiomes

There are very many different species of Anophelutes
some of which do not carry malaria  The differences
between them can only be learnt by practice
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Tmportant Anopheline \ectors of malana are shown in
the Table on p 290  All the commonest shecies are
tmainly pocturnal

Lite Tlistory and Habsts ~The hfe hustory 14 the same
s for all species of mosquitoes 1e egg lanve pupz
#nd adult  The whole Iife history from the laying of the
€13 to the hatching of the adult usually lasts a bitle
over 3 week but this period may be shortened to five
days in the bottest places, whilst o colder cumates, 1t
may last for a month or more Adult mosquitoes prod-
ably live for about 2 month m the Tropics

The early stages of the vector species breed in maay
ifferent types of water (sce last column tn the table on
P 290) and there 15 3 wide vanavon in thewr habits
Three examples from different parts of the world are
given below

A gamblae 1 the most dangerous tpecies in Africa
The adults spend most of their tune 1o houses and they
prefer human to other kinds of blood They like davt
ness and they prefer houses that are cool by day and
warm at mght—such as mud and wattle or grass huls
They are much fess numerous in well Lt stone hauses or
in buts of wood and iron  Dunng the daytume they rest
on the upper parts of the walls, on the inside of tne
toof, 204 under the eaves. A gambuae i3 mott actve
between 11 pm and Sam It s occasionally found out
©f doors, In long grass under culverts and sometimes in
:;‘x;y large numbers 3n the forest. It can fiy for several

ex.

The larvee are particularly abundant during the ralns,
because thelr favounte breeding sites are small tzmpor-
aty pools of fresh water cuposed to suntight. They are
found particutarly In the hoof matks of cattle and hippo-
Poumt 10 poals fn borrow-pits, wheel tracks in muddy
tound drny and excavations-—n other wotds 1
broeding places which as a whole hase lfargely been
Srtated by man  The breeding placer ofien have no
\egetahm growing fn them becamse the larve prefer
sunny places when there 13 grass in the pool, Tarve sl
8¢ fourd in more open manL A speclal vaney of
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The Age—m 1

yﬁw«ﬂ%g‘

Larva (Anopheline)

5/

Pups (Anophelioe} Larva (Culicioe)
Fi6 92 —Lire History OF 4 MosQumo

and some species of Culicises are Jaid singly, and .hat
rafts of eggs (Fig 92) always belong to Cubicines

There are very many different specics of Anophelnes,
some of which do not camry malaria  The differences
between them can only be learat by practice
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Important Anopheliae vectors of malaria are shown 1
the Table on p 290 Al the commonest species are
mately nocturnal

Life History and Habsts —The Ife hustory 1s the same
as for all species of mosquitoes 1¢ egg larve pupz
and adult, The whole hfe history from the laying of the
egg to the hatching of the adult usvally lasts a little
over a Week but this period may be shortened to five
days 10 the hottest places whilst tn colder climates it
may last for a month or more Adult mosquitoes prob
ably Iive for about a moath 1 the Tropics

The early stages of the vector species breed 1 many
diferent types of water (see last column 1 the table on
P 290) and there 18 a wide varation m their habuts
Thiee examples from different parts of the world are
stven below

A gambiae 15 the most dangerous specses . Africa
The adults spend most of their time m houses and they
prefer human to other kinds of blood They ke da &
ness and they prefer houses that are cool by day and
warm at might—such as mud and wattle or grass huts
They are much less numerous 1 well Lt stone houses or
1 huts of wood and 1ron  Dunng the daytime they rest
on the upper parts of the walls on the mside of the
soof and under the eaves A gambiae 18 moSt actwve
between 11 pm and Sam 1t 1s occasionally found out
of doors 1n Jong grass under culverts and sometumes 11
e large qumbers m the forest. It can fiy for several
Tarles

The larvat are particolarly abundant during the rains
because their favounte breeding sites are small tempor
ary pools of fresh water exposed to sunlight. They are
ound particularly n the hoof marks of cattle and hippo
Potami 1n pools 1n borrow pits wheel tracks 1n muddy
ground drams and excavations—in other words in
breeding places which as a whole have largely been
steated by man ‘The breeding places often have no
vegetation growing 1n them because the larva prefer
sunny places when there 13 grass i the pool larve wall
be found m more open parts A special vamety of
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A. gambige—var melas breeds m the salt water of man
grove swamps in West Africa

A garobiae 1s the species of mosquits which crossed
the Atlanuc to establish itself 1n Brazil and which travel
led down the Nile to cause disastrous epidemics of
malana m Upper Bgypt.

Important Anophehne vectors of malara

Region Species Breeding Places
Europe Maculipenms Swamp, sunny
Superpictus Stream, sunny
North Afnca and  Sergentt
Middle Bast  Stephensi Swamp, wells
India Culieifacies Pools 1 streams
shady
Minimus Streams, sunny
Flunaihs Streams, sunny
South Bast Asia Sundatcus Brackish swamp
suany
Maculatus Streams, sunny
Umbrosus Swamps, shady
Hyreanus Ruce fields, sunny
Aconitus Pond, grassy
Australasia Punctulatus Pools sunny
Afnica Gambiae Pools, sunny
. Fenestus Streams, grassy
North America  Quadrimaculatus  Swamps, grassy
Southand Central Albimanus Pools, sunay
Amenca  and Bellator Base of tree plants
West Indies  Pseudopunetipenms Pools, sunny
Darting: Swamps, grassy  *
Agquasalis Pools, sunny

There 13 some overlapping of species 1o the different
regtons, this A stephenst occurs in Indiz as well as m
the Middle East, etc
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A mimimus 18 a potent and wide-spread carnier 1 the
Orientat Reglon. lts mamn day ime rest ng places are
dark native houses and coolie huts where most of the
mosquites are found hangsng from the underside of the
bamboo beds The great majonty are found 1 the lower
haif of the room Most of the mosquitoes lcave the
house at sundown they do not return untyl after mid
wght, and 1t 1s then and until dawn that they particularly
bie man In some countries this mosquito shelters m
ravines and nullabs dunng the day It 1s 2 strong fler
and can travel well over balf a mile

The larve are found especially in slow running streams
with grassy edges and are most numerous durtog the
warm weather Other breed ng places are the edges of
swamps 1n irmgation canals noe fields and 1n seepages
The larve like a certam degrec of shade and have a
opreference for the cooler water The chiet brecding
place of this species 13 tn permanent water

A bellaror 15 an important vector of malaria mn the
West Iodies The adults attack man viciously aad often
m swarms  They bite throughout the afternoon especi
ally on dark days 12 the greatest numbers between 630
aad 7 pm  Feeding takes place chiefly out of doors 10
(he shade of the forest if they feed mdaors they leave
almost immeduately after their meal and retura to thewr
Jungle resting places  Man 1s commonly attacked whilst
working 10 the cocoa drying sheds or m sumilar sheds
without walls These mosquitoes are much less achve
n u-u: ¢arly morming and during hot dry spells of

ather

The larvae ate found 1n one kind of breeding place only
~&nd a most curious one  This 1s the bromebad plant,
or wild Pine which grows on the trunks and branches
of trecs—particularly the 1mmortelle tree which 13 uscd
for shade m the coco plantations The larves are found
W the water collected at the base of these plants the
broad feaves of which can somectimes hold as much as
2 bucketful of water

‘The habits of thesc three species (4 gambrz tmin mus
and bellator) are very different, and this difference shows
Bow necessary 1t 1s to find out all about the local vec
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Breedmg Places and Habits—4 aegypri and s pear
relattves do not breed in swamps, pools or ditches like
Anophefines do [t prefers small breeding places (ussually,
but not always, near houses), such as barrels, water pots,
roof gutters, closed water tanks, discarded tns or bottles,
or almost any small thing capable of holding water—
even such things as discarded tyres of motor cars It
also breeds commonly in holcs‘ m trees and sometimes

° T ' than

. - .
1s commonly found there has a larva almost the <ame
as that of A aegypri, and 13 often mustaken for it. This
&8 Aedes simpsons
A aegypti and s pearest relatives are all durmal—
that 15 to say, they fly about and bite by day . A aegiph
. - DTl el e

Mosquito Surveys,

Mosquito surveys are carred out to find out what
are the dangerous species of mosquitoes in the place
concerned, and where these dangerous species are breed-
ing. Two different surveys are therefore seeded an
adult survey and a larva survey
Adolt Sorveys,

The adult survey 15 done to find out what dangerous
species of mosquito occur 1a the house 1o that particular
place

Apparatus Required.

