WORLD HEALTH

ORGANISATION MONDIALE
ORGANIZATION

DE LA SANTE

REGIONAL OFFICE FOR THE BUREAU REGIONAL DE LA
EASTERN MEDITERRANEAN MEDITERRANEE ORIENTALE

SECOND REGIONAL CONFERENCE ON MALARIX ERADICATION

ADDIS ABABK, 16 - 21 NOVEMBER 1959

EM/ME~Tébh .2 /31 3 November 1959
ENGLISH ONLY

INSECTICILES USED AND DOSAGES, FACTOR
DIIINISHEING RESIDUAL EFFECT; BIO
ASSAY TESTS

by
P, Bertagna, D.Sc.

1+« ~* The fastdst and most rcliable method of interrupting the
transmssion of malaria 18 by atlacking the anopheline vector in
1ts adult atage. This atlack takes advantage of the habits of
the female Anopheles. It can be achieved by the systematic
application of residual insecticides on a total coverage basis
in human and, if necegsary, animal dwellings. The use of this
aethod depends on three faclts:

(a)' Most of the ?nsphehne vectors rest for somg tame during
each gonotrophic cycle‘l) on the walls and other internal surfaces
of houses or other shefters in which they feed. Some vector
species feed 1n the open, but nevertheless rest for a fame inside
human dwellaings,

(b) The female Anopheles which feeds on a carrier of malaria
parasites 18 able to transmit the infection to the next human
victim only after the appeardnce of infective forms of the parasite
in the salivary glands cf the mosquito. Thia takes usually about
10-14. days in the troprcs and longer in temperate areas. During
thas period, the female Anophcles will pass through a number of
gonotrophic cycles and will consequently feed several times and
also enter and rest in the premises,

(c) Residual insecticides maintain their contact texicity
to mosquatos for a longer, or shorter {ime depending on the proper—
tics of the insecticide 1itself and on the type of sprayed surface.
Constant toxicity can be mainiained by applying them in adequate
dosages and spraying cycles.

[l) The gonotrophic cycle of a mosquito 1s the interval betwyeen eaeh bloodmeal
and the subsequent egg-laying (shortly after which the mosauito feeds aga:l.n).
It cxtends over a period of two, three or more days depending on the specics
and on environmental cenditions.
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In conscquence, any Anophcles which feeds on man and in the
course of 1%ts life comes, even for a short period, in contact with
the interior surface of humen houses or other shellsrs) 18 subject
'to n degrce of foxic actrion of the applied insecticide. The
probability of this contact depends on the preferential habats of
each species of Anopheles. Naturally, those that are most
attrasted into human habitations v1ll be mest {requently cxposed
to the toxic deoposit on the walls and other interior surfaces.

In some cxceptional circumstances (vherc a vector resis outside
after feeding, and wherc 1% 18 confined to vory limlted and accesgi-

ble br?eglng places) the attack can he carried out against the
larva.

Thyae insecticides belanging to the group of chlorineted

hydrocarbons arc commonly used for residual spraying: these are
DDT, BHC and Dieldrin.

The toechracal product resulting from their chemical industrial
processing cannot be used as such for spraying. To do 8o 1t has
first to be formulated, Formulotions employcd in malariz oampaigna
are rarcly solubtions,; sometimes omulsions and hmost fregquently water
dispersiblo powdors.

(a) Solutions:

The usual solvents utilized are the hydrocarbons. The
chief members of the serics used for i1nscciicide sprays ares
kerosene, solvent naphtha, white spirit and other fractions
of petroloum cracking. Those solvents have the advaniage
of being easily available, but their major inconvenience
is inflammability.

Concentrated solutions can bo preopared with adequate
solvents. Solutions centaining 35 % of DDT arc passible
with cyclohexapnons or benzene, such solutions can be
diluted on the spdt ywrth kerosene, solvent naphtha, otc.

(vb) Emlsions:

An emulsion consists of two immidcaible liquids, one of
which is broken up into globuleca {disporsod phase) and
digpersed as such in the other liquad (continuous phase).
Commercial bmulsions contain an emulslfylng agent which
glves stability %o tho system and provents globules
co#lescing together and the emulsion "bresking".
Emilsifiable concen"cra.tes can be prepared for further
dilution with water to tho desired conoentratzon. They nay
con81st of a solutlon containing from 10 $o0 35 p cf the

nseccticide wmd from 3 to 10 % of emloifying agents. Before
syrajlng these concentrates are diluted with various propor-
tions of water to obiain the desired concentrations,

(1} Report on Malaria Eradication, by the Dircctor General WHO.
E/ICER/386, 21 July 1959.
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BErxample of emulsion: DDT 5 parts
Solvent naphtha 20 2w
wmnseed fatty o1l 7 u
Ammomia {0,940 sp.gr.) 3 M
Water 65
100 parts

TuUlelons proolafb WG auVadlage v. availabilaity at
Lower price than colutions. bat thoey are inflammable
(an the form of concentrates) due to the sclvent, they nced
excellent storage cordaitrons to prevent breaking and, last
but net least, They are bulky which like solutions, involves
increase of transpor: cosis.

