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be,Inih.ectilides have been, and continue to 
thie maialnstaeaOe program to eradica' 

malaria. Their lrimnary use has been as an 

adultici ek treatment applied to the interior of 

occupied dwellings. Other techniqles i'r apl,!Ying 

insecticide, have received little attention until 

recent years when it Ii'ca me appt arent that the 

residual spray methodolo v was not successful in 

coping with tile malaria roltm in certain plarts 

of the wIoIrl. S nle of this failure jr.ay be 

attributed tl the physioloic resistance that 

develh ped in tile populations of certain anophecline 

vectors to the chlorinated hvdrocarilon insecticides 

commonly u ed in eradication prrams. How-

ever, malarieli gists aree that lhysioelogZic reist-

ante per se has not been a critical factor in dis-

ruptill the overall eradicatien effort except in 

specific lrobilem areas such as the Middle East 

where tile vectors are resistant to both dieldrin 

and DDT. 
Insecticides represent an effective tooi only 

when contact occurs Ibetween the insect ain( tile 

chemical. Therefore, when the Iehavior of tile 

mosquito limits or preventg such contact, tile 

treatment is of little or no .atile. Sivce residual 

sprays are applied principally to the interior of 

homes it is readilv understandcale thai malaria 

prevails when the vector bites the peoplie ceut-of-

doors or when it fails, after bitoinu within the 
dwellig. tc rest Ill tile t reatedl walls he enough 

to absorb a toxic elose of the chemical. Under 

failure of the insecticielesuch circumstances the 

applications lies not in the chenical iut in tile 

circumstances. a fact which is sometimes over-

looked by those -]lose programs doe not achieve 

success. 

The major origin of new pesticides is com-

inertial sources, and the colpounds are seceiit 

in relation to their agricultural, ,nt lblic health 

value, primarily because of the economics in-

volved. Regardless of their ultimate use, tile 

new materials underzo a series of evaluations from 

laboratory to field befocre they are colsidercd 

re,.dy for oelrational atpplication. Each succeed
in-, stage of tests imposes more exacting criteria 

(it the compound as to its safety and to its ef

fi acy against the vector s,,cies. 

The steps involved in the pregrams oIf insec

ticide evaluation by the World iiealth Organiza

tien (\\'liO) and] the Agency for International 

l)eveiot ment CAII) are: I inlitial screening to 

determine the toxicity of tile comIound to insects: 

2 laberatorv evaluation of seledted candidate 

insecticides using reared insects: 3) simulated 

field studies using Ialra tory reared insects but 

with th" tests conducted out-of-d.ors: 4) small

scale field studies in which naturall occurring 

insects are used in the evaluation: 51 field tests 

over ain expanded area, such as a residual treat

mernt of a villale or larvicidal treatment of an 

extensive lereeditig site: 61 a large-scale field 

trial whic l\oul involve tile residual spraying 

lf several thousand houses foliowed hy entol o

lgic :lcd texicololgic assesSlllent and, 7 a final 

field trial in which 200.000 or more iIomes would 

be sprayed. he efficacy of which wouhl le deter

mined iy eplidemioloical assessment. 

RESIDlUAL AiIL(ICATII)NS 

Althl II)T, dieldrin, and lindane represent 

tile clompnlilds hlgest in uso as residual sprays, 

oily )IDI is of primary importance toda. . Re
search-wise most of tile effort has been to, explore 