1 A map of the town or other area,
2 Pencil and paper (or notebook).
3 An electric torch.
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4 A number of test tubes and some cotton wool.
Before leaving the office or laboratory a paper
label should be gummed on to each test tube

5 A haversack 1n which these things can be camned,
50 2% to leave both hands free

Method of Work—1 On amval at a house which
18 gomng to be scarched for mosquitoes, mark 1ts position
on the map and give 3t a number Mark this number
©on the map

2 Search mude the house for mosquitoes, paymng
particular attention to dark cormers, curtams, or clothes
hangmg up In well lighted houses of European type

room, latrine, or servants’ quarters) In grass soofed huts
mosquitoes will be found to be situng on the nside of
the roof or on the roof beams, as well as m other places
The torch 13 used to enable mosquitoes to be seen

3 When a mosquito 1s seen, carefully place the mouth
of one of the test tubes over 1t and then move the
test tube slightly so as to disturb the mosquito, which
will fly up 1nto the tube Then plug the mouth of the
tube with a pece of cotton wool and push this down
20 as to drive the mosquito 1nto the end of the tube,
but nat to far as to crush the mosquito  Treat other
m——e e -

Ppovsnd

sUction tube can be employed The open end 1y placed
Bear the resting mosquito, suction 15 appled and the
mosquito 18 drawn mto the tube In this way large
Bumbers can be collected 1 a few mioutes

4 Label the tube with the number of the house (the
same number as was wniten on the map) and the date
Tt several tubes have been used, write the same number
o8 all tubes from ope house

§ Write in the notebook the number of the house,
s position, and a short desenption of the house par
Usularly whether 1t 15 of European type, a thatched hut,
o some other type, and whether it s clean
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the breeding place is very small (such as a hoofpriat),
use the ladle 1astead of the dish Any pupx found should
be collected as well as larve

4 Dip the dish among plants growing 1n the water
and also tn other places where larva rmay be hding
When no more larve are obtamed, str up the mud at
the bottom, wait a few moments and dip again  Thxs
will often bnng up to the surface larve which were
hiding at the bottom When examuning the dish to see
if any larve have been caught, do not forget that most
larvze go to the bottom when disturbed  Place the dish
on the ground and wait a short time to allow larve to
come o the surface again

5 Wnte the number of the breeding place and the
damlon the label of the test tube and plug 1t with cotton
wool

6 Make a wntten note as to whether larvz were found
or not whether they were Anophelines or Culictnes,
whether they were among plants or in the open water
and the approximate number of larva found

7 Go on to search for the next breeding place
Never put larve from more than one breeding place
m the same tube

Special Methods —Several types of breeding place
require special methods of searching, and the follow-
1ng are examples

1 Some larvee, especially those of Anopheles funes
tus, are specaally wary, and chng to plants nader
water or even wriggle out on to the mud when they
are disturbed. Approach the breeding places very cauts
ously and so as not to throw a shadow on the water Then
stoop down and make a quick downward stroke with
the dish (held at an angle of about 30 degrees) amongst
the plants just below the surface of the water

If the breeding place 13 a large one, the large basin
should be used next Let the basin float on the surface
of the water for a few seconds then hold the bom with
both hands (one on each side of the basin} and press
the basin suddenly under the water The rush of water
mto the basia will often bnng mto 1t larve which were
clinging to the plants
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. ‘These methods should be repeated several times

2 Small breeding places Tims, bottles etc are
emptied 1nto the dish Barrels and large tree holes are
searched by means of the dish, and gutters and smaller
tree holes by means of the ladle The larve which are
found m such places get much of therr food on the
nides and bottom of the breedng places so a careful
search 1 necessary before deerding that no lacve arc
present. For very small tree holes and for plant axls
a glass tube 18 inches long and § mnch 10 chameter 13
aftached to 3 feet of rubber tubing The glass tube 15
pushed down to the bottom of the hole aad the water
sucked 1nto 1t, then the end of the rubber tube 15 held
over the dish (placed well below the level of the trec
{wle) and the water will rus 1to the dish bringmng the
arvz wi

3 Larvee which do not come to the surface to breathe
Latva of Mansoma, which do not comme to the surface to
breathe, are not caught by ordinary methods If & dinh
18 used 3t 13 mecessary to push it hard agamnst the under
water plants o as 1o shake off the larvae clinging to them
A better method 18 1o use a net and sweep 1t about
among the plants under water then wash the mside of
the net 1nto the dish or basin

4 Many mosquitoey breed mn welt water and wm order
to collect the larve, 1t 15 necessary to use a weighted
cone-shaped net which 13 let down from a rope nto the
wuddle of the water It 13 allowed to remain stationary
for a tme, then moved around particularly by the cdges
and finally pulled up ‘The larvas are then Washed wmto
a basi from the pet,

5 The special methods for detecting Aedes larvae are
described uader yellow fever control (o 306)

No one can be a sucoessful Jarva collector unless he
s prepared o get wet. It 1 no good tryng to keep
ones feet dry and at tumes 1t 15 necessary to go Into the
Water up to the waist Rubber boots or waders are use-
ful in some places particularly 3f there 15 a sk of
schistosomiasis
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5 A pyrethrum spray (sec page 328) should be used
twice a day Special attention should be given to dark
corners, behiad curtains, under beds and baths, and the
spray should also be directed upwards to the corners of
the ceiling

6 In some circumsiances, 1t 1S mecessary to apply a
mosquito repellent. Dimethyl phthalate 13 by far the
best one and small quantittes should be dabbed on all
exposed parts of the body, though it 13 unnecessary to
cover every inch of skin It acts hke a magic shield
and gives complete protection for three hours  Creams
containing the substance protect for even longer

7 Finally, there 1s the best mcthod of all, for most
phces—thf. treatment of houses with DDT or “gam-
mexane” This 18 a method which has to be cammed out
by the public authonity to be really satisfactory, because
unless every huuse |s trea!ed the method loses a lot of
value,
chotce of ms:clmdcs and the methods of appllcallon
depend upon local condittons  The more important
sprays are described on page 329 The general pnnciple
18 to deposit 2 film of insectrcrde on all surfaces upon
which mosquitoes may afight, 1t 18 zor to spray and kil
the actual msects themselves and therefore the usual it
spray which provides a fine must 1s unguitable A larger
type such as a stitrup pump or a Kent Sprayer with a
nozzle mving a fairly coarse spray 15 required. The
object 1s to depomt approumately 200 mgm of DDT
on to each square foot of surface Circular huts of 20
feet or £0 1n diameter require nearly a gallon of a 5 per
cent. solution  The actual dosage depends vpon the
type of construction of the house a wooden house need
mg less a mud and wattle more DDT This deposit
1s lethal for mosquitoes for three or four months and
10 many places 1t is only necessary to spray two or three
times in the year

It now seems possible :}m the systematc use of
DDT or *“gammexane” will externunate certain
spectes of mosquitoes over very wide areas of land
whole islands whole countrtes and perhaps one day
over whole continents
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B Coutrol of Mosquito Larvee

The control of larve of Anophelines and of many
speces of Culicines needs exther dramage work, or
apphcations on a large scale of substances which kill
larve Such work cannot be carmed out by the orduiary
person 2nd will usually be done by the public authonty
But students may be employed in connection with such
work, and ought therefore to understand a hittle of what
15 bang done and why 1t 1s done

Remember that many of the important malana carry
g mosquitoes are found 1 man made breeding places
and that the yellow fever mosquito Likes domestic uten
318 as much as anything 1a which to breed So wth
some care )t 13 possible to prevent quite a lot of mos
Quitoes from appearing at all. Preventon 1s better and
much cheaper than cure

The following are the chief ways of avoiding the
¢reation of breeding places —

Borrow pits should be so dug that they will be m
capable of holding water the excavations should slope
m such a way that the water wall dran away Better
sull avoid them altogether

When new roads or railways are bult numerous cul
verts mudt be provided mm order to ease the flow of
water' which 1s often obstructed by the new earthworks
Sutable drainage preferably underground 1s essenuial.
Ml dams on rivers also interefere with patural dramage
and should be carefully checked

The clearing of forest 1n Africa favours the spread of
A gamba cleanng of jungle i the East favours such
mosquitoes as A maculatus and A minimus 0 Where
ever possible the patural cover of the land should be
preserved.

