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PREFACE TO SECOND EDITION

I}« this edition a new chapter has been added dealing

with the more important advances which have been
made in malana control methods durng the past ten
vears The vanous subjects have leen treated m the
same order as in the onginal editron

The hterature relating to ant: mosquito measires has
become verv extensne and the bibliography, which 1s
believed to be reasonably complete now imncludes 1,148
references 88 aganst 576 m the first edition  In cases
where the title 13 not sufficiently explanatory, the
snbject 18 mdiated by a footnote placed immedately
Lelaw the reference

Janvary 1381



PREFACE TO FIRST EDITION

SIN' CD the mmmense importance of the réle played by

mosquitoes 1n the transmssion of disease has come
to be generally recogmzed, the literature dealng with
the application of various anti mosquito measures has
become so extensive that 1t 1s difficult for the average
mafaria worker to heep in touch with the different
methods advoeated In the following pages an
endeavour has been made to give some account of these
methods m & convemient form

It 1s mmpossible 1n & work of thig kind to deal really
adequately with the subject of dramnage, which s largely
a matter for the shilled engineer, but a brief deseniption
has been given of most of the pomts of practical
importance to the malarologist Other important
measures, such as screemng, othng and the use of pars
green, have been tfrested 1n considerable detaal, whilst
an attempt has been made to make some reference
to all the measures wlich have been advocated mn the

hiterature

An mportant feature of the book 18 the bibliography
which contains 570 refetences to books and artile
dealing with the subject These have been arrangec
for comvemence under the headings of the vamowm
measures dealt with A lst of the sources of various
apparatus used n the appheation of anti mosquic
measures 1S grien a8 an appendix



PREFACE m

It 15 hoped that the descriphion of the vatious
measures which have proved of practical unportance will
mahe the book of value to the man in the field, and that
the biblography will be of service to malariologists
generally

I wish to express my thanks to Dr G Macdonald,
of the Malarta Survey of Inds*, for many helpful sugges-
tions, and for kindly taking the photographs which are
reproduced 1n Plates [ and It

May 1931

*This onganrzation is how designated  The Malaria Inst tate of India
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2 PROTECTION AGAINST BIES OF MOSQUITOES

The material should be white, to allow of easy detection of
mosquitoes  The top as well as the smdes of the net should
be of petting and not of calico, as the latter excludes ar
The best pattern 18 the rectangular net, and the next best a bell
net with a circular hoop a yard or two above the bed, to allow
of the necessary stretching of the net Not a smgle rent or
hole m the net should be allowed, and there should be no openings
10 1t for the purpose of entering the net

1f possible a large bed and net should be used, so that the
hands, kmees and elbows may not be pushed agaipst the net during
sleep, and thus be bitten through 1t
by mosquitoes outside If these are
not available, a loose valance of gauze
or a strip of calico should be sewn
round the lower part of the net for a
height of about 9 inches above the
upper surface of the bed The net
should be mare especially full at the

Fre 1 corners, and 1t 13 an advantage to have

Method of counting the  webbmg sewn diagonally across the
;::h;{e;":"t::t:’:i top of the net to take the stram

of the number of holes The net should be hung tnside

counted along the Lines the poles and tuched continuously all

:t:itg;:t:dh ‘:’;l:: ronnd under the mattress, and not be

(alter MacArthur™) allowed to hang down to the floor

Tt shonld be let down before dark 1n

the evemng, and should be stretched as tight as posuble 1n every

dicection to allow the amr to pass freely through 1t When guing

to bed a thorough search should be made for any mosquitees

which may be mside the net, preferably with an electric torch

The net should be put up mn the morning by colleching the

banging portion together, twisting 1t mte a coil and throving

1t over the top bar of the frame

\\'{Len travelling by tramn m malarious localities, diffieulty 1s
often expenenced m suspending a netn 2 railway compartment
Swmall hooks attached to rubber dises, which will adkere by
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4 PROTECTION AGAINST BITES OF MOSQUITOES

A vast number of culieifuges have been recommended the
compositron of a few of them being given below —
(¢) Bawmber Ol —O1l of extronella 13 parts hiqud parafin
1 part coconut ol 2 parts carbolic actd 1 per cent
(%) Vaselme 100 jarts maphthalene 10 parts camphor
1 part
(c) Castor oif 1 part alcohol 1 part ol of favender
1 part
(@) Ol of catronella 3 oz spunts of camphor } oz cedar
wood o1l } 0oz white petroleum jelly 2 0zs  (Dovers
formulat®)
'
{¢) Fouler!® in Palestine found vermujells the best repellent
for field use
(f) Anti mosquito sprays such as  Fht sprayed over
the feet and ankles are nseful in repelling mosquitoes
for a considerable period (see under Sprays )
Among other substances recommended may be mentioned
sulphur petroleum bergamot ol thuja ol cmamie aldehyde
amsaic o1l a mixture of tar and ml ol of eucalyptus ammoma
pawdered sandal wood ol of peppermunt lemon juice an!
vinegar ol of turpentine ete
Rudolfs# found that the best effects were gaimed by mixing
the repellent with vaselme taleum powder corn starch etc He
found that pyrethrum extract (with vaselme) and clove ol gave
protection for from 100 to 1°0 punutes whist ol of lune
pennyroyal and rose geramum were effective for 90 mmutes
Mention shonld also be made of the carefully conducted
exj erments of Bunker and Hirschieldert™? into the respective
merits of a very large number of repeflents
Whatever preparation may be used should be applied liberally,
esproriky wbout the neeh wrd whtts o the swesting wduced by
tropical climates tends to make the effects transient
Coogle*®m the U § A noted that anophelines were less
numerous under railway bridges the timbers of which had been



SCRFENING 5

treated with creosote o than under the neighbouring road bridges
not so treated and he recommended the application of creosote
o1l to the walls and ceilings of houses as a mosquito repellent
Fermi®’, however who tried this method m Italy reported that
1t was ineflectual

(Sec Bibliography Nos 456467 )

5 Screening of houses barracks etc

The use of sereening especially where electricity 15 also avail
able for Iight and fans has made a great difference to the health
and comfort of those who are atle to oceupy well built houses 1n
the tropies It 1s however essential to screen not only eleeping
quarters but also other living rooms and more especrally
verandahs and to provide 1f possible overhead fans in these also
Otherwise the inevitable result will be that people will sit about
outside the building in the hot weather till a late bour at mght,
probably with o large part of their persons exposed to the bites
of mosquitoes

In the case of troo} s 1t chould be msisted on that the men go
mside the screened barrachs at sunset and reman there  If this
13 mpracticable strict orders should be issued that shorts must
be replaced by slacks at sunset and that either Jachets must be
worn or the sleeves of the slurt pulled down

The value of screening has heen generally recognized for many
years in Amenica Africa Italy and Malaya m which countries
1t 13 extensively emploved  During the last few years it has been
wtroduced n the burrachs of Britich troops in certiin cantonments
in Indiz with excellent results The following are the prinerpal
points to be observed —

The building to be screened must be well built and 1 good
repur

Daor frames should be made of scr<oned wood with wron
brackets at the corners and should not sag on ther hinges A
double wire attached diagonally across the lower half of the door
and tightene L up with a turnbuckle wall tend to prevent this



G PROTFCTION AGAINST BITES OF MOSQUITOES

No attempt at edge fitting should be made The door should
be made to fit agamst a § inch batten all round the mside, and
sufficient space allowed for the door to swell m wet weathers
without seraping at the bottom

A hight strip of wood should be nailed across the door frame
at about the height of a man’s shoulders  This 1s to push agamst
when opening the door

There should be two fastenings for each door, one hulf-way
up the top section and one near the bottom The lower panel of
the door may be strengthened by wire netting,* as a protection
agamst hicks and agamst dogs attempting to enter or lewve the
buildmg  Doors should open outwards, sa that any mosqmtoes
resting on them may be driven out when they are opened They
should be placed 1f possible on the windward side of the house, for
mosquitoes tend to congregate on the leeward side Tt 13 of great
advantage to have double doors, with a porch or vestihule at least
6 feet 1n length between them Strong springs should be fitted to
the doors to ensure that they shall remain tightly closed whennot
m use

Every aperture i the building should be screened 1In the
case of chimneys Coogle?”! recommends the suspension of &
wire cage contanmg naphthalene balls nside the chimney about
two feet from the top It may be mentioned, however, that
Bunker and Hirschfelders? state that mosquitoes appear to be
mdifferent to the odour of naphthalene

No removable screens or shutters should be used

No screening should be used within one foot of the floor,
because 1t 15 liable to be ddmaged when the floor e scrubbed

No furniture should be placed agamnst the screemng

* If the gauze employed 13 of copper, the protecting netting should also
be of copper and not of plam or galvamuzed steel 1n order to avord galvanic
sction The aperture of the metting should bo sufficiently small to prevent
the ends of canes, umbrellas, etc, from passmg through and damagng the

ganze



SCREENING 7

Orenstemn$t states that 1f copper gauze 1s nsed 1t should
be fastened with copper tachs, and the rows of tacks covered by
thin strips of wood, to avoud electrolization

As regards the type of gauze to be used for screentng, there
are several pomnts to be considered

(2) Suze of Aperture —As 1n the case of mosquito netting, the
mize of the opemings 1 the screen 18 of the first importance It s
msufficient merely to state the number of opemngs to the hnear
1ch because the size of aperture will vary with the dimeter of
the wite used It may be imereased or reduced by 50 per cent by
the adoption of a thinner or thicker wire (Fig 2) The diameter
of the nire mav be expressed by the number of the gauge, but

Fro 2

Two types of wre ganze Roth are of the same mesh, but the
sperture of B is less than that of A by one third, owing to the
greater dinmeter of the wire

unfortunitely there are several different gouges m use, each of
which denotes a different dumeter of nire for the same number
Thus Impersal Standard Wire Gange (ISW G) No 30, denotes
& divmeter of 00124 mch  wlilst Steel Wire Gauge (SW G ),
Do 30 denotes a dmmeter of 0014 mch  To avoid confusion
1t 13 therefore best to speaily sizes of wire 1 decimals of an
inch  Anothier source of confusion 1s that some suthors m
teferring to size of aperture speak of the area in square inches,
whilst others sperk of the breadth of the opemng m lmear

vt



8 PROTECTION AGAINST BITES OF MOSQUITOES

anches The latter notation 15 the more usual and will be
~dopted here

The ganze recommended by MacArtbur®$! as beng sufficient
to exclude Stegomyra fascrate from bulldings was of 14 mesh and
30 ISW G which gives an aperture of 00590 mch  Le Prince
and Orenstemnd* found that an aperture of 00485 inch would
permit the passage of this species only under stress of cireum
stances whilst an aperture of 0046 mnch would exclude them
altogether Tarle*™ states that i Porto Rico a mesh of 16 with a
diameter of wire of 0009 or 0010 wmnch (aperture 0 05°5-0 0530
inch) will keep out practically all mosquitoes whilst a mesh of 14
with & diameter of wire of 0015 mch (aperture 0056 nch)
15 sufficient for most places Although other observers have
carried out experiments with various types of gauze they almost
mvartably neglect to state the one essential powmt viz  the
size of aperture Further research on ths subject 1s urgently
required

The gauze used 1n the barracks of British troops 1 Indiwa s
of 14 mesh and 28 30 SW & gwving an aperture of 0055 to
0057 inch  The standard adopted by the Punjab Gosernment
Public Works Department 1s of 12 mesh and 256 SW G giving
an aperture of 0 063 inch  The size of aperture recommended by
Messrs Christie Ltd of Glasgow for the screenmng of houses 18
00408 1nch (18 mesh and 28 ISW G ) Thus gives a ventilation
area of 53 93 per cent as compared with 68 23 per cent gen by
a gauze of 14 mesh and 30 ISW G

(22} Strength of YWare —It 13 obvious that other things bemng
equal the greater the diameter of the wire used the stronger will
be the gauze Tt 13 equally obvious however that the use of a
thicker wire will mean the exclusion of more arr and hight Qur
amy therefore should be to obtain the thinnest wire which will
mve the requed strength  The gauge usually recommended 1s
2830 ISW G denoting 2 diameter of 00148 to 00124 nch
or 28-30 SV G denoting a diameter of 0016 to 0014 wch
In order to obtain the greatest amount of awr and daybght 2
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heavier gauze may be used i places subject to the greatest
amount of wear, such as doors and the lower half of verandah
screens, etc, a lighter type bemg employed for less exposed
situations

{uv) Durababity of Screen —The matenal of whach the ginze
1s made 15 of great importance  Painted® steel or galvanized rron
wire are the cheapest, but are not swmtable except mn a very dry
chmate Darling®™ found that m a warm most atmosphere
galvanized 1ron and brass screening corroded rapidly whilst copper
and phosphorized bronze both resisted detertoration admirably
When tested 1n o salt laden atmosphere the copper screeming also
became badly corroded, the bronze resisting to a much greater
degree  He theref luded that phosph d bronze was
best for plices ncar the ses, but that for other places m the
tropies the less expensive copper screening was Just as effective,
provided the copper content was lugh {about %0 per cent), and
the amount of 1ron as low as possible (not more than } per
cent)

MacArthur®! recommends the use of ‘Monel metal” as
being the best for use 1n & moist chimate  This consists of nichel
57 pet cent, coppet 28 per cent other metsd § per cont Mas
natural alloy of metals, and contains no tin zine or antunony
A disadvantage of thus 13 1ts ngh cost Larle*™ states that m
Porto Rtco the only two hinds of wire which have been found
durable are of Monel metal, diameter 0 (09-0010 inch and of
copper or hronze dmmeter 0015 mnch

Wurtz#? recommended the use of ordinary cotton netting,
treated with a solution of commercnl silicate of potassum in s
own volume of water This is punted ou several times with a
brush, without drying Letween the coats and 13 saxd to make the
cotton much stronger and more resistant to water or fire

The gruze now being tried n the British troops’ batrachks m
India 1s composed of copper 90 per cent, and tin 10 per cent

* 1t should ba noted that pamting reduces the size of 1he aperture,
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The essential requirement for screeming 1s that the wor
should be thoroughly carried out  Frequent inspection 1s necessary
for the detection of rents in the wire and defects m the wooden
framewor] the latter being especially hkely to develop where
there 18 extreme vanation m humudity between the dry and wet
seasons

(See Bibliography Nos 468-493)



PART il

MEASURES DIRECTED AGAINST ADULT
MOSQUITOES.

1. Destruction by Hand.—This method has recersed m
creasing attention mn recent years, and m view of the fact that
recently fed and therefore possibly infected mosquitoes may be
Lilled in this way 1t has an important bearing in the prevention of
malana  Cluldren may be taught to use the methods enumerated
below and Ross37 has suggested that the offer of one anna for
50 anophelines would probably result m a very extensive catch m
any village

{a) Hand nets may be made cheaply by tying a piece of flexible
cane or wire 1n the form of a loop to which 2 bag of white netting
about 18 nches deep 1s attached  In lofty rooms a long handled
net may be used

(b) Steatters consisting of a piece of wire gauze about 6 inches
gquare fixed to a two foot wooden handle may be used and are
especially effectine on wire screens

{c) .t chloroform tube T inches long by I mch m diameter
may be used A layer of rubber bands or pieces of old tyres one
inch thick 15 placed in the bottom of the tube held m place by a
plug of absarbent cotton covered with a dise of blotting paper or
cork  Afewee of chloroform are poured i and are absorbed by
the rubber This will Inst for tno or three wechs A test tube
with & plug of cotton nool sothed 1o benzene or petrol may also
beused or a test tube wetted mside with herosene  To cateh the
mosquito remove the corh and place the mouth of the tube
quickly oser the inscet 8¢ 1t restsa on <ome object  An electric
toreh 1s o great assistance
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(@) 4 tan with some petrol or Lerosene 1n the bottom, fixed
to the end of a long stick, 13 useful catching mosquitoes on
ceihings

(¢) Curtarns etc, may be shaken and the mosquitoes flying
out caught by hand 1f the latter 1s first dipped 1n soapy water

The above methods may be used to supplement sereening

2. Traps—The use of traps for catching mosquitoes was
suggested by Nuttall and Skipley®l” 1n 1902, as the result of
therr experiments to ascertain the colour most attractive to
mosquitoes *  Various different forms of trap have heen devised,
several of which are described below

Traps are used for three chief purposes, {3) for redueing the
number of mosquitoes (2¢) to find out the relative prevalence of
the different species of mosguitoes and (e} m order ta gauge
the effect of control measures In the last two cases the traps
are placed 1n varions quarters of the area under observation and
counts are made of the mosquitoes captured 1n each trap daily
Thus 18 a valuable method for estimating the efficiency of antt
larval measures and an increase in the catch 1nanv particular
locality will often lead to the detection of some breeding place
which would otherwise be overlooked

Traps may be used etther inside or outside buildings  James’
trap™ was designed for use n the shaded corner of a garden,
and Zetek®! recorded that in camps where traps were placed on
the leeside of buildings a large number of anophelines were caught,

1 m a reduction 1n the d of malarig

T hen used mside houses barracks etc, the success of traps
largely depends on the type of buldmng i which they are
employed In well bult barrachs with whitenashed walls the
proportion of mosquitoes caught will be considerahle because the
traps form a more attractive resting place than the bare white

*These ol servees found that dark blue was the most atiractive colour,
and 1t 13 suggested that this would probably be the most effective colour to use
for the msido of the traps here desoribed
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walls  But i1l hghted, “kuchcha® buwlt bmldimgs where there
are many darh corners, cranmies n the walls, etc providing
suitable resting places for mosqnitoes only a small proportion of
these nsects will be found 1n the traps The placing of baits m
traps (escepting human batts see p 18}, has not been attended
with success* and m those described below the object aimed
at has been merely to provide an attractive resting place for
'mosquitoes
{a) Lefroy's Trap®3 —Thus 13 & wooden box 12 inches long by
12 iches wide sud 9 inches deep lined with dark green baize and
having a hinged door  The floor of the box 1s covered with tin
The trap 1s set 1 a dark corner at night and 1n the morning the
door 13 closed and the insects killed by dropping a teaspoonful of
benzene or chloroform through a small hole m the top of the box
fitted wath a movable plate
() Fletcher 8 Trap™! —This consists of 4 wooden sheleton
of a box with o hinged lid covered on all stdes with black mosquito
netting  This 15 contamned mude an open topped wooden box,
panted black inside  The whole 13 placed in a switable position
8t might with the hunged top of the mner box open In the
mormng the hid 13 closed with a metal hool fistener and the mnner
box hfted out by handles provided for the purpose The mos
quitors may be Jalled by placing this en the lare ground i full
sunlight
(¢) Richmond and Vendis Traps®® —These obsersers hase
made & number of experiments with vanous traps of therr own
device 1n barracks  The most successful of these nere —
(1) The Crinoline Trap A shart’ of pavy blue or blach
cloth with an upper opening 4 inches n diameter
{which can be closed with o purse string) 1s suspended
from the roof about 6 feet above the floor level A
Lamboo hoop 3 feet n dismeter 13 attached to the
wside of the shirt 2§ feet from the top, and below

* Meta® * hsa soggeated the employ ment of small p g #tves as traps for cut
slde use {se * Zooprophylax®)



14 MEASURIS DIRECTFD AGAINST ADULT MOSQUITOES

the hoop the shirt1s continued 1n the form of a fringe
hanging vertically downward for a distance of 3 feet
The lower opemng can be closed by a purse string,
which runs through Joops round the outside of the
shart (Fig 3) At mght the upper opening 13 closed,
whilst the Jower 15 Jeft open In the mormng the
lower opening 1s closed, and an mverted glass jam jar
15 mserted mto the upper one The trap itself 15
then well shaken itk the result that the unprisoned
msects fly upwards tonards the ight into the jar,
and can be removed alive

S\ PRYE stagwg

PURSE “TRING

Fio 3
Crinolne trap (after Richmond and Mendi®*)

If bving mosquitoes are not required, the imsects may be
Lilled by stmply spraying them wih ‘Fht’ or other spray,
without previously closing the lower openmg

(s) Bor Traps —1hese are made of wood, 3 feet by 2 feet
by 2 feet, lined nside with black cloth, open at the
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shutter, and a shiding panel at the bach  When the
latter 1s opened a glass window 1s diselosed through
which the catch may be viewed When this 1s
exposed to sunlight the msects are quielly illed
and may be emptied out through a small hole at
the side of the trap fitted with a shutter

Fio 4

Sergent s trap (after Legrous®™) The gauze door in front
15 opened to allow mosqu toes to enter  The shuther over
tho cirenlar ga e covered window at the back 18 closed

(1) The Rescarch Type 13 a more elaborate trap consisting
of an elongated box with a funnel at one end through
which the mosquitoes enter At the rear end at the
side of the box there 1s a small opeming with & shutter
over which can be fitted a shide rather hike the plate
holder of 2 camera but with a glass face In the
morning a plunger 13 serted at the front end of the
box and the shutter at the rear end opened together
with a corresponding shutter mn the shde The
plunger 1s then pushed home and the mosquitoes
are dnven mto the shide box which can then be
removed

(f) Clemesha's Trap ~This 18 an ordmary tea pluchmg
basket, plastered mside and out with condung and covered with
a lid, also plastered 1n which there 1s a central opening 6 inches
m diameter The trapis hung up a lttle above the floor m &
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cowshed or other bulding with some grass or havnighs beftom
The catch 13 collected by first clowing the opeming n the hd and
then plemg the trap under a mosquito net  The operator enters
the net, opens the hd and shakes the trap, the mosquitoes being
canght i test tubes on the inside of the net

{g) Strckland and Choudhury s Trapsi*—This 15 made from
a tea box, 18 inches by 18 inches by 18 inches, blackened mside,
2nd with o cireular hole in the side which can be closed by means
of n swnelled door Strichland and Chowdhury recorded better
results with ths trap than with Clemesha s trap

(k) James® Trap™3 —A rectangnlar wooden framenork, § feet
by 3 feet by 3 fcet, 1s covered with mosquito nettisg, one end of
1t being a door on hinges  The trap 18 placed on the ground 1n
& shaded corner of a parden and covered with saching and a thick
tatpaulin, so that the tertor is dark and cool Two or three
plants are placed nside each trap and several near the door,
which 13 left partly open at mght At about 8 or 9 am, the
segetation round 13 disturbed as much as possible, and straw and
paper torches are burnt i all the surrounding outhouses and
buildings to drive out the mosquitoes, most of which tale shelter
mthetrap  About half an hour later the door of the trap1s closed,
the eacking and tarpauhn removed and the trap placed in strong
sunhight for one or two hours when all the mosquitoes are kalled

(s} Chatty Traps —These are the ordinary earthenware water
scssels commenly used in tropical countries  They are half filled
with water, and placed 1n corners of buildings  Mosquitoes may be
collected from them by means of a exkindncal frame covered with
gauze, which 13 continued upwards in the form of o sleeve  They
are wseful for catehing cubiomes bt are meflective for anophiehnes

() Traps on Screens —These are essentially labynntls of
wire gauze on wooden frameworhs, which are fixed on to the inside
or outade of screens of bulldings. Most mowquitoes are caught
wlile trying ta get . The traps act automatically, and need
only be emptied at long intervals  They hate been used with
great success in Panama’t

0, Mo
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McHardy®® mn Dar es Salaam bas devised a  trap bouse’
with these traps fixed on the wire gauze which ecreens 1t The
trap house 1s made 1n sections, so that 1t can be easly taken down
and erected wherever desred Afncan natives sleep imside 1t
acting as a  bait’

(k) Trap holes —Blin®1® described expemments n which
he dug oblique holes 1n the ground near houses nfested with
mosquitoes  The incects which came to rest in them to seek
darkness and protection from the heat were destroyed m the
daytime with a torch made with a wisp of straw or a stich dipped
n herosene

(1) Iumanated Traps have been used 1 the U 8 A with
considerable success (Owen®®, Headlee®?) Certain species of

are attracted by a mod Iight, though f the light be

too stwng 1t repels them  The trap used by Headlee 1s fachioned

from a sugar tin, 12 1nches hugh and 10 to 12 inches in diameter, with

the bottom removed and replaced by a cone of wire gauze, whick

projects 1nto 1ts intenior There 1s an opemng not more than

} mch i dismeter at the summt of the cone  Light 15 suj phed
by a small electric bulb connected with a battery
(See Bibliography, Nos 510-521}

3. Fumigation—Whichever method 15 used all chinhs i
the doors and windows should first be closed by hanging blankets
over them It 1s hest to leave ome window uncovered and to
darken all the others A white eheet 1s placed on the floor m front
of the uncovered window The reason for this 15 that i most
cases mosquitoes are not hilled by fumigation, but are only
stupefied They will for the most part fall on the sheet, and cen
then eastly be seen, swept up and burnt

(a) Pyrethrum Powder (Pyrethri floves) *—This 15 rade
from the dried flower heads of the chrysanthemum (Pyreth
rum  omeranaefolum) It forms the mamn ingredient of

* This must not be confused with Pyrethrs radiz (pell tory root), which bas
also been recommended a3 & fymigant
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mans insect powders, eg, ‘ Keating’s Powder, and owes 1ts
nseetieadal setivity to o muxture of acids and esters It also
contamns oleorcains  to which it prohably owes its salue as a
furmgant and since theee are volatile 1t 13 essential that the
powder shall be fresk It 13 also umportant to ensure that 2t
18 not adulterated with the powdered stems of the plant, which
1s 3 common practice

The powder mav be used drv and puffed or blown mto the
arofaroom For fumigation 1818 herped up 1n an rron pot mto s
ittle pyramid, which 18 lighted at the top and burns slowly, gving
off a dense and pungent smohe A laver of eawdust 2 to 3 inches
deep placed 1n the bottom of the pot in che form of a crater permuts
complete combustion thus saving 10 to 15 per cent of the
fumigant slich would othermise be wasted The powder may
aleo be moistened and made up into small cones which burn
readils when drv  One pound at last 13 necessary for 1,000
cubic feet of <pice (Boyce? recommends 3 {b3)  The room should
he hept closed for a penod of 3 hours

Other methods are to heat the powder on a metal plate over a
hetosene lamp or to puflat from anmsufflator nto a burmng gas jet
‘The fumes are not novious to human bemngs

(b) Sulphur Ihoride —Tins may be applied n arous
wars

(1) For cperations on s large seale the use of a Clayton
machme has proved most effective for destroymg
mosquitoes in yellow fever epidemice  Various
types of Ulavton machine are on the market At
Acera a mnelune mounted on a2 bogle carringe 18
alwavs Lept ready for action  For treatng ahups,
the machines are mstalled 1n speenn! hoats  There
15 ako o light tvpe of Clivton machine which can
be cared by two men, 1t 33 air-cooled, end 18
capable of raturating 6 000 cubic feet of space per
hour wath 8 15 per cent steength of g1s (Parcons and
Brook®9)
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McHardy®® 10 Dar es Salasm has devised a *trap house’
with these traps fixed on the wire gauze which screens 1t The
trap house 15 made 1n sections so that 1t can be eamiy taken down
and erected wherever desired African natives sleep mmde 1t,
acting as & ‘bait’

(R) Trap holes—Bhn®®  deceribed expenments m  which
he dug obhique holes m the ground near houses infested with
mosquitoes The 1nsects which came to rest m them to seek
darkpess and protection from the heat were destroyed in the
daytme with a torch made with a wisp of straw or a stich dipped
m kerosene

(1) Ilunanated Traps have been used m the U 8 4 with
considerable success (Owen®8, Headlee®2) Certan species of
mosquitoes are attracted by a moderate hght, though if the ight be
too strong it repels them The trap used by Headlee 18 fachioned
from a sugar tin 12 1nches lgh and 10 to 12 inches 1n diameter, with
the bottom removed and replaced by 2 cone of wire ganze, Which
projects mto 1ts interior There 15 an opeming not more than
1 inch i diameter at the summit of the cone  Laght 15 supphed
by a small electric bulb connected with a battery

(See Bibliography, Nos 510-521)

3. Fumigation —Whichever method 1s used all chinhs in
the doors and windows should fisst be closed by hanging blankets
over them It 13 best to leave one window uncovered and to
darhen all the others A white sheet 15 placed on the floor m front
of the uncovered window The reason for this 1s that mn most
cases mosquitoes are not lalled by fumgation, but are only
stupefied  They will for the most part fall on the sheet, and can
then easly be seen, swept up and burnt

(a) Pyrethrum  Powder (Pyrethrs flores) *—This 15 made
from the dred flower heads of the chrysanthemura (Pyreth
rum omeranaefolhum) It forms the mam ingredient of

* This must not be confused with Pyrethrs raduz {pelhtory root) which bas
also been recommended a4 & fumugant
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many mnsect powders ey  Weatngs Powder’ and owes its
msecticidal activity to & misture of acids and esters It also
contans oleoresins to which 1t probably owes its value as a
fumigant and smce these are volatile 1t 15 essential that the
powder shall be fresh It 13 also ymportant to ensure that it
1s not advlterated with the powdered stems of the plant which
18 & common practice

The powder may he used drv and puflel or blown nto the
air of a Toom  For fumigation 1t 38 heaped up 1n an aron pet wto a
hittle pyramid which 1s bghted at the top and burns slowly giving
off & dense and pungent smoke A layer of sawdust 2 to 3 inches
deep placed 1n the bettom of the pot 1n che form of a crater permits
complete combustion thus saving 10 to 15 per cent of the
funngant which would otherwse be wasted The powder may
also be moistened and made up mto small cones which burn
readily when dry One pound st least 13 necessary for 1000
cubic feet of space (Boyce® recommends 3 Ibs) The room should
be hept closed for a period of 3 hours

Other methods are to heat the ponder on a metal plate over a
kerosenelamp or o puffit from an msufflator into a burning gas jet
The fumes are not noxious to human beings

(b} Sulphur Diorude —This may be applied n varous
nays

(2) For operations on a large scale the use of a Clavton
machme bas proved most effective for destroymng
mosquitoes 1 yellow fever epidemucs  Various
types of (layton machime are on the market At
Accra a machine mounted on a bogie carmage 18
always hept ready for action For treating ships
the machines are mstalled 1n special boats There
18 also a light tvpe of Clayton machine which can
be carried by twe men it 1s air cooled and 1s
capable of saturating 6000 cubic feet of space per
hour weth & 15 per cent strensgth of gas (Patsons and

Brool 255)
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McHardy®)® 1 Dar es Salaam has devised a *trap house’
with these traps fized on the wire gauze which screens 1t The
trap house 15 made m sections so that 1t can be eauly taken down
and erected wherever desired African maties sleep rside 1,
acting ag a  baw’