for effective suistituts aniong chemical groups 

other than organ;cihlorine materials. Malathion 

alnle fenthin were allo'ig the earliest orgallo

phosphorus materials which proved to he effective 

against malaria vectors. The initial field studies 

oln these materials began in 1951) in El Salvador 

where each chemical was sho-n, to provide 2.5 to 

3 niontls of effective kills of Anopheles albimallts 

at a doage of 2 g/m 2 .' Later, when fenthion was 

tested in Iran, it was found to pose a toxicologic 

hazard and was, therefore, not. suitahle for house 

application.: However, malathion was accepted as 

a suitable substitute for DDT when studies ill 

807 
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Uganda showed that 2 g,'v," '.,ere capable of small-scale village trial with 0MS-597interrupting againstmalaria transmission.' Since that .1.albimausanr( the results to date are promising.time, develcpnents have centered alout other
organo os 1 horus compoun(s such as 
fenilrothi in O.!sS1211 (iodutlihs)(OMS-43i, iodofenlphos (OlS-121I),Iihen hoate This organophoslphorus(OMS- 10751, cm pound was ev\aluphoximf O()MS-1170), chlorphoxinl ated in 1'70 in(OMS. 1I 7i. Nigeria in an experiment whichand \'arius varlba matc materiais, included two treatments in each (,f two villages.'propoxur (OMS-33), carbaryl (OMS-2')), Moblam* lth trealments were at a(O.MS-70S 1. and Landrin rate of approxrnately()MS -5',). 1.9 g'in12 , 11Current weeks apart. The results showedinformation on new insecticides to le a definite reduction in thediscussed relates to village scale trials of OMS-597 
house resting densities

of .1. gambieland 2lnd and a long term effectiveness ofto a Stage VI study ,f ( )"-4 3 the treatmerls onperformed WILtW 
mud and thatch surfaces. Inin Africa. addition, there was a marked difference in the 

0MS.-57 (Landrino man- mosquito contact between spraved and unspirayed houses. In sprayed houses, the contactThis carlbamate was tested in 1967. and again index ranged from 3.0 to Is.5 haitin Ioft,). ' In tihe 10i67 trial, an application rate 56 days 
:ight (luring

after the second treatment. Moreover,of 2 g m ;c.uIted in excellent c,,ntrol of ..Inoph- ;urviving females appeared in exitch's gaimn biae and .Alopheles .fui'ti traps a:, earlytusfir ()0 days: as 24 days after treatmenthowcver. the in the 1st round anddata from ,ioa:says indicated a 15relatively sh,,rt rv'idual life. and 
days after treatment in tihe 2nd round.problems of Biecause

mixing. nozzle 
i" the findings on surviving femaleserosion, and sedimentation were and the mani-imosquito contact indices. tile epiencountered with the formulation. demilogical efficac'yIn 196, of OMS-1211 appearsa village of 102 houses was treated limited. Nonetheless. since the ciimpound is safewith an imp roved fiirmulation of ONIS-5i7 at a for inthoi r house sprayingdosage rate iif alprximatelv and has sh,,iwn long2.4 g 'in'-. After term effectivenesstreatment, the on mud and thatch, it mayhiuse resting indices for .1. gan- prove to le suitable fur use in other areasbiae per hut, as againstmeasured b pyrethrum spray different anopheline species.


and exit trap collectiins, ranged from 0 
 t,, 3.2for 14S days The man-.., gittbiac contact index 0.1S-4 (. ni/rothio tindoors up to the 59-day ev'aluation periid was This organiphiisphorus coun id wa:;not more than 2.3 underiait night in the treated area intensive investigation for severalversus 20 to 40. bait night in years in Kisthe untreat2d vil- umu. Kenya: r ecological and baseline studieslagc. Thie same wereinlex for ..1. unteslt s wvas not carried out for I yearmore than 0.8 iefore the sp~raying iegan.bait night in the treated village and The p:oject area contained more14 to 6S bait than 2.S00 scatnight in tile unspraved village. tered cnipiiunds and app roximately 21,000 indi-These unaHzed reductions in man-mosquito con- viduals. (IS-43tacts was applied at a dosage ratethus indic.,ted a considerable decrease in of 2 g im".the comliarative an(d fiiur cycles of spraving were maderisk iif malaria infection. ii,,ias- over the project area, Because
says showed kills of mole 
 .1. funestus isthan 70 ; for 116 and more drastically affected h.79 days on residual applicationsmud ant thatch surfaces, respectivdy. than 1. gambiar, only the latter species will leThe 1969 trial shiwed OMS-597 ti le highly discussed.effective hioligically for 4 months. No opera- .1. 01 bie was prevalent in both tlielional difficulties operawcre encountered, nor was any tional area (120 specimens hut)adverse clinical effect detected among 
and tile compari