The wnstallation of a piped water supply will do away
with the need of storing water 1n pots tanks wells etc.
,w"‘.’.‘" are got nid of 1 many different ways but the
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5 A pyrethrum spray (see page 328) should be nsed
twice a day Special attention should be given to dark
corners, behmd curtains, under beds and baths, and the
spray should alse be directed upwards to the corners of
the ceiling

6 In some circumstances, 1t 1S necessary to apply a
mosquito repellent Dimethyl phthalate 1s by far the
best one 2nd small quantities should be dabbed on all
exposed parts of the body, though it 1s unmecessary to
cover every 1nch of skin It acts like a magic shield
and gives complete protection for three hours Creams
containng the substance protect for even longer

7 Finally, there 15 the best method of all, for most
places—the treatment of houses with DDT or *“gam
mexane " This 1s 2 method which has to be carried out
by the public authonty to be really satisfactory, because
unless every house 13 treated, the method loses a lot of
value, soon The
chotce of insecticides and the methods of apphcation
depend upon local conditions  The more impos
sprays are described on page 329 The general principle
18 to deposit a film of snsecticrde on all surfaces upon
which mosquitoes may afigit, it 18 ror fo spray aud
the actual 1nsects themselves, and therefore the usual fht
spray which provides a fine mist 13 unsuitable A hr‘?er

. ¥, © g

. . '
feet or 60 1n diameter require nearly a gallon of a § per
cent solution The actual dosage depends uvpon the
type of construction of the house, a wooden house need
1ng less, a mud and wattle more DDT This deposit
18 lethal for mosquitocs for three or four moaths and
10 many places 1t is only necessary to spray two or three
times 10 the year

Tt now seems possible that the systematic use of
DDT or “gammexanc” will extermmate certaia
species of mosquitoes over very wide areas of land
whole 1slands whole countnes and perhaps one day
over whole continents
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B Contrel of Mosquito Larvee

The control of larve of Asophebnes asd of many
wpecies of Culicines needs either dramnage work, or
applications on a large scale of substances which kill
lave Such work cannot be cartied out by the ordiary
person and will wually be done by the public authority
But students may be employed 1n connection with such
work and ought therefore to understand a litle of what
1 being done and why 1t 13 done

Remember that many of the raportant malana carry
i0g mosquitoes are found 1n man made breeding places
and that the yellow fever mosquito hkes domestic uten
ss 38 much as auything m whuch 10 breed. So with
tome care, 1t s possible to prevent quite a lot of mos
Quitoes from appearing at all. Prevention 1s better and
much theaper than cure!

The following are the cief ways of avoding the
€rf2lion of breeding places .—

Bortow pits should be so Qug that they will be 1o
capable of holding water the excavations should slope
1 suth 2 way that the water will dran away  Better
stlf, avoid them altogether

#0 new toads or tailways are built pumerous cuf
vers mdt be prowided 1 order to ease the flow of
water which 15 often obstructed by the new earthworks
Sutable dramage preferably underground 18 esseotial
Mull dams o nvers also interefere with natural drasnage
nd should be carefully checked

The cleaning of forest in Africa favours the spread of
A gamba clearing of jungle in the East favours such
osqutilocs a3 A maculatus and A mmmus so where
SVer possible the matural cover of the land should be
Preserved

The installation of a piped water sepply will do away

ticed of stonng water in pots tanks wells cte.

Larve are got nd of 1o many different ways but the
W0 main methods are by dralnage and by the applica
on of substances which kil the larve  Fiod out first
which apecies of the Jocal mosquitoes it 1t becessary 10
destroy ™ Whach for wstance are the malana carmiers”
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as Gambusia, may be iotroduced into the well and
control obtamed 1n this way Fish are also employed
1 Teservorrs, tanks etc  Breeding 1n rocky streams may

o~
killed Then, near the coast the sea Water may be intro
duced 1ato a lagoon, and the increase of salimity will kil
the larva  Swamps can often be dried up by planung
trees in them the excess water 13 first 1ntercepted by
temporary ditches and mosquto breeding i these has
to be carefully controlied for the first few years after
the plantation has been made It 1s tmportant ta find
out first 1f the swamp 15 really breeding dangerous
species of mosquitoes because in many countries they
do not do so and only comparatively harmless species
are found 1n the swamps
4 Aedes Control —This 15 a special subject which 15
descnibed here separately because it 15 a sure way of
eradicating the menace of yellow fever  For sucoess it
1s essential to have an orgamsation capable of carryng
out repeated house mspections fo search for and destroy
containers holding Agdes lanz Every house m the
area 13 visited once a week and the details arc wntien
up on a specral form and on the house card stsetf The
nspectors are checked 1n tum by sentor wnspectors by
chief mspectors and by the person m charge and 1t 18
only by this repeated cross checking that good results
can be obtamed
Most A¥des control orgamsations also mclude“(a)'ln
wd ae o bme hatiles

crete of with a mixture of bitumen and sand A sumpler
method of Aédss control may be the application of
resdual DDT or gammexape fo all the houses in the
town
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Sunulum
Ientfication—~The species of Simafwm are small
Biack two winged fhies of rather stout buld and with a
humped back  They are well known wherever they
oce

ur

Life History aud abjts—The stages are the same as
in mosquitoes  The cggs are lad in masses on rocks
uoder water The larve have suckers on ther bunder
eods and attach themselves by these 10 a rock but are
also capable of crawlng  Their food 1s much the same
s that of mosquito-larve  In Africa the most wmportant
sprces are Spuwm damposwm and S neavet  They
appear to like rapidly flowsng nivers and streams with
many cascades and water falls S neavei bkes streams
deeply shaded by forest In Central America the impor
ot species 18§ ochraccum  brecdwog m \ery small

The fiy batches under water, Tises to the surface and flies
away after 1ts wings are hardened

The females have a particularly irmtaung bite but the
thales do nog bute 'The fernales bite by day especially 1n
thady places near rivers

Diseases Transmitted —The only disease known to be
transmutted by Simulium 13 Onchocerclasis  The cause
of tns disease 18 2 small worm and it 15 transmitted
the same way a3 the worm which causes Filanasis

Control—~The Simulium vectors of pachocerciass can
be completely and permanently eradicated by dnippiag an
emulsion of BDT into the fested nvers  Two parts
of DDT per millon of water are sufficient under
suitable conditions to ill all farve and pupe for st
least a dustance of 15 miles down stream  The DDT 1
vphed every fortnight for 3 or 4 months and as far as
Possible alt’the nvers in the aréa should be treated
simultapeously ‘The dotage has to be worked out in
Ttlation to the flow of the water Gn cusecs) and where
{his 1§ very great as i the Nile or Congo the method
1t probably ;napphcable The highest point up stream to
apply the DDT 15 determined by finding the point
abave which the vector species 13 absent
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SAND FLIES
Identification —The sand fly or Phlebotomus (Fig
18 3 very small 1nsect—much smaller than 2 mosquito—

with a hairy moth Iike appearance and two oval lanceo-
late wings The cyes are conspicuoss and black

Fio 94 —A SANDELY (Phlebosoms )
(Weayon's  Peotozoologr}

Life History and Habuts—The long eggs are lad 10
cracks and crevices i dark moist ground 1n rubbish 1
the shade of old buidings In caves etc The eggs hatch
in ten days mto larvae which feed on the organic matter
around They go through a pupal stage and after about
a moath the adults emerge  The ferale of some species
attack man i the evening as soon as the sun bepns to
set. They are so small that they readily pass the usual
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FLIES

Identification.—All flies have two wings ‘The flies
dealt with 1n this scction are stout bodied, and this at
once distinguishes them from the slender bodied mos
quitoes and sand flies They are much larper thao
Stmuliem and do not have humped backs