(}) Trap holes —Bhn®®  deseribed expermments m  which
he dug obligue holes 1n the ground near houses infested with
mosquitces  The msects which came to rest m them to seel
darkness and protection from the heat were destroyed m the
daytime with a torch made with & wisp of straw or a stich dipped
in Lerosene

(1) IMumnated Traps have been used m the U 8 A with
considerable success (Owen®'®, Headlee®”) Certamn spectes of
mosquitoes ate d by a moderate hight, though 1f the light be
too strong 1t repels them The trap used by Headlee 1s {achroned
from s sugar tin, 12 mches high and 10 to 12 inches 1n diameter, with
the bottom removed and replaced by a cone of wire gauze, which
projects into s interior There 15 an opening not more than
1 nch m diameter at the summt of the cone Light 15 supphed
by a small electric bulb connected with a battery

(See Biblhography, Noy 510-521)

3. Fumigation —Whichever method 15 used all chinks in
the doors and windows should first be closed by hangmg blankets
over them It 13 best to leave one window uncovered and to
darken all the others A white sheet 15 placed on the floor i front
of the uncovered window The reason for this 1s that m most
cases mosquitoes are not hilled by fumgation, but are only
stupefied  They will for the most part fall on the sheet, and ean
then easly be seen, swept up and burnt

{a} Pyrethrume Powder (Pyrethre flores) *—This 33 rade
from the dmed flower heads of the chrysanthemum (Pyreth
yum  cmerarmaefohum) It forms the mam mgredlent of

* This must not be confused with Pyrethrs radsz (pellitory root) which bas
also been recommended a3 & fumigant
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(c) Cresylic Aad Deruatines—

(3) Cresol Vapour —This 1s probably the cheapest fumigant
Four to five ounces of Liq cresol sap are required
per 1000 cubic feet It may be slowly vaporzed
over a keroseme stove of the ‘ Beatrice® type (m
which the flame 1s guarded by a metal clumney
with 2 muca window) the cresol bemng placed 1n some
enamelled receptacle which should completely cover
the grating on which 1t rests  the receptacle should be
as large and deep as possible so long asits position
13 secure Constant observation 13 necessary and
a bucket of water should be at hand 1n case the
cresol should catch fire The stove can be put
out usually m about half an hours twne (the tune
varies according to the size of the room and the
amount of cresol used) after which the room should
be closed for another 1} to 2 hours It may also be
evaporated 1n Lerosene tmms over charcoal brazers
The braziers should be glowmg when put wto a
room otherwise the fumes given off are liable to
blacken the walls and furmture Richmond and
Mendis®® found that the cost of fumigatmg with
cresol vapour including the price of the charcoal
used was 1 65 annas per 1000 cubic feet Another
method of vaporizmng cresol 15 to igmte dung cakes
and pour the cresol over them when half burnt

Although the cost of cresol fumgation 18 so low the amount

of preparation and precautions required for 1ts use are much greater
than m the case of sulphur Opinions differ as to the relative
efficiency of the two methods Richmond and Mendis consider
sulphur fumigation to be the more satisfactory though the cost
(about 3} annas per 1000 cubic feet of space) 1s more than twice
a3 great as with cresol Hanafin * on the other hand considers
cresol to be the more effective and has obtained excellent results

* Private communicat on
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(1) It may be apphed m the form of ‘ Sulphume,’ & pro
prietary preparation of liqud sulphur dionde put
up 1n metal cylindere holdmg about 20 0zs  Thus was
however not found very eflective m a smple expen
ment conducted by Parsons and Brook®

(112} Sulphur may be placed 1 an 1ron pot, and this placed
on bricks 1n a tub or other receptacle contaming an
inch of water m the bottom Tt s readily sgmited by
sprinkling methylated spint or Lerosene over 1t and
hghting 1t It 18 usually stated that 2 Ibs of sulphur
should be burnt for 1000 cubic feet of space with
exposure to the fumes for 2 to 3 hours (but see
below)

(0) Gules Sulphur Cones —These consist of one part each
of mtre and charcoal to eight of sulphur made
up nto pastilles weighing 4 oz¢ each by means
of a httle gum water and dred m the sun  Giles” ¢
recommended that one pastiffe should be burnt for
every 1000 cubie feet of space but this would only
be equivalent to 32 ozs of sulphur Richmond
and Mendis™8 found that 4 pastilles (128 ozs
of sulphur) were effective i barracks for every
1000 cubic feet of space whilst for fumigating tents
6 pastilles (192 ozs of sulphur) were required
per 1000 cubic feet Lven this amount, however,
18 much less than the quantity of sulphur speaified
by other authors as necessary

Richmond and Mendis?® found the use of Giles’ cones o very
convement method for sulphur furmgation They
are placed on tin plates on the floor, and when lighted
burn queckly, producing a maximum concentration
of sulphur fumes 1n s very short time

A great disadvantage of sulphur 1s that 1t tarmshes metal

work apd imjures pianos sewmng machines watches telephones,
ete It 18 also harmful to food stuffs
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destructor of mosquitoes but its use 15 attended with too much
sk to make 1t suitable for general use™®

{g) Mercurie Chlordehas been used by Guiteras?s 1n Ametica
sublimated 1 a porcelam disk over an alcohol lamp He used
25 gm to 1000 cubse feet of space allowing 1t to act for 2to 3
hours He clamed that its powonous qualities do not constitute
a real danger that 1t 1s very suple and effective and requires
very little apparatus

(k) Waste Tobacco has been used with effect in Russia??
mived with chopped hay or straw and burnt on iton sheets It
18 left to smoulder for 16 hours and 3040 gm are required per
cubic metre of space

{2) Smoke Production —The principle of this measure 14 fo fill
the bwlding with smoke quickly to drive mosquitaes out of holes
and corners and to attract them to one spot where they can be
destroyed  The doorway 19 covered with a white sheet made as
taut as possible A pile of dry straw 15 lighted and then covered
with damp straw or manure When the smole fills the building
the mnsects fly to the sheet where they can be killed??

(9) Datura stramonanm 1n powder may be used {8 ozs to 1 000
cufic feet) made up with mtre or saltpetre n the proportion of
1 to 3 of datura The mixture may be burnt on 2 tin pan or
shovel Sk states that the fumes are not powsonous to
human beings are not imjurious to fabrics or metals and can te
used with entire safety

Many other substances have been tried as funugants such as
chioral vapour dned orange peel Artemisia (suntontea) pastilles
of pellitory root (Pyrethry radiz the dned root of dnacyclus
pyrethrum) dmtrocresol ete

The relative ments of fumigation and spraying are discussed
onp 206

(See Biblography Nos 218 241)

4 Sprays —Dxpeniments with vanons sprays as destructors
of mosquitoes were carried out by Ghemsa and Muhlens™ 1 1911
following the appearance of an article bv Stendels who called
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with 3t m Lahore  No precaution was taken to seal up the rooms
treated beyond closmng the doors and windows
(1) Cresol and Lysol —A mixture of equal parts of these
was used by Parsons and Brook?? with satisfactory
results

{u2) Creolin and I~al —Alexander? m Acera made various
expertments with these preparations Creohn wnas
first used then a muxture of creohn and 1zal and
finally 1zal alone the latter proving very satisfactory
It was found necessary to use enamelled receptacles
otherwise <oot was deposited The techmque s
sunalar to that for cresol

(@) Camphor and Carbolic Aed ( Mumm’s Culede’)—
Equal parts of camphor and crystallized carbohe acid are fused
together into a hquid bv gentle heat Three to four ounces of the
mixture must be vaporized for each 1000 cubic feet of space
This 18 done by placing the hqmd m 2 wide shallow pan over a
spint or petrolewm lamp when wiite fumes are given off To
prevent the mixture from burning the fumes should not be allowed
to come nto close contact with the flame of the lamp  The room
must be hept closed for two hours The vapour 1s not dangerous
to human life except when very dense but 1t produces a headache
1f too freely breathed”

() Formic derd —If commercial formalm (40 per cent formue
aldehyde) and potassum permanganate are brought together,
formue acid fumes are liberated which are toxic to mosquitoes
For 1000 cubte feet of space 10 ozs of potasstum permanganate
crystals are placed 1 a bucket contamng 1 to 2 pmts of
water and 1 pmnt of formahn 13 poured nto 1t An advantage
of this method 1s that no hexting apparatus is requred 50
that there 13 no danger of fire, also there 1s no il effect on
furniture™ss

(f) Chlorine Gas —Thus mav be applied from cylnders contain
ng hiquud chlorime or may be generated by pouring erude sulphurie
acid on to chlonide of lime Tt 158 poserful raptd and econonucal
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and petrolenm ether They did not confinn theresults of Brug
and Van Slooten, as they found that m the case of all their expert
mental preparations a large proportion of the insects recovered
after some hours m the fresh awr, whereas with the proprietary
preparations this was not the case

The cost of these preparations however, 13 so high that 1t
would appear best to use a locally prepared muixture on the lmes
of that recommended by Brug and Van Slooten the mosquitoes
stupefied by the spray bemg swept up and burnt immedntely
afterwards  One such preparation has been used with success by
Mansells0 1 Peshawar (formula No 6) Sprays of this pature
should not be used 1 the viumty of naked hghts For small
rooms they may be applied by means of the hand sprayers or
atonusers which are now obtamable almost everywhere at a
tflmg cost  For larger buldings such as barracks hugh pressure
sprayers, such as the ‘Four Oahs’ Sprayer, have been used
with success, though m the very lofty barracks usually buwlt
the troptes 1t 18 sometimes found difficult to secure effective
results

As regards the relative ments of fumigation and sprayng,
the latter would appear to offer many advantages James*
working with artificially mfected 4 maculipenms arnved at the
conelusion that infected anophelines usually pass their whole hife m
the house where the mnfection occurred  If this were of universal
application, furmgation or sprayng even atlong mtervals would
appear to be an effective means of controlling malana  Subsequent
1nvestigations by many workers in different parts of the world
have however shown that there 15 normally a very considerable
to and fro movement of anopheles m and out of hwldings, and
that even shortly after 2 blood meal anopheles may change thewr
abode (Khgler and Taebmen®, Richmond and Mendis™ss,
and others) Exther method therefore to be successful must be
repeated at frequent mtervals (every 3 or 4 days) and in the case
of funugation the necessity for evacuating rooms or barracks

* Trane Roy Soc Trop Med and Hyy, XX, p 143 (19%6)
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attention to the neglect of this method of malaria prevention
Mixtures containng cresol and phenol were found too wmtating
to the human respiratory tract, and the same objection applied
to solutions of quassun Fmally Giemsa evolved a mixture
contaming pyrethrum tincture, soft soap and glycerm, which
constituted an effective spray free from the above objections
(see formula No 1 below) The pyrethrum tincture was however
expensive, and Gremsa® conducted further expenments to
find a cheaper spray  He found that soap solutions alone gave
good results and that the toxic properties of o number of other
substances besides pyrethrum were enbanced by the addition
of comparatively small quantities of soap He recommended
the use of soap solutions contaming formaldehyde as being both
cheap and effective

In rtecent ycars 2 large number of propmetary sprays
have been put on the market, most of them having a basis of
Ler o1l The foll may be tioned —Flt, Flytos,
Mosquil, Shell tox, Whiz, Flyosan, Fly ded, Necrosene Bids, Alo
Spree, and Abis  Richmond and Mendis®3S, experimenting with
Fhit Mosquil kerosene and Army Fly Spray, found Fhit the
most effective but constdered that the somewnhat greater success
attaned with this preparation, compared with Mosqul and
kerosene, was scarcely worth the extra cost Mosqul was
more effective than kerosene, but four times as costly, whilst
Army Fly Spray (formula No 3) was not satisfactory

Brug and Van Slooten®®” found that a mixture of kerosene
with 2 per cent of carbon tetrachlonde was effective, and was
superior to Ilit m that 1t did not produce stans on white fabrics
This gave as good results as a mixture which they termed ‘ Rids
locally prepared’ (formula No 5)

Suellengrebel and his co workers' carried out experiments
with various proprietary sprays, and with a large number of
experimental preparations consisting of herosene ol with the
addition of small proportions of carbon tetrachlornde, methyl
salicy late, turpentime, creosote, oll of cajaput, anilme orl, petrol

5
\
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(5} Reds locally prepared {Brug sud Van Slooten)~

Kerosens ol 896
Carbon tetrachlonde 7
Methy] snl cylst 34

(8) Mans s Spray—

Carbon tetrachlonde {med cunaflv pire} 1
Synthet o o1 of W nteroreen 2
Kerosene o1 “nd qualty 97
Naphthalens 31b per gall

(See Bubliography Nos 494-509)

5 Cutting down of Jungle and Other Vegetation—
Many species of anophelmes spend the davtime sheltermg
amongst long grass or mn bushes and other coarse vegetation
and the clearing away of these in the viemuty of dwellings 1s
therefore of value 1 t} e campaign against adult 110squitoes (see
also p 35)

& Cul of Alleged D Trees and Plants —
Eucalyptus trees Tam trees chinaberry {rees castor ol plants
papava lavender clover and various aquatic plants have been
said 40 have a deterrent effect on mosquitoes but expenments
have proved that none of them have any direct effect against
adults

d Herelle!®8 secking to explan the relative mmumty from
malaria of certain tracts of country (Tuscany Argentmna Holland)
m spite of the presence of anophelne mosquitoes noted that
clover was grown it such countries and suggested that coumarm
mgested by the female mscct from the clover yught have an effect
on the malana parasite harboured by it comparable with that
which qunine has on the parasite 1 man

Walleoc! s19% quoted d Herelle s remarks and suggested that
the relative mnumty of cultated Egypt from malana might
likewise be due to the presence of clover He advocated the
troduction of clover and other legummnous plants and trees
mto Palestime Cyprus Irak  Northern Indw  the Sudan and
Uganda  His paper was widely commented on by the lay press
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for periods of several hours mahes the prosecution of an effective
campaign difficult or impossible  Moreover with sulphur diocude
the tarmshmg of metals and mjury to watches etc constitute
a great drawback which renders the procedure most unpopular
among troops  With sprays the whole operation can be performed
1n a very short time without the necessity of removing any of the
contents of the building 2and the rooms can be re ocorpied within
half an ho1r of spraymg  Another advantage of spraymng 1s that
1t 15 also effective agamst sondflies on which fumigation appears
to have but little eflect?®  Spraying may be used with advantage
to supplement screening

The formule of various sprays are given below —

Parts
(1) O emsa s Spray—
Pyruthrum tneture (0 pa ts pyrethrum extracted n
100 parts methylated sp r ts) 580
Potash sonp 180
Glycern 240

The above m tture to be dluted wth ©°0 volumes of water before use
100 grammes of tle flu d suffice for 50 cub o met es of space

(%) Lefroy s Spraj—

Pyretl rum
gall
Aleohol 1
Safrol 1
Soap qsto

form an em 1s 0B
(usually about 10 0zs )

In Lot ol mates add 3 o S per ce t castor a1 Dlute one m 30 before

Parts
(3) druy Fiy Spraj—
Pulv s prethrum 17
Spir t rect ficatus g1°{orq 2)
Camphor o1 80
Sapo durus pulvs aa7
{4) B ug and Van Slooten s Sp aj—
100

Rerosene o
Carbon tetrachlor de
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could not be induced to live m the roosts Nelson®! has pointed
out that bats are of Little value agamst mosquitoes, their chief
food consisting of other msects It 1s generally recogmzed that the
employment of these creatures 1s not likely to prove of practical
utility m mosquito control

(See Biblwgraphy, Nos 48-51)

8. Z hylaxis.—A 1 prophyl agamst malana was
suggested by Rnubaud“‘ m 1918, although Rizz1552 clamms that
this method of protection was first recognized and practised
m Ttaly Roubaud pomted out that A maculipennes only feeds
on man In the absence of other sources of mammalian blood and
suggesied that man could have complete protection from the
attacks of this species by keepng cattle 1n the proxumty of human
dwellings He stated that i regions where cattle were plentiful
a race of these mosquitoes has evolved which have adapted them
selves to feed exclusively on amimals ~ Other authors have pownted
out that whilst the presence of cattle may attract mosquitoes
to themselves, the total population of anophebnes in & locality 18
largely mereased where cattle are plentiful There are also other
factors to be considered, onme being that the presence of large
numbers of cattle goes hand m hand with mereased agricultural
prosperity, better dramage, clearmg of jJungle and a hetterment
of the social and econemic condition of the population all of which
may tend to dimimish the incidence of malaria It may further
be posnted out that the presence of anophelies 1 & cowshed does
not necessarily mean that these have fed on the cattle occupying
1t Numerous expermments by means of the precipitu test have
ghown how frequent 1t 18 to find human blood 1n mosquitoes caught
m cattle byres, stables, etc and, conversely to find the blood
of cattle and other domest:c ammals m those captured m human
habitations

Symes® records that 1n Taveta, Kenya Colony, the women
and chuldren have for years lived 1 huts together with their cattle
The parasite Tate 1s 50-60 per cent and the spleen rate 85 100 per
cent, whilst 1t 15 usual to find the majority of the malana-carrying



98 MEASURES DIRECTFD AGAINST ADULT MOSQUITOES

Maynel® carried out laboratory tests with coumann and
various spectes of Indian anophelmnes, and concluded (1) that
coumarm did not exert any deleterious effect on the hives of the
mosquitoes feeding on 1t, and (2) that coumenm, taken with the
liquid extracted from a clover blossom would have no deleterious
action on oocysts and sp develop m the
mfected mosquito

There 13 no defimite proof that clover has any effect on the
meidence of malana, and the only recorded experiments whick
have been carried out as to the effect of coumann on mosquitoes
or malara parasites mndicate that 1t has no effect on erther under
natural conditrons

‘Lhe planting of certamn trees and plants, however, has a good
effect by drymg up water and reducing the level of the subsoil
water Amongst others which have been recommended m India
for this purpose are —Pines, Casuarma, Nm, Eucalyptus, Sun
flower, Canna Castor ol plant, Chrysanthemum

The planting of belte of high trees* as n sereen agawmst the
diffusion of mosquitoes 13 & measure of practical mmportance, and
1t 13 an advantage to have a screen of forest between breeding
places and human habitations If such a natural defence ewsts
1t should on no account be removed, as has been done on occasions
with disastrous results §

(See Bibliography, Nos 124-151)

7. The Use of Bats as Mosquito-destroyers—That bats
destroyed mosquitoes has been known for centuries, and the
fact was mentioned by Plny in his work on natural hstory
Campbell® 10 1909 built a bat roost at San Antomo, Texas, the
object bemg to breed bats which would destroy the local mosqut
tocs and would al<o prove a payng proposition on account of the
of guano  Subsequently the was repeated
mn Ituly, but without success the chief dxﬂiculty bemg that the bats

* As distinct from low yungle or scrub
+ The question of plantng shade giving trees and plants s sn antt larvsl
meagure 19 diseussel later (p 36)



PART IIL.

MEASURES DIRECTED AGAINST THE
LARVA OF MOSQUITOES.

A,~DESCRIPTION OF METHODS USED

Before describing the methods employed n dealng with
arve, 1t 13 necessary to point out the extreme importance of a
areful prehminary survey of the area in question 50 that ¢ may
se ascertained which species of anophelines are present, and where
he breeding places of each are mtnated Attention may thys be
oncentrated on measures to deal with the breeding places of the
oninespal malaria carners  For example, 1t 15 worse than peelees
o embark on expen<ive measures to dramn a collection of water
hat may be harbouring either no larvee at all or only these of
harmless mosquitoes whilst the less obvious breeding places of
he malana carriers are overlooked

Attention 15 also drawn to the fact that, when the fusounte
sreeding places of any particular species have been elimmngated, 1t
aall tend to breed i other mtuations o that careful penodical
inspections of the area concerned are essential

A pont of great practical importance 18 the extent of the
area over which 1b 13 necessary to practice ant1 larval measyres
No strict rules can be Jud down on this pomt, for 5 great
number of factors must be taken into consideration, and the fina]
deciston will depend on & close study of the local condrtions
prevailing, such as the species of malana carrying anophelines
concerned, the intensity of breeding, the direction of the Prevailing
wind, ete

As a general rule, i Indw, antilarval meacures shouid be
undertaken for a distance of at least half a mile from the Periphery
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anophelines close to the sleepwmg place of the humen bewngs, m
spite of the proumity of the fire, nnd the much greater accessibility
of the cattle He considers that the presence of the cattle i this
zegion gwes very hitle protection

In India especially m the Punjab, a season of bewvy ramfall
following a yeat of drought 1s frequently the precursor of an out
breal of malema 1n epidemic form  Craggd™ has suggested that
simee the number of cattle which normally form a protection to
the population 15 decreased 1n proportion to the sevemty of the
preceding drought whilst the number of anophelines Is 1ncreased
by the heavy rams, this may be an important factol 10 the genesis
of these epidemics  He further suggested that the great extension
of irngation works primarly imtended as a protection agamst
famine, may prove to be in 1tself a great ant: malanial measure for
with an assured supply of water there will be sufficient fodder to
Leep the cattle alive 1n times of drought

Close association with cattle does not always prevent an
epidemec of malana  Tn the Punjab epidenmic of 1908 the cattle
zone of Amritsar city was one of the worst epidemie areas  Fry™0
however pomts out that though those living m this zone suffered
owing to the presence of cattle the rest of the town was probably
protected thereby from the abnormal mosqmto population He
suggests that 1f cattle sheds vwere arranged on the outskurts of &
village mstead of indiscrmminately as 15 usually the case, the
mbabitants would be more free from the attacks of mosquitaes

Ferm®™8 states that 1f ammal prophylaxis 1s to be effective
the cattle <heds shonld be situated at a distance of 50 to 100 yards
from human dwellings

A very large amount of Literature dealing with the subject of
zoophilism has appeared during the last 10 years It s impossible
to wnclude o complete hibliograpky, but rek to » number of
the more waportant papers are given at the end of the book

(See Bibliography, Nos 522-567.)
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tis connection ¢ J Walsan® ® a3 the result of experments
with a specially constructed trap made with mosquito netting
m the Federated Malay States came to the conclusion that
the result of trap catches was more valuable as an indication
of the spectes of hel f dwellings than the
results of catches by collectors Out of 1526 mesquitoes
caught 1 the trap in some coolte kines m 12 mghts 167 were
anophelines of which 22 were A maculatus Two tramed
collectors searched m the Lnes each morning during the same
perod and caught 564 mosquitoes of which only 25 were
anophelines and none were 4 maculatus *

A record 1s kept of the number of each species taken in each
catehtng station This 1s a most valuable means of testing the
effictency of control measures and will frequently lead to the
detection of some breeding place which would otherwise be over
Toohed

After the usual prelumnary malaria survey has been earried
out the followng procedure 1 suggested —

(s) Furst select catching stations one at least being situated
on each side of the area to be protected  Regular catching should
preferably be started at least six weeks before the beginning of the
malaria season  Indeed 1t would be better still 1f catehing and
other observations could be carried out for one complete season
before wmstituting control measures but this 1s seldom possible
m practice

(12) Tustitute mgid anti larval measures over all actual and
potential breedmg places of melana carrying anophelines for a
distance of one quarter of a mule from the periphery of the area
to be protected Control measures should be niiated before
the annual incretse i the numbers of adult malana carrymng
anophelnes occurs e usually about one month before the
commencement of the malana season

* The exporiments here referred to were actually camed out by Me B 4 R
Gater the collector sleep ng mude the trap
¢ ne 3
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of the area to be controlled This may have to be extended m
certain directions if breeding of malana careying anophelines outside
this radius 15 very mtense or if there 13 a strong prevailing wind
from a particular quarter  On the other hand 1t may not always
be necessary to undertahe nigid control measures for half a milen
erery direction  Thus Sentor White™®3 obtuned excellent results
by mshitnting ants lars sl measnres for s quarter mile radws rourd
certamn camps in a very nalanous area m the Vizagipatam
Agency (Madras Presidency India) where a railway was bemg
constructed the aren bemg extended mn one direction nearly
three quarters of a mmle from the centre of the mam camp on
account of the prevailing wind

On tl e other hand Hackett*18 1n Italy has found 1t necessary
to control mosquito breeding for 2 distance of 3 hilometres (nearly
% mmles) from the penpbery of the area requnng protechion
Evidently A macubpenms 15 a stronger flier than most of
the malana carrying anophehnes of India with the possble
exception of A su daicus

Many expenments have been carried out with a view to
ascertaining the distance of flight of anophelines and 1t has been
shown that on occasions certamn spectes will fly for d stances of
several rules But 1n considermg the size of the area over which
1t 15 necessary to practice antr Jarval measures it must be remem
bered as Ross?? has pointed out that 1t 1s not & quest on of the
power of fhght of anophelines or how far they can fly but how
{ar they actually do fly on the aterage

In istituting control measures wuch useful nforma
pton may be obtuned by the use of catching stations
or ohbsersation stations  Certam shelters are selected 1,
varous quarters of the camp willage or other locahty which
15 to be protected These are wisited regularly (daily of
possible dunng the first season of control) and the same
collector catches as many adult anophelines as possible m 2
gnen tme say 15 mmutes 1o each spot  Or traps may be
placed 1 selected places and the catches collected datly In



CLEARING OF JUNGLE 35

particular part of the area and attention can then be mamly
durected to these special places
Temporars measures such as the application of paris green
ail ete should be discontinued at the end of the usual period
of the malana season mn the particular locality concerned To
continue them after this date will merely in the author’s opimon,
result 1n 2 useless expenditure of labour and money
Other things bemng equal permanent measures 1e the
complete abolition of breeding places should be adopted wherever
possible  Temporary measures such as oihing ete  should only
be employed {2) when the cpuse of hreeding 15 temporary (e g
during the construction of docks railways etc) or (b) when the
cost of permanent measures 15 prolubitive It may be remarhed
here that permanent measures although they may involve a
greater 1mtial outlay than those of a temporary pature frequently
prove more economicel 1 the long run owing to the constantly
recurring expenses of the latter and the necessity for mamtamning
2 large mspecting staft
1 Clearing of Jungle* or Serub—This 15 of value m the
following Tespects
{a) It removes the shelterng places of adult mosquitoes
(5) It promotes evaporation and therefore the drying up
of collections of water
() It discloses breeding {laces which otherwise may he
overlooked

A word of warning on this subject 15 howeser necessary
Certam dangerous maliria carrying species of anophelnes e g
4 maculatys A apumomust and 4 ludlownr  prefer breeding
places exposed to bright sunshine The indiscrrminate cleaning

* Consderablo confuston has been caused m Ind & m the use of the word
Jungle  some suthors slluding to forests of h gh trees by thus term others
tolow bush or scrub It 19 used m the latter sense here
+ This 15 the case 1n India but i the Phibippine Telands A m memts 13 sad
to fasour streams heavily shaded by bamboo (M el lazis™)
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(2) If any particularly dangerous breedng places suchasa
Tavine stream or seepage outerop exist between the quarter mile
and balf mile radms control these also

(2v) Scrutimze the daily records from the catching stat ons
The capture of a considerable number of malarta carrying anophe
lines 1n any particular eatching station may indicate that control
measures must be extended mn that direction beyond the half mile
rads (probably m the direction from which the prevailing wind
1s blowing) or that some particular breeding place has heen
overloohed

{(t) VWherever possible catching stations should also be
mnstituted in some willage 1n the neighbouthood where the
conditions are as nearly as possible the same as n the area
under control but where no antimalaral measures are bemng
carried out A record should be kept of anopheline catches
spleen rates morhidity and mortahity rates ete 1n this village
which may be compared with those observed 1 the controlled
ares It must be remembered that the ncidence of maluan
Tike that of other diseases may vary very considerably m
Aifferent years and if no records are hept of an uncontrolled
area as well as of the one where antimalanal measures have
been mstituted entirely erroneous conclusions may be reache
as to the efficocy of the campaign The danger of over
estimating the good effects of anti malaria measures 15 espe
cally great because as a rule such measures are undertahen
during the period immediately following an unusually severe
malaria year when the incidence of the disease would i any cise
tend to become less

Qur am 1s of course to control the smallest posuble area
that will gie good results Dvery hundred yards added to the
radius of the controlled area means a large mcrease mn expenditure
It 1s usually found that expenses imncurred n anti malana
measures duning the first year can be very considerably reducel
during subsequent malaria seasons It may for instance be found
that all the malana carrying anophelmes are breeding in some
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particular part of the area, and attention can then be mamly
directed to these special places
Temporarv measures, such as the appheation of pans green,
a1, etc, should be discontinued at the end of the usual perrod
of the malara season 1 the particular locality concerned To
continue them after this date will merely, m the author’s opmion,
result 1n 2 nseless expenditure of labour and money
Other things being equal permanent measures, 1¢, the
complete abolition of breeding places should be adopted wherever
possible  Temporary measures such as othng etc, should only
he employed (a) when the cpuse of breeding 15 temporary (e g,
Auring the construction of docks railways ete ), or {b) when the
cost of permanent measures 15 prolubitive It may be remarked
here that permanment measures although they may msiolve a
greater mitial outlay than those of a temporary nature frequently
prove more econonucal 1 the long run, owing to the constantly
recurrmg expenses of the latter and the necessity for maintaining
a large anspectmng staff
1. Clearing of Jungle* or Serub—This 15 of value m the
following respects —
{«) It removes the sheltermg places of 2dult mosquitoes
() Tt promotes evaporation and therefore the drying up
of collections of water
{¢) Tt uiscloses breeding places which otherwise may he
overlooked

A word of warning on this subject 15 however necessary
Certam dangerous malima carrymng species of anophelnes, e g,
A meculatus A punemust and 4 ludlows, prefer breeding
places exposed to bright sunshine The indiserimmate elearmg

* Conaderable «onfusion has been caused 1n India 1 the use of the word
Jungle, * some suthors alluding to forests of kizh trees by this term others
tolow bush or serub It 18 nsed 1n the latter sense here

 This 1s the case n India, but 1a the Philippioe Islaods 4 mumamus 13 enid
10 favoue streams heawily shaded by bamboa (Miel lazis™)
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of jungle m places where such species exist may therefore be
followed by disastrous results This occurred n a distmet m
the Federated Malay States where the wholesale cleanng of
jungle though proving immical to the shade loving A4 umbrosus
provided excellent breeding places for the more dangerous
4 maculatus

In Assam where 4 mununus 1s the principal malana carner
an immense amount of harm has been caused by the clearing of
jungle from the edges ot streams and experiments are now being
carrted out with a view to finding the most suitable shade giving
plants for use along the banls of streams i tea gardens For
this purpose 1t 18 mmportant that the plants end trees stall
give dense shade and that they shall be evergreen It has been
found that durantha (the thorny privet hedge) and eupatorsun
are suitable for narrow channels whilst for broader streams the
jack fruit tree (drtocarpus antegrafoha) appears to ke efficacious
(Ramsay30}