the spirav- son area ((l2 peCins/hu() during the prespray
 
men or villagers.
In El Salvador, period. After spraying, 1 specimen'hutthe Central America Malaria from tile indices 
Research pyrethrun spray collections occurredStation (CAMRS) is conducting a relatively soon-I I to 39 days after the 2nd spray

round.
* Use of trade However, all of the increases in tile housenames is for idntificatin purposes resing indices in tile sprayed area were relatedonly amd does not constitute eiilorsement by thePublic Health Service or the U.S. Department of to, but lagged beIind, population rises in theHealth, Education, aind Welfare. c,,mparison area. Appartntly when natural den
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sities, were l.I ;n the surrounding unspra..'ed 
areas, infiltiatio:i was sufficient to Iring house-
resting indi ces ab ove I/htot in the sprayed zone. 
Average house-resting densities for the sprayed 
area for the four cycles were 2.8. 5.3, 3.0 and 0.6; 
for the sprayed area the indices were 123. 247, 
7'' and 72. 

t)h',brvations further indicated that large pro-
portions of the mi sqquitoes taken in lyrethrum 
spray ('olledtions en ered the houses after feeding
and that ,uch movement prolaly occurred at 
dawn. Since spray collections Were carried out 
between 7:30 aMd U:00 Ar the d:ta were biased, 
because the number of adull mosquitoes that 
entered tie hot. ts in tile early morning did not 
receive sufficient cxposure to tie insecticide to 
le knocked down even thouglh they may liav, 
acquired a hlthaI dosage within that exposure time. 

'T'lte maxili mii:i-. gambiti' indi ces rangedi 
between 0.2 :itid 0.S,'Iait night in the trcat,-d 
index area, ",'iere:is in the comlparison area the 
index ranged from 0.6 t' 18.4 bait night. 

From these studies. it w\a s concluded that the 
four application.,s of OMS-43 at 3-tonth intervals 
in the Kisumu area aidequatcly controlled 1. 
ginmbt and . ... ft'stits. In view Of these into-
nlological finlings, (-)MS-43 is now considered a 
suitable cailidate for an extensive epidemiological 
trial, 

01S-33 i propo.vu) 
This carbmi.te insecticide has been ev': Iateid 


in Southern Iran and Nirthern Nigeria where it 

provided 3 to 4 montlis cintrl of e
the ctor 
involved., 

In a test in El Salvador 11966-67'; seven rounds 
of sprayin were conducted in an area containing 
3.000 iuses iaid 13,500 inhabiltls. The period 
ct effectiveness of O.M -33 against )IDT- and 
diellrin-resistait .JI. ali'inmaus popiulatiins 'a, ied 
from 6 to 14 weeks: in most villages neai int ensive 
breeding sites. effe tiveness riced from S to 10 
weeks., 

siC' A,\PPLITIVr.xS 
Treatments of this type have hlg beeui used 

in mosquito contnl in tie United States, but tile 
feasibility of their use ini malaria eradication 
pru'-ranis remains uidetermined. However, the 
occurrence of extradomiciliary transmission raises 
the question as to wletlir such treatments are 
desirable in situations where the use of residual 

hIuse sr~wy is only partially effective in curbing 
tratnsmissioni. 

(Ground treatments are dispersed as thermal or 
nontihernal fogs where n the insecticide is formu
lated in fuel oil or water emulsions or as ultra 
low voltme UL'I.V treatments in which tihe con
ceo trated insecticide is dispersed. The (:,itals 
used as fogs are organophiosphortus coPOiMItds 
such as mal:ithion, naled, and tenthion. Malathion 
is Iprobaibly the most widely userd and is highlyeffective against adult iosluitoes. 