Life History and Habits.—With some exceptions
which will be meationed below, flies go through the same
stages as mosquitoes—egg larva, pupa and adult The
eggs are laid on human faces, cattle droppugs bad
meat or dead amimals and vanous other refuse, the eggs
hatch very quickly (vsually m 3 few hours) The Jacve
are white grubs, tapering from behind forwards and with
no legs or distinct head they are known as maggots
They feed for a few days and then burrow wmto the
ground where they become pupz After a short time
which varies according to chimate, the adults hatch from
the pupa, crawl up through the earth to the surface and
fly away

The adults of some flies suck blood through a pro
boscis rather like that of a mosquito, but stouter and
shorter  Most species however do not bite but feed
on a great vanety of substance, mcluding human food
and filth R

House Flies

TIdentificahon —Rather small fhies, usually dark grey
or black with pale grey or dull yellow markings All
belong to the genus Musca

Life History apd Habits.—The Ife hstory 13
described above The principal breeding places are
droppings of man and cattle, domestic refuse, coffee
pulp, decayng cotton sced and many other kinds of
vegetable refuse  Different species prefer different types
of breeding places

The adults feed both on filth and human food

a8
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Drseases Transmutted.—There are three ways 1n which
discases are commonly transmitted by house flles

 When a fly 1s examned under a lens 1t will be seen
that 1t has many hatrs, especially on its legs  When 1t
tetiles on filth, bits of the filth (which may contai
disease germs) stick to the haws and are easily trans-
ferred to clean food

2 If a fly 1s watched while feeding, 1t will be seen
to regurgitate a drop of hiqud (that 1s to say, return
Liqud from 1ts mside as 1f 1t were vomsting) and to suck
the drop up agamn  This 15 because a fly 1s unable to
feed on solid food and the regurgitated liquid, which
1 mostly water, dissolves such substances as sugar and
enables the fly to suck them up The hiqud often con
;xm;- disease germs, and some are left behind on the
oo

3 Many discase germs can pass through the fly's
mtestine unhurt, and be passed out with its fazces still
dangerous to man These fzces are often deposited
o human food and thus infect the latter
’;2:: prncpal diseases carmed by house flics are as
ollow

1 Dysentery.—~The orgamsms of both amebic and
bacillary dysentery are picked up by fues from the
fzces of infected persons and trapsferred to clean food
either on the fly s hawrs or by the regurgitation method

2 Typhold can be contracted 1 varous ways, but
especially erther by personal contact with an infected
Pemon or by the comsumption of water, milk or food
1ofected with the germs This infecuon of food 15 often
aused by flies ether by carrying the bactena on their
kairs or by the regurgitation method Some people have
harge numbers of typhoid germs in ther gut without
showing any sign of the disease, such people are known
3 ‘carriers,” and their feces are full of the germs
which thus become readily available to flies

3 Tuberculoss.—Flies obtam the germs of this
disease from the fzces or sputum of an mfected person

® germ3 pass unharmed through the fly's intestne
nd may be deposited on food with the fly s fzces
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4 Other Diseases—The housefly may cause the
spread of yaws by carrying the germs from a yaws ulcer
10 an ordinary sore which subsequently develops tato
yaws Flies are thought to be concerned m the trans
musion of poliomyelitis (nfantile paralysis) by convey
mg the virps from imfected fmces to food or drmk.
Amongst other diseases cholera must be mentioped as
an occastonal fly borne disease though 1t 1s more often
transmtted by infected water

Control ~The chief points of importance o reducing
flies and the diseases carried by them are

1 To abolish places n which fles breed

2 To make sure that no human fzces or other matenal
(;om which they can obtamn 1afection are available to
them

3 To see that even if they become iafected they
have no chance of infecting humaa food.

The most important way in which these results can
be obtamed are

1 Bulding proper fly proof latnimes and seeing that
people use latrines instead of going outside 1n the bush

2 Burning or burying all rubbish to destroy breeding
Places

3 Gettng nd of all cattle droppmgs exher by
spreading them out on ground which 1s 10 be cultivated
and digging them 1 later, or by stonng them i a pit
well coyered with earth until they cag be used for
manure The use of them in this way 1s also very valu
able for non medical reasons as 1t greatly increases the
crops which will be obtained

4 Covering all foodstuffs (espectally milk} so that
flies cannot foul the food

5 DDT or gammexane™ can be used to great advan
tage 1 reducing the number of houseflies  The jasectt
cids can either be sprayed on to windows doors and
other surfaces upon which flies like to rest indoors of
on to the actual breedmg places of the flies  Here 1t
acts not on the immature stages but upon the emerging
adult
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. Blowfues and Flesh Fles,
dentification —The princspal flies which are included
in this group are (1) blowlies or bluebottles (Chrysomia

a0d Luciio) fsee Fig. 95) (2) flesh flses Sarcophaga) ()
the fiy of the Congo floor mapgot {(Auchireromvia and

Life flstory and Hsblts.~The e history 15 the same
A that of the hause fly (p 310), except that the femate
’



116 TROPICAL HYGIENE AND SANITATION

of closed scissors while m all other biung flies the
wings are held 1n the same posttion as the blades of
a partly opened pair of scussors (Fig 96)

Life History and Habits —It has been mentioned that
n Sarcophaga the eggs hatch within the' body of the
female so that she lays tiny larve snstead of eggs In
Glossina the process 1s carried a step further and the

Fic 96 —A Taatse Fiy (Glos me)

larva 13 kept within the body of the female uotil 1t 13
ready to pupate (sce Fig 97) The female then deposits
the larva on the ground in some suitable place and it
immedsately burrows into the ground and pupates with
out feeding Because the larva 1s protected within the
body of the female fly until st 13 ready to pupate 1t
escapes many of the dangers which other larvz have to
face and m copsequence 1t 13 unnecessary for very
harge numbers of young to be produced so that some
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may survive, and tsetse breed slowly and only produce
small umbers of larve  This 13 very important becanse
% meaos that methods of control which kali compara-
tavely small numbess of tsetse may reduce their numbers
cosiderably, whereas such  methods
would be of lttle use against other
wsects which breed rapidly and produce
large numbers of young The larva Y
remains within the body of the female
for about 3 fortmght, and only one
s _produced at a time
fe are large numbers of species

of tsclse, and the breeding placey duffer
mote or less for each species All spaciey
oeed tome shade for the pupe, and
eanth which 13 not 100 dry of too damp
and which s soft enough for the larve BiS, ¥ AR
10 be able 1o burrow into 1t easily The
PUPE also need shelter from rain  Favounte breeding
places are under fallen trecs and at the roots of trees
or bushes

The habts of the adulis also vary according to the
species, but all feed by sucking blood, unbike mosqu
toes, both male and female tsetse byte and suck blood
Some prefer the blood of man and others prefer that
of cattle or wild anumals, but most species which feed
08 cattle or wild aumals wiil also bite man  An mpor
ant pecies (Glossina palpalis) only occurs pear lakes
or mvers, usually wn forests where there are opea spaces
@long a stream, for wstance) and undergrowih  Other
pecies prefer bush country to forest, and may be found
far away from water Most tsetse bite by day, but there
are some which bite at dusk, or even at might, and are
ifficult 1o find during the day

Duesses Transmitted ~~The very dangerous disease
kuowa a3 sleping mickness 15 carried by certain species
of Glosina  There are two forms of tleeping sickoess,
Rbodesian earred by Glossinag Morsitans and Swynneston
iod Gambian caried by Gloxsing pulpalis and tachin-
oides Other species carry a very fatal discase of cattle,
¥hich 1 caused by an organism very closely related to
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useful 10 small areas or 1n large arcas Which have besn
braken up into sections by means of clearings They
include traps for pupz and for adults and hand catchug
of adults

Traps for pupx are made by sefting up shelters
(esther fallen trees or small thatch roofs) m which the
female tsetse can deposit her pupz  If these shelters are
properly made the female fly often prefers them to

may be caught but none has proved more than partially
successful

A method which has proved useful for small streams
but less so for larger nvers and lake shores 1s hand
catching the fly 1o blocks of bush balf a mile to a mile
10 length, separated from each other by cleanngs 2
quatter of a mile or s0 1n width  The flies are caught by
hand nets and within a year may be completely elumm
nated by this method