The eleaning of forests has also resulted 1 serious malamt
epidemics 1 the high platean regton of Argentina where
A alintarsis A tarsumaculatys and A argyritarses all prefer sunbt
water for their breeding places

2 Dramage It 15 1mpossible to treat this large and
important subject fully here Some of the chief pomts will
be dealt with and for further details the reader s referrel
to the list of references given 1 the Bibliography under this
heading

(a) Open diains —These should be narrow and deep rather
than broad and shallow therr banks should be kept clear of
vegetation and sloped to an angle of about 45 degrees tributaries
should enter at an acute angle or curve where posstble and pot
at Tight angles 1n order to lessen the deposition of silt and débns
at the pomnt of junction The bottom of the dram should be
rounded and not V shaped

In dealing with swampy areas drains may be made either
parallel with one another or arranged 1 herning bone ” fashion
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The former methad 18 the more economical For example m
draimng an area of 14 acres with lines of dramns laid 100 feet apart,
the herring bone 83 stem would requrre 300 feet more of draim than
the parallel’® (Fig 5) In British Gwana there 13 employed a
method of making straight parallel drans and eultivating the
Intervening areas the plints grown taking up a large amount of
nater In the case of hill foot seepiges the best method 15 to
construct a system of contour drams to catch seepage at the
pornt at which 1t aiices (see p 89)

/|

T
A

>
w

Fio &

Two systems of laying out drane m aress of equal sze T
both the dra ns bre the same distanco apert bat the length of
dram 10 A 15 cons derably greater then n B {after K ngi)

Drns should be as few and as short as posaible and the fall
of the ground should be carefully concidered before commencing
work  The cxcavation for drainage should start at the outfall
end Sharp bends should be avoided wherever possible The
matn drain should be constructed first and the tnbutaries aiter
wards  In some cases the use of dynamute has been found
Relpfal i the construction of dramg!s

Open drams may be exther pukha’1e lined with concrete,
brick stone etc or ‘huchcha 1¢ openearth drams A pukka
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drain should never be constructed without first making 2 hucheha
one to determine the requisite depth of the dram and to see
whether the flow 13 satisfactory

Pukka drams should be made with a central deeper channel or
‘ cunette * to take the water along queckly when 1ts level 13 low
and to mmimize the extent of the breeding area At the pomt of
junction with a side channel the oppostte side of the dram should
be strengthened and raised to prevent overflow  * Weep holes
should be made in the stde of the drain so that the subsoil water
may get mto 1t These should stope dowrmards towards the
bottom of the drair It 1s al<o an advantage to construct key
walls  at nght angles to the drain at mtervals especinlly where
there 18 a curve in1ts course te prevent water from outside tearing
away the earth suppotting the side walls (Trg 6) ey walls

V

“p bwwe

Fro &

Cross sect on of key wall (aft r Le Prnee )
t

should extend 6 mches to a foot or more mto the ground belos
the bottom lming of the drain and 1n all cases Weep holes
should be provided Just above the hes wall In wide drains
the mde walls may be almost vertical

1t 1 not always necessary to line the entire dram the ning of
the bottom and sides up to 3 inches abave the normal water Tme
for small ditches being sufficient as arule A dramn may be roughly
Lrued with flat stone, the interspaces beng filled 1 with small stone
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anvi sealed roughly with cement mortar Where flat stone 13 not
available concrete made with gravel or small stone, 1n a layer of
about 2 mches 10 thickness and remforced with 2 wch mesh wire
netting, may be used

In places where a dramn has to pass beneath & road by means
of a eulvert, the grade of the drain should be increased, to prevent
the accumulation of silt or déhbns The bottom of the culvert
should be lined with stone or concrete A screen of vertical rods
may be provided at the entrance of the pipe or culvert, and
m the case of an earth dran the bottom should be lined for a
distance of about G feet with flat stone or timber at the pownt
of discharge, s0 as to prevent erosion and the formation of a
pocket

In the case of huchcha dratns, if the flow of water 1s very swift
undermimng of the banks may occur, or if there 15 some temporary
obstruction excessive local scouring may ensue removmg soil
from below the grade line of the hattom of the drain and causng a
‘pot hole”  Subsequently, f the rest of the drain becomes dry
{25 1n storm water drams), peals will remaimn m such situations,
which mav become anopheline breeding places A small temporary
channel <hould then be made to connect these pools and drain off
the water It 13 sometimes possible to effect this rapidly m the
case of a dramn with a muddy bottom by dragging a <mall log
downstream 1n 1ts bed

The necessity for repeated re grading cleamung and oling of
open earth drams makes thew upleep expensive  They are of no
use m localities subject to very heavy ramfall as when this oceurs
the svstem will be wreched Lined drams last much longer, are
more easily cleaned require less mspection and are frequently
ultimnately less costly than open earth drawns!s

(b) Subsol drans —The dramn m this case 1 formed by a
sertes of unjomted tile pipes laid end to end close together
trenches beneath the ground, the water entermg from helaw at the
pomts of junction of the pipes  If soft spots are found m the™
bottom of the trench (which must of course be properly graded),
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drain should never be constructed without first making & huchcha
one to determine the requisite depth of the dram and to see
whether the flow 1s satisfrctory

Pukla drams should be made with a central deeper channel or
‘ cunette * to take the water along quichly when 1ts level 1 low
and to mimmize the extent of the breeding area At the pomt of
Junction with a side channel the opposite side of the drain should
be strengthened and rased to prevent overflow ¢ Veep holes]
should be made 1n the side of the drain so that the subsoil water
mav get mto 1t These should slope downwards towards the
bottom of the dramn Tt 1s also an adsantage to construct * key
walls * at right angles to tne dram at intervals especially where
there 13 a curve m 1ts course to prevent water from outside tearmg
away the earth supporting the side walls (Tig 6) ey walls

Fre 6

Cross sect on of kev wall {aft r Le Innce )

should extend 6 inches to a foot ot more mto the ground below
the bottom liming of the dramn and n all cases weep holes
should be provided just above the kev wall In wide drams
the side walls may be almost vertical

Tt 15 not always necessary to line the entire dram the hnwng of
the bottom and sides up to 3 inches above the normal water line
for small ditches being suficient asarule A draw may be roughly
Imed with flat stone, the mterspaces being filled 1 with small stone
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and sealed roughly with cement mortar VWhere flat stone 1s not
available concrete made with gravel or small stone, in a layer of
about 2 inches 1 thickness and remforced with 2 snch mesh wire
netting may be used

In places where a drain has to pass beneath a road by means
of a culvert the grade of the dram should be mncreased, to prevent
the accumulation of silt or debrs The bottom of the culvert
should be hined with stone or conerete A sereen of vertical rods
may be provided at the entrance of the pipe or culvert and
i the ease of an earth dramn the bottom should be lined for a
distance of about 6 feet with Bat stone or timber at the point
of dicharge, so as to prevent erosion and the formation of a
pocket

TIn the case of kucheha drains 1f the flow of water 1s very swift
undermiming of the banks may oceur or if there 18 sonie temporary
obstruction excessive local scourmg mav ensue removing soil
{from below the grade line of the bottom of the drain and causing a
“pot hole  Subsequently, 1f the rest of the dram becomes dry
(as m storm water drams) pools will remam m such situatrons,
which may become anopheline breeding places A small temporary
channel should then be made to connect these pools and drain off
the water It 13 sometmes possible to effect this rapidly 1n the
case of a dramn with a muddv bottom hv dragging a <mall log
downstream 1n 1ts bed

The necesaity for repeated re grading cleaning and oihing of
open earth drawns makes thewr upheep expensive They are of no
use in localities subject to very heavy ramnfall as when this oceurs
the svstem will be wreched Lined drams last much longer, are
more easly cleaned requue less 1nspection and are frequently
ultuately less costly than open earth drainal®

(8) Subsoil drains —The dram n this case 1s formed by =
series of unjomted tile pipes 1ud end to end close together m
trenches beneath the ground, the water enterng from below at the
points of junction of the pipes If soft spots are found in the ™
bottom of the trench (which must of course be properly graded),
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dram should never be constructed without first making a kucheha
one to determuine the requstte depth of the dramm and to see
whether the flow 18 satisfactory

Pukla drains should be ntade w1th a central deeper channel or
‘ cunette ’ to take the water along quichly when 1ts level 13 low
and to mmimize the extent of the breeding area At the powt of
junction with a side channel the opposite side of the dram should
be strengthened and raised to prevent overflon ¢ Veep holes
should be made m the side of the dramn so that the subsoil water
mav get mto 1t These should slope downwards towards the
bottom of the dram It 1s also an advantage to construet hes
walls * at right angles to tne drain at intervals especially where
there 1s & curve 1n its course to prevent water from outside tearing
away the earth supporting the side walls (Tig 6) Tey walls

RN

b ven Lw e

Fio 6

Crosa sectinn of kev wall (after Le Proce )
'

should extend 6 mches to a foot or more mto the giound below
the bottom Lmng of the dran and i all cases weep holes
should be provided Just above the hey wall In wide druns
the side walls may be almost vertical

Tt 15 not always necessary to line the entire dram the linng of
the bottom and sides up to 3 inches above the normal water line
for small ditches bewng sufficient asarule A drain may be roughly
Lined with flat stone, the imterspaces being filled i with small stone



DRAIVAGE . 39

nnd‘ sealed roughly with cement mortar  Where flnt stone 1s not
available conerete made with gravel or small stone in a layer of
about 2 nches in thichness and remforced with 2 mch mesh wire
netting may be used

In places where a drain has o pass heneith a road by means
of a culvert the grade of the dram should be 1ncreased to prevent
the accumulation of silt or debms The bottom of the culvert
should be hined with stone or concrete A screen of vertical rods
may be provided at the entrance of the pipe or culvert and
in the case of an earth dram the bottom should be lined for a
distance of about G feet with fat stone or timber at the powt
of discharge so as to prevent erosion and the formation of a
pocket

TIn the case of kucheha drains if the flow of water 1s very smift
undermiming of the banks may occur or if there 13 some temporary
obstruction excessive local scouring may ensue removing soil
from below the grade hne of the bottom of the drain and causing a
‘pot hole  Subsequently 1if the rest of the dram becomes dry
(as 1 storm water drams) pools will remain m such wtuations,
which may become anophelne breeding places A small temporary
channel should then be made to connect these pools and drain off
the water It 13 sometimes posmible to effect this rapdly m the
case of a dramn with a muddv bottom bn dragging a small log
downstream 10 its bed

The necesaity for repeated re grading cleaning an1 oiling of
open earth drains mahes thewr upkeep expensnne  They are of no
use in localities subject to very heavy ramfall as when this occurs
the svstem will be wreched Lined drains last much longer are
more easly cleaned require less inspection and are freguently
ultimately less costly than open earth drams'st

(9) Subsorl drarns —The drain m this cace is formed by a
series of unjointed tile pipes laid end to end close together n
trenches beneath the ground, the water entering from helow at the
pomts of junction of the pipes If soft spots are found 1 the ™
bottom of the trench (which must of cowrse be properly graded),
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dram should never be constructed without first making a hucheha
one to determine the requisite depth of the dramn and to see
whether the flow 18 satisfactory

Pukka drains should be made with a central deeper channel or
‘ cunette ’ to take the water along quickly when 1ts level 1s low
and to minumize the extent of the breeding area At the pomt of
junction with a side channel the oppoute side of the dram should
be strengthened and raised to prevent overflon  * Weep holes
should be made i the side of the draimn so that the subsoil water
mav get mnto 1t These should slope downwards towards the
bottom of the drair It 15 also an advantage to construct key
walls  at rnght angles to the drain at intervals especially where
there 1s a curve 1n 1ts course to prevent water from outside tearing
away the earth supporting the side walls (Tig 6) ey walls

=~
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Fie 6

Cross section of kev wall (aft r Le Prnce )
'

should extend 6 mches to a foot or more mto the ground below
the bottom lmmng of the dramn and 1n all cases weep Thotes
should be provided just above the hev wall In wile drams
the side walls may be almost vertical

It 18 not alnays necessary to line the entire dramn the lining of
the bottom and sides up to 3 inches above the normal water line
for small ditelies being sufficient as a rule A drain mav beroughly
Lined with flat stone the interspaces berug filled m with small stone
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and‘ sealed roughly with cement mortar Where flat stone 1s not
available concrete made with gravel or small stone, 1n a layer of
about 2 nches i thickness and remforced with 2 mch mesh wire
netting may be used

In places where a drain has to pass beneath a road by means
of a culvert the grade of the drain should be mcreased, to prevent
the accumulation of mlt or debms The bottom of the culvert
should be lined with stone or concrete A screen of vertical rods
may be provided at the emtrance of the prpe or culvert, and
mn the case of an earth dram the bottom should be lined for a
distance of about 6 feet with fat stone or timber at the point
of discharge, so as to prevent erosion and the formation of a
pocket

In the case of kuchcha drains, if the flow of water 1s very swift
undermining of the banks may oceur or if there 13 some temporary
obstructton excessive local scourng mav ensue removing soil
{rom below the grade line of the bottom of the drain and causing a
“pot hole  Subsequently 1if the rest of the dram becomes dry
(as m storm water dramns) pools will remam m such situations,
which may become tnophelime breeding places A small temporary
channel should then be made to connect these pools and dramn off
the water It 1s sometimes possible to effect this rapidly in the
case of & dram with a muddv bottom by draggmg a smalt log
downstream 1 1ts bed

The necesaity for repeated re grading cleaning and oiling of
open earth drams makes thewr upheep expensive They are of no
use m localities subject to very heavy ramfall as when this oceurs
the svstem will be wreched Lined drams last much longer, are
more easily cleaned requie less 1nspection and are frequently
ultimately less costly than open earth drans'®

(8) Subsol dramns —The dram n this case 1s formed by 2
series of unjomnted tile pipes laid end to end close together 1n
trenches beneath the ground, the water entering from below at the
pomts of junction of the pipes  If soft spots are found m the™
bottom of the trench (which must of course be properly graded),
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drain should never be constructed without first making a hucheha
one to determine the requisite depth of the dramn and to see
whether the fow 1s satisfactory

Pukla drains should be niade with a central deeper channel or
‘ cunette ” to take the water along quickly when 1ts level 1s low
and to munimize the extent of the breeding area At the powt of
junction with a side channel the opposite side of the dramn should
be strengthened and raised to prevent overflon ¢ Weep holes
should be made mn the side of the drain so that the subsoil water
mav get mto 1t These should slope downwards towards the
bottom of the dramn It 1s also an advantage to construet ke
walls at right angles to tne dramn at intervals especially where
there 1s a curve 1n its course to prevent water from outside tearing
awiy the earth supporting the sde walls (Iig 6) ey walls
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Fie 6

Crosa section of kev wall (aft t Le Prnce )
'

should extend 6 mches to a foot or more mto the ground belo®
the bottom hmmng of the dramn and i all cases weep holes
should be provided just above the hey wall In wide drans
the side walls may be almost vertical

Tt 15 not alnays nece sary to lme the entire draw tle lung of
the bottom and stdes up to 3 inches above the normal water luee
for small ditches bewng sufficient warule A drain may be roughly
Lined with flat stone, the interspaces bemg filled m with small stone
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and sealed roughly with cement mortar Where flat stone 1s not
avalable conerete made wath gravel or small stone, in a layer of
hout 2 mches 1n thichness and remforced with 2 inch mesh wive
netting may be used

In places where a drain has to pass beneath a road by means
of a culvert, the grade of the draimn should be ncreased to prevent
the accumulatton of silt or débms The bottom of the culvert
should he hned with stone or concrete A screen of vertical rods
mav be provided at the entrance of the pipe or culvert and
m the case of an earth dramn the bottom should be lined for a
distance of about 6 feet with flat stone or timber at the pomnt
of discharge s0 as to prevent eroston and the formation of a
pocket

In the case of kuchcha drains 1if the flow of water 1s very swift
undermining of the banks may aceur or 1f there 1s some temporary
obstruction excessive local scouring may ensue removing soil
from below the grade line of the bottom of the drain and causing &
‘pot hole  Subsequently 1f the rest of the dram becomes dry
(as m storm water dramns) pools will remamn 1n such situatrons,
which mav become anopheline breeding places A small temporary
channel should then be made to connect these pools and drain off
the water It 15 sometumes possible to effect this rapidly n the
case of a dram with a muddy bottom by dragmng a small log
downstream I its bed

The necessity for repeated re grading cleaning and oiling of
open earth drams makes thewr upkeep expensne They are of no
use 1n localities subject to very heavy ramfall as when this occurs
the ssstem will be wreched Lined drams last much longer are
more easlly cleaned require less 1nspection and are frequently
ultimately less costly than open earth dramng!®

(1) Subsoil drgins —The drain m this case 15 formed by a
series of unjomted tile pipes laid end to end close together in
trenches beneath the ground, the water entering from helow at the
points of junction of the pipes  If soft spots are found mn the™
Bottom of the trench (which must of cowrse be properly graded),
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drain should never be constructed without first making a kucheha
one to determine the requisite depth of the dramn and to see
whetlier the flow 13 satisfactory

Pulka drains should be made with a central deeper channel or
‘ cunette ’ to take the water alons quichly when its level 1s low
and to mmimize the extent of the breeding aten At the pomt of
junction with a side channel the opposite side of the drain should
be strengthened and raised to prevent overflow ¢ Weep holes]
should be made m the side of the drain so that the subsoil water
mav get mto 1t These should slope downwards towards the
bottom of the dramn It 1s also an adsantage to construct * hey
walls” at nght angles to tne drain at mtervals especially where
there 15 2 curve m 1ts course to prevent water from outside tearmg
anay the earth suppoiting the sile wills (Tig 6) Key walls

T on L mE

Fo 6

Cross section of kev wall {aft r Le Prince )
!

should extend 6 mches to a foot or more mto the ground Ielow
the bottom lmng of the dram and m all cases weep holes
should be provided Just above the Lev wall In wide diams
the side walls may be almost vertical

Tt 15 not always necessary to line the entire drasa the bnmng of
the bottom and sides up to 3 nches above the normal water lne
for small ditches bemng sufficient as a rule A drain may beroughly
lined with flat stone, the interspaces being filled 1 with small stone
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{one fifth for mamn dramns over 6 mehes m diameter) durmg
ordinary dry weather (at least 2 or 3 days after moderate
ramfall) they will be sufhetent to do thewr worh dumng floods
(Evansi®®) The pipes should te laid 1n an absolutely straight
line with as few changes of gradient as posuble

Cireasy water and house waste must not be allowed to dis
charge into anv part of the system Vthere pipes come near the
surface proper bridge crossings are necessaty to protect them
from being erushed by carts etc  The ontlet of the subsoil dram
must be well above the high water level of the stream lake or
diteh nto which 1t discharges  Inspections should be made to
see that the outlets do not become clogged with silt or other
deposit  Metal rods placed verticzlly at the outlet will prevent
the entry of small ammals which mught die 1 the pipes and canse
blockage

Subsoil dramnage 1n connection with mesqmto control 13 used
for the foilowing purposes —

(1} To lower the ground water so that pools of surface
water nill be more readily absorbed

(12) To 1ntercept seepage

(13) To deal with hill streams m ravines

(3} Where this method 13 used for lowening the subsoil water
the hnes of pipes are usually spaced from 50 to 150 feet apart
They are generally laid from 2 to 4 feet deep 1f laid nearer to the
surface the water 13 druned away more rapidly but the area
dramed 18 less extensine  The pipes are laid i the bottom of a
perfectls graded narrow trench with their ends abutting one
another closely and are then covered with clay or earth

A grade
of 1 foot or nwore jer 400 feet 13 dessrable!®t

(1) To intercept seepage the dramn 13 constructed above
the line of outcrop at the time of maximum flow approximately
at right angles to the flon deep enough to collect the seepage and
with a grade of not less than 1 foot m 200 feet The Pipes are laid
with open Jomts or abou* one-exghth to one fourth nch apart

and the trench filled with stones  The uppermost layer should be
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stones are rammed nto place until a solid foundation1s obtaned
hligler!s has found 1t useful where gravel 1s available to lay the
tile pipe on about 10 em depth of gravel and to cover 1t v1th
10-70 em of the sime materral  He has found that m pipes so
1aid clogging has been neghgible whilst in others 1t 1s of periodic
occurrence The laying of the pipes should be commenced at the
outlet of the dram nd continued upwards as the trench 1s made
Infine easily disintegrated sotls the pipe jomts should be covered
witha wrapping of canvas palm leaves or other material to present
clogging  The pipes should be of errcular bore from 3 to 121ncl es
m dismeter and 1 to 2 feet in length  Asa rule the mternal diameter

A B c

Fre 7

Cross sect on of thres types of subsoldrans A Tle dran (after Le
Proce®) B Stone dran C Poledran

of the ppes <hould not be less than 4 mches even for hll foot
druns whilst main drains are usually from 6 to 8 incl es in dimeter
Where more capacity 1s required two or more drains may fels d
side by side  The thickness of the drain should be three eigl ths of
an mch for pipes of 3 or 4 inches in diameter half an inch for those
of 6 mnches m druneter and five-eighths of an mch for tfos. of
8 inches n dameter It 13 mpossible to lay down ngilrules
for the capacity of the system but i general 1t may be sail tht
3 the pipes are calculated to run not more than one quarter full
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disadvantage 191ts cost, which 1s a grave objection, especially when
dealing with ravine streams  Semor White ® remarhs that 1n the
case of streams which Tun only for two months or so after the
slacheming of the monsoon oiling 1s probably more economucal

The cost of subsoil il land dramage in and around the town
of hnala Lumpur, Federated Malay States was ahout £5 165 0d
per acie  The cost of draining agnieultural hll land m the Malay
States ranges from £1 155 04 to £4 10s 0d per acre The cost
of mamtenance has not exceeded 10 per cent of the first cost 1
the vear following construction and b per cent m the succeeding
years It must be realized that mamtenance must commence the
day alter constructton 1s completed {Lvansi®®)

In place of tile pipes subsoil drams may be constructed with
sides roof and floor made of flat stones (Fig 7 B) Drams of
this tvpe varymg in size from G inches to 12 inches wide and
from 9 inches to 15 inches deep were imstalled at Veenglas,
Bengal 1n1917-1919 at an average cost of 113 annas per foot run,
a1d after 8 vears worhing wath verv little cost m maintenance
thev were found to be m as good condition as ever! ®

VWhere stones are not v ulable larch or other poles may be
Ta1d lengthwise 1n the bottom of the drain one on each side and
one on the top forming a condwt (Fig 7C)

Another method 15 smply to inahe deep trenches and fill
them with stones but 1n this case 1t 1% necessars to dry them up
and clean out the stlt at inturvals

(¢} Vertieal drainage  [hua may provea usefal and economucal
mexwre especially 1n the case of swanips and marshes  The bed
of the marsh 1s probably of silt o1 clav which retams the water,
but underneath thie there nay be o permesble or fsenred rock
which will gne dramige  Tn order to diam the marsh a pit 18
sunk down to the permeable roch the exposed surface of whiel 15
blasted  The pit <houll be flled with rock filling, a vertical line
of pipe bung carried to the level of the march bottom  The pipe
should be surrounded with stone or gravel Spigot and socket
sewer (Ipes or iron pips ceated can be used or a cireular it built
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of small sized stones, and should extend 2 or 3 nches abore the
surface of the ground!st

(1) In dealing with il streams 1n 1avines, 1t 18 necessary
that the pipes should be buried af least 3 feet deep* The pipes
should be covered by a Jayer of heavy stone, the smaller stones
bemg placed above as before, but i order to prevent silt from
reaching the pipes and blocking them, 1t 1s necessary for the
topmost layer 1tself (1, the floor of the ravine) to be of mlt In
wet chmates a layer of grass will grow over this, and will prose
efficaclous agawmnst scourtng It 15 most umportant thet tress
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Subsonl tle dran long tud nal section
(after Le Proce™}

growing within a distance of some 40 feet {rom the pipes shall be
rooted out, othermse their roots will grow down mto the pipe
jJunctions and block them

The advantages clamed for subsoil dramage as compared
with open drams are that 1t 1s self cleaning mamntainsitself permuts
of rapid nspection needs very little attention, requires 10 albng
and permits of no exp of water ble to mosquitoes
It should be pownted out, however that the laving ol pipes shoutd
as & tule, only be undertal en by o shilled enguweer It prncrpal

* A Cicculsr * msued by the Public Torks Department F M S 19”7
lard down that there should be not less thau 4 feet of cover over the pipes
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How Ou halls Mosquito Lanw

1t was orgmally supposed that the lethal effect of ol enlamvee
nas due solely to the fact that 1t suffocated them Ly cutting off
therr mr supply A great deal of investigation has since heen
carried out as to the manner m which o1 lulls larva the vanous
theories put fornard bemg as follows —

(2) Suffocation of the lari@ by producing a surface film
which cuts off theiwr supply of ar

(1) Blocking of the respiratory tubes by particles of ol

() Toue action of ol vapours

(1) Toxic action of the o1l directly by contact

{t) Toxic action of the ol mdireetly 1y <olubility m the
water

{11} Reduction of the surface tension maleng 1 dufficult
for the larvie to reman at the surface and thus
causing them to drown

Freeborn and Atsatt¥ found that the toxicity of oils increases
with thesr volat:dlity and that the volatile constituents contan
the principles v hich produce the primary lethal effect but that in
the case of those oily with neghgible velatihtv (bothng pomt over
250°C } the lethal action may be due erther to bloching of the
respiratory tubes pomsoning by contact or even by suffocation
They did not consider that the reduction of surface tension or
towieits from solubility 1n water had any effect

More recent researches have mn the mam confirmed these
obsersations  Green®® showed that the rapuity with which
larvee dhe depends on the volatilibty and toweity of the oi that the
Iarvu obtam their fatal dose of oilin a very short time (less tlan
1 second with petrol and within 1 munute with an absolutely non
towe ol Nujol) and that Culer lanvze take o very much longer
time to die than Arophelrs (6 to 8 times as long)

Hacher® © pomted out that oif frequently klls larvee without
the production of n complete film He laid stress on the
mportance of differentral wetting 1n the susceptibility of larvee
to the effects of ot Oul on the surface of the water scts Ithe a
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up m dry stone masonry A ewcular stramer should be put m
round the mouth of the smlage (Home!”) Probably several of
these pits wall be necessary 1f the marsh 13 a large one A certam
amount of griding will be vequired m the marsh leadmg to the
sk holes (Fig 9)

{See Biublography, Fos 155195

MARSH BoTTonM
= o

Peamzasce,
£ ssunan
Rock

Fio 9

Vertical drainave {after Home™

3. Osling.—The use of ol to dummish the number of mos
quitoes was recommended m a note 1 The Amerecan Aduvertisers
Philadelphia, m 1ts 13sue of August 29th 1793 (McFarland 3%)
Tt was also suggested m a work entitled * Gmmapa Otiosores,’
said to have been written by R Southey, which was published m
London m 1812 The first published account of 1
conducted experments with ol as a mosquito larvierde appears to
hate been that of Howard3?, wluch appeared 1n 1892
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The addition of small quantities of a vegetable oil also greatly
increases the spreading of munersl oils  According to Hacher®?
vegetable oils probably spread by virtue of the free fatty acids
which they contan Leak': recorded that the addition of
1 per cent of castor o1l to herosene mcreased the spread 25 times.
He found that 2 0z of kerosene covered anarea b yards mn diameter,
whilst on the addition of 1 per cent of castor o1l an unbroken film
30 yards i diameter was formed

1f the ol contams too much actise wateral (OH groups,
COOH groups ete ) the excess leaves the oil, satisfies the affimty
of the water for active groups and therefore prevents the oil from
spreading This 15 a pomnt of practical mmportance, sice the
addition of too much cresol, vegetable oil etc , will actually decrease
the spreading power instead of increasing 1t A method of testing
whether too much active material has been added to, or1s contained
1 an o1l 15 by shaking up a sample with water, if this water then
prevents the spread of o1 1t has been inactriated by the excess of
active material

The spreading of olls 18 also 1icreased by owudation
Hacher®? showed that Lerosene and crude o1l increased m spread-
g power when esposed to awr for 8 days It was found by
Johnson%3# that od soaked <awdust caused a better film when
left for 24 hours before use, and also that certain waste olls from
garages dhd not spread well untit they were soaked with sawdust
Hacker ders that the 1mp: t 1 ding power was n
this case probably due to oxidatton and not to the filtening out
of <arbon particles by the <awdust, as Johnson suppested
Sollmann®™ found that the spreading of herosene was increased
Uy adding asphalt and Hacher suggests that this may be becanse
the tar causes oxidation of paraffins by eatalytic action  Hacher
also noted that the toxieity of kerosene was increased by oxidation
as well a9 the spreading power

The presence of dust or grease on the water, or of seap or
soapy matenal 1n the water, prevents ol from spreading, and this
has to be taken into account when consdering the amount of
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dry object, and attracts the spiracles (w hch are also dry) VWhen
contact tahes place the o1l 1 able to wet the spiracles and enter the
breathmng tubes  Contact with ail 15 suffictent to hill Jarsee ’

01l also tends to deter the adults from depositing therr eggs,
whilst 1t hills the algee forming with them a dense floating mass
which probably has a deletertous effect, and 1n any case reduces the
food supply of thelarvee  Inits place there appeara a closely felted
alga attached to the stones or sand forming the bed of the stream
or pool, the presence of which forms a useful indication 1s to
whether olling hag been carned out effectually?s

The spreading power of ols

The popular opinion s that the highter heroscnes spread
better than the crude oils, but some authars state the reverse
Hacker®®, mn his laboratory experments, found great difficulty m
prodneing uniform films from the same amount of o1l dropped on
the same amount of water 1n the same stze Petrndish  He explamed
this phenomenon by the formation mn some cases of an * nviatle
film * of greasy substences dernved from the fingers during the
preparation of the dish, mhibitang the spread of ol This may be
the explanation of the conflicting statements which have been
made regardmg the spreading power of various oils

The spreading of otls, however, does not depend on ¥ tscosit},
and a thin o1l does not necessanly show better spreading powers
than a thick  Ginsburg®®” has shown that the tar acids having
hydroxyl (OH) groups (e g, phenols, cresols, xylenols), incretse
the spreading power of muncral oils, as also do the monohydric
alcohols pine ol and turpentine Cresols and aylenols proved
more efficient than the other compounds, the addition of one
gallon of erude eresol contamng 95 per cent cresylic acids to 100
gallons of fuel a1l greatly increasing the spreading and penetration
of the oil on salt and fresh waters covered with dead organic
matter and vegetation In laboratory experiments 1t has heen
found that the addition of 1 per cent cresol to fuel o1l mereases
the spreading power by 60 per cent The duration of the ot
film 15 also appreciably wncreased by this treatment
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(a) Rerosene ol —This may be applied alone hut there are
certan objections to 1ts use —

(1) The film, 18 sa thun that a very shght disturbance of the
water surface by floating debms projecting vegeta
tion mipples caused by the wind or current ete,
break the contmwty of the film

(1) It 13 expensnve and likely to be stolen by unscrupulous
employees
(uz) Tt 1s transparent and therefore hkely to be wasted by
the persons applymg 1t because 1t 15 difficult to see
whether the film 1s satisfactory
() There 1s mish of fire eg where sparks from a passing
ralway train may drop mto 1t
The quantity recommended for use by Howard®® was one
ounce to 15 square feet of surface the film produced lasting about
10 dags

) Crude ol aud other unrefined ols —The hquid fuel
of the petroleum companes 1s not properly speaking crude otl
but @ refuse after some of the more volatile oils have been distilled
ot Tts compuition varies derably 1n different
VWatson®S notes that some consignments can be used alone whilst
others need the addition of one part of herosene to 8 parts of iqud
fuel before nse with v sprayer The dark tarry solution of extrac
tives which 1s found at the bottom of the o1l drums 13 toxic to
larvee and 13 very useful for application m springs etc The
o lditton of from 1 to 2§ per cent of a vegetable ol castor coconut
ot whatever hind mav be asailable Joeally will inerease the spreading

pover of crude ol or hquud fuel to & great extent castor ol bewng
the most eflcctive

hligler'®® 1 Palestine found that the most effective muxture
was 1 part of crude otk to 4 parts of herosene with from 01to 0 2
per cent of castor ol added.