Of the newer COMIiilMIs tested. thermal and 
nonthernial aerosol materials such as chlorpyrifos, 
pIropoxur, phoxim., :nd chlorlihoxim offer pro
mise.' T''hese vmerials at concentrations of 
2 to fluid oz per gallon of fucl oil or water 
gave 91 or greater kills of caged .1. zlbimaints 
:t 1.50 feet. Other compotund, such as Abate, 
an extremely potent larvicide, are inefficti\'e as 
space sl ravs. 

Malathioi is presently tile (inily (.i mpr und1 
aplproved ii tile United States for ground.applied 
UI.V treatmint. Hlowever, in compacrative tests 
Wili ca ed adult mosquitoes fenitrithion, methyl 
I)ursl.an, :id cliliirlyrifos have been shown to be 
superior to malathion,' 

Wilh aerially applied ULV applications, corn
pounds such as malathion, fenthion. and naled 
have bien u'ed. 1lowe'er., only malathion and 
naled are flow labeled in the Unitid States for 
such treatments since the label for use of f'nthioni 
in this manner has bien v'thdrawn. The con
IiUn(DIS mentioned previously for ground UI.V 
treatments also may hav'e potential for aerial 
usage. 

The irecedin, information on residues andi 
space sprays coicerns investigations of those 
experimental compounds that have progressed to 
tie levels where tiley are now ready for elii
(jemiol ogicalI e\aluation or for advanced ent omo
logic :!nd toxicologic assessment. However, the 
preseint-d:av concern about DDT and insecticide 
use in general necessitates a look at what is 
happening at the earlier stages (,f experimentation
with pesticides. 

New materials are still heing synthesized by 
commercial sources but it has been apparent tihat 
tie numlir of new compounds emerging from 
such sources has declined over tile past few -,ears. 
IHowever, there has been an upswing in efforts 
to develop biodegradable pesticides, particularly 
analogues of DDT. Whether or not such aria

http:I)ursl.an
http:A,\PPLITIVr.xS
http:carbmi.te
http:propo.vu
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sities were high ;n tilesurrounding unsprayed 
areas, infiltrationi wis sufficient to bring hou:;e-
resting indices alove lj'hut itithe sprayed zone. 
Average house-resting densities for the spraved 
area for the four cycles were 2.S.5.3, 3.6 and 0.6: 
for the sprayed area the indices were 123, 247, 
79 and 72. 

Obiservatins further indicated that large pro-
po rtio)ns of the moSi juitoes taken in Ipyrethrumi 
spray collections entered tlhe houses after feeding
and that suc mc vement p-o!cal clv occurred at 
dawn. Since slirav collections were carried out 
between 7:30 aid '9:00 ANTthe iata were Ibiased, 
ibecause the nuicer of alul msqtitoes that 
entered the houses in the early morning did not 
receive sufficient exposure to the insecticide to 
ie i.nocked doiwn even though they may have 
acquireIa lethal dosage within that exposOure lime. 

The maximumI ,n-.. gumbiacindices range(] 
btween 0.2 and 0.S/Icait niit i the trunted 
index area. whereas iiithe coimlcarison area the 
index ranged froi 0.6 to 15.4 bait night. 

From these studies, it was concltded that the 
four alllicatiis of ON S-43 at 3-cinth intervals 
in the Kisumui area adequately controlled A. 
gtmcctbin' and .1. fucnocshtus. In view of these cito-
iiological findiizs. OMS-43 is now considered a 

suitable cantlaidt e for an extensive epidemiological 
trial. 

OMS-33 (priopxar) 
This carianiate insecti ide has Ieen evaluated 

in Southern Iran :nd(N.)rthern Nigeria where it 
provided 3 to 4 iicnths cointrol of the vector 
invoilved.' 

In a test in El Salvador (1966-67) seven rounds 
of spcraying were conducted in an area containing 
3.0'J0 houses and 13,500 inhabitaits. The period 
of effectiveness of OMS-33 against DDT- and 
dielurin-resistant :1. albjcitImn licipulatins varied 
from 6 to 14 weeks: inmost villages near intensive 
ireecing sites. effectiveness range( from 8 to 10 
weeks.' 