4 Inspection of People—~People lLving or working
1 areas where the tsetse flies are infected are smspected
at regular 1ntervaly by doctors to see whether they are
wfected wath sleeping sickness  Thes 15 done partly
because it 1§ much easier to cure the disease 1f it 19
discovered early but much more 1n order to be able to
prevest mnfected people going into places where they
will be bitten by tsetse and thus pass the disease on to
others Inspectton of people traveling from an area
where the tsetse are fufected 1s parficularly necessary In

CAEE i e

< nean whars

- .
G morsitans because they breed over a much wider
termitory By altenng the character of the bush that 1s
by cutting our the vegetation partieularly favoured by the
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54 1 B possidle 1o reduce the numbers of thus specses
fouskerably Ths s calfed * discnonative cleariogr
1o the future, st 15 likely that DDT or gammenane”

secucidal smoke camisters provide another method
fi attacking the tsetse fiy They contazn DDT or

pontxaze  and the smoke 1s allowed to dnft mto the
e b

- .
. . .
' . -
- . - i .
FLEAS

Meatification —Fleas are small wingless insects which
a1¢ sirongly Battened from mide fo side (not from above
dowtards as in the case of bedbugs) (see Fig 981  This
Wape distinguishes  them
from all other mnsects  In
2 ton therr well koown

bt of Jumping 1s very
fare among 1nsects though
s shared by a few other
3roups.

ron,
Meauficaon  of  fhe
Jevtra and species of fleas
5 100 difficult to be done
By anyone but an entomo
fogys, %
Uite Hstory gnq 11abits, Fie 98 —A Pty
~The female rat flea lays her cgge erther 1n the nest of
353t of in the Gust where the sat 1s 1 the habat of feed
D8 The egps hatch nto very small wonm hke larva
hach feed on small food partcles in the dust blood
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contact with the fur of the rat and the flea denuty s
very quickly reduced A 5 per ceat oil spray s alse
effectiv

Rat and Flea Surveys.

Rat and flez surveys are done in order that we caa
find out what are the species respanuible for plague
the place concerned, whether the field rats are taking any
part in the spread of plague, and whether plague 1 com
ang from any particular kind of building or any particu
lar part of the town This information all helps 1
planning control of plague

To carry out a survey of this kind, the rats must be
eaught alive, because fleas start to leave a rat as so0n
as 1t 18 dead and begins to get cold For this reason we
cannot use *mipper” traps, although these catch more
rats, but must use cage traps

The traps are baited with food attractive to rats, of
which the most convement are raw sweet potato or ¢as
sava and roasted or raw groundnuts (these have to be
wrapped up 1o dry leaves or tied up to make a lttle
parcel) It 1s 2 good thing to change the bait now and
then, especially if not many rats are being caught The
traps are mostly set in burldings where there are traces
of rats but some should also be set 1n the open in rat
runs among the grass The traps are visited daly and
any which contain rats are brought back to the office

The traps ate then placed onc by one 12 a box witha
tight fitting Lid, and the rat and fleas are killed exther with
chloroform or with cyanogas A piece of white paper 18
placed to cover the bottom of the box, so that any fleas
‘which fall off the rat can be easily collected off the paper
‘The trap 1s then taken out of the "°f and u:e n:

- S et 1 U e Lat gt eha b

the rat the place and the date The rat 1s skinned and
labelled with the same number, place and date
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concerned  Some fleas oceur almost enurely on ficld rats
and others mostly on house rats, so that the species of the
fieas indicates whether the house rats and Beld rats are
coming lato contact, and the probability or not of the
Latter being concerned 1a the plague problem  Many of
the fleas found on field rats are very unwilling to bite:
man, and are therefore uniikely to transmit plague to a
human cas

The 5ex of the rats, whether they are adult or young
and the number of young in pregnant female rats should
also be recarded, as these facts give information about
the breeding season of the rats

TICKS
Hdentification.—Ticks are not msects, and can be dis
uogushed from all wnsects by the fact that the adults
bave four parrs of legs 1nstead of only three paws No
“5“‘;““‘ wings  There are very many lpecn:x but most.
of fhame Faad m = ta = A8 m e ta) A mem AP

Alnca), talafe and puricata (0 Amenca)

e hard teks (distinguished by the projecting head
Parts and proboscis) also transmut human diseases, impot
lant species being Dermacentor andersoms and Rh preepha
I sanganeus,

Life Hstory and_ Habits.—Both the yourg and adulty
of ucks focd only by sucksng blood The female layy
Batches of a hundred or morc eggs a pumber of times 1

T Ife The eges hatch in about three weeks and pro-
duse aymphs, which are very like the adults except that
they are much smaller and have only three pairs of legs
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MITES
Identification.—Mutes resemble ticks in haviog four
pars of legs but they are very tiny creatures, less tha
a mullimetre 0 length  There are two kinds of medical
i Sareoptes and
Life History and Habus.—The female Sarcoptes bur-
rows 1to the skin of a person fo give nse to the con-
dition known as scabies The chief regions affected are
the fingers and wnsts and the buttocks  The female lays
¢ggs It a tunael In the skin, the eggs hatch and the
larve and nymphs live on the surface of the skim or 1
small but not permanent burrows The mutes give nse
to an intalerable 1tching, worse at mght

oceurrence Al cases should receive proper treatment
and clothes should be stenlised by boiling

Trombicula mites are difficult to contral and at present
the best weapon agamst them 1s to avord gettng bitten
Frequent baths, constant watch for mites on the skin
avoidance of infected bush, give some protection  Cloth-
mg impregaated with dumethy] phthalate (see p 000) 13
the best preventative measure and remams effective for
a week

THE PREPARATION AND USE OF INSECTICIDES
Four insecticides or repellents will be described, pyre-
thrum, DD T, * gammexane ” and dimethyl phthalate
Pyrethrum powder—This 13 prepared by drymg the
flower heads of the pyrethrum plant The active pns-
ciples are pyrethnns which act as confact poisons on
1nsects, probably paralysing the nervous system A goo
quality powder must be used, this should have been kept
n the dark n a dry, cool place and m a sealed container
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If these conditions are not observed there will be a great
loss ia poteacy of the pyrethrum  One pound of powder
s toaked 1 § gallon of kerosene for 48 hours with occa
wonal stirnng The o1l 15 then stratned and the residue
thrown away It 1s best to keep the solution i the dark
in stoppered battles  The solution 1s used a3 2 fine spray
or sust 1t has 1o be well atomised because 1t acts by
direct hit on the insect The ordinary hand fut spray
can be used but if large buildings are to be treated 1t 15
better to use a pump with 3 separate glss atomising
contaiger (actograph pressure spray) A convepieal but
mare expensive method 1 the freon bomb which releases
a very finely atomused spray 1ato the atmosphere and so
many seconds of spraymg with this apphance will din
et a known sized room Ao adequate dosage of the
kerosene solutron 15 15 30 cos (half to one oupce per
1000 cubic feet.

‘The important things to remember about pyrethrum
spraying are —

1 Use a good quality spray  The solution should
contain 015 per cent pyrethnns
Use a well-made strong it gun
Remember that the pyrethrum acts directly on
the nsect  There 18 no residual effect, 80 1f
mosquitoes are Dumercus It IS necessary to
spray several tiumes in the course of the day

Pytethrum 1s usually harmiess to man and domestic
anmals though a few people are sensiuve to 1t and
develop a rash.