(e} Suspengions of water-d.gperssble powders:

Chlorinated rasceticudes su thik form are compounded
with a diluént clay but zn the later stage of preparation
various vetiing, suspending and anticaking agents are added.
Comngrerally zvarlohlce concentrates contain teday uwp to 50
and 75% of ihe fcéhnical product; <+hat 18 under a relatively
small volumc a high amount of active material, This implics
advantages for transpor. and storags. Other advantages are
choapness (1n comparisorn wiih solufions or emulsions),
reduced hagard of toxicity to human and essentially greatcr
persistency on sprayved surlaces particulerly on sorptive ozcs.
For these reasons vettable powder formlations are most’
widely wiilized ia walaria cradicition campaigns.

2+ Choice, dosase and Ircguersy of application

The choice of the ansccligidc, 1ts dosage and spraying cycle
are conditioned by thrcee main grouns of factors: biological,
nhysieco—chemical and loeal,

(a) Biolomeal factors:

The durat.on -nd type of *the lransmisspon scason dopends
on tho complcx interpiay of many {factors as appears in the
following known zorrwla (2.10. Russoll):

(X + ¥ + %) piboc' - ra oric cnderyeaty and opidomicity an
shic formula.it)

X = the human coxrier b « bionomces
Y = whe moseuidoc vecloxr ¢ = envirvonment
Z = the human victin ¢ = control

p = “he jlasiod.iuu t = treatmont
1 = amnunity

(l) P.F. Rusascl, !hlaria, 3osic prasciples briefly stated, Blackwell,
Oxford, 1952, p- 95.~
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The role of the moequato vector ampliocs consideration of
its vectorial capacity in comnexlon vith its ceology, piting
habi}s and reaction to insceticides (basc line susceptaibilaty
lovel, irritance, etc.).

Toxicity to humans and arimals should not be 2 limtfing
Tactor in opcrotions -nd thygs prefcrence ought o be given

to insocticides, presenting less risk of hazard.

(o) Physico—chcrmical foctors o be considered are of two types:

(1) Those relatwd to the insccticade: volatility,
reaction to sorption and particle size which condition
the porsistency of tho iusceticide;

(11) Those related tc the type of surfaces:
proportion of sorptive and non-sorptive surfaces.
EHC, for instance, 13 the most volatile of the three
ingsccticides and has the shortest residual coffect on
non~gcrptive surfaces. DIDT and Dicldrin have a much
more prolonged rcsidual action sance their volatility
18 low. On the othcr hand, thc sorption of the
wnsecticide into cortain walls may greatly docrease
the residual action of DDT and Dicldrin, while sometimes
sorption may prolong the intrinsically short action of
BHC. Moreover the influence of humidity on the effec-
taveness varies with each insccticide. The type of the
inscetrcide formulation has some influcncc on the
partiele size of the rclevant insceticides; +this 1s
turn has a bearing on the availabality of the insccticade
to the mosguito.

(c) Iocal and economic factors:

Amongst them first consideration should be gaven to the
type of hovoey a» g fs1zc and nurber of openings - doors
and windows ~) heating or eooking systom with a proper device
for the elimnation of smoke which ray otherwise cause soot
or tar deposals oa the ansecticide layer; nature of their
wall surfaces (masonry and concrete or plaster, mud, grass -
thatched rocfs =, barboo, otc.) by which differcatiction con
be rde botreen sorptave and non-sorptive materaals;

permanent or temporary types of structures: migratory
movements of population, nomadism involving the use

of tonts, Building of new houscs -~ trends ond
proportion — PFacilities for transport and storage

have a dececisaive bearing on the costing and could not

be overlooked.

types of roads: paved or dust whaich may produce masking
deposits on the inaccticide.
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local custors of replastering, repz2pering, lincwashing,
cleaning, cte. 1n relation with religious or soecial
reasons,

reaction of the local population with regard to spraying
of furnmiturc - staining or splashing by rosidual
deposiis ~

In melaria canpargns and most essentially in malaria
cradication campaisns a fundamental factor for the frequency
of application of residual inscciicides 1s the speed and
extent of reduction of the arca of “protective surface”
(that 18 the surfacc that can stall kall mosquites) in
rolation to the total resting surfacce. It 1s thorefore
¢ossential to onsurc as complcte a coverage as possible of
all actual or potential sheltors of mesquitos and in dosages
that will k11l 2t,. The proviously mceniioned factors all
have an influence both on the choice, on the dosage and
frcquence of applications. The Expert Conmittee on Malaria
had thenm preseat yhen ot 1ts Sixtl Sc.uea it recormended the
following dosagess(1l)

DDT 2,0 g/ §-12 months
BHC~gamma 0.4 g/mf 6 months
Dicldrin 0.6 g/rf 6 months up to a consi~

derably longer period.