VW ilhamson and Rajamoney3® suggested the use of a nuxture
contamng equal parts of crude ol solar oul and rubber o Rubber

ol does not 1ncrease the spreading power of the other two but
¢ ac
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vegetable oil, etc, to be added The presence of grease or s04p
explamns why an oil which may give excellent results on natural
waters will often e 1 patches when applied to water confatming
dramage from dwellings

Willamson and Rajamoney3$s lay stress on the fact that
very great spreading power 1s not always an advantage
bemng only permussible m lmited areas of pure water, and
o the presence of weed or other factors which retard film
formation A very thin film of o1l 15 an meffectual destroyer of
mosquito larvze

The chorwce of od

There are many grades of o1l on the market which may be
used for mosqutto destruction, ranging from the very light olls
such as Lerosenc to the heavier forms known as crude ols  The
choice of an o} will depend very Jargely on local conditions , thus,
with high temperatures a thick o1l1s required, whilst 1n the presence
of vegetation an oil with great spreading power 18 necessaly
Again m the case of still water a heavy non toxic ol appled
w suthclent quantity to form a complete film will after some
hours kil all the larve, whilst 1n the case of moving watera
thin layer of rapidly spreading ol with a high touciy 13
mdteated

As already stated the poisonous action of muneral oils 13
related to several factors—siscosity, volatility, and the presence
of aromatie hydrocarbons or of certain natural possons A thin
ol will enter the breathtng tubes of the larvee quicker than a thick,
whilst as we hate seen, o hugh volatiity and & high percentage of
aromatic hvdrocarbons increase the lethal effect Unrefined
oils, such as fuel a1l or diesel o1, contam small quantifies of
substences (orgamie nods  mtrogen and sulphur compounds)
which appear to evert a porsonous effect These are purﬂy
remos ed by refining processes, and a hughly refined lubreating
or paraffin ol will therefore prove less poisonous thana Black
fuel o1l of the same thickness
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Barnes’® has found a muixture of 9 parts of erude oil with
1 of pine oil effective  The latter, which contains varions alcohols
and ketones, has a powerful soporific or paralysing effect on the
larvee, and also mcreases the spreading power of the crude oil.

(¢} Luqwd parafin (hqud veselme) has been used by
Swellengrebel and s co workers®® m Holland It 15 an almost
colourless o1l, costing about £1 per ewt It 1s elaimed for this o1l
that 1t does not need the destruction of vegetation, that its effects
are not vitated by wind or ran, that 1t does not evaporate and
therefore has a lasting eflect and that 1t does not prevent mosqui-
toes from depositing therr eggs It 15 also non toxic to fish
Although 1t costs five times as mnch as pana green, 1ts use 1n the
smaller canals in Holland (where manual labour 1s very expensive)
entails less expense, because it 13 so easily and quichly apphed
Five or six ¢ ¢ of the preparation are used per square metre of
water surface

(d) * Leron’ a muxture of various mineral oils, has been
used with suecess 1n Italy and elsewhere Tt 1s claimed for this
preparation that 1t 13 hermless to fish and cattle and that 1t grves
satisfactory results m the proportion of 10 ec to the square
metre of water surface, even 1 the presence of dense vegetation,
1t being sufficient to move the reeds, ete a little to ensure umform
apread (Grateh¥+)

{¢) Petrol, m the proportion of 24 ozs for every 80 square
feet of surface, has been recommended for u<e 1 wells, tanks
etc It s clanmed that larvee are immediately destroyed by this
method, and that 1n 2 hours there 13 no smell and 1n 3 hoursno
taste ol petrol in the water It 19 suggested that the petrol
should be applied 1n the evening®”

Methods of applyng odl
(1) Spraying by means of a spray can or hnapsacl sprayer.
By this means the o1l can be distributed to a distance of 20 to 30
fect from the operator  The sprayer when filled must not be too
heavy, a pattern with about 2} gullons capacity being suitable
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greatly mereases their toxiaty  Solar oil, a heavy fuel ol dernved
from aromatic crude ouls, probably imparts continuity to the films
whilst the mclusion of crude o1l 18 justified on account of its low
cost, and the fact that 1t evaporates less quichly than either
of the others thereby prolonging their continuance on the water
surface

Anti malarial ol (AMM ) 18 & mixture contaming duesel ot
solar o1l and kerosene put up by the Asiatic Petroleum Company
Diesel o1l 15 unrefined and non volatile at ordinary temperatures
and 1s added to give 2 lasting effect Poisonous substances also
oceur naturally 1 this o1l

Pesterine (MDB) prepared by the Burmah Shell Ol
Company, 18 another mixture of oils recommended for anti mos-
quito work Its present price 13 Rs 32 13 per 42 gallon drum
It 1s claimed that this 15 slightly superior to A M M

Feegrade? expermentmg with various crude oil products
of the Burma Oil Company, Rangoon found ¢ Bauwte extract’
to be the most effective

Walch and Bonne Wepster®® recommend the use of ‘sludge
2 waste product from the Batavian Petroleum Company, used
the proportion of 7} to 10 ¢ ¢ per square metre of water surface

TFaste motor oil (‘ eranh case o1l *) has been trnied extensively
m America Peterson and Ginsburg®®? note that this usually
needs straining and does not spread on water but may be made
to do so by adding a tar acid contammng 25 per cent cresyhe aad
or by adjusting the specific gravity to 32 or 34 Be by adding ight
petroleum distillates They state that the lasting quality of the
oil mixture 15 2 to 4 weeks twice as long as that of fuel oif ard
that the cost 1s only half that of the latter Walch and Bonne
Wepster3® also used waste motor o1l and found 1t effective when
mixed with 10 per cent kerosene and I to 2 per cent cocomut oF
castor ol 10 to 20 c ¢ of the mixture being apphed per square
metre of surface  They also obtained good results with a mixture
of 3 parts waste oil and 1 part solar ol  Waste cranh case ol
destroys vegetation
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for use by an Indwun coslte There sre tso prneipal types of
sprayer on the mathet one fitted with s double acting pump
which has to b worhed contmuously by hand (e the Lady wood
Spriyer No 28) and the lugh pressure type (eg the ‘ Four
Oala’ Ihgh Pressure Sprayer and the Mysta Gem Sprayer No §
10 which the pressure 18 pumped wp to » standard figure marbed
on a gange before use {Plate 1} The latter type though more
expensive 13 less fatigung for the operator and lexves one
hand free agrentadvantage in rough country In Ameriea the
Myers 3 gallon compressed aw sprayer fitted with a 2% feet
extension and 7 graduating vermorel nozale hrs been found
satwfactery

The sprayers sheuld preferably be fitted with leather or fibre
“alves 1nd fexible metallic hose as petroleusm mls cause ordsnany
rubber to penish Yo any case since leaks 1t the base of the hose
are common 1t 13 sdvisable to obtam a spare hose as well asa spare
set of nashers when orderng the maclune The chawe of nozele
18 maportant  Semor Whaite™ recommends 4 pattern nlach will
delwer o cone spray about 18 inches 1 diameter 4 fect i frontot
the nozzle e finds the Marvellous ' nozzle snd the I T 4
stiachment nith  Man elous * nozzles of the “ Your Oaks’ Com
pany the most sutable A defect of many nozzles is that thev
deliver too much oif per minnte so that the opesator must esther
proceed at 4 run or waste ol

The o should be Bltered mto the sprayer through a sete
{which 15 usually supplied with the maciune) and after cach dsy s
use the apparatus should b washed out by povnng s pmt or £
of herosene mto the contamer and blowing it out through the
nozzle by pressure Al spraying requires supersision by some
intelligent mndividual whose duty 3 15 to see that the yets do not
get bloched aud to re pack joints and values™

(1) A garden waterog-pot may be used for sprwbliag ol o
small pools aramns ete

{211) Used cottan waste may he employed economcally where
there 33 xuch mackwery This may be made 1nto swabs and
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1f they are not already suffictently oily, these can be soaked
crude ol and wrung out before use Semior White®® states that
they are 1deal for use m small rock springs and that by therr use
running water 13 more econemically oiled than by a machine
They may be weighted down with a brick or stone or pegged nto
the ground with small sticks  Bits of old sacking may also be
used 1 this way After about a week the swabs may be re
soahed and used agamn

(1) \ long stick with a bundle of old saching tied on the end
may Le used to distribute o1l over small pools

(v) Ballsor guddas {pillows)may bemade of tow o1 saching
weighted with stones and thrown imnto pools etc after bemng
sazked 1 heavy o1l The onl cozes out gradually and comes to
the surface A better plan 13 to have them attached to a float
(made by sealing up an empty tm) so that they do net sml to
the bottom {Fig 10) This prevents the collection of st round

Fie 10
Ol ball and flost

them which eventnally makes them meflective  Thev may be
placed 1 drwins o tethered along the edges of streams irngation
channels ete  They shoull be opened out and dried at wtervals
of 7to 10 days =nd re-soaked tnol  It1s also well to shahe them
every 2 days or €0 Without removing them {rom the water A
‘gudda’ shaped Like an ordmary pillow, 28 mches long and
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The 2mount of ol allowed to drip suggested by Le Prince®s®
15 10 t0 20 drips per munute for a water surface one foot wide

The disadvantages of oil drip-cans are that they do not give
good service without proper attention and may get clogged or be
washed away by floods or be stolen

{z) In Panama a barrel pump mounted on a rowing boat1s
used Hot oil 15 employed becanse 1t 1s found that this flows
better through the pipes and nozzles®®

Amount of oil to be applied

It will be evident from what has been said above that the
amount of oil necessary to control mosquito breeding will sary very
greatly according to the local conditions obtaming 1e ¢l matic
conditions presence or absence of vegetation kind of o1l or mixture
of oils employed etc However as the questionis so frequently
ashed 1n connection with the probable cost of anti larval measures
1t mav be Ind down that half an ounce of o1l per square yard of
water surface or 15 gallons per acre 13 usually an ample estimate
1t 13 claimed for some of the proprietary preparations that very
much less than this 1s peeded  The exact amount of oil required
m any particular case can only be ascertamned by actual tmal m
the field

Frequency of otling

It1s usually said that otling should be repeated every 10 days
tut m practice 1t will be found more effective to ol at itervals
ofTdays This1s not because such a practice 1s essental to control
treeding but because unless 1t 13 defimtely lad down 1 the
jrogeamme that such and such breeding places are to be orled on
a specific day of each week it 13 mevitable that certan places
will be mussed  Like evervthing else in connection with malana
prevention the success of oiling depends on the thoroughness
with which 1t 13 carnied out  Otling should not be attempted 1n
denins or streams during heavy rain  8hould a heavy downpour

occur within an hour after olling the process may basve to be
repeated™
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16 1nches broad made of sacking will soak up about 2 gallons of
oil at first and about 1 gallon when re soahed It will List about
3 months  O1l balls may also be dragged along dramns like mops
thus cleartg the dramn and at the same time otling 1t

Lumps of tow or sacking soaked m oil and weighted with a
brick are useful 1n treating water under culverts

(12) Ol may be mixed with sewdust and thrown after the
manner of sowing grain -The mixture must not be wet to the
touch and the particles must separate cleanly when thrown on
to the water The best results are obtained when the mixture i
allowed to stand for 24 hours before use (seep 47) This method
has been advocated for use among vegetation The proporttons
to be used are roughly 30 gallons of o1l with 10 bushels of saw dust
per acre’®

{24) A conical can divided into a lower chamber to contan
sand and an upper chamber for ol has been devised by Wetmore®
A tube soldered to the outside opens 1nto the oil chamber at the
bottom The apex of the o1l chamber hasa wick to permut the
oil to escape The can 1s thrown 1nto the water and sinks ar
escaping from the apex followed by o1l  Vater 1s drawn through
the tube into the lowest portion of the oil chamber replacing the
oll  This device 13 sad to work well in water covered with vege
tation

(van) Standing ram pools on grass may be dealt with by
means of an ordinary sweeper’s broom dipped mto o1l and brushed
round the edges

(22) Drip cans may be used for the automatic otling of streams
and drains  They may be used as follows

(6) A nail may be knocked through the bottom of the recep
tacle 2nd 2 prece of wool wrapped rownd the head of the nal
By pulling on the latter the flow may be regulated

(5) A tap may be fitted to the receptacle

(c) A thick lamp wick may be stuffed mnto a hole near the
bottom of the receptacle
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(i) It renders water unfit for drmling purposes
(219) 1t 13 bhely to deter mosqmtoes from depositmg their
eggs thus driving them to other unoiled collections of water

(ar) Tt1s likely to be stolen by unserupulous emplovees

4deantages of othing

() O1l hulls the ova and pupe of mosquitoes as well as the
lanvee

(1) Tt halls culicine as well as anophehne larve

(1) It 1s easily obtammable everywhere

(1t} Tt1s ensy to sce whether it has been properly applied

(t) No elaborate apyaratus s required for its application

(u1) Its use though requiring supersision does not involve
the amount of supervision as does for instance that of pams
green

(See Bibliograply Nos 3°4-385)

4 Chemical larvicides {a) Panis green (copper accto-
arsentte) —Folloning the publication by Roubaud®®® of the
results of his researches as to the value of paraformaldehyde
powder as a Iarvier]le Barber and Hayne® 1n 1971 carmed out
exp with virtous compounds of arsemic of which pans
green proved the most efficient Since then 1t has been used
widely m manv countries and 1t appears to come nearer to
folfillmg all the requirements of an anopheles larvicide than
any other preparation at present aiailable

Pans green (Schweinfurt green Imperssl green Emerald green
Mit:e green) 1s & micro-crvstallme powder of emerald green colour
practically 1nsolible m water but seluble 1 ammona and
concentrate] acids  Under United States Isw the name pans
green 15 testricted to powders containing o mmntmum of 50 per cent
arscntons oxide but 1n Turope the name 15 sometimes applied to

sul stances contamng green anilne dyes which are 1alueless for
larvicdal purposes
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Tests of thorough otling
Apart from the absence of living larvee, two other tests of the
efficiency of olling may be mentioned —

(1) The marginal wegetation along = properly sprayed
dramn should be burned brown for a foot on each
sule and after a fen applications bare earth margins
should become exposed

(21} In regularly oed dramns Sprregyra will disappear and
be replaced by a bottom growth of a matted
Cyanophylaceous alga, which as pomted out bv
VWatsont’ 1s correlated with the absence of mos
quito larv e,

T here othing s applicable

01l may be applied i the case of pools, drains tnd streams
and to the edges of deep ponds lakes and rivers, and wherever
1t 15 necessary to destroy cultcine as well as anopheline lane
provided that the water 1s not to he used for drnking or
domestic purposes It 1s especially applicable to temporary
collections of water wlnch are too numerous to dram or to control
breeding places while steps are bemg taken to deal with them by
permanent measures

Insadrantages of otling

(2) Ol will not easly penetrate a barner of grass, and to
make 1t thoroughly effective all vegetation and floatimg débms
should be removed

() Wind will break up an ol film and will carry the ol to
one side of a sheet of water

(112) During ramy periods the value of oiling 1s decreased
Showers of ramn wash away the oil

(2v) O1l 1s heavy for transportation

(v) It may hill fish, and renders them unfit for human
consumption
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(21) It renders water unfit for demhing purposes

{t13) It 13 Dkely to deter mosquitoes from depositing their
eggs, thus driving them to other unoiled collections of water

{ta12) It 18 hikely to be stolen by unscrupulous employees

Hdunntages of oiling

1) Oil hills the ova and pupe of mowquitoes as well as the
lanvee
(22} It kills culicine as well as anophelne larvae
(121) It 13 casily obtamable ererywhere
(1t) It 15 casy to see whether 1t has been properly applied
(2} Mo elabarate apparatus 15 required for its application
{v1) Its use though requiring superviston does not involve
the amount of supervision as does for mstance that of paris
green
(See Bubliography Nos 324-385)

4  Chemucal larvicides. (a) Pans green (copper aceto
arsenite) —Folloning the publication by Roubaud®®® of the
results of his researches as to the value of paraformaldehyde
yownder as a larvierde Barber and Hayne’™ i 1921 carned out
experiments with yvarious compounds of arsenic of which pars
green proved the most efficient Since then 1t has Leen used
widely m manv countries and 1t appears to come nearer to
folfillng all the requrements of an anopheles lirvieide than
any other preparation at present arailable

Pins green (Schwemfurt green Imperal green Emerald green,
Mitts green) 19 & micro-crystalline powder of emerald green colour
pricticilly nsoluble m water but soluble 1 ammonia and
concentrated acids  Under United States law the name pans
green 13 d to powders a

of 50 per cent
arsemious oxude but 1n Lurope the name 1s sometimes applied to
substances contaumng green ambme dyes which are valueless for
larvterdal purposcs
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Method of action of pars green

The particles are eaten by the anophelne larve, which feed
on the surface of the water, and the chemical acts as a direet poison
It 15 therefore mmportant that the particles of pans green should
remam floating on the surface for as long a perod as possible
Thus 13 largely determmed by the surface tension of the water
The more vegetation that 1s present n the water the greater s the
surface tension, the longer do the particles float, and hence the
greater 1s the efficiency of the pams green as an anopheles larvicide
Experiments are being carried out by various firms with the object
of producing a form of the chemcal which will remamn on the
surface for the longest possible fime

Paris green has no effect on the pupee of mosquitoes, because
these do not feed, nor, when appled 1n the usual way doesit affect
the larvee of cultcines because these are not surface feeders The
very young (first day) larvae of anophelines are also usually
unaffected, presumably because the particles of paris green are
too large for them to eat It 1s posstble that this latter difficulty
may be overcome by the production of an extremely fine form of
the chemical )

Requirements of a good poris green

() It should be of a deep green colour

() It should contam over 50 per cent arsenious oxide, &
good quality averages b5 per cent

(1) Its solubility 1n water should not exceed 3 per cent

(2v) It should be capable of bemng passed through bolting
cloth of at least 200 preferably 300 mesh

(v) Tach batch should pass a practical field test before
acceptance for 1t has heen fornd by expemence that samples
apparently 1dentical vary greatly 1n toxteity to larve

Chowee of duluent

For use pams green 15 mixed in varying proportions wath
a dry powder of some description which acts as a vehucle for 18



PARIS GREEN 59

distribution * A very large number of substances have been
used for this purpose amongst which the following may be
mentioned —

Poad dust Salphar Cement, dust
Slaked Lime Spoded Bour tTrass
Towdered soapstone of softstone | Ped esrth (Java) Sawdust
Ashes Freach chatk Fine sand
Coth. dust Corr dust Cluna clay

The choice of diluent will depend on the conditions under
wluch the larvicide 13 to beused  Other things bemng equal the
cheapest sustable diluent locally available will naturally be
selected

(2} For dusting an extensive area such as a swamp or larpe
sheet of water 2 light vehicle which will carry the paris green with
1t for a long distance 1 the wind 1s required  Soapstone or ©soft
stone  (which consists chiefly of silicates of lime and magnestum)
and slaked lme have been found smtable for this purpose 1n India
The former may be obtatned 1 the form of a powder (for sources
and prices sec Appendix) Slahed lime 1s prepared from quich
hme which can usually be obtamed locally The lime should
be of good quahity and the slaling done with care a small quantity
of water being added at a time  The process of slaking should
never be camed to completion  During the process of screenmng
{see below) whick should be done shortly before use the unslaked
portions will be removed and should be put back with the unslaked
lime for future use In moist chmates sunple exposure to the
aw s suflicient

TRoad dust vares 1 compostion m every locality and very

frequently contains a «onuiderable quantity of sand which makes
it unswtable for dusting large areas

* Reroreno o] or 3 misture of hercsene ani wasts motor ol has also
been used a8 & vebelo for dutribating pans green 1n order to obviate the
mecess ty for stonng dust daring ramny seasons

Trass 1a a voleamo sabstance largely composed of pum ceons dust and
18 worked for mortar

v
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(22) In the case of small streams, ditches, irrigation channels
etc , & heavier diluent 1s required, as, 1f there 1s any considerable
wind a light velncle such s powdered soapstone or slaked lime
13 ltkely to be carried beyond the breeding place  This 13 a point
of very great practical importance 1ndeed, with a very light
dituent af the wind 13 at all ngh, the attempt to dust such brecding
places may be absolutely ineffective The local rond dust will
frequently be found switable for this purpose, or fine sand alone
may be used

Swellengrebel and s co workers i Holland first used
ashes as a diluent, with 1 per cent of pans green They found
tht some of the larvie survived after the first day, and concludel
that this w1s because some of them swalloned Jarge quantities
of 1shes besides, or even instead of, paris green They therefore
sought for a heavier dust, which would sk, leaving the pars
green floating on the surface of the water and finally selected
trass as bemng more suitable

Willtamst®3 and other American workers on the other hand,
wheo wish to dust very extensive areas by means of electric blowers
and aeroplanes and who use pars green in dilutions of from 5 to
33 per cent prefer 2 diluent which will float for the longest
possible time such as soapstone or slahed hme

Recent experiments by Dollofi#12 ave shown that mistures
of hydrated lune with the stearates of caleium and aluminmum 28
diluents for pans green prolong the period from the time of
dusting to the re appearance of anopheline larvse from an average
of 3 days to an average of 5 to 6 days, i spite of mtervening
showers of rain

Sererning
Whichever diluent 13 employed, 1t 18 usually necessary to pass
1t first through a screen or sieve, 1n order to get rid of the larger
»articles  For this purpose 1t 13 customary to use an apparatus
onsisting of a double cyhinder of wire ganze, the mner one
through which the dust first passes) being of coarse mesh (sbout
2 to the linear inch) the outer of a finer mesh (about 30 to the
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Iinear such)  The cylinder 1z mounted within . wooden box on a
stand and 1s operated by turming & handle* (Fig 11)

Fio 11
Scrcenr for dust to bo used as dducnt for par 3 green (after Missrol )

A simpler type consists of & rectangular wooden triy about
2 feet long by 13 feet broad with a fine wire gauze bottom on the

* The follom ng d mens ony for th s screcner s7e g ven by Missrol & —
Box Length 39 em

breadth 31
he ght 4~
Hopper  madus 21
Sevo length 87
wlopo ¢
dameter of internal eylnler 13 em
mesh of gauze of 7tolem
d ametet of external eylinder 24 em
mesh of gawze of Btolcm
Tressle length 60 cm
breadth 33
he ght -0
Bu ket dumeter of mouth 13 cm

T ¥ S
height 171 em
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top of which fits a secand tray with a bottom of coarse mesh wire
The screener 1s suspended from the roof by cords attached to its
four corners and 1s apitated by hand, after the manner of sifting
gramn  The larger particles are removed by the upper tray This
apparatus which may be made locally at very small cost (about
Rs 5m India) has been found smtable for screemmng road dust
It has the great advantage that there are no complicated parts
to get out of order!™
g

This must be thorough, so that the resulting mixture 1
umform A switable apparatus may be constructed from a rectan
gular box of galvamized 1ron suspended on two pillars from diag
onally opposite corners and turned by a handle (Fig 12) 4

Fio 12

Mixer for use with pars green (after Musirol %)
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conventent size 18 33x48 om (about 1319 1nches) Or, an o1l
drum or small barrel with an 1ron rod runmng diagonally through
1t may be used About 200 turns are necessary for satisfactory
mixing

Methods of application

{t) By hand —The mixture may be thrown by hand after
the mapner of sowing grain from a bag resting on the hip and
suspended from the opposte shoulder This method has the

dvantage of disp with h 1 blowers, which so
frequently get out of order in the hands of the average coole,
and 1s probably the best way of applying pans green to wngation
channels, drams, etc, m the tropies (Plate I, A)

(4} Hand bellows can be made locally 1o any bazaar for about
Rs 10, and have been recommended for treating small streams
ingation channels ditches, ete  Their use 1s, however, fatigung
to the operator, and they are soon brohen by the average coolie,
50 that 1n the tropics distnibution by hand 13 usually preferable
(111) Knapsack sprayers are used extensively m Italy, where
the local peasant 13 accustomed to employ the same apparatus
for spraying hus vines with sulphur ctc  For use with road dust
1 India they have been generally found unsuitable owing to the
frequency with which jamming occurs  They may be used for
hghter dusts, such as slaked lme though even then they are apt
togetcloggedattunes whenthis happensit can often be remedied
by inverting the machine and shaking 1t vigorously
(1) Rotary blowers —There are many of these on the market,
and though more expensive than the knapsach sprayers they are
much more effectnie in denhing with large areas  The contamer
for the dust and that for the mechanim should be completely
separated  Itas also an advantage for the dust contamner to be
placed behind the operator (as in the case of the * Peerless Dust
tun’) and the gear box and fan 1n front, the blower 1s then
better balanced, and 13 less fatiguing to operate than if the whole
apparatus 18 corried m fropt of the body (Plate II, B) The
gears and fanshaft should preferably run on ball bearings,

N
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(v) Electrie blowers —A dustmg umt consisting of & power
generator an electric blower and a small dust hopper has been
used with success 1n America m dusting large sheets of water
from a boat Viith this machme using a 15 per cent mixture
of pans green with slaked lme a lethal path 525 feet wide has
been obtained with a moderate breeze (7 or 8 miles per hour)

(v2) Dusting from acroplanes —Insectrerdal dusts were first
applied to crops from awreraft in the U § A 1n 1921 and hung
and Bradley*”? employed this method for dusting with pans green
i experiments conducted i 1922 74 It has been found an
effective means of controlling anopheline breeding in large swamps
both 1 the United States and m Italy A © ventur tube some
23 feet long by 8 inches square at the mouth 73 imches mn the
centre and 12 mches at the outlet 1n the rear 1s fixed heneath the
fuselage of the plane  The dust 1s fed by gravity from a V shaped
hopper 30 mches lngh into the constriction of the venturi tube
the lower aperture of the hopper being contralled by a shding door
wlich can be operated by the pilot When the aeroplane 18
travelling at high speed (about 65 mules per hour) a high velocity
of air current 1s created at the narrowest part of the ventur tube
and a partial vacuum at 1ts outlet The dust 1s well broken up
as 1t enters the partial vacuum and s blown out of the tube 1
an evencloud By this method a lethal path some 200 yards wide
18 obtained  Cook and Wilhams?09 state that a properly equipped
plane flying 4 hours a day for 5 days a weel could deal effectisely
with an area of 20 square miles

Methods of determinang toxcity of pans green sutability
of diluent etc

In carrymg out prelininary tests to estimate the toxicity
of a batch of parns green the distribution and concentration of the
mixture and the switability of the diluent the followmg methods
may be used —

(2) Various pomts 1n the area to be dusted are selected and
a specified number of dips are made 1n each breeding place nitha
ladle or dish the average number of larve obtained per dip bemg
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connted  The ylaces whete the dippiog was done are marhed b
stakes  About 3 hours niter dusting the process of dipping™
vepeated and the results compared

It should be borne in mund that the length of time y
which larve are alled depends not only on the degree of
concentration of the pans green but also on the temperature
of the water 1In warm weather the lanve will feed much
more actvely and will thus be killed more quichly whilst
when the temperature 14 very low they may not be feeding
atall i whieh case any brand of pans green will be 1oeffectine
It 13 therefore important when p the efficiency of
different samples of the cliemical to carry aut the tests under
simbar chmatic conditions

(13} Dishes contuning hnown numbers of hving lanve sre
placed at vanous points over the area to be dusted and the num
bers hilled or remaiming alive sfter dusting noted  This method
though useful does not mve as conclusive evidence of the
mortality rate a3 does (3)

{i1) Olsss mwroscopic shdes wath a one mch sguare ruled
on each are placed st sarous pomts It 14 conviment to
place these across the corners of the dishes used 1 (n)  After
dusting the shides are collected and the number of pans green
particles per square inch on each 13 counted under the two-thirds
objectve of & microscope  For efiectine dusting there should
be ot least 12 particles per square inch on each sitde This
13 8 very useful method for cstimating the distnbution and
cancentration of the parws green

Strength of pars green to be used
For dusting narrow strems, drams small pools cte s one
per cent dilution of pars gresn s sufficient  For use over larger
arens from 2§ to G pet cent or even more will be found more
effective For the electnic blover a dilution of 15 per cent 13

ded whilst for dretnil from aircealt Cook and

5

©, ng



66 MEASURES DIRECTED AGAINST LARVA OF MOSQUITOES

Willams!® have found that 33 per cent 1s the most smtable for
all conditions of wind *

Quantaly of parts green fo be used

Hackett!?uses 01 cc (0125 gm,19 grams) to the square
metre of surface  Thus a hitre (1,250 gm ) should control breeding
over 10 000 square metres of surface, or along 10 hilometres of
water edge This works out at approximately 11b of pans green
per acre, which 1s the amount usually recommended t