Si'ACE AII'LICATIONS 

Treatments of this type have long heen used 
in mosquito cocntrol in the United States. but the 
feasibility of their use in malaria eradication 
program. remins undetermined. 1owever, the 
occurrence of extradocniciliary transmissin raises 
the question as to whether such treatments are 
desiralble in situatioins where the use oif residual 

house sprays is onily Iartially effective in curbing 
transmission. 

Ground treatments are dispersed as thermal or 
nonthermal fogs wherein the insecticide is formu
lated in fuel oil or water emulsions or af ultra 
low volume (ILV treatments in which the con
centrated insecticide is dislpere(l. The chemicals 
use(l as fogs are organol hosphorus compounds 
such as malathion, naled, ad fenthion. Malathion 
is pro cal v the most widely used and is highly
effective against adi ct mosquitoes. 

Of the newer comliounds tested, thermal and 
nonthermal acros lmateriaIs such as chlhorpyrifos, 
pr)l)ccxur, lihcxim, and chlorlioxini offer pro
nise."' ' These cmaterials at coicent rations of 
2 to 4 fluid oz per gallun Of fuel oilor water 
gave 91";, or greater kills of caged A. albinwntus 
at 150 feet. Other conlounds, such as Abate, 
ai extremelyv potent larvicide, are ineffective os 
slpace sprays. 

Malathicn is presecitly tie only compouid 
al croved in the United States for ground-applied 
ULV treatment. lowever, in comiiarative tests 
with caged adult mosquitoes fenirothion, methyl 
1Durslcan, niid chlc,,pyrifos have heen shown to Ice 
superior to imialathiion.'1 

With aeri:aly applied UIN applications, com-
Icouids such as n, fenthion,iiaIlathi and ndled 
have been used. lowever. only iialathion and 
ialed are now labeled inthe United States for 
such treatin,ts since the lahel for use of fenthion 
in this manner has been withdrawn. The coin
lpounds mentiioned lreviously for ground ULV 
treatments also may have potential for aerial 
usage. 

The preceding information on residues and 
space spirays conmerns investigations of those 
expcerimecntal compiounds that have progressed to 
the levels where they are now ready for epi
demi)ilogical evaluation or for advanced entonio
logic and toxicologic assessment. However, the 
)resent-day concern about DDT and insecticide 

use in general necessitates a look at what is 
happecning at the earlier stages of experimentation 
with pesticides. 

New materials are still being synthesized by 
cicmmercial sources bcut it has ieen apparent that 
the number of new compiounds emerging from 
such soiurces has decline(] over tilepast few .,ears.
IHowever, there has been ail upswing in efforts 
to develhp biodegradable pesticides, particularly 
analogues of DDT. Whether or not such ana
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logues will prove connerci.lUy useful as residues 

is a question that only suhsi'luent investigations 

call answtr. The stress on1biodegradalbility also 

has led to a renewed interest in the potential of 
StIdies It themnethoxychtlr as a residual agent. 

Technical Development Labiora tories at Savannah 

have sholwn that ;Iijl1icat ions of methoxychl or may 

he of value aazaint .1. albiniimus. In experimental 
mos-tests in inud-walled huts with free-flying 

quit(Ce:, an app1lication of 2 g m- Ir ved imeffec-

tive availnst a dieldrin-DI]i" resistant strain of 

.. liopbl'hs qozdrimIculatns within 2 weeks, but 

the samle treat nent vave m re tlhan 14 weeks of 


90 ,; kills of a dieldrin-resistant strain of .1. 