DDT—This js 2 white pawder practically wnsoluble
o water but saluble 1 varous oils It {s not a pure
tubstance and the percentage of the active principle vares
tn dTerent samples from 55 per cent o nearly 90 per
et In working out correct Gosages It 18 essential to
8nd out the strength of the samole  There are four
common ways of using DT 3s a tolution in oit asan
emulsion as a suspension and as a powder

DY . .

wn
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MITES

Tdentification~—~Mites resemble ticks 1a having four
pairs of legs but they are very tiny creatures, less than
a millimetre 1o length There are two kinds of medical

Sareoptes and

Life Hustory and Habus —The female Sarcoptes bur
rows 1nto the skin of a petson to give nise to the con
dition known as scabtes  The chief regions affected are
the fingers and wnsts and the buttocks  The female lays
epgs tn a tunnel 1n the skin, the eggs hatch and the
larve and nymphs live on the surface of the skin or 1
small but not permancnt burrows The rmites give rse
to an mtolerable itching, worse at aught

Different mates carry vanous forms of typhus  Scrub
typhus 18 c:rned‘_by lthharvest mte, ,Tromblcll[a Th:
mme a1 Am Ll a il an sl ] e e -

rodents act as reservours of the disease

Method of Control —Scabies 1s a disease of dirt and
the ordinary processes of cleanliness will prevent its
occurrence  All cases should receive proper treatment
ant SRt i R S

the . -
Fr- .
avoidance of 1afected bush give some protection. Clath
mg smpregnated with dimethyl phthalate (see p 000) 1
the best preventatise measure and remamns effective for
a woek
THE PREPARATION AND USE OF INSECTICIDES.
Four insecticides or repellents will be described, pyre
thrum, DD T, * gammexane ® and dimethyl phthalate
throm powder —This 13 prepared by drying the
flower heads of the pyrethrum plant  The active priz
ciples are pyrethrins which act as contact poisons on
insects probably paralysing the nervous system A good
quality powder must be used this should have been kept
»n the dark 1n a dry cool place and in a sealed container
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1 these oaditions are o, obseryeq ghere Wil be 3 greay

Sin
dzed room ppn Adequate dosage of the
hmn:ne solution ;4 1530 cos (haif 1o one ougee per
1 cubte feey,

' Importang things 1o femember aboy, Pyrethrum
Praying are

! Use g gooq Uahty spray g, $olution shoutq

Contan (5 per ceny, Pyrethnng

-ma,
3 Remembtr that the PYrethrum aeqq directly o
1nsect  There 1o 00 residugy effect, 40
Mosquitoey apa Amerons ¢ 4 pecessary 1o
EPray severy) Umes 1 the course of the day
Pyrethrun, is Usually harmiegs © man gpq domesic
anmalg, though 5 few bpeople are sensitive 10 gy and
lv,elop A rash

Do, oll—-pp 1 dissolves mosy e2s1ly 1n wypn,
Kerosene, 374 power kerogene 13 better than ghe Iighting
ot cur'y “gallon drum half and use he jopes por
tor a5y DU bath wah aponyy 12 gallons of wager.
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usual type of sprayer or from aucraft The emulsion
mixes with water of the breeding place and does not
remain on the surface  Therefore the larva of those
mosquitoes which spend much of their time under water
—such as certain Culicies—are very easily killed by
this method

DDT emulsion can also be used as a residual insect
cide 1n houses and 1s as effective as the kerosene solution.

D.DT Suspensions —These are also called wettable
powders  and are bought ready made First add a hitle
water to the powder to form a cream thea add the
remaining water 1 the required proportion with vigorous
stirnng A semu permanent suspension of DDT 1s the
result 1t should be agitated dunng use owing to the tend
ancy for the powder to settle This preparatton agau IS
useful becanse 1t 1s easy to carry and the cost of transport
of matertal is reduced  The dilution 1s made on the spot
In certam types of houses particularly the mud huts this
form of DDT gives the best results agamst adult
mosquitoes

DD T powder —Powders are widely used for domestic
purposes the de lousmg of a populatian 15 also carried
out with this form of DDT The DD T 1s muxed with
an inert base such as China clay talc or kaoka  The
mixing must be done very thoroughly and this requres
a ball mull A very fine powder should be the result and
the powder will then be found to cling to the clolhlng'

.

1s required but 1t 15 often advisable i domestic use to
repeat the apphication once or twice at fortoightly inter
vals It can be employed agamst flies cockroaches ants
moths bees and many agncultural pests
“ »—Ths 13 a prep

consisting of the active form of benzene hexachlonde of
6 The usual preparations are powders containing
about 12 per cent of active gammexane ' Kerosene dis
solves about 3 per cent of the crude form 04 per cent
of gammexane® It can be applied in the same formu
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lations as D DT that 15, 1n kerosene solution, emulsion
suspension or powder It 1s a very powerful msecticrde
but most forms have a rather unpleasant smell For
most purposes 1t works as well as DD'T It 1s probably
less effecive m Swmuhum contro, but 1t 13 much more
effective agaimnst ticks  For the destruction of adult

foot The suspension 13 prepared by adding one pound
of tius powder to one gallon of water Equivalent dosages
are recommended for an o1l solution or emulsion (These
dosages refer to the crude 666 and not (o (he  gammex
ane” actve principle)  As a Januode about half a
pound of 666 per acre either as a dust solution or emul
sion, 15 effective against mosquito larva

Dimethyl phthalate —Thss is probably the best nsect
repellent yet discovered It 15 effective agamst mosqui
tocs, sandflies tsetse flies mudges Stmufwm mutes and
probably other insects It will not repel ticks nor sting
Ing nsects ke wasps It 1s a colourless shghtly aily
lqud wath a faint pleasant smeil It 13 dabbed on to the
skin of exposed parts of the body Tt must not get mto
the eyes or wounds and it will destroy certain substances
Ike plastic ¢g, frames of spectacles fountain pens
Under ordinary conditions 1n the tropics the repellent
#cton lasts for about three hours (hough some effecy
persists for many hours afterwards The effect Jasts a hitle
longer if the substance 15 made up Into a ¢ream (say 25
Per cent magnesium stearate and 75 per ¢ent dimethy]
Phthalate)

One of the most valuable uses for dimethy] phthalate
{or even better for this purposc dibutyl phthalate) 1s to
repel and kill mates—particularly the Trombiculid mutes
which cause a form of scrub typhus For this purpose
socks and trousers are thoroughly impregnated with the
quid such garments will then be lethal o mites even
after 5 or 6 washes (n cold water)
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The use of the new insecticides offers great possibilities
1a the control of tropical diseases It 1s now possible 10
destray all the 1nsect vectors of a disease in 2 distnet and
m fact this has already been done i certam places But
these nsectseides have to be used intelligently and it is
always best to get expest advice before starting on major
<control schemes  Be certain also that the insecttcides are
of the proper quality and that the apparatus for applyng
them 315 18 good order Like 1n all forms of insect con
trol a method which will suit one place may casily fail
m another so make certain of all the facts fist. And
Tagtly new techniques are continually being d scovered so
the most modern method should be used wherever
possible

CHAPTER IX
THE DESTRUCFION OF RATS.

Rat destruction and the protection of buildings against
the entry of rats 1s a very important part of health work
i 2ll countries  Rats always gather together tn places
which provide them with food drink and shelter

How to attack them —The first ine of attack is to
remove their food supply No refuse should be allowed
to lie about arnd foodstuffs should be so stored that rats
are nnable to get at them In the house food should be
kept 1n safes covered with gauze wire and placed 1 such
a position that rats cannot gain acCess to them Waste
food should be burned or should be put ito covered
iron bins watil removal Note that all rubbish bins should
be provided with lids and that the hds should be kept
on the bins and not on the grourd No gramn cropy
sngar cane or sweet potatoes should be grown within a
radws of 30 feet from the house Maize and other
grain should be stored 1n rat proof gran cnbs these
can be made quite easily and cheaply and will more
than repay their cost by the amount of gratn which will
be saved from destruetian  The second method of attack
15 to take away sny shelter or harbourage wh ch may
used by rats The rat has many natural enemies—eg
cats dogs hawks and so on—and 1t loves to find a place
Tered with Tubbish heaps of stones miles of woad and
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30 on i which st may hide and obtain its food withouy
danger  No long grass heaps of stones bush timber or
rubbsh should be within 30 feet of any house 1f there
Is a cleared area round a house, rats fear to cross 1t
because when doing so they may be easily seen by thewr
encmes

The th rd method of attack 1s to destroy as many raty
as possibfe by gassing poisoming and trapping

Py O L

. P .
. .
A UgNY POBONOUY ka3 Laled DYULOERN Lydd de Witk
exposed to the air It must he used with great care
Procedure In Gassing —The powder (cyanogas) is sup-
plied 1n aurtight tins which must be kept properly closed
when not required for use A dust pomp with 8 nozzle
10 which a flexible hose pipe 15 attached 1s used for distn
buung the cyanogas  The room which 18 to be distafested
should be made as gasught as possible  The hose pipe 13
inserted 1nto the room through any convement smal]
apetture as for example under a door f there is suff
¢lent space through a veatilator or a small pase of glass
My be removed from the window for this purpose
Persons engaged on the work and on the pump remain
ouside the toom  As soon as the powder 1 sprayed 1t
the aif of the room 1t gives up its powsonous gas which
destroys any amimal or insect ife At the end of half an
bour all doors and windows must be thrown open and B0
one shonld enter the room unul at least another hout
fa3 passed  Anyone who daes 5o runs the ok of being
Tosoned 1f the house has a thatched roof the nozzle
o0 the end of the hose pipe should be thrust wnfo the
Uatch or cyanogas pumped in  Ths should be done
11 many places to ensure that the whole of the thatch
Bat been filled with gas The pipe should also be
inserted inta any rat holes that arc found and the ga3
$10uld be forced down them For the gassing of rooms
10wt § pounds of cyanogas powder are used for every
11000 eub ¢ feet of atr space to be treated