If carefully applied m high dilution with a hand blower it
18 posuible to control breeding with less than helf this amount
but n practice 1t 13 found that such extreme care tn appheation
18 not economical from a labour pomt of view

The presence of scums or dense vegetation on the water
surface necessitates the use of somewhat larger quantities of
parls green per umt area

Frequency of dusting

As 1m the case of oiling £his will depend very largely on Jocal

d such as of breeding and vartations m climate
As a general rule where breeding 15 profuse panis green should be
applied once 8 week Sometimes, where the period of develop
ment of the larve 15 shortened owing to spectally favourable
chmatic condittons, 1t will be found necessary to reduce this
mterval to 5 or 6 days fora while  Again, as the weather becomes
colder and the period of larval development becomes lengthened
1t may only be necessary to dust at imntervals of 10 days of
so  Even m this case, however, a seven day interval 1s to be

* Some workcrs measwre the dilition by weight, others by volume A3
some diluents are much highter than othera and may be less than half as heat?
as the pans green the two methods of calculating the dilution may give widelv
different results It 15 considered advisakle always to make the aitutwn B%
volume 1n any ease, 1n recording results, 1t should wmvanably be stated which
methed has been used m esleulating the dilution

§{ Barber and Hayne™ recommended 10 cc (12 grams, 043 oz, 06
eubic 1, or 2 level teaspoontuls) to 90 square metres {1,000 square feet)
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recommenled, as tf it ts laid down that each breeding place 1
to be dusted regularly on a certain fived day each week theve s
much less Tikelihood that any particular breeding place will be
oserlaoked

Summary of recommendations as to the methols of applyng
pars green an the tropies

From the results of experiments catried out by the Malama
Surve) of Inda up tothe present date the following procedure
1 recommended —

(1) For dnsting large areas a 2 to B per cent dilution of
pons green by volume m <lahed hme or posdered
soap-stone {or soft atone’) applied by means of a
rotary blower §to 11b of pars green to the acre

(1) For treating narrow ingation channels ditches, ote
a 1 per cent dilution of pans green in road dust,
ot fine sand applied by band from a haversach

Cost of application

Tiss naturally vares considerably accerding to the local
conditions  \s a rough guide 1t ms) be mentioned that the cost
of applyving a § per cont pams green mixture with slahed hime at
Karnal Punjab by mesns of a rotary blower, using } b of pares
green pet acre works ont at about As 12 per acre  This ineludes
the Liliour for elaking the lime but not the wages of the coole
distribating the mixtnre No allawance 18 madi here for the cost
of the Hower

Fffects of paris green an othee forure of Ife, cte

Workers wath pans green are practically untmimous 10 stating
that m the quantities m which 1t 15 used as a larviede this
chinuesl 1s hannleas to man and domestic ammals w1 o may donk
the water w0 trested or 1o fish or any other forms of aguatie hie
except mawquito lan e
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Hackett®l? quotes Davis®® as mentionmg the poisonmg of
some ducks and chichens with pans green on one oceasion m
Brazil In a private communication Dr Davis mnforms me that
on this occasion some dead chichens and ducks were found on
the day following the application of pans green to some pocls,
but that subsequent mquiries elicited the fact that chickens were
also dving 1n other parts of the town, mn which paris green had not
been apphed, pr bly from some epmd such ag fowl
cholera It 1s unfortunate that this report should have found its
way wnto the literature In pomt of fact, birds are particalarly
resistant to the effects of arsenic

There 15 on record an observation by Herrmann Kolossow
and Lipm?* © that one out of three rabbits to which drinling water
which had been sprayed with paris green was g1 en over & prolonged
period develaped a paralysis of the hind foot which suggested
the possibility that pans green dusting was not so barmless as had
been supposed The mvestigations of other workers however
haie tended to show that under natural conditions there 1 no
accumulation of arsenic m solution 1 water to which paris green
has been applied over long periods Hackett!? using Pem
cilliom brevicaule & mould which gives off a charactenstio garhe
odour 1n the presence of a medmm contaiming one part n 100 000
of arseme, found that samples taken dailvy from shallew pools of
standing water gave strongly positive tests 24 hours after treab
ment with paris green, but were always negatise after 48 hows
He concluded that arsente does not accumulate 1n such collections
of water, but 1s rapidly eliminated, ‘ perhaps through velatiliza
tion by the microflora of the water ®

The Schuurmans*® using & 2 per cent dilution of paris greed
on fish ponds made various analyses of the water treated, and of
fish caught in the water They found a minute percentage of
arsenic m each case, but quantities as large were found at times
I the case of the fish and water in untreated fish ponds They
calculated that one would have to drmk 27 gallons of the vatel
or consume 50 pounds of fish m order to obtam a dose of b mg of
arsenic
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Paus green has also no 1l effect on rice or other crops
Mcholls* grew rice and certan other plants 1n tubs in which
2gm of 2 per cent paris green in colr dust was spraved over
each square yard of water surface without any deleterious
effect

s regatds the effects on those working with pans green
oeeasional pl of headache and diarrh have been
recersed 1n the case of men distributing 1t by hand  There have
also been cases of dermatitis when mixing has been done by hand
Othernise there appears to be no danger of 1ll effects an1the only
precaution necessary 13 to advise workers to take ordinary care
to heep to windward of the dust cloud to change thewr outer
clothing after the day s work and to wash theiwr hinds before
eating

Tn this connection there 18 an advantage 1n usin. hyvdrated
lime as a diluent  This 15 somewhat irmtating to the throat and
nose ond workers with 1t will of their own volition heep to the
windnard of the cloul as much as possible without anv instruc
tions being given to that effect

The question of the effect of patis green on boilers has been
raice L connection with the treatment of mull ponds It 13
difficult to imagine that such minute quantities of the chemical
as are wsed m antilarval work could have any deleterious
results In America 1t has been satisfactonty shown that no
i1k effects need be feared and the owners of one mill n that
country offered to put hall & pound of un il ated pans green mto
one of thetr boilers as a demonstration of 1ts harmlessnesstt

1deantiges of pans green
(1) Tte lon coat
(1) Tts lagh toxiaaty {or anophehne arvie
(1) Its portability
(1) TIts ease of distrbution by wind

£ Thane 2 va Ravd %o tenene AgMEEn  wowestr
dense
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(t1) There 18 no 11l effect on domestic animals fish or other
natural enemtes of larvae or on crops such as rice

(t12) The water trested 13 not rendered unfit for domestic
purposes

(v12) Bemg useless for other purposes 1t 18 not likely to be
stolen

(22) It 15 quickly applied

(z) Tt does not prevent mosquitoes from depositing ther
eggs the water treated thus acting as a trap

() It 13 equally effective 1n fresh or brachish waters

Disadeantages of paris green

(1) It hs no effect on the eggs or pupm of mosquitees and
sometimes does not kill the very young larve of anophelines

(1) It has no effect on cubeine larvee when applied 1 the
usual way This 13 a great cdisadvantage of pams green for
although as far as the control of malaria 1s concerned 1t 1s onlv
necessary to destrov anophelmes yet the great majomty of the
general public believe that all mosquitoes carry malaria andif the

1 Temain as as ever the P 15 Iikely to

become discredited  Moreover there are many places where the
* mosqmito nuisance  (usually mainly due to the bites of culicines)
15 s0 great that 1t 1s desrable to destroy these also of only for the
personal comfort of the mhabitants, whist m deahng with
diseases transmitted by cultcines the use of paris green 1s of course
valueless

In this connection 1t may be mentioned that Grffitts#!* has
reported seme success against culicme Jarvee by mrving panis green
with moist sand so that st 1s carred to the bottom of the water
at once

(1) Tt 18 1mpossible for inspectors to see whether 1t has been
applied properly or not (except of course by dippng for lana)
Gater”s! has made expenments with varous commereial dyes
mcorporated in the pars green mixture with the object of gning
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v1able traces of dusting but the results on the whole Lave been
disappointing

{1t) Tt requires apecal apparatus for distrbunon and for
acreeming the diluent and for muxing

(r) Its use requires constany supervision

(11} Tt 13 stated by some authors that it s meffective m
showery weather  Dacholls®', who nsed 2 1 per cent yoaxture
with coir dust stated that it was found slmost mmposaible to
destroy larve dunng yain - On the other hand Swellengrebel
and hs co-workers® using 1 per cent pars green with ash,
obtained counts of 32 granules per field within the first 24 hours
*a shower of rain or even three of them maling no difference”
Dollofi*’2, uaing hydrated lime mixed with stearates as a diluent,
aleo found pams green effectsve 1 gpite of showers It 1s difficult
to reconcile theee statements, and further miestigation on the
subject 1s necessary ® A smuilar dfference of opimon ewsts
relation to the effect of the presence of dew on the vegetation,
some authors stating that dusting 13 leat effective until the sun
bma dned it up wiolst others (e g Williams) state that this makes
vo dafference to the lothal effect Tt 18 possible that the chowe
of diluent mav have some influence in both these cases

(See Bibliography Nos 397455 )

(b) Paraformalichyde (triozpmethylene)  Tins substance was
recomutended by Ronbiud® as a harvcile jn 1920 The dry
ponder used alone or mised with some vehuicle such as flour or
powdered chalk was spread m the form of & dust cloud on the
surface of the water where 1t was mrested In the fava Mote
recently the same author has desenbed a larvicide having the trade
nume of stoxal the actne princile of which 15 paraformalde
et

N B—Yor prces amd mrces of pans prven wn ! the various apparatis oaed
10 s wpplication ®e Appendic

® Barber™ potes that the action of paris green 13 most effcctive imme-
diately after & shomer of Tam when scums which tend 1o mterfers with the
surface apread of the dust particles, are hesten down
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During the last few years several workers have tested this
substance among whom may be mentioned Barber and homp®
Mertens®®  Ginsburg™®® the Schuurmans®® Swellengrebel and
de Roolk37  All these have reported unfavourably on stoxal
as compared with pars green * and 1ts cluef interest lies m the
fact that the work of Roubaud with paraformaldehyde and other
powders directly mspired the 1nvestigations that led to the dis
covery of the properties of paris green as a larvicide

(See Bibliography Nos 386-394)

(¢) Cresol —In reading the accounts of expermments by
various workers with this substance as a Jarvierde one 1s at once
struck by the discordant views expressed as to the sirengthin
which 1t must be used The reasons for this are that different
samples vary i composition that dilutions of saponified cresol
detersorate m towieity on standmg and that the composition
of the diluting water also has an effect  Harold1% noted that an
acceleration of the larvicidal actron occurs with higher tempera
tures and that the presence of organic silt leads to a reduction of
larvicidal power He also showed that the resistance of lave
to cresol could be enhanced by placing them 1n non lethal dilut ons
overmight and transferring them to lethal ones next day a powt
to be taken mto consideration when collections of water ire inter
mittently treated Stewart!'s notes that the germucidal o
efficient of a coal tar disinfectant 1s no sure guide to its Jarvicidsl
power and that the hydrocarbon oils probably play a much lurger
part than mught be thought 1 comparison with the phenolowds

Mayne and Jachsonlls stated that a final dilution of 1 part
of cresol 1 1 000 000 was effective for culex larvee and 111100 000
for anopheles but other observers have found that much larger
amounts are necessary t Delmege!® stated that s difutton of
110 100 000 was effective m standing water and 1 110008

* It should bo mentoned however thet Banvallet? has reported good

results w th stoxal e
t Hehu= states that 1 1 10000 000 1 suffic ent but thia 13 evidently
to & ms mterpretat on of the art cle by Mayno snd Jackson
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slon flowing streams, whilst spraying with o difution of
1m 500 delayed the growth of vegetation Strickland and
Roy"® found thata dilution of 1 10 50000 was the greatest to
be of any practical utthty, Sentor White’s recommends 1
40000 and Marshall® 1 1n 28000 whilst Kligler'®® found a
dilution of 1 m 10000 to be mecessary Harold found that of
two different samples of cresol one hilled Anopleles bifurcatus
larvs 1 4 dilution of 11010000 whilst the other had no effect
1n this dilution

Rlgler'® found this larvicide very useful in Palestine n the
case of gravelly marshes along the sides of lakes and river banks
where the larve are hidden under the pebbles A dilution of 1
part cresol in 100 parts of water sprayed at the upper end of the
marsh go that the cresol filters slowly through with the stream
erther kills the larvm or drives them out 1nto the stream where
they are destroyed

Marshalll®  reckoming that cresol cost about 4 times as
much as kerosene ol and that the dilution necessary for the former
was 1n 28000 calculated that cresol was the more econommenl
method for water wrth a depth of less than 5 mches  For deeper
waters the cost of cresol 13 jrohibitive

In the case of mosquito breeding in the water used for
Leeping cement concrete wet whilst 1t 1s setting cresol 1s a
most uscful larvieide as it has no ill cfleet on the concrete
In Bombay 1 stephenst breeds freelv i such water and
the use of eresol has been recommended to deal with this™0
In practice 1t 13 found convemient to add just sufflicient cresol
to make the water nulhy This w9 8 much stronger dilution
than 13 necessary to Ml the larvie but 1t mahes 1t easy for
the wsp ecting staff to see at a glinee whether the lanicide has
been apphicd

A disudvantage of the use of cresol 1n natural water 15 that 1t
lills fish  Semor White®$ notes that fish hilled In crecol are
violentls pononous when eaten bv man

(See Bibliograply Nos 101-116 )
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(d) Commercial Cyllin was used with effect by James™® in
Ceylon One teaspoonful m a gallon of water Mills larve and
pup® but 1 practice 1t nas fonnd best to use sufficient to make
the water muly after 1t had been well stirred with a stich

(e} Samtas Olol 2 propuetary emulsion which appears
to contain a large proportion of phenols and allied componnds
was favourably reported on by Ross and Edie!®! who found that
1t was 2 powerful larvierde effective 1 dilutions up to 1 12 10 000
at which strength 1t was non pusonous  Mayne and Jackson!ls
however found 1t tnferior to cresol

(f) Panama Canal Larvicrde?™ —This 1s made as follows —
150 gallons of carbolic acid are heated m a steel tank to 212°F
Then 200 Ibs of powdered resin are poured m and stired until
completely dissolved 30 1bs of caustic soda dissolved m 6 gallons
of water are then added and the temperature kept at 212°F for
about 5 unutes A sample s withdrawn and poured 1nto water
1f complete and rapid emulsion ocours the larvicide 13 now ready
1t 13 claimed for this preparation that —

) It 1s lighly toxec to anopheline larve a 1 m 1000
emulsion killing them m 3 to 10 minutes
(1) It 18 concentrated and therefore only a small quantity
need be carried
{(12) Its toxcity 15 umiform
(1v) Its composition 13 sumple
(v) Its toxicttv to hgher ammals 1s Jow
(t3) Its cost 18 low
{v1n) There 15 no danger from fire

(vina) Tt 18 lnghly toxie to protozoa and alge

Tts disudvantages are that m brackush water 1t 15 mert and
does not emulsify that 1t kills fish that 1t deterorates on exposure
ond that 1t rapdly loses its toxcity after mixing witk water

ntamning alge and other organie matter™

This larvicide was used largelv during the construetion of the

Le Primce™® notes that 1t was very effectiie

wama canal
In the

hen added to crude o1l i the dilution of 5 t0 10 per cent
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swiface and only one inch deep would still be 4 times as costly with
soap as with Lerosepe He found also that i field experiments
the soap was less effective than 1 the laboratory

There 13 one way, however, 1n which the larvicdal properties
of soap may be wused 1o the tropics iz, * dhobes ® may be
encouraged to wash clothes at the head of streams harbourng
anophebne Jarve

() 'Panstan’ 18 a  propuetary preparation which has
been put forward as an effoient and cheap luwvide Thbe
Schunrmans™ however, reported unfas ourably on this substance,
finding 1t 1neflective even m quantities 6 times as great as those
prescribed

(m) ‘ Isofez* 13 another propretary larvicide, recommended
for use 1n swamps polluted pools, ete It 15 o dark brown flmd,
formmg a thieh film on the swface of water, adhering to any
surface even glass and starmng olothes Feegrade™® found
that 1 natural breeding places of about 72 square feet of water
surface 1 to 2 feet deep, with much aquatic vegetationat the
margins 30 ce of the larmade destroyed all aguatic Ide in 76
mmnutes He concluded that 1613 a powerful larviesde, but unsutt
able for general use becanse 1t 13 fatal to fish

(n) ‘ Empraman” 18 a proprietary larsieide, which has been
psed with success in Bengal It 1s clammed that G ounces of
concentrated Empramn No 2 (special quality) will suffice for a
water surface of 2 000 square feet Clyde™®® nsed this larviede
1 apty malamal work during the construction of the Sarda Canal
Headworks Untted Provinces, India, but 1ts use was discontiued
on account of its greater expense, as compared with that of
fuel ol

(0) Emulsified Necrosene 13 a proprietary preparation con.
tomng approumately 90 per cent of oils, ncluding creosote,
turpentme and Lerosene, and 5 to 8 per cent of soap It 13
clamed for thus preparation that 1ts lethal effect on larve wilt
persist for four to mx months followig a single appleation 1z a
final dilution of from 1/15 000 to 1/25 000
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(p) Hycol o preparstion denved from coal tar and closely
resembling creolia, has been used with success m the Belgian
Congo and m South Africa  Sal hycol 15 another product of the
game firm designed for use in brachish or hard waters

A very large number of other chemicals bate been used for
larviedal purposes, amongst which may be mentioned vanous
fluonine pounds per and
mercuric chlonde, lithwm chlonde oxalic acid, salicylic acid,
potassium cyamde naphthalene arsenic trichlorde, copper, 1ron
and sodmm arsenate saprol waste sulphite lignor from paper
mills waste products of sugar cane crushung etc  Mention may
also be made of expersments by Williamson2® as to the effects of
gases and vapours on mosquito larvm in wells (formaldehyde,
sulphnr diouide chloropicrin chlorine, steam et )

(See Bibliography, Nos 249-291)

5. Sulphate of Copper.—This has been used for many
years for mhubiting the growth of alge 1n reservorrs  For thic
purpose 1t 13 usually emploved 1n a final dilution of 01 to
0 25 parts per million of water though this s not euffictent to
destroy all forms of alge Sewtor White® has shown that
certatn species will grow even m a dilution of 1 10 10000 of
copper sulphate A¢ an snti mosquito measure this chermeal
18 vsually used in a final dilution of approumatels 11n 500 0C0
with the ohject of destroving alge and thus dimmmshing the
food supply of the lurve  Tlus amount was found satisfactory
by Kligler™ 1n Palestine

The method of applieation is to place the required quantity of
ordinary commerenal crystals of blue sitriol” m & gunny bag
or wire basket attached to a rope and draw it backwards and
foranrds in the nater at the sternof a rowing boat  Owming to the
poronous nature of the chemical its use cannot be left to the
ordiniry coolie It needs intelligent and earefu] supeTyiaton
Small ish mav be killed by copper sulphate 1 dilutions of leas than
1 part per million of nater’™

A disadvantage which 1s sometimes met with 1s the odour
produced by the deeaving algm after they hase been htled, whick
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(22) For paddy fields wells small ponds etc

Chela

Haplochilus

Polyacanthus

(1) For salt or brackish water ponds ete
Therapon
Polyacanthus
Most observers i India appear to agree that the various
species of Haplochil ts are the most useful destroyers of mosquito
larve  H panchaz{ Piku )and Anabas scar dens ( Khajura the
chimbing perch) have been used in the wells 1 Bombay for many
years The former was the species tried by Aitken 1n some of
the Bombay fountamns and called by lum scooties  Sewell and
Choudhur: ! stated that none of the species of Chela are surface
feeders and that Rasbora dunicomus 1s a purely vegetable feeder
but Wilson'7 says that both these statements are meorrect
As regards the area of surface that can be Lept free from

larvee by fish Sewell and Choudhur1®* state that mn the case of
Haplochilus three sp were sufficient 1 captivity to
prevent larve developing n a small aguarnium having a surface
area of 13 by 91 feet

Requirements for larnicidal fish
() They must be small so that they can get about m
shallow water among weeds etc
(u) They must be hardy and flourish m both deep and
shallow waters
(1) They must be able to breed freelv n confined water
areas
(1v) They must be able to stand transport and handhing
(v) They must be difiicult to catch and able to escape
therr natural enemtes 1including mea
(12) They must be absolutely worthless and nstgmficant as

food
(x11) They must be top feeders and carnivorous
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Limutations of fish wn the control of mosgunto breeding

There are certain disadsantages 1 the use of fish as a control
measure —

(1) Fish are only effective 1f present in sufficient numbers
() They are only completely efiective mn the ahsence of all
weed and floating débnis
(113) Small boys can be relied upon to catch them if they
get the opportunity

(10) Over zealous persons are apt to mtroduce other and
larger species which may prey on them
(u) If there 13 not a sufficient food supply for them eg,
i wells they will eat their own young eo that
breeding places must be penodically te stoched
(1) Constant inspection 18 needed to see thst the fish are
flourishing and are n sufficient numbers and that
the water 14 free from horizontal yvegetation snd
floatage
{t11) In order to carry out these nspections and to Leep
up a sufficient stoch of fish for the various breeding
places n special stafl 18 neceasary
For these reasons the use of fish as & measure of malana
control though useful m certamn conditions e g 1n places where
for some reacon 1t 13 tmposutble to employ any other measure,
cannot be saxd to hold a position of very great importance m India
(Sce Bibliography Nos 196-217)

8 Introduction of Deterrent Aquatic Plants.—(a) Those
which act by covenng the water so thickly as to prevent
the respiration of lanve eg the Lemnacee  Adie!? 1n India
recommended the use of Lemna mnor for this purpose  Certan
spectes of A-olla o duckweed with a fern like leaf have been
cited as a means of pres enting mosquito breeding by MacGregor!#,
MGhlens'® Frangu'3and others though expeniments by Smuthto?
w Americt suggest that this plant 1 of Uttle valoe Bentley'2

©, Mo 6
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stated that he had found both Zemna and Azollz of Littde value, but
that Wolffia arheza, which occurs 1n the form of small bright green
round graims, without stem, roots or leaves, appears to be a useful
preventive  dnachans alsmastrum, or American ducks eed, and
Trapa bispinosa or water nut plant (smghare), have also heen
said to nhibit larval development

The use of the water hvacmth (Praropis crassipes) has been
advocated by Vioscal™ i Amerca Barber and Hoynel®,
however came to the conclusion that 1t was of ittle value, and m
any case onaccount of the disastrous effects of tlus plant i eholang
waterways it may be d dagap 1 method of

control '

(b} Those which act by entrapping larvee, e g, the aquatic
carmivorous plants such as the Utrecvlara, or bladderworts  The
bladders of these plants have a valve like door, through which
mosquito larvie and other aquatic anwnals enter when searching for
food or seeking to escape from their natural enemues It 18 said
also that & member of the sundew family (Aldroranda resiculosa)
which grows submerged 1 water, captures mosquito larva®

(¢) Those which are actively powsonous to larve In 1919,
Caballerol3? reported that the presence of Chara fatida 1n collec-
tions of water prevented the breeding of mosquitoes  Subsequent
experiments by various workers with different spectes of Chara
bave Jed to conflicting results, themajonity (eg, MacGregor'®,
Hacker3®0, Fisher?), Barber'#?, Blow?, Buxton® and Hamlyn
Harns®3) being unfavournble Matheson and Hinman¥, how-
ever, found that pools m which Chara fraglis was gronmg were
free from mosquito larvee, and are of opmion that its intro
duction in temporary and permanent pools, slow flowing streams,
marshy areas etc, might prove of practical value m ant mosquito
work  As to the method by which Chara produces 1ts uhmbitory
effect, Caballero3® thought that 1t was due to asphyxtation by
an otly substance exuding from the plant on to the surface of the
water, nlulst Matheson and Hinman¥® suggest that it may be
due to the presence of large amounts of oxygen given off by the
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opened at intervals, thus altering the level of the water and
flushing out the lake

Where permanent measures cannot be carred out, the best
way of deahing with such breeding places 1s by dusting them with
paris green by means of & rotary blower, or from an aeroplane, In
the ease of very extensive swamps

2. Salt-water Swamps.—As far as India 1s concerned the
problem m this case 1s hmited to the coasts of Burma, Bengal
and the Andamans, where Anopheles ludlown occurs  This spectes
breeds 1n pools which are reached by the spring tides, but are not
washed out daily by the neap tides It 1s i places where artificial
bunds have been constructed that most breeding occurs The
1deal solution 1s to reclaim the swamp by dredging or hand fillng
and where a comparatm ely small swamp evists 1n the vicinity of
valuable land, e g, near a town, this may be a paying proposition
To reclaim an extensive swamp with the sole object of protecting
a small village 1s usually out of the question for financral reasons,
and here the only alternative s often to remove the village to
another site

Where there 1s suffictent tide, the nstallation of automatic
shuce gates (such as the Calco gate) m the bunds may be
effectr el??

In Panama 1t has been found that the larva and pupz of
the local malara carrymg anophelmes wil cease to develop if
strongly salme water 1s introduced 1nto their breeding places By
digging parallel ditches at about 200 feet imtervals, and providing
a free opening 1ato arms of the sea at each end of the ditches, 1t
has been found possible to ehmmate nearly all the breeding in the
vicmty of Colon and the adjacent military stations  The ditches
are made of such depth that they contamn water even at low tide
(Chamberlain®}

As 1n the case of fresh nater swamps and marshes, if
P are mpossible on account of the cost, as
18 often the case, the best method available 1s dusting with pars

green.
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{c) Copper sulphate may be used, to get nd of alge
{see p. TT).

(d) For higger weeds a sub aqueous saw may be used
Thus 15 a long band of stes] with a double saw edge,
weighted with lead, and with a rope attached at
each end A man on-either side of the pond pulls
the rope, thus cutting the weeds?s?

(¢) One end of the pond may be deepened, so that when
the water falls there will be a good place for fish,
with which the pond may be stocked, if they are not
already present Itisa good plan to sk a barrel
m the deepest part of the pond to furnish a
retreat for the fish during droughts

(f) It the outlet can be controlled, the water level may
be raised and lowered as 1n (3)

Of the above methods the use of pars green 15 probably the
most effective, most economieal, and most easy to apply

5. Large River Beds.—These are usually very difficult
to deal with  Good may be done, however, by draming pools mnto
the mam stream, filing in pot holes and clearmg vegetation
Pools left behnd after the subsidence of floods mav be treated
with cresol, or with pars green

6. Small Streams.—The 1deal to be ammed at 19 that the
streuny should have steep hanks directly above and below the
flow hine umform grade and width, and a straight course, and be
free from grass, sticks, stones, or other obstructions which would
interfere with the current  Wth these objests 1n view the course
may be straightened out where possible and the bottom regraded
in places, so as to confine the water withm narron banks and
wnerease the rote of flow In places where there are embay-
ments a channel may be constructed with a lme of stones or stakes,
the space belund being filled with earth and stones rammed down
Vegetation along the bank should be cut away, and the banks
themeelves sloped to an angle of about 45 degrees  Pot holes 1n
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after No leakage should be allowed from them and their
mugmns should be Lept free from vegetation It should also he
seen that no pot holes are present mn the beds of such channels as
these will form breeding places when water 1+ not flosing through
them Itis however, difficult to enforce regulations to this effect,
and the best wav of dealing with them 1n most cases 15 probably
regular treatment with paris green

10. Irrigation and Water-logging.—The term °water-
logging  as defined by Gill'™, 15 confined to areas where owing
to the height of the subsoil water the supenimposed soil 18 hept
permanently damp by moistute demved from the subsoll, as
contrasted with false water logging * which refers to dampness
of the soil caused by the presence of an impermeable stratum
preventing for a considerable time the downward percolation of
raln water

The question of the mfluence of irigation and water logiing
on the meidence of malaria 1s a complex one, and 1ts aspects differ
widely 1n different localities In [ndia, 1n the Punjab it has heen
repeatedly shown that where canal arigation gives nse to water
logaing a grave degree of endemtc malaria assoctated with a
constantly ligh spleen rate results' Here, iungation if unac
companted by adequate drainage schemes will tend to raise the
level of the subcotl water and favour the formation of swamps,
whalst by m\smg the relative hunudity of the atmosphere 1t wall
create cond ble for quito hife  The conditrons m
Bengal on the other hand are entirely different  Hexe the country
1slow lymg and it has been observed that areas which are regularly
flooded are the least malamous whilst those protected from
flooding by embankments suffer most  Bentley™® holds that the
adoption of a comprehensne scheme of mundation wrigation
from the mam rivers would be an effective method of controlling
the meidence of malaria m s paré of India

11. Depressions m the Ground should be filled in where
possible  For this purpose town rubbish may be used, covered
with a layer of earth  Care must be taken that no potental water




DBORROW-PITS, POOLS, HOLFS IN ROCAS, WFLLS N

contamers such as oll cans etc, are left exposed. The work
should be done preferably 1n the cold weather to avoid the breeding
of e Where water s present the 7abbish may be shotnto at ot
any season provided it 13 not allowed to project above the surface,
for dangerous anophelines will practically never breed n water
thus fouled Otherwise 1 summer the rubbisk should be dned
and burnt and the ash used to Gl w the depression  Cunders,
sawdust and waste products from factories may be nsed when
available

12. Borrow-pits.—The<e are usuallv harmless when first
excavated except where they tip scepage spongs It cannot
be seen whether this 13 the ease after ran, and therefore i foot hll
loealities even fresh pits should be treated as dangerous Old

bortow pits N frequently form d

i
breeding plices A row of borrow pits may be dramed mto ove

pit so that there remains only a single pool to deal with  This
mav then be treated with o1l or panis green or may he dramed by
driving a vertieal shaft throngh an umperyious stratum  In the
case of hortow pts alongaide radwavy lnes those neat stations
may be filled with ashes ete None should te alloned within
distant aignals of stations (Sentor White®™)  In certan cases 1t
nught be possible to treat 8 ron of borrow pits by the sule of &
railway Iine by tunming a trolley along 1t and dusting them with
pons green

13. Small Pools formed by showers of rmn may often
Le brushed out with a broom dipped m o1 1f too large for ths,
they may be treated with o balls ar para geeen

14, Holes in Rocks and Trees may be filled with carth
or gravel or with cement  In the case of trees the cement mav
erach and 1t 18 probably preferable to use asphalt

15, Wells.—~The only completely satisfactory method of
dealing with wells, short of actuslly fillng them 1n 15 to provide
them with & cementconcrete coser with, 1f deared the prosision
of a pump  Trip-doors should be avouled as even if they are
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mosquto proof when first 1nstalled thev soon become meflective
from the effects of constant use and warping  Moreover they are
very frequently left open at mght"s®

The use of petrol in wells was recommended by Rjles and
Majumdar®™ 1n the strength of 24 ozs per 80 square feet of water
surface (see p 51) Liqud paraffin mught also be employed the
water bemg withdrawn by means of & pump

Hackett!? suggested the use of pams green stating that
1n the strength of 1 gm to °0 square metres of surface 1ts use 15
quite safe Experiments 1n thus direction have been recently
carnied out mn Bangalore There are however objections to
placing even a harmlessly minnte amount of an arsenical prepara
tion mto drinking water apart from the fact that m Indm there
15 frequentlv violent opposition to any interference with wells on
religious grounds

Experiments have also been made by Williamson?® as to
the larvicidal effect of various gases and vapours in wells

Inthe case of disused wells Lemna or T olfffa may Fe mntroduced
with the obyect of formmg a dense growth on the surface and
preventing the respiration of the larve

VWells may also be stocked with larve eatimg fish (see
p 79

16 Cisterns —These should be covered either with sheet
1ron or cement concrete  Corrugated 1ron covers are unsatisfactory
and should not be permitted The man hole should be cxreular
and provided witha cap cover fitting over a rim round the opening
The cover of the man hole should be kept locked Inlet pipes
should be fitted with check nuts and should never enter the cistern
throngh the man hale Overfoy pipes should be provided with a
perforated cap of brass or copper  The use of valve boxes should
be disconraged where possible 2s them covers are rarely 1f ever
mosquito proof The work of inspecting cisterns to see that
they are 1n a mosquito proof conditton 1s greatly aided 1f each
cistern 15 clearly numbered with white painted figures at least

one foot ughs®
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17 Fire buckets may be treated with cresol or hime

18 Ramn water gutters along the eaves of houses are
often sources of mosquito breeding A gradient of at least one ek %
in 24 feet 13 sufficient for large buldings provided the slopo1s a
permanent one which 13 ensured by making the gutter mith a
gradually increasing depth towards the ontlet™®> If there 13 any
part in which the water stagnates 1t may be dealt with temporanly
by boring & hole at th e most dependent point  The 1deal solution
anl that vsually adopted 1n yellow fever campargns 1s the total
prohibition of all rawn water gutters

19 Water used in Building Construction —3fention has
slready been made of the amount of anophelne breeding
which maj occur 1n the water which 13 poured on to the surface of
cement-cancrete whilst 1t 19 setting  Thi may be treated with
cresol {(sec p 73) DBreeding may also occur 1n the water receptacles
used for moaking brichs used m bumlding Unless 1t can be
ensured that theae receptacles are emptied daily after use cresol
may be apphied mn this case alio*®

20  Stand pipes and Hydrants —If these cannot be con
nected directly with the main dramage system a useful plan 13
to construct soakpits two to three feet 1n diymeter and about one
foob 1n depth round ench The pits may be filled with stones
or broken brick covered with a layer of gravel  Another method
18 by alternation of flow  Two dramns are dug lesdme away
from cach rtand pipe the water being finally allowed to flow over
the surface of the soil or to ungate a plot of grount  Fach dmin
13 used for a few days at 2 time whilst the arcn supphbed from the
other 13 allowed to dry up {Sergent and Sergent®)

21 Leaking Sluice valves —These may be dealt wmith by
filling the valve chambers with sani to th e requinte level



PART 1V.