,at 2 1./albimanits. In addition, nethyl )urstan 


siinilar moirtalities of
m-Iprovided -14 weeks of 

A. quadrimacilaits. Since .1. albilhnnts is nuch 

more sensitive tl insecticide residues than .1. 

quadrimitaus mttiethl )nrslian is expected to 

show the same de rtfee efficacy awainst that 
me-species. Field siulies in Arkansas 	 showed 

lie effectivetiixvthylllr and Intthyl )1urs1l to 

on wood surfactes a ca inst .1. quadrimtlculatnits fIr 

at 2 e.'n-.1'' hi Africa, methoxychlor( weeks 
to be ineffectivedeposits 12 L, i*-	 were found 

" The dala for .I1.albitnaintsaaiast .1. ntbill 
,ual'tzl;t. tht hlth nethloxychlor and methyl Durs-

ban may play a role in malaria control in ('entral 

America. 

.ARVICIDES 

larvicide treatments have playe:l an extremely 
nilaria eradication programs, prin-minor role iii 

cipally Iecause of logistical and cost problems. 

Where residual sprayina has failed to (1o tile job 

or in situations where larvicidin appears to be 
of curbin anophelinea more efficient method 

densities, consideration has been given to its 

lotential. 
A number of comliiutids are effective against 

inajoritv being orranoplbos-mosquito larvae. tht 

ihorus materials such as Abate. 
 chlrpyrifos, 

methyl )urslban. and fenitrothion. in additi.m, 

petroleun oils have regained a role ill mosquito 

because of the resistance problem.larvicidinz 

Althouh tile use of these 
 chemicals has been 

mainly awainst culicine species, the same pesticides 

are also toxic to anopheline larvae. The principal 

difficultv in their use against ,ih;phels lies in 

how to apply the larviide effectively and eco-

,-.,mically. Nonetheless, Abate has 	 been used 
control ofeffectively in the 	 United States for 

TAYJAR 

tile lakes 	 of the Tennessecanoliheline larvae ill 
Valley Authority at a dosage of 0.004 lib/acre. 

applied successfullyIn .1ordan, Abate has beein 

against A. sergenti and A. superpictits, while in 

Africa limited trials indicate that ?.0 ppm of 

Albate kept ponds free of anopheline la-'vae for 

inure than 35 days. 

It is also ohbvious that the use of larvicides 

for anolpheline control would greatly 	increase the 

possibility of l rin ing nontarget organisms, which 

factor with the current practicesis noi a critical 
of u ing adulticides in malaria eradication. 

Anoig the new developments in mosquito 
use of juvenile-typelarvicides 	 is the possible 


for this purpose. At Savannah, tests
hormones 

aova inst mosquito
with 25 juvenile-type hormones 


larvae have shown 
 that thbese materials affect the 

deve!opinent, of the insect by preventing adult
 
adults inenergence or by producing d-formed 

' :
capalle of normal functioninma ." ' Some corn

pounds exert their effect in the 4th larval instar 

and in the pular; others allow tihe adults to 
or walk. One materialemerge but they cannot fly 

produces its effect during the change from larva 

to pula. The puae are not melanized and stretch 
normal questionout rather than assume their 

lature larvae are most affectedmark shaIe. The 
Iy the treatment: exposure of first or second 

in any markedinstar larvae may not result 

deleterious effect. Iosazges in plri for the LC-95 

levels range fiorn 0.1 to as ;ow ns 0.0025. 

iiISCUSSION 

At the present time and for tile foreseeable 
tile major weapon infuture, insecticides remain 

the worldwide attack against malaria. The prin

cipal use of these chemicals i, - a residual 

inside homes. Malathicn, propoxur,application 
and fenitroth!on appear to be the compounds that 

should receive first conideration in areas where 

DDT)"has not been successful because of vector 
on such substituteresistance. Before deciding 

conpimids, tile piiossibility that the vector may 

or more of tile candidatealso be tesistant to one 

conllounds must be recognize(]. Such insecticides 

may alreacy have ieen ised extensively for agri

and this use may have led tocultural purposes 
tile develcpment of such resistance. There is a 

strong io,;sihility that the resistance of .A. albi-

El may 	 havefmlults to 	 nalathion in Salvador 

dev'eloped through this route.'"; Further, the 

exposure of a mosquito population to one com