3. Organo-phosphorus Insgeticides

The yide-spread cxtension of resaistance to chlorinated
insecgticides 1n a number of insects has stiiwlated research to
discover new groups of insccticides. Much attention has been
given to the proup of organo~phosphorus insecticides. Since the
proneey work of Gerhard Schrader in Geornmany (1952) many types of
toxic organo~phosphorus compounds of diverse structures have boen
investigated, Few. however, have the combination of desirable
properties needed for vector control programmes:

(a) Migh donsity of insccts

(b) stability and prolonged residual action
(c) loy mammslian toxicity, and

() availability at reasonable cost,

The conpounds satisfying more or less these requircnonts

and used for residual spraying include such products as Diazinom,
malathion, chlortnion, ctc.

(1) Expert Comm.ttec on Malaria, Sixth Report, WHO Geneva, 1957,
_’_.[LGC}m- Re'pn SOI‘. 12_3
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Only s limrted nuwer of organs~phosphorus insecticides have
beon investigated so far in the field wvith regard to thear
potential effectiveness azainat annpheline nosquitos.

Fron roec Tirals conducted in Bl $alvhdor by ICA, CDC, PAHY
and the Departrent of IHealth. Z1 Salvedor and .n Greece by the
WHO Insecticide Ficld Teswing Tecn (I.F.T.T.), it secoms that the
following conciusions can be dravme
) {a} On.alkaline svwfaccs (Timewoshod, line plastered):
chem.cal deoorioostzor of orgono-phosphorus coapounds is
to be kxpected: <he frel had becn demonstrated with
nmalathion, dicsiicnr exd Busvew,

{b) On sorptive surfaces: orgaro-phosphorus compounds are
more or less hexily scrad end consequently inactivated due
to extller firthcér chem ~al dozompos.tion or strong physical
retention; this i1s substaniialily different from the
behaviour of chlor.aated 1secticides on such surfaces,

{(¢c) On noa-gorpiive surfaces: a much longer residual effect
could be expested (up to vorious months) as has beem shown
in sem~field tmuala and in E1 Salvador project.

(a) Due tc these foolowrs and to the specific high volatility
of orgaro-phosphoru~ conpounds fairly high dosages (1 or 2
g/m2) srould be applied o ensure iong enough a residual offect.
The neceesity 1o <poay vath varsl - hagh dosages of organo-
phosphorus cenpounds rtise obvicusly the question of toxicaty to
namrials and thersfore se—iewl LalcLy precaubions rmst be taken to
protcet operailuzs. pevrsonnel and the local population from
toxicity hazard. LThs ok<eriations made so far in the two above
quoted prozec - Mdzente tha- L7 proper safety precnations are
taken the toriecity to rirwals £»2uld not be 2 serious obstatle
to the use of orgonc-phospho~uys insecticides in case of necessity.

Let us soy alus .n add.vion o uirorine which 18 classically
utilazed for treatnomt of o~zano-puosphate voisoning by c.unteracting
the accumulet_on of sec.,t -cho’.me, we have now, with PAM (pyrldlno—
2-aldoxine methacdad-; an~tacr porerlul drug to protect or restore
the aetivity of caecl.- < .sa7e

4. Bioassay oi v ¢ot .- . dal cen~3.bg on yall surfacos

The follovarng 18 oxiracicu frenm the Tenth Report of the Expert
Committee on Inceevrzides, leme.a; Scptember 19592

"The Coma ttce w. hes .o siress the prinary object of the
bioasgay tost. nevily o werermine the fime vhen an insecticade
deposit ok & zven sur.acc ha, Jogt 2ts potencys The method as
not a measurc of the continucd cffectivencss for vector control
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of an applacation of insccticide in nn arca, cven thouch
samples or tho vecltor spocices nay be used 38 2 tool in 1he
bioassay lests.

It 1a designed o onrovide nformnation which may cssist

(i) comparing the residual action of dafforent
wnsedticides or insceticide forrmlations;

(11) decirding the appropriate insccticide dosage
and spacing of sprayiny cyclcs Tor cffoctive voctor
control; and

(111)asccrta1n1ng whethcr or not the sprayang has been
carried out satisfaclorily. The mothod will not

neasurc the amount of anscciticidce remaining om the wall
nor will 1t, by atsclf, nmcasurc the overall rate of kill
of voectors being obtained during the campaign, since
this can bec asscsscd only by other cntonological
neasurcments in the arca, It is not suatable for
measurang the suscepiibility or rosistance of a
population,”