RECENT ADVANCES IN MALARIA CONTROL

In the following pages an account 15 mven of the more
wmportant developments i malana control which have been
mtroduced during the period which has elapsed since this book
was first published The varous measures discussed are dealt
with 1n the same order as 1 the ongmal edition

A —PROTECTION AGAINST BITES OF MOSQUITOES

1 Repellents —In the U 8 A the New Jersey pvrethrum
larvieide has been extensively used as a sprav apphed to grass
bushes etc for the protection of outdoor gatherings agamst
the attacks of adult mosquitoes The formula for the stock
solutton 1s given on p 110 Thisis diluted with 10 to 12 parts
of water before spraying and 13 said to afford protection from
mosquito annoyance for a period of several hours (Gmsburgi®ll,
Vannote!®"%)

The ant1 mosqmto pomade 1eferred to on p 4 as Dover’s
formula 1s now widely used m Indta and has been adopted
m a shghtly modified form by the Army for use under field
conditions

(See Bibliography Nos 1011-1020)

2. Screemng —A number of papers have been published
regarding the maximum size of mesh permussible for the exclusion
of mosquitoes 1n different parts of the world Mullgan snd
Mapd!®® concluded that 14 mesh and 28-30 8 W G (sperture
0055 to 0057 mch) was the optimum for general use m Iuda
Hargreaves®® found that 14 mesh and 20 § W G (aperture 0 053
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inch) excluded A funestus in Uganda, but Davey snd Gordon'®®,
working in West Afnca, recorded that both this species and
A. gambie could pass through this size of opening, and that
some specimens of A funestus escaped through apertures ss
small as 0050 inch  They considered that the maximum s:ze of
aperture adwisable for screemng houses im West Africa against
anophelines was 0 047 mnch, represented by a standard screen cloth
of 16 mesh and 28 8 W G The same authors described the
method by which mosquitoes make therr way through narrow
apertures, and concluded that their ability to do so s houted
by the dorso-ventral diameter of the thorax, confirmmg in the
main the onginal observations of Russell and Nono'0¥?,

(Sce Bibltography, Nos 1021-1039 )

8—MEASURES DIRECTED AGAINST ADULT
MOSQUITOES

1. Traps.—Traps are rarely used as a measure of mosquite
control, but & combined method of fumigation and trapping has
been employed for this purpose i barracks in Indm (James®)
A piece of black cloth, wath a central opening 2 feet m diameter,
18 stretched over 8 window The mouth of a mushin bag 6 feet
long 1s sewn round the margin of the opening and the bag itself
is passed through the window and attached to the serandah posts,
or other available suppart  The door and the rematming windowa
are closed and curtamed, and the room funugated by burming
pyrethrum coils  The mosquitoes fly towards the opening 1n the
cloth, whick 18 non the only source of light, and are cavght 1n the
bag

Mechanical traps, with hght as the source of attraction, fitted
with electrically operated suction fars, have been used extensvely
i the U § A for evperimental purpuses A aurular apparatus,
equipped with & mercury vapour lamp, has been widely advertised
in India in recent years for the control of mosquitoes Beveral
Papers recording obsenations with this machine have been
published, but the authors are generally agreed that its high cost
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and hunited aphere of action renders 1t weflective as a method of
malana prevention (Wats and Palderbeck!™?, Semor White’t,
Syddiqh%s)

(See Biblhagraphy Nos 1084~1108 )

2 Sprays —The spray Lillng of aduls mosquitoes 13 now
recognized as a major control measure and i the optmon of the
author the development of this method represents the most 1m
portant advance which has been made m malana prevention m
recent years

Swellengrebeld * and his co workers 1z Holland have used
the method for many years but it was not adopted extensively
m the tropios until the publication of the remarkable results
achieved with pyrethrum sprays m rural areas in South Afrce
from 1932 onwards (Ross!®®, de Meillon!®® Bookerl®y) It
bas been widely used for controlling malaria m native huts in
Natal and Zululand and for the protection of ralway and other
employees and has been found especially effective 1n combating
outbreaks of malana m epidemic form Thornton!®™s has drawn
attention to the fact that the efiects are produced not by a
duninution 1n the zumber of anophelines but by a reduction m
ther rate of infection which may be very marhed =& fact which
has been confirmed by our experiences m Indra

Spray killing of adult mosquitoes was brought into use
Delh1 1n 1936 when the quarters occupied by four commumties
of Government employees Lving 1n particularly malarious sections
of the urban area were regularly sprayed throughout the malana
season (Covell Mulbgan and Afmdi'®®) The results were so
stuking that the method was immediately recommended for use
throughout India as bemg p larly swtable for p 1 such
as police ralway forest or other Government employees and
labour forces on estates mlls and other industrial enterprices
where housed 1n permanent quarters It was at firsh thought
that the usefulness of this method would be Limited to such condt
tions but m 1937 1t was mtroduced as an expernnmental measure
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m two villages on the outskirts of Dellu  The results nere so
encouraging that 1t has since been extended to a number of other
villages 1n Dellu Prevince

Reports on the efficacy of the spray hilling of adalt mesquitoes
from employers of labour railway suthonties and Government
officials from all parts of India have heen unnerally favourable,
and Russell and Rripe™ have reported that this method has
had a marked effect 1n reducing malana transmission 1n 8 tepieal
South Indian village

Turther tests on the sartous loeally prepared nuxtures which
hnte been recommended as gprays and on a number of the proprie-
tary preparstions now on the market have shown that those
which cantan pyrethrum are imanabl far more efficacious than
the others A very effective spray can be prepared by merely
sonking one pound of dried pvrethrum flowers, previously
powdered 1 | gallon of herosene ol for 72 hour< provided
that the flowers are of good quality It miy however be found
more comentent to use one of the trade extracts of pyrethrum
(eg Pyaqra Pyrocrde Pycfly Pyremtol ctc) which are diluted
with herosene ol hefore use

Pirethrum cultnation on o commercial scale was formerly
almost entirely confined to Dilmatin and Japan tut in recent
years 1t has become an ymportant industry in Kemva It 13 now
beng grown 1 reveral localities in Indin (hashmir  North West
Frontier Province Punpab, Migin Palmi and € ardamom Hillyy
and flomera from all these sources have Leen shown to possess
excellent mosquitoeidal properties 1t 1s expected that an ample
supplv o Tndian grown pyrethrum will shorth be on the markat
s> that an effective mosquitocide will be avalable throushout the
country at & comparatively low price (Covell')

The eflicacy of the method 13 1n direct proportion to the fre-
wnency of staappheation  In areas where the infection rate among
the carpicr speciet of anophelins 1s low, good results kave been
recorded by spraving once a weeh only  Where the infection rate

€, we 7
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18 hagh 1t 13 advisable to spray twice or even three tunes a week
throughout the malara season It 1s seldom possible to sprav
more often than this on a large scale but 1r very malarious local
1tres restdents should be encouraged to spray therr livine rooms
and those of thewr servants daly while transmusston 15 at 1ts height
especrally when 2 case of malaria has actually occurred on the

or mn the d. viemity  Particular attentior
shonld be divected to the spraying of rooms occupred by you .
children and mfants who conshitute the chief source of mfection

for mosquitoes

The spray should be mixed bv a responsible person to nmm
mze the risk of theft AH apertures should be closed as far as
possible before spraymng and should preferably remamn eclosed
for 20 mmutes thereafter  Pleces of saching old blankets sl ects
etc are useful for this purpose If there are any cowsheds
stables or other att shelters for q nearby tlece
should be sprayed also

The amount to be sprayed in any particular case ean onh
be determned by actual teral  For a room i the usual fype of
menial quarter or village m India (capacity about 1000 cuire
feet) half an ounce of the diluted mixture 15 usually sufficient
but this may have to be mereased 1f any apertures rematn un
closed The fact that rooms cannot be completels sealed 15 by
1o means an indieatton that spraying will be meflective and ex
cellent results Fave been achieved under such ercumstances by
using rather more of the spray than would otherwise be required

Pegular spraving should be commenced when the local carner
spectes of mosquito beging to enter the houses at least a fort
mght before the malana season 1s expected to start and stoull be

d hout the period  The most smtable
time of day for spraymg 15 in the early morming before coonng
has commenced The personnel enploved should be recrited
from among the local resdents and 1t 13 hest to engage for
this purpose bovs of under 14 years of age as there 1s not
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likely to be anv objection to them entering rooms cccupred by
women The exercice of tact 13 necewsary n introducing the
method but once the roatine has  een established, 1t 19 imvanably
found to be extremely popular among the persons concerned
After o while it may be found posuble to leave the actual spray-
ng to the Jocal tmhabstants but [ ertodieal supert tsorv visits are
cssentinl forat 13 the unnersal expenence of samtarians that the
mcvidual f Teft entirely ta himeell will «eldom hft a finger to
sifezird s own henlth, or that of his fimly

Mthetto the chief difficults 1 applying the method has
licen the ik of a sutible tvpr of spriver  For emall rooms
the hand spravers or atomizers obtanable everywhere at a tnfling
cast are useful but they are not verv durable and are unecono
mical 1n use  Far the most effective spparitus at prescnt avarl
able 13 an ordinary power apray painting machine desen exther
by an electnic motor or a small petrol engire  These are e<pecially
saluable for wee n large bLud lings such as Larracks

13 regands costs the expenditure 1 the Delln villages m
1937 worked out at one anna per head per montl  Thts does not
wnclude the «alary of the officer i charge who would normally
exereise supervision over a number of villages  The costs pven by
Rusaell and hpe for 7 months sruying i o Madras village
amounted to Re 0153 per head  In douth Africa Thornton
veported the cost of spraying for 6 months at £ 0-" 5 per hut
De Nettlon states that the sprus hilling of aduit mosquitocs proved
only one third as costly ns that of lanal contml measures con-
dicted over the same arca of operations®

Two great advantages «f spray hilling of adult mosqmitoes
are (1) 1t 15 the only anti maliy measure whick s unnerally

* This meth af is & metimes empl yed o dystroy potentinlly mfctave mosqut
fovw during the wa ter months  This hae no agpreeialle effer t an the Dumencal
prevaknes of mwquitoes Jaring the {dlowing mmmer, 8 Soding which i fn
aereement with K | Janwe om, nel obsereations rneding winter Lueval controd
dn Mo Mr(ser Mems 6ot Ind, No 8, 193] (bl weather control of
nmqait s breuding baa bimever bren » frocated in recent yeary Ly Pice tn tssam
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29 hugh 1t 15 advisable to spray twice or even three times a weeh
throughont the malana season It 15 seldom possible to spray
more often than this on a large scale but 1n very malamous local
wties resdents should be encouraged to sprav thewr hving rooms
and those of their servants daily while transmsaion 1s 2t 1ts height
especially wlen & case of malara has actually oceurred on the

or m the d viemity  Particular attention
shm\ld be duected to the spraymg of rooms occupied by youn.
children and nfants who constitute the cluef source of infection
for mosquitoes

The sprav should be mxed by a responsible person to mim
mize the risk of theft All apertures should be closed as far as
possible before spraying and ehould preferably remamn clo ed
for 20 munutes thereafter Preces of saching old blankets gl ects
etc are useful for this purpose If there are any cowsheds
stables or other attractive shelters for mosquitoes nearby i ese
should be sprayed also

The amount to be sprayed wn any particular e¢ase ean onh
be determuned by actual tral  For a room 1 the usual type of
memal quarter or village 1 India {eapacity about 100f eubrc
feet) half an ounce of the diluted mrxture 13 usually sufficient
but this may have to be increased if any apertures remain un
closed The fact that Tooms cannot be completely sealed 1s by
1o means an 1ndication that spraying will be 1neffective and ex
cellent results have been achieved under such circumstinces by
umng rather more of the spray than would otherwise be Tequired

Reguler spriving should be commenced when the local carner
spectes of mosquito begins to enter the houses at least a fort
mght before the malana season 1s expected to start and should te

d throughout the period  The most smtable
time of day for spraying 15 m tle early mormng before cooning
hos commenced The personnel emploved should be recruited
from among the local remdents and 1t 13 best to engage for
this purpose bovs of under 14 years of age as there s not




SPITS b

Tikely to be any ofjection to them eutenny rooms ocupied ty
womets The exerue of tact 1« necewsiry 1w mntreducing the
methnd byt once the toutme has been established, 1t s imvanably
found to he extremely populyr amiong the pereors concetned

After » wlale st may be found posuble to Teave the actual epray

mg to the foeal miniants but {etrodical superscary visits are
essntia) for it 3¢ the muversal expenence of ramtariing that the
aw fisiduad of Teft entieely to umeell walt <eldom hit o finger to
safermard s onn health ar t1ag of his famnly

hitherto the chtef ifbrults 1w applying the method has
fwen the Tuk of a swtable tvpe f spraver  For «mall rooms
the hanl spravers or atomizers shtamable everyw) ere ot o tnfing
cost are useful hut they are not vers duratfo and are unccono-
mieal tn uee  bar the most effective apparitns at | resent ava)
able 1 an ordinary powner xpriy punting machine denven eiter
1y an electtic motor or a smafl {etrol encire  Theee are expeenally
1aliable for use m i buildings such as barrachs

s reqands eosts the expenditnre an the Delhy villiges an
1937 worked out at one anns per head per month  Tus docs not
inclide the ealary of the officer 1 tharge who would normally
«xercien wij ervivion aver a nutater of villages  The costs pen by

tusel) and hape for T oowmths spraving s Madnis sllage

snounted to fte VI5E per head  Tn South Afnca Tlornton
reported the sost of aprayang for ¢ momtls st £ OR 5 per hut
De Merllon states that the & rav kallin . of aduft mosquitos proved
onls ane-third as costhy s that of Jarsal control mensores eop
ducted over the <ame area of opcrations®

Two grest adinntages ¢f enray Milling of adnft m rquitoes
are (30) 1t »n the onls ant malana measure which 15 unneraally

Tk mett nbinsmel e ompd el e Sestroy petentially tafective mosqui
Sors durm, the winter momthe  This hes o gy tecsatio effert on the Dumencsl
§evralonon of o mpstacs darm, e {1 win #immer, & fodiog wha b i fn
exmvemeot with 5 1 James on,inel ulwervati e sepanting witer heval contrud
MMan Mrgna Meme (g fnd No @ 1y Cobl wrather contiol of
Unqf JrenBng hea b werer teen advocatel nrecent yeaes 1 § ice fn Saam
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popular among the persons whom 1t 1s designed to protect, and
() 1t 15 the only antimalania measure which can exert an
smmediate effect on the course of an epidemic  In Indra, the fact
that pyrethrum of high quality can be grown m 2 number of
different localities makes 1t certam that the cost of the spray will
eventually be greatly reduced, and that its use will be widely
extended 1 future years

The spraving of aircraft with pyrethrum insecticides has been
practised as a Toutmne measure for some vears as o yellow fever
control measure in Amenca Afniea and India (Whitfield %)

(See Bablwograply, Nos 1040-1083 )

3 Zooprophylaxis —A number of puzzhing problems con
nected with this subject have been clanfied i recent years by
the discovery that a single species of anopheline may he made up
of a number of vaneties, or subspecies which, though apparently
dentical are biologically distmet differmg widely 1n their habite
and food preferences In Europe, 4 maculipenms 1s now known
to comprise at least six {orms, two of which, typreus and melancon
have but little contact with man whereas two others, lobranchue
and sackarovt habitually enter houses, wilst the remaimpg two
messew and atroparvus, are eastly diverted by domestic amimals
but overflow rmto human habitations 1 search of food under certamn
cirenmstances  Typicus, wesse and melanoon are associated
with malaria only 1n exceptional circnmatances , labranchie and
sacharovr are imvarably dangerous vectors, whilst atroparvus
occupies an Intermediate positron beng as e rule not dangerous
but capable under certain conditions of becoming a carner of
considerable importance (Hachett and Missiroli!¥%) *  The various
varieties, or subspecies are distinzushable by certain differences

m the pattern of the egp

*1t should bo noted that the term anthropophslous as apphed to bologreal
races of mosquitocs 1 Europe denotes those which atlack man apd smmak
indiscrummately  ~ouphslous mdicates taces which attack snimsla by preference
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In India A flucsadis in the Wynaad distnict of Madras
Presdency 15 a most dangerous malina catner feeding freelv
on man, whilst an apparentls identical species in the Teras
area of the Unmted Provinces 1s almost exclusnielv a eattle
feedee and w relatnely harmless Sweet and Raot'® have
described & vanety of A stephenst distinzwshable from the
tvpe form by the characters of the e.g and protabh biologicathy
distinet It appears lhely, on epdermologeal evilence that
other specres eg, 4 culictfares mav hikewise mclude more
than one biologically distinet sanety or aubspecies (Semor
Whitelt)

These obscrvations have explamed certain problems which
were previowsly obscure a3 for anstance why one locality s
malarious whilst another where the anopheline fauna 1s apparently
the rame 13 non malarious and 1t haa been suggested that further
stuly of the varous biologieal strains may lead to 4 method of
species control whereby relatively harmless races mav be substh
tuted for dangerous ones TIlitherto however there has been
Tittle mdication that ammal prophylaxia 18 Lhely to become an
important menwnre of malaria presention

(See Brbliography Nos 1109-1148)

4 Housing and Malaria —The <ugreation has sometimes
Teen made that the incidence of malana muitt be dumtnshed of
human sleeping quartera were renlered unattractive as resting
tlaces for anophelines tut the imvestrgaticns of Barber and
Tice®= lenl no aupport to this view There w no evilence
that the occupants of & louse euffer from toalina 1 proportion
to ats attractiveness for mosquitces for the daytime resting
thaces of thess tsects afford no indieation as to where thev are
lhelh to be found at might. Chrstophers and Vissiroh®™, 1n &
somprunae revew of the sulject concluled that the only
effective method of mmwhgn\lluough houstng was by
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popular among the persons whom 1t 1s designed to protect, and
(1) 1t 1s the only antimalama measure which can exert an
unmediate effect on the course of an eprdemic  In Indha, the fact
that pyrethrum of high quality can be grown m a number of
different localities makes 1t certamn that the cost of the spray will
eventually be greatly reduced, and that its use will be widely
extended 1 future years

The spraving of awrcraft with pyrethrum msecticides has been
practised as a routine measure for some vears as a yellow fever
control measure 1n Amenca Africa and India (Whitfield10%)

(See Bubliography, Nos 1040-1083 )

3 Zooprophylaxis.—A number of puzzling problems con
nected with this subject have been clanfied in recent years by
the discovery that a single species of anopheline may he made up
of a number of vaneties or subspecies which, though apparently
wdentical are biologieally distinct, differing widely m therr habits
and food preferences In Furope, 4 maculipennis 15 now hnown
to comprise at least six forms two of which fypicus and melanoon
have but little contact with man, whereas two others labranchie
and sackarovs habitually enter houses , whilst the remamng two
messe@ and atroparvus, are easily diverted by domestic animals
but overflow mto human habrations m search of food under certan
crcumstances  Typious, messess and melanoon are associited
with malania only m exceptional circumstances, labranchte and
sacharots ate imvariably dangerous vectors, whilst atroparvus
occupies an mtermediate position bemg as a rule not dangerous,
but capable under certain conditions of becommng a carner of
considerable 1mportance (Hackett and Missirohi!¥#%) *  The vanous
b are hable by certam diffe

varieties, or
1 the pattern of the egg

1t should be noted that the term anthropophilous as applied to biologieal
races of mosquitoes tn Europe, denotes those which attack man sud amimaky
discrimunately  .oophitlous ndicates races which attack smimals by preference
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In India A flusmasls o the Winad distniet of Madras
Presidency 19 most dangerous malina catmer feeding freels
on man, whilst man apparentls wlentical species in the Teral
area of the United Provinces 14 almost exclusively a cattle
feeder and 15 relatuely bharmless Sweet snd RaoM™ have
descrihed a vanets of A stephenss distinzuishable from the
tvpe form by the characters of the egz and probabh biologically
distinct 1t appears hhely, on epidemological evnlence, that
ather speares, ¢ g A culwtfacter mav likewise wnclude more
than one biologieally distinet variets or eubspecies (Semor-
Wihitetis%)

Thess observations have explaned certam problems which
were previously obscure, as, for instance why one loeality 1s
malanions whilst another where the anophelne fauna 1s apparently
the same 14 non malarions, and 1t has been sugzested that further
«tudy of the vartous biologieal strains mav lead to a method of
species control whereby relatively harmless rices may be substs
tuted for dapgerous onmes Ilherto however there has been
little indication that ammal prophylixis 13 likely to become en
mportant mensure of malara prevention

(Bee Bibliography Nos 1109-1148)

4 Housing and Malaria.—~The sugestion has sometimes
heen made that the incidence of malina misht be dimmshed of
human sleepunz quarters were renderad unittractive as resting
plices for snophelned but the wmvectipations of Bacher and
Ric™ lend no support to thin view  There 14 no evilenre
that the nceupanta of & house suffer from malana i proportion
to e attractineness for movquitoes  for the davtiue resting
places of thesn snsects affond no indication as to where thes are
Ukelt to Ve found 8t mught  Chnstophers and Visarol™, i
comprtenane review of the subject concluded that the only
effective method »f monteattine snadass ohosal b oo ot
sopeemng
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C—MEASURES DIRECTED AGAINST LARVAE OF
MOSQUITOES

1. Dramage —In the historv of malina control there are
numerous examples of the tnmusm that o method smtot e for one
set of conditions may be meflectrve or even deleterions mn anotl er
The drvergent views expressed kv n alana workers regatdmg the
lay out of dramage systems wre thus largelv expheable 11 the
existence of local differences 1n physiopraphv and chmate Tor
mstance Le Primce and Orensten™ as the result of ther ex
periences in Panama stated that the outlet of subsotl drams
must be well above the body of water mnta which they thscharge
their contents  This recommendation which was endorsed i the
first edition of this book has been ehigmatized by Scharff™ 1
Maluya as misleadmg and hikely to lead to mistakes i design since
the plactng of pipes too near the ground surfaee 13 a frequent
fault Agan whilst 1n Malaya gret stress 15 nghtly iud on tle
mmportance of securing the lowest possible outfall for druns m
general m Delhi the ontfall of storm water drans 1s now placed
at the highest possitle level conwustent with the provisou of
satisfactory flow 1n order to mimmize the heading up of witer
when the Rrver Jumna 1s mn flood

In recent years the choking of subsail drains by the roots of
tree« and grasses has become o serious problem on rubber estates
m Malata and 1n some mstinces & reverston has been made
to the former system of open drans and othng Barrowman™
recommends the prouision of a double lme of pipes n such
cncumstances laxd one above the other The roofs grow into
the lower lme first and though the upper one too mas ultimately
become choked 1t 18 elaimed that the effectrve hfe of the system
18 therebv prolonged by at least sixfold

A development of subsoshng which has vielded strl ingly
good results it Malava 1s that I nown as fasewne drasnage onpanally
mtroduced by Scott™ A layer of sticks each ahout 6 feet long
and 2 inches 1n diameter 13 placed 1n the bottom of the dram or
stream which has been previously graded and straightened the
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thickness of the layer depending on the depth of the drain and the
vauunt of water to be disposed of A zeries of layers of coarce
srues (lalfang) each overlapping the next below it Iike thatch on a
ol 1e placed over the stichs  Oher this, the trench 1s filled with
Loy earth A modifeation of this method 19 to lay the sticks
spanst the lower 6 inches or so of the mdes of the trench fixing
them m place by vertieal peps  Other short stichs ate lad
crasswise supported by the top laver of the lengthwise sticks
A layer of long stichs 19 now apphed lengthwite as a roof to
the channel these being supported in their turn by the crosswise
stichs  The work 13 then completed as alreads desenbed® Tt
was onpinally expected that faseine drams would it only for
« few months but mam of them are still functioning perfectly
ufter a hipse of several vears It appears that i Malava not
onls sticke which are continuoushs 1n water but also those lad
m drains with only a seasonal flow, have aston <hing powers
of survnal

Subroil dratnn with the channe! malo of flat stones as figured
on p 40 are alo tn common use in Malaya e for dealing with
<eepige outerops 1n guarty pits under the designation of stone
picking - Thia method has alo been found useful under sumlar
sonditions in the Rudpe quany pits i Delln

A method <f drainaze nwhich has met with great success in
Delln 1« that hnown us the Iido aystem which 15 emploved when
for finineral or othet reasons 1t 13 fonnd imporaible to remove water
completely from a partwular area  The entrance of extraneoun
water into the area i the form of river flooding or storm water
w excluded by bunde if necessary and the area thus protected
18w dreared that all rin-water falling on it 1sdirected into a mngle
lepresston or fifo which 1 deepenad and widened for the purpose
in this way latge numbers of breeding places sre abolihed,
wid the angle renuming water eollection can eauly be hept

“Tih procedume bs somrtimes bacally refermd tr as Rerbape eorer, & beria
wtehshout] properly be feserinl £or the meth  dracnibed on p J1e
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clean weeded and eflectively treated with larvieides or stoched
with fish  An important feature of this method 13 that whilst
everv advantage 15 taken of the natural slope of the ground no
formal drans are constructed so that mamtenance charges are
practically non exstent  The method 15 most eflectrve 1 aress
where the annual ranfall 1s moderate in amount and 1t can be
cutried out for a fraction of the cost entailed hy filling operations
(Covell and Afndi®Y)

Before leaving the subject of dramage particular attention 1
drawn to the value of turfing the sides of drams to mnimize the
effects of scour A special techmgque for planting and growing
grass for use 1n antl malarial drammage projects has been described
by Scharf’ ©

{See Bbliography Nos 732-764)

2 Oihng —4 number of important researches have beet
carried out m recent vears regarding the method of action of ol
on mosquito larvee and the essentral qualities required for effective
larval control These have led to some modification of the gene
raily accepted 1deas on tie subject 4Hen™® sums up the present
position as follows —

For a long time we have hnown that we want an oil combin
mg high towicity with low volatihty (which may occur togetl er
but are not necessartly reltted) low viscoaty and good sprerdimg
properties Revent studies the most important by Murray®™ seem
to establish the following addibonal important powts —

@) R ble toxic proy are sufficent , the highest
possible toxicity 13 neither necessary nor desirable

(1) A perfect film 13 not absolutely necessary to ensure gool

sesults Small bieaks m a film of good durability
and toxiaity do not pernnt the escape of farse

(uz) Volatthty low enough to ensure a good film for 2 few

hours 1s sufficient It 13 not necessary that the
flm should remun intact for several days
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ttt) The aromatic vapour pressure and the aromatic-
alphatic ratio <hould be below the entical figure
for film instability

{t) Spreading pressure rhould be between 11 and 35 dynes.
A greater spreading pressure woull be  expected
to produce too thin a film to be practical

{r7) The addition of special * epreaders  to mo~quito oils
19 m general not Justified

In India  Malarol a propnetiry prepatation spectfically
demaned for onti lirval purposes 15 now widely used and has
been adopted by the Arnn anthonties It 1v clammed that this
ol has good spreading powere 13 highly tovie to lanva (laling
them within 15 nunutes of application) and burns up the vege-
ration and grass amongst which the lieve shelter along the banha
of breeding plicea to which it 13 applid  It13 however romewhat
more expenstve than the diesel eilcresol mrxtures formerly n
general use and opimtous differ as to whether the advantages
clamel for 1t compensate for the incrersed cost  One decaded
advantage of this preparation 13 that 1t 13 not hkely to be stolen
by unserupulous emplovees