336 TROPICAL HYOIENE AND SANITATION

Precavtions.—Remember that thg gas 1 very dangerous
and will destroy human Lfe as easily as it does that of
vermun, 1f proper care 1s not taken Bveryope concerned
faust be warned of the poisonous uature of the gas and
the premuses shovld never be lefe unguarded uatd all
the rooms have been opened up and are completely free
from gas When fastenng doors and windows it is a
good plan to fix them i such a manner that they may be
opened without entering the room This may often be
done by means of small wooden wedges dniven 1mto the
Jomnts between them and their frames from the outsde

Sulphur diovide will also destroy rats and insect pests
It 15 used for disinfesting ships and railway carmages
being forced imto the holds and s0 on by means of 2
powerful machine called the Claytan apparatus #

Poisoning Rats—Poisons in common use for the
destruction of rats are phosphorus arsemc squills and
barmm carbonate

Care must be taken when hymg' poison baits that

. . L tdean nad Anmast

or buried
Parium carbonate 13 not very dangerous to children or
to ammals other than rats aad is therefore a good
poison to use for this purpose The bait should be
made as follows
1 part binum carbonate
3 parts meahe meal, nice flour or ground nuts
‘The musture should be made 1wt a stuff paste with
water ghee or molasses and thea shaped nto pills about
the sue of a one<ent pece m dmeter If water is
used m making the pills they will fall to a powder again
when dry Those made with ghee or molasses last longer
and are more easily taken from place to place without

damage

Trapping
probably the most efficient

Rats-~Traps of the break back vanety are
t, but dunng plague epidemics
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1t 18 safer 1o use wire cage traps which cakh the rats
alive and therefore their flas along with them  Fleas
leave the body of a dead rat as saon s it 15 cold and

been used otherwise the rats become suspicious and will
not enter them Traps may be baited with bread fish

FC 99 —~DEVALS OF & Rav Peoot S onx

meat etc. They should be cxamined every day After
having been 1n postion for a week they should be
removed and & week should be allowed o pass befort
they are replaced.

Birdlime —This may be smeared on boards having the
bait 1o the centre 13 38 4 very efhcient though cruel
method of catching rats and as it catches them alne ot
prevents the escape of fleas

Making Bwldings Rat proof —Ginnrnes and other
build ngy used for the storage of materials such as seed
cotton flour maize and so on which attract rats should
be made rat proaf  This can be done s follows
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(a) All door sills are to be 3 feet above the ground
outside the building, smooth plastered plaths
are to be provided below the sills, extending
2 feet on each side of the doorway [sec Fig
99 (a)]

(b) The lower edges of corrugated 1ron sheet walls
are to be set 6 wnches m the ground, with 4
nchés of fine cement concrete on each side of
the sheet and 4 1nches below the lower edge
[see Fig 99 (8))

{c) The lower 3 feet of the vertical laps of the wall
sheets are to be held together with small nvets
or bojts 9 mnches apan, to prevent the laps
gaping {see Fig 99 ()]

(d) The floors are to be of cement concrete at least
3 fackes thick or of burnt brcks 4} iaches
thick, or of ironstone set in cement mortar and
6 wches thick [see Fig 99 (d)]

(e) When the store 15 1 use, the ground must be
kept free of long grass, etc, for a distance of
20 feet on all sides
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MENSURATION NOTES

Definitions.
A parallelogram 15 a four sided figure whose opposite
sudes are parallel
A rectangle 11 2 parailelogram whose angles are tight
agles

A square 13 a rectangle all of whose sides are equal.

A rhombold 15 a parallelogram whose opposite sides
only are equal and whose angles are nat nght angles

A rhombus 1s a parallelogram haviog equal 5 des and
whose angles are not fight angles

A trapezoid 13 8 four-sided figurc that has only two of
48 sides patallel

Principles for calculating Areas
Areas—By “area ™ we mean the surface measurement
—ie the amount of surface included within the lLines
of a figure Area is expressed by staung the number of
unit squares required to cover this surface
The unit square has a side equal to the length of the
unit desired to be used  Thus tf we wish to obtain our
measuremeat 1n square inches the unit square has a side
of 1 1nch (see Fig 100)

Rules for calculating Areas,
(1) Foursided Figures
(@) If the opposite sides are parallel thesc are called
parallelograms (1e  rectangle square rhomboid and
thombus) The method of calculating the area is the
same for all.
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Rule —The area of any parallelogram 13 found by
multiplying the length of base by the alttude, or width

Area = bxa
The alutude 13 the perpendicnlar distance between the
parallel sides

1o« e

[ A1

Fie 100
cover a surface of thy area

foot. fo
D A s cual o the ‘wn ¢ savase with the 5 de of | inch

144 squaces &
oedded




APPENDIX 1 m

{2) Triangles, or Three-sided Figures.

These are named according o therr sides and angles

{1 Anisosceles triangle has two of ns sides equal

() Ancquilateral tnangle has three equal sides

() A scalepe tnangle has all its sides of uncqual
kength

tdy A nght angle tnangle 13 any tnangle having onc
caght angle

The base of a tnangle 15 the <tde on which 1t ts sup.
Pused 10 stand (N B—Any side may be taken )

The alutude of any tmangle s the perpendicular
distance from the base to the apex.

Rules for calculating the area of any tnangle

(2) When the length of the base and the altitude are
aawit

Areas=} base x altitude
(b} When the lengths of the three s:des age known
Ara=VEE & BB B9

S=half the sum of the lengths of the sides
@ b and e=respective lengths of each side of the trangle

Example —Find the area of a triangle whose sudes are
3 d4and Sincher  Then

s=34443 ¢
7
S—gc6-3=3
S b=6-4=2
S-e=6-5=1
oaram VExZxsxi= VIo=6 square tnches
Rightangle Triangles —The longest side is called the
*hypotenuse *
Ru'e —The square on the hypotenuse 15 equal 1o
the sum of the squares on the other two sides or
at4brmct
Therefore, the leogth of the hypotenuse may be foond
ax follows
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Let the hypotenuse be catled C and the other two sides
2 and b respectvely, then

C=Vath
To find the length of the remaming side when the
length of the hypotenuse and a or b are knowa

a=Vei=F% and b=Vi—gt

Exampre 1 —Find the hypoteause of a night angled
trrangle whose sides are 3 and 4 inches

C= Val bt = V3T = VO+16= VZ5 =5 inches.

ExampLe 2-—Find the length of the remaining side
of a right angled trangle whose hypotenuse 1s § wches
and stde 4 mnches

a=V@—bi=V5i=4¢= VI5-16=V¥=3 mnches
.

Exsetere 3—IF the spag of a roof is 24 feet and sts
nise 1s 12 feet what will be the length of the rafters?

NB—If the two sides of a night angled triangle are
of equal length the length of the hypotenuse may be
found by multiplysng the length of a side by 14142

Here the rafter 1s the hypotenuse of a mght angled
triangle and a and b are equal

Thercfore ax14142=12 x14142=16 9704 feet

Explanation
C=V@FL?, therefore, if @ and b are equal, then
C=V2a? or V252
VF2=b and Vat=a and V2=14142
Therefore Ce=14142Xa or 14142X5
Note—~The diagonat of a square 1s the hypoteause of
a right angled triangle having two equal sides
Therefore the diagonal=14142xsde of square, 208
side =diagonal -1-14142
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) Clrcles.
The circumference of a circle 1s the distance asound
[

The douneter of a circle 3t a straight line through the
centze fecminated on each side by the cucumference 1t
didey 1 circle 100 two halves called “ semiciecles *

Tbe radius is a straight hne drawn from the ceatro to
the circumfersnce and i¢ equal to the length of half the
dameter

The Jength of the circumfereace of a tircle is slweys
3 1416 umes the length of 1ts diameter

Rate L—Circumference=rd

NB—The Greek letter = (pronounced g s always
used to represent 3 1416, or more roughly 3177 and d=

Rule 2—The area of a circle 1 found by
Aream xR? (R=radivs)
Eximrzz | —What 1s the area of & circle whose dus
meter 13 10 feet?
Radis= P =3 fect
Area=$x5x3 1416=78 54 square fect
ExaMrLe 2—What 13 the Tadius of 2 circle whose ares
15 78 54 square fect?
Radus=4/ 35 = v T5as feer.
31416

() Regular Potygons.