In Malyys much experumental work has been done to deter
mine the relite eficacy of vanous nuxtures of ails clased as
heavy solar and hight  Heavy oy are those emploved for diese]
otl engines solir oils for lightet ol engines nnd Light oils for light
ng and cleaning preposes The effect of adding prreethenm to
wnch ols has also been tested and 1t has been shiown that this has
the effect of shortening the fame i which the larva are Jafled 3n
ol casex and that n the cace «f an wl with high Yoiling range
tMesel T ot ado greath increases the death rate

A cegands methuls of apphing ol mention may be made
ol the brush spruy mop routine introduced by Quatfe®™ 1n Malava
far the treatment of streams and draine. \ thin Tne of o) a8
spraved on the water surfaee for four paces, and this i vigorously
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distributed with & brush for 100 yords or moe the coolies
hrushing rapudly with the flow of the water and tahmg care that
all side pockets are treated  The workers then proceed to the next
oling pomnt 100 yards upstream and repeat e performance
The sprav coolie deals with any seepage or mide channels encoun
tered and finally all small ponds pot holes etc are treited by a
mop dipped tn ol For t} ¢ sprayer the finest noszle 1 used and
work 15 abandoned if heavy ramn occurs  This method 18 clumed
to be both economical and eflective but constint skilled tnd
Intimate supervision 18 essentral for its success

One of the most difficult problems i ants malara work 1
Inda 12 the control of lareal dryft in streams and yngation channels
In Delku for instance the Western Jumpa Canal Tail Distributary
1s a prohific source of breeding of A culieifacies the larva of which
were formerly carned down into the urban area 1m enormous
mumbers Ol booms of various designs have proved very effec
tive in dealing with situations of thishind A considerable degree
of mgenuttv 15 required 1n designing such booms for whilst alf
larve must be held up by them the flow of water must not be
obstructed  Moreover they must be able to funchon equally
well at varying water levels In the ease mentioned above a
boom has been erected across the canal a short distance above the
point where 1t enters the nrban area It consists of three sections
each made of sarlanda (moonj) grass 1n the form of a chick whick
can be rused or lowered as deswred the stems of the grass beng
paralle]l with the water surface When the water in the canal 18
low, only the central section 13 used whilst when 1t 1s full al?
three secttons are brought into operation  The boom 1s supported
by stahes driven mto the bed of the canal and bhoosa (chafl)
soaked m o1l 15 thrown on to the water abose 1t so that the larva
trapped by the hoom are Lilled by t1 e o1l exuding from the b7 00sa
Tt 15 necesstry to provide some arrangement for holding up objects
which mav float down the stream and datage the booms A
swmgle rope stretched across from bank to bank 1s usually suffictent
for this purpose (Covell and Afndil)
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Al @l Looms need o goord deal of attention, and, wherever
they are used some oun responsible must be constantly on the
watch, ta prevent wnwthonzed persons from tampering with
them  Put thar use lewts to economy o1l and they probablv
constitute the most effective method of deahng wath the difficult
problcm of Tanval duft The trrs of bootn smtable 1n ans prrtic
sl cave will depen] on local conditions

a regards spravers the tspe found most generally useful
1w Indin 1s the hnapeick «praer (Vermorel I dur or Four Otha)
operated by a hand lever located ammediately teneath the nght
elhow  This pattern ts hiehter less coctly and less Iikely to get
ont of order than high pressure sprayers, and the coohie has no
dificults W resulating the amount of ml ejected from the nozzle

(See Il ligraphy Nos 903911 )

3 Chemcal Larvicides  Puns g een —The use of this
Birviade has been cntinted and extended in many T urojean
countries and 1o the 1 S\ but i the tropies it s nct generally
employved as widels as had been expected when it was firt mtroe
Adu el There are several reasons for this two of the most copent
tong (1) that ats appheation renures o good deal mare ntells
zence and superviann than that of oo and (0 that ¢ has no (ffect
«n the lveva of enlicines the control of which 13 usually demanted
Vs thow whe provile the neceseary fords  Conseqently
et tropseal ccuntries the appl eation of pans green 1 hmted
t atnations where docal combition « preclude the vee of ail In
Prelha for example 1t 1< found extremels neeful for brioging nrider
anptl cortral rtretehes of low hing ground which have been sub-
jreted to ever flondin. due perhaps to a breach i sonme embank
vient Otber water colle tions are for the most part dealt with
T4 ading ae a toutim me e

The applation of puews preen from aarvmft ernptiuues 1o by
practieed in the U Sy to dedd with mosquitn leeehing an im
peundel waters notabl in the Tentecsee Valln where tla,  *
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shoreline will ex entuallv exceed 7 000 miles one third of which wll
need protection (Watson and Bishop™)  This method 1s also em
ployed verv extensively in Russia where m 1937 breeding places
<extendmg over an area of 12 000 square miles were treated It has
been found parttcularly effective for dealng with peat bogs reed
beds ricefields and cotten growing areas ntersected by a network
of urmgation ditches (Nabohov™) It has also been used m
Madagascar (Legendre®™  Boyé®l) Morocco (Sicault®)  and
Indo Chma (Monn and Martin®™)  In Delht experumental dusting
of pans green from atreraft was carred out 1n 1936 wlen 1t was
thought I ely that this nught prove to be the only practicable
method of controlng mosquito breeding 1n the low Iying tract
bordering the Jumna Riwver The method proved effective but
expensne and 1t was ulimately found possible to deal with breed
ug 10 tlus area with greater thoroughness and at much less cost
by other means {Covell and Afndi®)

Barber and his colleagues®? m Greece have describe
dustless method of applying pans green which has also been used
1n India (Russell and Jacob®™) 1n Cyprus (1z1z* ) and in Rusei
{Kerts and hlokov® Yurchek and Borhenlo®®) A stoch
nnxture 15 prep‘tre& composed of kerosene oif 400 c ¢ pans green
200 cc and dry powdered egg albnmn 1 gramme* which are
‘poured 1nto a Winchester quart bottle 1n that order  The bottle1
“1gorously shaken a procedure which 1s repeated whenever any of
the muxture 1s poured out A nuniber of corl ed vials are provided
mto each of which25c e of the stock solution 1 poured beforetie
coolte sets out on s round  The vrals are carried m a cartndge
belt which accommodates 20 to 25 vialy each 1 a separate poncl
‘The coolte Also carries a tin can of 1 litre capacity which whennot
1 use s suspended from the belt and o funnel provided with 4

wire gauze sieve

#In Dells & m turo of kerosene o1 § gallon peria green 2f pounds castor
011 ounco and the whites of 4 to 6 eggs shaken up i a petrol can and used
inthe d lut on of 1 0 nee to 1 gallon of water has been found effactive
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On arnival at the scene of operations the coohe pours 2
litres of water 1nto the sprayer from his tmn can, filtenng this
through the funnel to remove débnis  He then adds the contents
of one vial, after \tgorously shalung it, washing the last remnants
of the stock muxture into the sprayer with a httle more water
Three more cans full of water are added, maling 5 itres 1n all to
95 co of stock muxtere The tank of the sprayer 1s amtated
from time to time by a sway of the hips dunng the application
of the sprav  Oue vial (1e 25 cc) of the stoch mnture 15
sufficient for treating 700 to 900 square feet of water surface and
an average Indiwn coolie uses the contents of 20 to 25 vials per
worhing day (Russeli and Jacob™ Russell, hmipe and Rao™1)

The advantages claimed for this method are that there 1s no
need to store or transport the diluent that very little pans green
18 lost by smhing as 1t 15 kept afloat by the Lerosene, and that
there 15 no dust left on the water surface to block the feeding of
the larvee  which last consideration may explam why so hitle
pans green 15 found necessary as compared with other methods
of application 1t seems likely that this techmque may be found
of great value m speual curcumstances as for mstance durnng
the course of military operations

De Benedetts?® worlung i Italv clums that a practicalls
unsinkable diluent for pams green can be prepared by muung
intimatels a small guantity of mmeral ol with any silicaceons or
caleareous dust {except calem sulphate), and heating 1t to 250°C
to evaporate the excess oil  Pans green apphed hy means of this
vehucle 15 sard to persist on stagnant water and to retain its Jarvie
cida) pawer for 24 to 25 days

(See Biblwography, Nos 912-1010)

4. Vegetable Larvicides —Pyrefhrum has been extensn ely
used 1n recent vewrs w the U § A m the form of an
enwlsion usually known as the New Jersey Pyrethrum Larvierde
(Qnsburg®*?, Vannote and Ginsburg™, Smuth®®)  Allusion has
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shoreline will eventuallv exceed 7000 miles one thud of which wll
need protection (Watson and Bishop™)  This method 1s also em
ployed verv extensivelv 1n Russin where 1n 1937 breeding places
extending over an area of 12 000 square miles were treated It has
been found particulurly effective for dealmg with peat bogs reed
beds ricefields and cotton growing areas mtersected by a netwotk
of umgation ditches (Nabokov®™®) It las also been msed m
Madagascar (Legendre®™®  Boy(®!) Morocco (Srcault®®) and
Indo China (\orm and Martin®*)  In Delln expenimental dusting
of pars green from arrcraft wus curried out in 1936 when 1t was
thought hlely that this might prove to be the only practicalle
method of controling mosquito breeding 1n the low lymg trict
bordermg the Jumna River The method proved effective but
expensve and 1t was ultimately found possible to deal with breed
1ng 10 this area with greater thoroughness and at much less cost
bv other means (Covell and Afudi®?)

Barber and lus colleagues®™ 1n Greece lave describe’ ¢
dustless method of applying pans green which has also been used
1n India (Ruseell and Jacob™) m Cyprus (iziz* ) and in Russa
(hews and hlohov®  Yurchak and Borhenlo®™) 4 stock
nnxture 18 prepureﬁ composed of herosene ml 400 c ¢ pans greer
200 cc and dry powdered egg albumun 1 gramme* which are
poured mto a Winchester quart bottle m that order  The bottle
igorously shaken a procedure which 1s repeated whenever any of
the muxture 1s poured out A number of corhed vials are provided
nto each of which 25 ¢ ¢ of the stock solution 1s poured before the
coolie sets out on hus round  The vials arc cerried 1 a cartndge
belt which accommodates 20 to 25 vials each i a separate pouc]
The coolie also carries a tin can of 1 litre capacaty whieh wlennot
m use 1s suspended from the belt and a funnel provided witl u
wire gauze sieve

“In Delh & muxture of keroseno o 4 gallon paris green f pounds castor
o1 ounce and the whites of 4 to 6 eggs shaken up i s petrol can and ueed
ntbodl tonof o nce tol gallon of water has been found effoctive
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Oun arnval at the scene of operations, the coolie pours 2
Ltres of water wnto the sprayer from his tin can, filtering this
through the funnel to remove débnis  He then adds the contents
of one vial, after vigorously shaking 1t, washing the last remnants
of the stock mixture mto the sprayer with a little more water
Three more cans full of water are added, making 5 htres mn all to
25 ce of stoch muxture The tank of the sprayer 1s amtated
from time to time by a sway of the hips dunng the application
of the sprav One vial 1e 25 cc) of the stoch muxture 1s
suffictent for treating 700 to 900 square feet of water surface, and
an average Indian coolie nses the contents of 20 to 25 vials per
working day (Rus<ell and Jacob™ , Russell, Knipe and Rao™?)

The adsantages claimed for this method are that there s no
need to store ot transport the ciluent that very little pans green
18 lost by smking, as 1t 15 kept afloat by the Lerosene, and that
there 1s no dust left on the water surface to black the feeding of
the larve  which last consideration may explan why so httle
pans green 15 found necessarv as compared with other methods
of epplication It seems likely that ths technique may be found
of preat value 1 specusl cirenmstances as for wmstance during
the course of military operations

De Benedett:®® working m Italy cleims that a practically
unsinkable diluent for pams green can be prepared by mixing
mtimately 1 small quantity of mimeral osl with any silicaceous or
calcareous dust (except calcium sulphate), and heating 1t to 250°C
to evaporate the excess o1l Taris green applied by means of this
vehicle 18 8a1d to persist on stagnant water and to retam 1ts larvi.
ctdal power for 24 to 25 days

(See Bibliography, Nos 912-1010)

4. Vegetable Larvicides —Pyrethrum has been extensnely
used 1o recent yewrs m the U S A i the form of ag
emulsion, usually known as the New Jersey Pyrethrum Larvicide
(Gmsburg®® , Vannote and Ginsburg™, Smuth®3)  Allusion has
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already been made to 1ts emplovment 1s a Tepellent for outdoor
meetings (p 94)

A stock mrture 1s [ repired as follows T our gullons of Rogp
solutton made by dissobving 16 pounds country soap m hot
water and adding 48 ounces methylated spinit, are agiated 1
30 gallons of water till & foam 13 praduced  \n ol puxture com
posed of pyrethrum extract (e g, Pyroside 20) 3 gallons pine ol
3 gallons and kerosene ol 60 gallons previously prepared and
thoroughly mixed 1s added to the soap mixture with vigorous
agitation till an emulsion 13 formed Before use the stoch
muixture 15 diluted with ten times i« volume of water taken
from the breeding place The spraver must be apmtated from
time to time 1 the course of application

The advantages claimed for this larvicide are that 1t 13 cheaper
and gmcker m action than ol easlv transportable, clean and
easy to handle Jalls larva, and pupse of both anophelie and
cubeine mosquitoes 18 harmless to fish and vezetation, and does
not rot rubber hose and washers of sprayers as quickly s does
ol A sertous disadvantage s that the larvierdal propertres of the
stock muxture rapidly deferiorate and 1t has to be made up fresh
each dav m order to obtmin optymum results

Alore recently, Gmsburg® has evalved an improved emulsion
for use on fresh or salt water The formula1s 100U § gallons of
Lerosene containmg pyrethrum extract equialent to 100 pounds of
flowers 50U 8 gallons of water, and 6 pounds of Gardmol W 4
concentrated (sodum laurel sulphate) To aveid excesstve foum
ing 2 to 3 pounds of wool grease (Degras) m1y be dissolved 1n the
Lerosene before 1t 15 added to the mixture of water and emulsifier

The use of cashew nut shell 01l a8 a larvierde has been advocated
by Wats and Bharucha® This 13 a viscous tarry odl obtamed
from the charred pericarp of the cashew nut, which 1s o part of
the frut of .dnacardium occudentale  About 32000 tons of raw
cashew nuts are roasted every year in India and the o 13
obtamed as 4 by product which 18 used as a presernvative by
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fishermen for therr boits and nets  For use asa larvieide 1t 18
mged with kerosene or with diesel ol 1 dilutions of from 2 to
5 per cent The addition of 1 per cent stearic acid 1 kelosene
ol 13 sard to mcrease the stabilty of the film Disadvantages
are that the nuxture does not retam 1ts efficacy and must be
freshly prepated before umse that eils obtamned from different
sources differ m their toxicity presumably due to adulteration

and thet the eil has an intant effect when apphed to the slun
The nuthors however believe that these disadvantages ean be
hrgelv overcome and copsider that the o1l has distinet possibilities
a5 a larvierde on account of its lagh tovietv to larve rynd
action nl low cost (Re 14 0 per gallon)

§ Naturahstic Control Measures —Under this heading
are included those measures by which changus are eflected in the
natnral conditions under which malana carrying mosquitoes exist
rendering them unfavournble to the hfe and activities of these
msects exther 1 the wquitie or adult stages These have been
<onvemently classed as chemical physcal and biological measures
by Hackett and his colleagues® 1n their report on an enquirv
anto the nse of such measures, mstigated by the Leagne of Nations
Malinia Commssion from which mueh of the mnformation given
m tle following piges has been evtracted

{a) CHEMICAL VrASURLS

{3} 7 ollution of water ~Earlier attempts to check the breedmg
of mihiu vectors by this means have alreadv been discussed
{p 83) In Russia mosquito breeding m peat bog mits has heen
dealt with by adding sulphuric acit to change the reaction of the
water  This was successful where the bed was of <lav but not
1 the case of a sedge peat bed vhere the action of {he acd
was rapdly nentralzed by the alhaline rexction of the peat
(Parlovat™)

Certain expernuents carried ont by Wilhamson™ n the

Cameron Highlands Maliga are of great mterest  In one locahty,



112 RFCFAT ADVANCES IN MALARIA CONTPOT

& small stream tn whieh 4 maculatus had been found breeding
1n large numbers was converted into a series of ponds 1o some of
which control was effected by the trampling 1 of cut vegetation
whilst 1n others larviiorous fish were mtroduced In anotfer
case white clay puddled mto the sides and }eds of pools and of
stream 1 which there had previousls been a considerable amount
of breeding was effective  Wallamsons best known method
of larval control 1s that known as herbage packirg or kerbage corer
i which fresh cut green vegetation 1 packed into stagnant or
slonly runming shallow water to a height of 12 to 18 nches ani
then trampled m wooden stakes being dmven m at the lower end
of the packed section in the case of streams and drams to prevent
the herbage from heing washed away by storm water TWhen
packing runming water 1t 1s essenttal that there shall be a complete
and thicl cover of packing above the waterlevel Bv this means
hght 1s excluded from the water a mechantcal barrier to ovipostt
g mosquitoes 1s provided and the water 13 polluted with organic
matter the pH 1 most cases falling to about 60 the last men
tioned factor probably being the most mportant The method
has been employed m India with con plete success as regards tle
larval control of malaria carrying mosquitoes but frequent 10
spection 18 necessary to ensure that the packing 19 repawed or
replaced 1 case of damage due to storm water (Sentor WHite®
Covell and Harbhagwan® Covell®)

(23) Changang the salt contert of uater —A method of dealing
with brachish water breeders which include some of the most
dangerous malania carners known 13 to increase or drmumssh the
degree of sahmty m their breedmg places by the admussion or
exclusion of sea water Near Durazzo Albania a marsh m which
A saclarow formerly bred 1n profusion was conserted mto a sea
water lagoon by nstalling automatic tide gates with therr usual
nspect reversed at the mouth of a channel connectmg 1t with the
Adnatic (Hachett®®) A similar result was achieved in Jamarca
by a channel and sea water 1nto a large perma

P
nent swamp 1 which the local vector A albimanus was breeding
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Yn this locahty, which was ongmalty non malatious, a virulent
epidernic had followed the closing of the above mentioued channel
(Washburn™7)

In the Netherlands the process of reclamation which has
Deen 1n progress for some years has reduced the breeding of A
atroparvus by the washing out of salt from the sosl due to abundant
irngation  brachish water thus bewg replaced by fresh 1t 19
confidently etpected that the malana problem m this area will
thus be solved (Swellengrebel and de Buch%?)

(b) Prysicar MEasurEs

(2) Filling by siltsng —As a general rule, this 1s a method
which can only be carried out successfully by engmeers with
experience 1n this type of worh, for the results depend upon an
appreciation of the volume of et m suspension, the reduction
m velocity necessary to cause this to be precipitated and the
disposal of the residusd Water  On the other band 1n the absence
of advice from a malanologist there 13 & nisk that such operations
ray actually favour the breeding of dangerous malana carrying
mosquitoes espectally whilst the work 18 actually i progress
A marsh esn sometimes be filled by diverting a ailt beanng stream
mto 1t, a method which has been nsed with success by Strickland
and Murphy™ in issam  Loops 1n streams can sometimes he
ailted up by the use of groins made with jungle stakes mterwoven
with withies placed st varying angles a technique which has
been extenmvelv practised for muer traimmng by Worth?® 1y
Ceylon

(1) Sluscang *—The principle underlymg this method 18 the
sudden release of water confined 1n the reservorr created by the

*Tho earlicst ozamplo of the operation of sluice gates 63 8n antt Mosquito
tneasuro 13 probably the procedure ongually recommended by Grabam at Lucknow
in 1913 which hes been carncd out contimuously mnce 1918 [Rajs Ramws)
The gates of tho woir in the Rivor Gamti sre lowered once a weck from November
tolay from3 a m to12 noon, the purpose being to Rath out the drains discharging
1o the niver abote the weie and to Wash aut larve sheltenng under the banks
1nto the mud fio of thy stream (Banerjes®}

© MO e
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dammung of a stream or drain, 1n order to flush the channel helow
the dam A number of larv& are drowned by the turbulence of
the flush 1tself, and many others, together with eggs and pupm are
stranded on the banks as the wave passes downstream Under
favourable d q breeding
trolled throughout several hundred yards of stream by the opers-
tron of each sluce It 18 usually found necessary to adopt suba
diary control measures above the sluice

can be con

Excellent results can often be secured 1n small streams and
tea garden drains by the use of kuchcha dams with wooden slutce
gates, which can be erected at a very low cost In larger streams,
concrete dams are sometimes installed, with gates of wood, or
won which can be raised by/means of levers Another type of
gate 1s provided with hmges at the bottom, and held upneht
bv a wire cable, attached to a ring set m concrete 1n the bed 1mme
diatelv above the dam, The gate can be made to fall flat on to
the stream bed by o a release clip attached to the cable
Gates of this type are eamly operated by a smngle person and
enable the whole contents of the reservorr to be released with
estreme suddenness

In Malaya (Wilhamson and Scharfi™¥) and Ceylon
{Macdonald®s, Worth and Subrahminyam?™?), and mn some
localities 1n Tndia (Remsay and Anderson®), antomatic siphon
sluces are n uce for this purpose, but these usually need
frequent attention and inspection, mot only for mantenance
purposes, but also because they are lable to 1nterference
by unauthonzed persons Moreover, 1t 13 not an uncommon
experience that whilst an automatic sluce may function
admirably when there 13 a normal flow of water i the stream,
1t 15 apt to fail when ths 1s reduced to a mummum by abnormal
drought, which 1s the very time when 1ts effectve operation 18
most needed It 13 the euthor’s opmion that hand operated
sluices are more suttable for general use, at any rite n Inda
These are less costly than automatic slmces are eauly constructed,
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are not hikely to be mnterfered with require very httle attention
and ean be operated at any desired moment

(1) Flooding —In Bengal the annual flooding of the delta
by the nise of water level 1 the great mvers provides a strikang
example of natural control of malama The silty flood waters
are immieal to the breeding of the local vectors the extent of
breeding e Ige 15 reduced and the raising of the general water level
ahove that of the aquatic vegetation exposes the larva to the
attachs of fish and other natural enernes The highly malarious
condition of the western part of the delta 13 largely attnbutable
to the exchiuon of flooding hy road and ralway embankments
and the embanking of tidal mvers to prevent salt water from
spilling over reclaimed fod  There are obvious grave difhculties
1 removing, existing embankments but 1t 13 the declared poley
of the Bengal Img: Dey to abolish embank
step by step wherever practicable and to forbid the erection of
any new ones (Curry®™ Gnffin®) Bentley has pomted out
that m Bengal flush irmgation 1s not practised untu October by
which time most of the season s anopheline carrters have already
been produced He recommends that canals be allowed to run full
throughout the flood season so that the largest possible area may
e flushed out with silt laden water

{w) Fluctuating twater level —Allusion has already been made
to the practice of this method 1n 1mpounded waters i the U § A
It has been applied in the Tiber delta m the case of a large marsh
which has been surrounded w1th an embankment and 1s pertodzeally
filled from the nver by pumpmg the primary object bemng to
urigate 1000 acres of land (Hackett®®) In Singipore the water
level of a large artificial Jake 1 the Botanical Gardens 1s raced
and lowered perrodicallv with complete success 2s regards mosquito
breeding  In Savantvad: south west Indis the weekly openng
of a shuce gate at one end of & lake i the capital of the State
serves the double purpose of lowering the water level of the lake
and of flushing the stream 1ato which the water 1s discharged
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() Intermuttent drjg —1his method ongnally employed by
Jnmes in Indio * has been practised i recent vears m irnigated
tracts 1 4 number of countries eg Algena (Sergent and
Sergent!) Bulgana (honsulofi™) Armema (Ananyan$®) Rus i
(Prosolupov®™  TI'mikolopov® ) Portugal (Hill*™) Dutch Fast
Indies (Smalts®) and Indo Chma (Morn®™) In India field
expeniments have been cor lucted 1n Madras by Russell and Rao®t
The prinaiple 1s first to ood the fields + 1th water and then cut off
the supply tor a number of days (usuallv 3 or 4) m order to mm
mize mosquito breeding m the fields and small irngation channels
In some cases this procedure appears to increase the yreld of the
crop whilst in others a <hight decrease 1n yield has been reported

(21} dqufation of tle water surface —This metho{ 1s uced m
Penang where pools on a hill side are fed by water carned from
streams by condmts of spht bamboo the terminal section being
supported at a herght of 4 feet or more above each pool  Mosquito
breeding 13 prevented by the consequent splashing and npphng
of the water surface (Scharfi®®)

Inthe U 8 A reduction in mosquito breeding 1n large bodies
of water has been effected by the action of waves created
by duving fast launches round the margims of certamn lahes
{Babbey'3)

(v1s) Stagrating or Ponding —These terms denoto the conver
ston of & strevm mto < senes of pools by means of dams a method
first used by Wilhamson™" for the control of 4 mactlatus i
Malaya The dams were constructed of earth and timber and
pond plants and larvivorous fish were mntroduced  This method
bas been successfully employed by Ejercito™! i the control of
A mumimus var flavero ires 1 the Philippines

(eere) Muddyeng —This 15 a term used to mdieate the mtro
duction of mlty water mto breedmg places not with the object

*James 8§ P (1903) Fimt report of the anti malanal operat ons at Men
Mr 8o Mems Got Ind No 8
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of filing them as above desernibed but because silt 1m suspension
18 1n certain cases fatal to malama-carrymg anophelnes This 1s
the basis of the flood flush method practised i the Bengal delta
by Gnffin®*?, whereby the silty waters of the nivers are mtroduced
mto dramnage channels and borrowpr's by a system of sluices
This 13 2 method which requires considerable enpmeermp skall, and.
should not be attempte } unlesa thya 1 avmilahle

(22) Skadina —Onp 36 brief mention was made of the earher
expernments of Ramsav and his co workers with the growing of
shade giving plants and trees over fea guarden drains small
streams and swamps In Assam * This method has been greatly
developed 1n subsequent years and has been practised more
recently 1n tea estates in southern Indin alio It 1= estimated
that at least 2 000 rmles of channels have been rendered free from
the breeding of dangerous mosquitoes dunng the last 10 years
Although shading has proved such a conspicuous success 1 estates
where the population 13 under stnct diseiphnary contiol 1t 18 not
apphieable m uncontrolled rural areas for any break 1 the shade
such as may he produced by cattle or goats or by villagers cutting
trees or bushes for fuel will provide a favourable snophehne
‘breeding place

Pameay®™ has also adsocated the control of mosquito
breeding 1 tanks bv shading their margins with broad sheets of
matting whilst in Malwva the shading of seepago wells by huts of
thatch 15 widely practised and small drains are covered with
coconut fronds or with a thatch of coarse grass placed over
bundles of twigs with & snular purpose (Schar{i™?) Expeniments
m artifictal shading have also been conducted 1n Mauntius
{birk®®) Argentina (Alvarado®) Indo Chuma (Monn® 1) and the
Duteh Fast Indies {Overbeel and StohertT)

el e inmt
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(c) Broroarear MEAsuRes

(2) Tarvnorous fish—In the omgmal edition of this hook
the use of indigenous fish was recommended 10 localities where
species which prey on mosquito larvee were available  T'xpenience
gamned during the past 10 years with Gambusia has however led
to o modification of this vien  Hackett®® has pomted ont that
the local fish, atter the lapse of centuries have reached a balance
with regard to therr natural enemues, and their numbers ezunot
be artificially d and d at an ab lly high
level of densitv, whereas, if an exotic fish can be acchmatized,
1t will prohferate and maintamn 1ts numbers to an extraordmars
degree  For instance, Gambuse were mtroduced mto Italy m
1922 and have und a prodig Mt1ph reaching
a denaity far greater than that attained in themr native country,
coutrary to expectation After the Japse of 18 vears, there 13 no
sign of any diminution m thetr numbers

Gamlusia have been mntroduced into practically evers country
where antr-malima work 1s i progress They huie been
established 1 many localities 1n Indi, and are emploved for the
control of q! breeding i wells in B Jore and Bomihay,
and m ornamental waters m Delli  As has been already ex
plamed (p 8I), the utility of fish 1 the control of malana
15 ps n role, strictly hmted It 1s clamed however, that
along the northern coast of Dalmatia, mcluding the pemnsula
of Istria anopheline denstty has been reduced below the threshold
of malama trapsmussion by the agency of Gambusw alone
(Hachett659)

(1) Changing the fauna and flora —The best known example
of this tvpe of control 1s the treatment of fish ponds 1n the Dutch
East Indies (Overbeek and Stoher®”)  The beds of the ponds are
dried for o couple of days at least once a month, after which they
are filled with fresh sea water Dunng the drymg penod, the
fish remain 1n ditches dug for the purpose i the beds of the ponds
The top algm are Lilled by drymg, and the development of blue
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algm which grow on the bed of the pond and or which the fish
Iive 13 promoted The slgm mse to the surface 1n broad sheets
which no lame can penetrate Anv that may be present mn the
pond are destroyed by the mntroduct:on of larvivorous fish  These
measures have resulted in a great reduction 1n the incidence of
malsna 1 the neighbourhood of Batavia

(See Biblography Nos 617-719)

D—GENERAL CONDUCT OF ANTI MALARIA CAMPAIGNS

The provision of & special checking staff of mseet collectors
enturely separate from the executive stafl 1s of immense valve m
assessing the efficacy of control measures and of ascertaining the
lmes on which these mav need modification In Delln where
operations are 1o progress over an area of some 50 sguare miles
there 18 a stafl of seven msect collectors to each of whom are
assigned certamn catching stations  If an wnexplained local mnerease
oceurs 1n the catch of adults of the vector species the whole of the
cheching staff 13 concentrated 1n that particular section until the
source of breeding 13 discovered The checking stafi also make
house to house enquiries regarding the occurrence of fever cases
m various parts of the urban area {Covell and Afndi®Y)

The of a 51t of enth among all members
of the staff 1a of vital 1mportance and this depends very largely
on the personality of tho officer directing the campamign  Most
3 not all of the measures above described depend for therr efficacy
on the exstence of adequate and unreputfing supervision For
this reason one of the most important factors for the furtherance
of anti malariy work i the tropics 1s the des elopment of commum
cations wherel y the cost of supervision can be spread over larger
areas  Anot}er mmportant factor 13 the instruction not only of
engineers but also of other government officials and employers
of latour 1 the elementary prmmeiples of ant) malana samtation
The mstitution of courses 1 malanologv for engineers by the
Mealth Ormamuzation of the T eague of Nations and more recer

.
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by the Government of Indm marks an mmportant advance m ths
direction

It 18 only by the diffusion of knowledge among officials as
well as the public that we can hove to countersct the natural
tendency to curtarl expenditure on preventive measures as soon
as the madence of malana begins to fall and the stimolus to
actton dimimshes particularly 1n times of finapeial stringenev
There are many instances on record where the very success of
ant1 malina carpaigns has led to the reduction of expenditure to
2 level at which the scheme can no longer operate effectively
resulting 1n a disastrous recrudescence of the disease  This1s well
Wlustrated by the history of malana 1n Bombay (Covell’®)

Most of the advinces which have been made in the develop
ment of ant1 malant measures m recent years owe their ongin to
an mtensu ¢ study of the bionomics of malara carrymng anophelines
In the author s opimon our further progress largely depends on
a still more imtimate association of both field and laboratory
reseaiches with the actual prosecution of control measures

Tt 15 perhaps fortunate that in anti malana work perfection
18 50 seldom attamnable  There 13 always scope for smproving exist
g conditions and for devising new and more eflective methods
of control, and therem lies the great attraction of this particular
branch of public health activity
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pp 490481 R4FB, XXIV, p ¥
{Pvrethrum emulsion )

Grvseura, I M (1936) Protection of ontdoor gatherings from the
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under Iaboratory and field conditions
Procs 25th Ann Mig A J Mosq Edd
Ass ,pp 51-57 RAEB,AXVIT p 29

The develcpment of & practical moaquito.
repetlent  Iovd 27k Atz , pp 3643
( btay nay Inxcot Repellent Lotion®
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Fxperments m Flonds i repellng
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An effective repeilhiat for bitng imsects
Canad Ewtom LXX & pp 175-176
RAFB ATV p 14
{OU of thyme, } oz  Extract of

pirethram 1 oz Castor ail,
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Studes on repellents for biting fues
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The moquitors of Montana Bull
Montana Agne Ezp St o 288
~2p RAFB XXII p 182
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See Vo 1059
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(Bocswax 2 dr  bpermacets 4 dr,
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4d lq penafin, 1oz, od of
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Methods of spplying the larvicide av a
repellent  Trocs 24th dAwn Mig % J
Mosy Ext Ass pp 11413 RAFR,
AN po26e

Screening

On ot} mowquito screens  Pre Jal.,
VI 1 pp 8161 RAFB, XXM,
p 159
(Steel  alimoum  mosel metal

bronze  palvanizsd aron  brasst
coppee )
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2, MXXI, 3, p 447. RAFB,
XXVI, p 29
Ann Rpt § Afr Rlwys and Hachours
Hith Organvation Rpt Dept Pub
Hih S Afr, 193435, pp 7908
BAER, XXIV, p 77
{Morel metal screeing, 16 mesh, 30

ISWG)

bafe mosquito mets for wse m Mizens
W oAfr Med J, VIL 4, pp 147-M8
RAFB, XXIL p 213
(Meeh 25 26 )

The s17e of aperture nocessary 1 screen
cloth  dAnn Trap Med Paras,XXXIJ,
4,pp 41342t RAEB,XXVII, p 130
{Most not exceed 0017 10, 18, 16

mesh, 28 ISWG )

Anti mosquito screenmg  and  screening
materials  Puerto Rico J Pub Hith
Trop Med, VIII, 2, pp 221-234
RAEB, XX, p 89
{Bronze, monel metal ; galvani/ed wwon

recommends 12 mosh screen of
0015 n wiro }

Mosquita nets  Malay Mel F, V. )
pp 20-32 RAEK, XIX, p &
(Recommenda 22/23 mesh and 60/10¢

cotton )

Aluminiam ganse for moaqmio screcnng
Rio Mal X111, pp 108-197 RAEE,
XX1, p 8L

Aee No 815
(Recommends 14 mesh, 30 ISWG wire

guore, or 25/26 mesh nets woven of
30 or 40/60 counts cotton )

Mosquito proofing esmned out by the
Toyal Air Foree o Indis JI P 4
M. €, IX, 1, pp 3337 Ako m
Procs Ruy Soc Med ,XXVL 1,pp 1-3
RAEB, XXT, p 65

The mosqnito net 1 malana prevention
1n Tndo Chuna Bull  Soc Mid Chw
Fadochsne, XIII, 9, pp 1265-1207
R4ER, XXIV, p 126
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pp 1157 1158 RAEB XXV p °53

See No 1094
(Perethrum spray )

Arn Rpt S Afr Rlwve and Harbours
Hith Organ Rpt Dept P& Hin
S Afr 103536 pp 93 191 RAER
XXV p 137
{Pyrethram sprav )

A note on the chemustry and preparat an
of 1m ect BpTays contz nng pyrethrum
J Mals Br Bt Med Ass 1 4
Pp 336-341 RAEB XXVI p 15

Ant: malar o] measures n the railwa
aresat Delh  Ind Mel Gaz LXXIU
3 pp lob-lal  RAFB XXVI
p 148
(Pyrethrum spray )

The cultvaton of pyrethrum n
Inda DPlanters Chron cle XXXV 18
pp 310-371

An attempt to control malara by the
de tracton of adult mosquitoes ® th
insect ¢ dal spraya  J Dlal Inst Ind
11 pp 105113
(Pyrethr m spray )

The pyrethrn content of home made

fly sprays  Seap X1 pp 93-84
R1FB XXVII p 155

Pyrethrum flowers M nneapol M no
EA ° (w th Suppt )

Senuit vty to nsectcdes J Amer Med

Ass XCVI 8 p 13
(Dermatitia followmg use of Flt )

Sex No 808
(Pyrethiram spray }

Transpo t and control of Aelet @yyp
n seroplaces Rec Mal Sure Ind
VI 1 pp 7200
(Pyrethrum epray )

A new mosquto spray M Surgon
IXIX 8 pp 6°097 RBAER XX

190
(Pyrethrum wth carbon b sulphids
acetone and chloroform )

Ant mosquio eprays Pal J 8¢
JLVII 4 pp 433438 RAEB XX
p 1o
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faxxrwire, F {1031}

Recmanns, 11 (1938)
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0

Effect of metals on fly sprays (Pyretbrum
hquid iwseetiades)  Soap XI1, Teprint
o 1,%pp RIED,XXD,p 151,

Destraction of mosquitoes in aircraft
Bull OF Int Hyp Pub, XXV, 7,
pp 13601361 RAER, MXIII, p. 247
(Pyrethrum spray )

Perethrom  evalvation  Pelstion  of
pyrethnn content of pyrethrum flowers
to ther touety to mosquito larem
Soap NIV I3 pp 60-91, 93, 119
R4FB XX\, p 64

Sce \o 836
{Popular account )

The destruction of mosqmtocs in arecraft
Laneet, CCXXXV  pp 447450
RAFB, XXMVIL p U
(Aqueous base pyrettram spras}

Obirrations on Asnopheles jumm mx

inophetes gamvre 1 Abe
5 Afr Inst fordled Los I‘bn a3 ||p
{Pyrethrum wpray }

Control of malana in & Africa by measures
scamst adult mosquitoes 1n Kabitations.
Quart Bull Hith Organ, 1 of M,
Vo L, opp 134137 RARB, XAIv,

151

r
(yrethrum wpeay )
Vafuo of insectiadal aprays 1 malaria
contral  Rer  Mid  Frane  Ectr
Orent XVI, 3, pp 264-210 RAER,
XIVID p 138
(Aqueous baso pyrethrum epray )
Deatruction of Anoplicles with Pyrethrum
yrepacations  Aed  Tod  Cemensk,
IXXVUL, 21, pp. 2327-2338  RAED,
2N p A3
On the toxiaty of the combinations of
mneral cale with essentinl oilv in insecti
ciles with &  petroleam  base. J
Densflt  X\IIL 8, pp 330-312
RAFB AN, p 231
Report on the duinfeststion of sircraft
atKhartoum  Bwll OFf Iet Hyg Ped,
NAX, 3, pp 503-567 RAFB, AXVL
p 157
{Preethrum  extract, 58, otronalls
ol 2 earbon tetracblonde, 49,
erosens oil, 432}
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R C {1935)

Sweweesgpeser, v 1T

(19349)

1 studies of mid continent ds-
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extracts Indust Emgng Chem, X\IV,
12, pp 1304-1307 RAEB, JAIL
plo

Insecticsdo as & major method of contrut
of malania  Quart Bull IHlth Organ,
L of No%, 1, pp 1433t RAER,
XXIV, p 153
(Pyrethrum spray }

Automatte destruction of mosqmtoes 1o
scralt Bull Of Imt Ilyg Pub
X\X, 8, pp 2002-2031 RAEE,
X\VL p 48
(Aqueous base pyrethrum spray )

Malaria control by spray kallng adult
mosquitoes o Mal Inst Ind, I, 3,
pp 220 237
(Pyrethrum spray )

Maslata control by spray kifhnz adalt
mosqmtoes  Socond  season’s  results
I, TIL, 4, pp 631-541
(Pyrethrum spray )

Report. for 1936 and 1937 of the Valana
Commission of the Health Couneil
of Holland  Versl Meded Yok,
Repnnt 26 pp R4ER, XXilI

51

(Pyrethrum spray )
The efficacy of varioua msecticidsl eprays
10 the destruction of adult mosquitoss
Rec Mal Suwre Ind, V¥, 3, pp %0~
306
Seven years' experience wm  Anopheles
control at Medembhh Aed Tud
Genecsk, LAXVIIL, 3, pp 315353
RAEB, XXIL, p 116
(Kerosene with 05 per cent pyrethrum
extract, 05 per cent al of
sassafras, and 2 per cent methyl
saleylate )
on the of

o ol (1936)

Srazs, C. B, (1935) .

malana m some willages morth of
Amsterdam  Quari Bull Hith Org L
of N, V, 2 pp 202332 RAEB,
XXIV, p 283
{Spraying confined to houscs with soversl
chultren )
Ses Mo, 810
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Insects fn mreralt Bull Of Int Hyy
Pub ,XXIX.6,pp 11501157 RAER,
XXV, p 253
(Pyrothrum kerosene-carbon  totracklo-

nde )

TiomNTON, b N\ (1933-3¢) Malntia Pple Dept Pub HUh & Afr,

Vixronov b ¥ (1939

1932-35 R4EB  XXIf, p 53
XXinm p 8 XXIV, p 76, XXV,

{Pyrothrum apeay }

Destruction of adulé mosquitoes  Med
Paras, VIl 1, pp B1-63 RATE,
XXV p 219
(Watery solution of soft natron soap

end methylated spint )

Wats, R (,and Biarucs, The chowe of mechamical sprayers for

R (1040

mosquitocides  J Ml Inst Ind,
0L, 1, pp 120-136

Wars, R €, and Srxow, J  Mosquitocidal valus of indigenons Derms
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WricE, L\ (1939)
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Wittnws, C L (1040)

and other drags  Rec 3fal Surc Ind,

VII §, pp 109147
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1938 U S 4 Pub Hub Rpls, LIV,
14, pp B61-660 R1ER, AAVI
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Air traffc anescts snd discase  Dull
Ent Res, XX 3, pp 365442
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Pub LUA Ppts LN 23, pp 1003-
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Wiretaxs, € L, an

Dagtssev, W C (1933)
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s in wrploes U 8 A Pub Uk
Rpts, L, 41 pp MOL-LI0{ RAEE,
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ride.}
osquito control activitien of the T mted
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198 Ann Uy N T, 3osp Ev. Ase,
pp. 64-87 RAPI, XX, p 230
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menh to kil adult mosqu toes,
range £ 1)
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Goze R N (1936)
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Goze, R N (1037)

Govmpox, G (1930)

Heapeze T J {1032)

Bosquito collections n Flonds with the
New Jersey hght trap J, Econ Ent,,
XXVIII, 5, pp 780-786 RAEB,
XXIV,p 6

Research on the aitraction effected by
coloura 1n Anopheles maculipenmss R
Nal, IX 3 pp 224231 RAEB,
XIX p &7
(Preference for red and violet , blua and

green attract much less , grey neutrsl)

A twoyesr record of adult mosquito
trapping m Dade County, Flonds
U S 4 Puw I Rpta, LIV, 1§
pp 608-611 RAEB,'XXVIL, p 215
(Suetion Light traps )

Report on tests made with the Entoray
apparstus 25 pp Govt Press Calcutis

Moequito traps  Procs 92nd Arnn Ay
N J Mosy Ext Ass, pp 164170
RAEB, XXIIL, p 205
(Suction Iight traps )

Notes on Malayan mosquitoes, IT  Malay
IMed J VI I pp 4945 RAEB
XXL p 147
(Bed trap catches )

A feather duster mosquito trap 10 pp
Bombsy RALB XXII, p 17

A village mosquito trsp  Ind Med Goz,
LXXI, 8, pp 460-461 RAFB XXV,

5

A modified villago mosquito trap  Ibid
LXXI, 11 pp 614675 RAER
AXVL p 50

An improved feather duster mosquito
trap Fec Mal Surv Jnd, VIL 2-3
Pp 208-211

The capture and destruction of msects
by ultra violet 7ays € R Cong Int
Apper. Unl. Lutte conire les ennemss
des des eullures ILyon , 1929, pp 127-
133, 200 213 RAEB,XXILp 59

D of qup
for sampling the mosquito fauna and
some results of its mse Procs 10th
Ann 2y N J Mosg Ed des.
pp 106-126 RAEB,XX,p 24l
(Suction hght traps )
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TRAPS 21

Mosquto control enguserng, 1T Mos
quitoes speces snd habis  Frgag
Vews Bee tug 6 pp 199-°01
(Suctson bight traps )

Ste No 808
{Trspp ng and fumigation comb aed )

Attract mity of 1.ht for Anopheles
mosqutoes J Temn  dead So
XIN 1 pp 104108 RAFB XXV
p 102
(Best results with 100 watt frosted

Mards lamp )

Comparst ve results obtaned by the
use of seversl mosquis traps 1 s
hreted area J Ecomn Emt  XXXIT
» pp. 206"19 RAFR XXV
p 218
(Suct on 1ght traps)

A portablo etablo drap for capturng
morquitces B N Eat Pes XXVI
3 pp 363371 RAER XIT
P 80°

L httraps Bpt N J Ag ¢ Exp Sta
1978-°) pp 125-14° RAFB XIX
r &7

A new development 1 mosquto traps
Proce 2Nt Ann Mg N J Mosp Ext
Ass pp 17 MO R4ER XXIF

p 151
(Suction huht trape.)

\ transparent trap for mosqutots Pr
Hal \VII 3 pp 31 "3 TDR
AX\M p 18
(Con tructed of scetslcellulose )

\n eart! tned trap for anophelno
mosqu toes  Procs Eni Sor IWark
XXXAI ) oppo 22l RUFR XX

65

13

| No M
{Comb ned teapp ng snd fuz gaton)

Expenments w th an sulomst s mosquito
eatichng ma bne Rec Aal Swer
Ind T & pp 39549
{Entoray tonch ne )

Lan of the New Jersey meequito trap In
the Tacifio North west  Tyoce 98 Awn.
Conf Moy Abatement Oficesls Cal
Pp 63~ * {Typeecr pt)

{Suct on b bt trap)
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What The Drrector, Malaria Insitute of India, says
about our

SOFT STONE POWDER

* The Soft Stone Powder sent by you to the Officer m
charge, Ross Field Expermental Stanon for Malana
Karnal, has gwven encouraging results, and 1t appears
that 1t will be a smtable diluent for Pans Green

Large stock of the above powder 1s held by
Calcutta Mineral Supply Co., Ltd.

31, Jackson Lane, Calewtta

The biggest dealers m Indian Mimnerals and
Muneral products

Asbestos C M. Droxde
Barytes Mica Dust

China Clay Plaster of Pars
French Chalk Quartz Sand

Fire Brick and Fue Clay Red and Yellow Ochre
Felspar Soap Stone Powder
Glass Powder Silicate of Soda
Graphite Powder Tale Powder

For particulars and rates please wrile lo

H. DUTT & CO.
Managmg Agents
31, Jackson Lane Calcutta

Telephone  Burra Bazar 1397 Telegrams Chmamat




APPENDIX 1

Anti-Mosquito Equipment.

ABTICLE WrERE oBTATRARLY

Paris Qreen Equipment

Havermcl Dina \ath & “ons Gumts Bazaar Labore
izer Diga “ath& Sone Lah re Shaw Wallwee & (o
Bankshall bt Caleutts  General Fxport

0 5 Fara ot Calenita
Pans green F Ro 1 Royal xchange Flae ¢ aleutta
pree R shan Das Aro Dharst Bullinge

Nater T2 M D o eth &
Lobore  Geners) Fxport (o (Calcutts
flovle Robaon Bamett & Lo 1w Aoents

. .
[ . . -
- . .
. - " e
. T N :
P
» -
Peerless Dust Gun Shaw Wallace & Co Caleutta,
Bercener Shaw Wallace & Co Calestta Daa \ath &
Bons Lakore
Bospatone powder ~ at - ~e e v
P - N '
.o R e
S aas
.ot [

Olling Equipment,

!‘,cll.lr Mo, 2 Model haspesck | Meleod & (0 Tvet Box "1 Dalloune .
rny&r (\!rmnnl Ezuh!n 1 Calestta  VMamsers Lid, Man Rd, P:y“l
ram ras,
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Anti-Mosquito Equipment—concid

Axrrione l ‘WHERE OBTAINARLE,

Oiling Equipment—concld.

Four Oaks Ross Knapsack | Planters’ Stores and Agency Co, Calcutta
Sprayer, 3} gals
Fuel (desel) orl, Malariol BurmAh Shell Oif Storage and Distnibuting Co.
f India. Ltd . Ambala, Bomhag, Calmntia,
Bt Kasachy

Equipment for Spray-killing Adult Masquitoes,

Deslato, Pye fiy Stafford Allen & Sons, London, Anglo Sam
‘Corporation, Ltd , Ewart House, Bombsy

Pyroade 20 T § Kere & Co, Vulean House, Ballard Estate,
Bombay.

Pyrefume Pemck & Co, 132, Nassau St, New York,
U 8 A ; Standard Chomieal & Pharmacou.
tical Co , Bombay
John Powell & Co, 114, Esat §t, New York,
U6 A smdm—d Chemcal & Pharmacen
ncnICo Bom

Shell tox Burmah Shell Oif Storage and Distributing Co
of Inda, Ltd

thnot & Co, Cos 3
Gillndsgs Anbuthnl & Co. Connaseht P

Pyrin, Pyrentol 20

Power Sprayers .

Wira fiauze.
Wire Gauze Screen (Greening anm& Pmnem Ltd, 19, Aurangzeb Rd,
Rustless Bronze Gauze Wire) |  New D
— e



APPENDIX Ti

Table of Equivalents

Measures of Capacity

1 Cabic ceptumetrs = 0 0752 oonce 1 Gall 7= 4 446 Ltrea

1 Gunce = 28 4123 cubio centimetres 1 Umited  States  gall n = 0833
1 Pint = 568 2154 cubic centiMettes Impenat gallon

1 Gallon = 160 sunces 1 Impenial  gallon = 12 Lated
1 Litre = 6:3190 gallon States gallons

Measares of Welght

1 Cramme = 15 432 grains 1 Flud drachm = 33437 grammes
1 Gran = 0 0618 gramme or 546373 grains

1 Pounl = 0 4333 kilogramme I Huwi oonce = 4375 gralns or
1 Kilogramme == 2 2040 poun s 23350 grammes

1 Ton == 2240 pounls

Measures of Length and Area.

1 Centimetre = £393) ey 1 Coalp = 08 feer

1 Inch wv 254 centimetres 1 Acre = 4 50 squars yards
1 Metre « 10930 yurds 1 8quare pule = 640 acres

1 Yard = 00144 matro I Acre = 04047 hectare

1 oot = 3143 centimctres 3 Hectars = 24711 seres

Approximate Equivalents

1 Millimotrs = ¢y incl. 1000 hailogrammes = 1 ton
1 Centimetrs = {3 inch 1 Litrs = LE pats

1 Metro = 39} inchos 1 lound = 433} grammes

1 Foot = 30 contumetres 5 Kl grammea == 11 poanis
8 Miles o 8 kilometres 1 Grammo = 15 grans

t hilogramme « 2§ poun e | Han tredweight = 59 kilogrammes.
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Drams hernng bone 37
Drams open 36
Drans parallel 37
Drams, subsoil 3943 102
Dap cans 54
Drying ntermittent 93 116
Duckweeds 82
Durantha 36
Electnie blowers 64
Emprann %
Eupatorsum 36
Fans hand 3
Fasone dramage 102
Fauna and flors changing s
Ferne bydrouds 84
Fure buckets 93
Fish ~9-81 118
Fish ponds control of 18
Fletcher s trap 13
Fht 24
Flooding 1s
Fluctnating water level 15
Flushing 13
Fly ded 24
Flyosan 24
Flytox 2
Formahn 22
Formue and 22
Fuel ail 49 105
TFumgation 18-23 95
Cambuasa 7% 18
Giemsa s sprav 2t 36
Ghles cones 20
Gloves 3
Guddas 53
Gumti Wewr 13
Cutters ram water 93
Tand bellows 63
Hand catching 11
Hand nets 1
Haversacks for panis green 63
Herbage packing uz
Hull foot secpages 89

Toles 1n Tocks o1

INDEX

Tholes i trees
THousehold traps

Housing and malane
Myeol

Hydrants

Yivdrated hme (aq d luent)

lluminated traps
Impounded water
Tatermittent drywng
Tatermuttent srrigation
Tergation and draimsge
Imgation channels
Imgation intermittent
Tsotex

Tral

Jack frmt trees
James, J F, trap
James, 8 P trep
Jungle cloaning

Eatol
Herosene (a3 larmade)
Terosens (as spray)
Key walls

hnapsack sprayers

Lakes
Yefroy & spray

Lefroy s trap

Lemna

Leron

Ludo system of draimage
Lime (as dilnent)

Lime (a8 larvicids)
Liqmd fiel

Liqud porafin

Lysol

NDB
Mansell 8 spray
Malartol

Marshes

Mereunc chloride
*Millions

M mm s culierde
Miser for pans green
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ade) 76
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Neto band 1
Nets, mosquito 13
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011 booms 106
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O, fuel 19, 105
O, keroweno 4
O, wohr 50, 105
Oiting 41-57, 104-107
Ouls, spresd of 18, 105
Tacams Canal Wrviande 4

Tacaformaldebyde . 2
Tans green . 6171, 107 209
Tans green, dustloss metbod . 108

Tanstan . 76
Pelbitory rood 3
Treaterine 5o
Totead . 8,92
Tioo ofl 128
Pollution of watet m
Ponding . s
TPonds 7
Tools . 0
Tron tlock ¢ trape 15
Tyogrs 07
Prefy 01
Pyrental 97
Tyrothtom emulwon (as
larviciie) B 10
Pyrethrum  emulann (a8 e
pelient) . 4

Paar.
Pyretbram extract {as ipray) 21, 26,
95100
Dyrethrum powder T
Pyrocide o1
Pain water gutters .03
fropellents 3-5, 94
Research trap 18
Reservoura 81
Taco-fields 9, 116
Richmond and Slendis traps 13
Tuds 24
River beds 88
Rocks, boles 1n o
Rotary blowers €
Sal hyeat W
Salmty, changing of ne
Salt water swamps 86, 112
Samites Okol %
Sawdust 47, 61
Schwetnfurt green 57
Bereen trap 1”7
Screcnct for pans green diluents 60
Serecuing 5-10, 94-85
Beepages 8%
Bergent's trap 15
Shading a6, 117
Ehell tox 24
Silting . 13
Slaked Lime {as dilueat) 59
Sludge 50
Sluce valves 93
Sluiang 3
Smoke 2
Soap !
Soapetons 59
Soft stone 39

Salar o) 50, 105
Spray, Brug and Van Shoten's 21, 26

Spray, Giemma's 2t 26
Sprag, Lefroy's P
pray, Mansell's 25 27
Ermavers knageack . a1
Sprayers, ol ...
Eprays . 23-27, 93-100
Blagoating S 111
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“VERMOREL-ECLAIR”

SPRAYING EQUIPMENT

NVE
PNEUMATIC KNAPSACK SPRAYERS

HIGHLY

SUITABLE

EFFICIENT FOR ALL

PRESSURE LIQUIDS

RETAINING EXCEPT

MODEL ACIDS

ALL LIQUID BOTH HANDS
CONTENTS FREE DURING

ARE SPRAYED SPRAYING

Also available—
The " Eclair” Model No. 2 Knapsack Sprayer
The *Eclair™ Knapsack Limewashing Machine
The * Noe " Pnreumatic Knapsack Sprayer
Tﬁe “ Vermerei" Pneumatic Hand Sprayer
he " Hydra " Self-Supplying Syringe
Tha . Sulvu " Bucket Sproyer, efc., efc.

McLEGD & COMPANY, LIMITED, CALCUTTA




'RUSTLESS BRONZEi
GAUZE MOSQUITO
PROOF SCREENING

j

Large stacks held in India

As standardized by
ARMY HEADQUARTERS, INDIA |

AND SUPPLIED TO

THE INDIAN STORES DEPARTMENT

Manufactured by
THE B. GREENING WIRE CO., LTD.

HAMILTON, ONTARIO, CANADA

Sole Agents for India, Burmah and Ceylon ; ‘

R. WRIGHT & PARTNERS, LTD. ;

19, AURANGZEB ROAD, NEW DELHI




Everything Required for '
MALARIA SURVEY WORK

and all sorts of apparatvs and apphances for the study of
Malana M such as Ent logical Pins, Cork
Sheets, Insect Store Boxes, Larva Callection
Pipettes, Portable Breeding Cages, Lenses and
Magnifiers, Cover Slips, Slides, Slide Boxes,
Microscopes, etc, are avalable from us We can also
supply Health Charts, Lanterns and Lantern
Slides required for Health Lectures

The largest and most 1aried stoch of scientific
apparatus and chemieals 1n India
SCIENTIFIC SUPPLIES (BENGAL) CO.
C 37 & 38, College Street Marhet, CALCUTTA
Phone BR 524 Telegrams  “BITISYND ", Calcutta

Plants Protection & Anti-Malaria Campaign

DESTROY THE MOSQUITOES AND ALSO PROTECT YOUR PLANTS
AQAINST ALL PREVAILING DISEASES BY THE USE OF OUR MOST
DURABLE AND CHEAP APPARATUS

Manufac-
turers of
sTOCKISTS
or
PARIS GREEN
AND
ANTI-
MALANIA

STORES

and others

Dust-Cun
For Blowing Pans Creen Powder

Manufactured by :—

Messrs. DINA NATH & SONS
GOVERNMENT AND MILITARY CONTRACTORS AND ORDER
SUPPLIERS
GUMTI BAZAR, LAHORE




PYEFLY 8 on Empe p(odud o et
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Il OF THE NATION...

MYERS SPRAY PUMPS.
Highly efficient for oft fiquid spraying
and suitable for Anti-Malaria spraying.

Sole Agents
" THE WATER SUPPLY
SPECIALISTS LTD,
MISSION ROW EXTENSION
{GUJRAT MANSION)
CALCUTTA
Phone: 621, 4129, Grams: WATERFLOW.
Post Bex 414,
ASK FOR CATALOCUE
55 EVERY PURPOSE

faicy l
HYE

SAVE A LOT BY BUYING
“PYRENTOL~20"

Biol Uy and ¢h i dised Extract of Pyrethrom Flowers
in #ts new form It is & prerlect and stahle base for raecticidal #prags,
mosquitocidal and larvieidat oxtures.

(Approved and recommendred by The Malania Instatute of Ynduz, Dell,
28 per Government of Yadie Meahth Bulletin No 1, Fiith Ednion~13403

Chief features ;—

It ts cheapest in prices
It can be avaiiable sn hugher contentration up to 1 10 79,
It doen not weaken n quality for a long hime storage
Avsilsble from our own agents and stucknts at Celems, Madras,
harachs, Lahore, Delht, Rangaon, Colombo, ete, tic

For further particulars and prices, please wnie fo ~
STANDARD CHEMICAL & PHARMACEUTICAL CO.

Atlas Mills, Reay Road, Bombay No. 10.

Tetegrsphic Address: “ GERMOL,* Telephones 40652







PYROCIDE 20 -

FOR .
LARGE SCALE HOUSE SPRAYING SCHEMES
PYROCIDE 20 15 THE IDEAL BASE AND AT
THE SAME TIME THE CHEAPEST.

“Results go to show that an insecticidal mixture
composed of one part of Pyracide 20 in nineteen
parts of Kerosene Oil will produce an insecticide
which is equal in its mosquxlocxdal efficacy to the
best propnclary sprays at present available on
the market in India, and at about falf the cost.”

Vide September 1935 issue of the Records

of the Malaria Survey of India.

SOLE AGENTS for:
INDIA, BURMAH and CEYLON

F. S. KERR & COMPANY

125, ESPLANADE ROAD

SOMBAY
Dasinbutors fore Distmbutors for
Bengal, Assam, Bihor and Madras and Southern lndia
Orissa Vernon & to.

McGregor & Balfour §4d.
lf Clive Sfreet 36, Second Line Beach

Caleutta - Madras




MALARIA CONTROL BY
ANTI-MOSQUITO MEASURES

DeVilbiss Equipment for Spraying
Insecticides has been approved by
the Malana Institute of India and
mibal orders have been placed
by the Government of India

Electric and Petrol dnven Umts
ranging from 4 HP upwards are
mn stock for immediate dehvery

JOHN FLEMING & CO., LTD.
Bastion Road, BOMBAY
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*Results go to shaw that an nsectindal mixture
composed of one part of Pyroade 20 1n nineteen
parts of Kerosene Onl wall produce an wnsecticide
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SOLE AGENTS for
INDIA, BURMAH and CEYLON
F. S. KERR & COMPANY

125 ESPLANADE ROAD

BOMBAY
B str butors for D sleibutars for
Bengal Assam Bihar and Modras ond Southern Ind o
Orissa
& Co.
MeGregor & Balfour Lt Vernan
11, Clive Street 36 Second Ling Beach
Calcutta Madras




MALARIA CONTROL BY
ANTI-MOSQUITO MEASURES

DeVilbiss Equipment for Spraying
Insechcides has been approved by
the Malana Institute of India and
mihal orders have been placed
by the Government of India.

Electric and Petrol driven Units
ranging from | HP. upwards are
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JOHN FLEMING & CO., LTD.
Bastion Road, BOMBAY