A polygon 15 a figure having more than four sides

A regulae polygon is one whose sides aee of equal
fength,

A pentagon 15 2 polygon having fae mdes

A hexagon iy & polygon having six wides
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Rule~The arez of a regular polygon 18 found by
multiplying the perimeter by one half of the perpendicy
lar distance from the centre to a side

Thus area=length of sidexnumber of sidesxhalf
perpendicular distance from centre to side

Pringyples for caleulating Cubie Space or Volome

The Measurement of Solids

A solid has three dimensions length, breadth and theck
ness

The volume of 2 solid 13 the space jacluded within its
sides and 1s expressed by stating the number of umt
cubes required to fill the space

The umit cube hag length breadth and thickness equal
to the unit desired to be used—e g, if we desire to express
our measurement 10 cubic feet the unit cube will have
sdes1fo * ¢ ' ve i . da-mt

1 cubie fc ‘ N .

feet broaa - -
In other -
cubic yard

A cube s a rectangular solid whose sides and ends are
squares

A rectangular solid 13 one whose sides and ends are
rectangles

Rule.—The volume of any rectangular sohd 1s found
b

4 Volume =length x breadth x height.

A cyhnder 1s a solid whose eads are parallel and whose
section 1s a circle

Rule 1 —Volume of a cyhinder=area of base x height.

Rule 2—The relative capacity of cylinders of equat
herght 18 ag the square of their diameters.

A cone 15 a solid whose base 1s a circle and whose sur
face tapers to a pomnt called the vertex.™

Rule —Volume of a cone = area of base x one-third
altitude (the altitude 1s the vertical height)
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vegetables, fruit, meat, poultry, provisions, etc) Milk
and milk products  Inspection of food Food 1 relation
to communicable disease  Inspection of anumals before
and after slaughter The recogmtion and 1mspection of
carcasses, jouts, and ergans of anunals used for humap
consumption  The diseases of ammals intended for food,
the appropniate action 1n regard to diseased meat

Alr, Ventilahon and Lighting—~The composition of
arr and the various causes of pollution The principles
of ventlation and stmple methods of Lighting and veati
lating rooms and buildings, mncluding schoals, factores,
etc Measurements and calculations of areas, cubic space,
ete

Building Construction and Samitation.—The advan
tages and disadvantages of vanious saniary apphaaces,
the mspection of builders’ and plumbers® work, the mter
pretation of drawings and of specificatrons  Selectton of
sites (aspect, charactenistics and composition of soil)
Algnment (spacing from adjoinng houses and streets)
Area of site to be built upon

Dramage, Sewerage and Sewage Disposal —A know
ledge of various systems of draieage and their adapta
bility to particular coaditions, construction of drams,
1évelling and methods of draia testing  Sewage treatment
and disposal

Collection and Dispossl of Excreta and Refuse —
Scavenging and varous systems for dealing wath trade,
house and other refuse

Disposal of Dead —Supervision of cemetens, etc

Village and Rural Samtation (mcluding Samtation of
Fairs and Festivals) —Selection of sites for villages Lay
out of building plots Roads Open spaces Samitary
plots Markets Schools Pubbc bulldings Construc
tion of field mcinerators, fly proof pit and bore hole
latrines, modified septic tank latnines, ete Sumple methods
of protecting streams, springs, wells, tanks and reservours
from pollution  Purification of village water supplies
Ant mosquito measures

Port Samtation —Duties of a samtary mspector 1
connection with shipping and aireraft
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Prevention of Disease —Nature of infection sousoes
a0d mode of spread  Tocubation penods apd Quarantine
periods of cummunicable discases  Preventative measures
Agaunyt commun cable diszases special atenton being
$tven to diseases Jocally prevalent  Practuce 1m vactina
too  Intramuscular inoculation Distafection taclud ng
wells and tanks  Isolation hospitals and smrugration and
quarantine camps Charactensuc symptoms by whch
mfectious diseases deaths from which have to be com
monly recorded, can be recogmscd

Eatomology —~The life histones of the common mos.
Quitoes the flea the louse the tick the tsetse fly the
common domestic fly and a knowledge of how d scase
1t conveyed to man by these msects A knowledge of
measures of control of the above imsects and other
vermi ancluding rats

Students should be able 1o 1dentify the more important
species of imsects included in the above

Hetminthology —A knowledge of the common hel
minths that infect man 1n the tropics and methods adop
1cd for thur control—e flukes schistosoma tenis
{tapeworms) ascans (round worms) hookworms etc

Statstics.—An clementary knowledge of the meamng
of the terms and of the methads of calculatiag barth rate
death rate and rate of 10fant mortality

Regtration of Vital Statistics —Systems i villages and
towns  Duties of various officers concerned 1o the regis
traton of wital statistics avd noufication of epidemic

ases

Office Routine ~A knowledge of the general duties of
the office and methods of keeping books and reconds.
Preparation of reports  Preparation of pay vouchers
Penod ¢ returns of work done inspectiony made otices
and summonses served etc.



352 INDEX

Daisposal of lhe dead 220
Door frame
Doors 99
ge system rules 144

Dramns
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french 63
Jomting
method of laymg 146
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smoke test 154

sub-s0} 68

traps 147

water test 153
Draughts 1
Droplet mfection 228
Dysentery 162 248

E
Earth used as mortar 117
Earthenware 144
Element €
Elephantiasis 263 286
Entenc fevers 246

Esumatng
bricks 122
concrete 119

corrugated on sheets
125

mortar 123

pawnt work 127

plastening 124

tles 125
Evaporation §
Excremental matter 130
Exercises

ar and ventilation 9

29
building eonstruction 128

d sinfection 211
house dra nage 157
meat and other foods 196
refuse d sposal

water 64

F

Fan! gl
Fl:m:le 263 286

Filarass, 263
Filters

candle 41

sand 4:
Fultraton 41
Futtngs san tary 148

Fleas Ifo hustory 331
Fhes control 312

concrete 85
murum 96
position of 96
Flokes 189
Foot and mouth disease 186
Food preservation 168
botthng 175
canning 174
chem ul musepun 13

m:(hcds of 169 176

pckhing 170

Tefrgemtion 172
70

smokig 171
with sugar 173

Foox
Storage 177
unsonnd 168

Formaldehyde 207

Formalin 2

Foundations
concrete for 120
plan of 120

Gammexane 332
Gases 1
Gauges
corrugated 1ron  sheets
18

pantles 95
plan tiles 93
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T Venttlation, 10 210
Taenna, echmococeus, 191 ertifical, 19, 27
saginata, 187 cross, 21
solium, 138 extraction method, 28
Tlpeworms, 187, 270 mspection of, 28
Temperature, 201 nitural, 19
Tetanus, 258 plenum system, 28
Thermometer, 202 rough,
ta, 28 Ventitators, posttion of, 21
Throating, 107 size and number of, 16
Ticks, 325 iruses, 221
Vital statistics, 217

controf of, 327
dlsacms transmitted by,

}licn,t:(ﬁcanon, 325 w
hte history, 325
e, 2 Walls, cavity, 105
estimating, 125 copings, 1
hanging, 106 footings, 75, 80
pan, parapet, 107
plam 62 repomting, 106
Toxins, 227 Wells, 56, 305
Trachoma, 258 protection of, 57
Traps, anti vacuum, typ
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1dentification, 315 distilled, 34
hfe hustory, 316 for mortar, 116
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* Jocahzed, 180 smpurittes and pollution
Typhoid, 162, 246 of,
Typhus 236 mams, 50
quantity required, 59
ram, 37
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storage,
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