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1. -' 'The f d s t d n t  and most r e lxab ie  method o f  interrupting t h e  
t r ans rmsaon  of mal<rla 1s by a t t ack ing  the  anophe l~ne  vec to r  i n  
x t s  a d u l t  atagc.  This a t t a c k  takes  advantage o f  the  habxts of  
the  female Anopheles. It can be aclueved by the  systematic 
app l lcn t lon  of resxdual insecticides on a t o t a l  coverage b a s l s  
~n human and, ~f necessary, anlmal dwellings. The use  of %s 

aethod depends on th ree  facts: 

(a1 &st of t h e  ? phelxne v e c t o B  r e s f  f p r  som$ tune during 
each g o n ~ t r o p h l c  cycleflg on the  walls and dther  i n t e r n  surfaces  
of houses o r  o the r  s h e l t e r s  i n  w h c h  they feed. Some vec to r  
species  feed I n  the  open, but  nevcrtheless rest f o r  a tlme xnside 
human dwellings . 

(b) The female Anopheles whlch feeds  on n c a r r i e r  of malaria 
p a r a s i t e s  1s a b l e  t o  t ransmit  t h e  l n f e c t l o n  t o  the  next  human 
v l c t ~ m  only a f t e r  the  appearabce of xnfectlve forms o f  the  p a r a s l t e  
i n  t h e  s a l i v a r y  glands of t5e  mosquito, %s takes  usua l ly  about 
10-14. days m -k&e t rop lcs  and longer  I n  temperate a r e a .  Durfng 
t h i s  perlod, the  female Anopheles will pass through a number ef 
gonotrophic cyclec and r r f i l  consequently feed severa l  tunes and 
a l s o  e n t e r  and r e s t  i n  the  p, --ernlses. 

(c)  Resldual xnsectxcxdes maintam t h e l r  contact  toxicity 
t o  ~ o s ~ l t o s  f o r  a longer, ox s h o r t e r  txmc depending on the proper- 
tics of  the  ~ n s e c t i c l d e  r t n e l f  and on the  type of sprayed surface.  
Constant t o x l c r t y  onn be marntamed by a p p l p n g  them I n  adequate 
dosages and spraylng cyclcs, 

-...- 
(1) The gonotrophlc cycle of a inos ~ t o  IS the  ~ n t e r v a l  between &oh bloodmeal 

and t h e  subsequent egg-lqnng g h o r t l y  a f t e r  whlch the  n o s e l t o  feeds atam). 
It extends over a perlod of trio, th ree  o r  more days dependxng on the  specics  
and on envlronmcntaf conditxons. 
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In conscquence, any Anopheles ~ r h ~ c h  feeds on Tan and m the 
course of rts l l f e  comes, even f o r  a short period, i n  contact with 
thc ln ter lor  surface of human houses or o & e ~  shelkersj  IS subject 
'to a deg-rce of toxic actlon of the applied ifisectlalde. The 
probablll ty of th ls  contact depends on the picf@zienC~al habxts of 
eaoh speclas of Anop'Llelcs. Naturally, those thaC a re  m s t  
at t raated lnto human hnbltntions r r l l l  be noSt frequently exposed 
to  the toxic dcposit on the walls and other in t e r io r  surfaces. 

In sol* cxct,ptional clrcunstances (where a vector r e s t s  outsida 
a f t e r  feeding, and wherc r t  1s conftned to vcry limited and accessi- 
b le  b r  e xng places) tho attack can be carrled out against the 
larva. 917 

ThrW ~nooct lc ldes  bclangmg t o  the group of  chlorinated 
hydrocarbons arc  cotmnonlyused f o r  rcsldual sprapng: these are 
DDT, BHC and Dleldrln. 

The tcchrucal product rosulfing f~lorn t h e i r  chemcal indus t r ia l  
processing cannot be used a;r such f o r  spraying. 'Po do so ~t has 
f l r s t  to be fomulatedr & m l n t & o n s  elhploycd In  malaria barnpaigns 
are YaPcly s ~ l u ~ i o n s ,  gdmetlned e~tulsiorla and most freguentiy m t e r  
dlspernlblc po~iders . 

(a) Solutions: 

The usual solvents u t ~ l l z o d  are the hydrocarbons. The 
c h e f  menibers of the ser ics  used f o r  ~ n s e c t l c l d e  sprays aier 
kerosene, solvent naphtha, &te  s p l r l t  and other fractions 
of petrolcum crachng. Those solvents havc the advmitage 
of being easi ly auarlcrble, but thezr major mconvomence 
i s  xnflammablll ty  . 

Concentrated solutions c m  be p r~pared  with adequate 
solvents, Solutions containing 35 $ of Dl%? ayc posslble 
w ~ e h  cycclhexaqone o r  bcnzcne, auch solutions can be 
d ~ l u t e d  on the spot irrth kerosene, solvent naphtha, etc. 

(b) J t~1si.o~~: 

An emulslon consxsts of two ~mrmsc~ble  l lqulas ,  one of 
vhlch is  broken up into globules (dls-pcrsed an& 
dispersed as  such m t i c  othcr l l q y ~ d  (continuous *base). 
Commorc~al brnulslons contain an emulsifying agent which 
gives s t a b l l ~ t y  t o  tho system and prcven'cs\ globules 
codlescing together and the emulsxon "breakmng". 
Enulsiflablc concentraics cctn be prepared f o r  fur ther  
dl lut lon w ~ t h  water to  tho dcslred cancentratlcn. llhey rnby 
conslst of a solutio$ contsznlng from 10  t o  35 $ of the 
lnscctlcldc 2nd from 3 to  10 $ of emuls~fyxng agents. Before 
spra;Rng these concentrates are  dllutcd wlth various propor- 
tions of water to  obtain thc dcslred concentrations, 

\ 

(1) Raport  on Malama Emcllcxt~on, by the  Dircctor Gcmral VEO. 
~/TCE8/386, 21 July 1959. 



&ample of emulsion: DDZ 5 par t s  
Solvant naphtha 20 $1 

i lnsecd f a t t y  0x1 7 " 
Ammonln. (0.940sp.gr.) 3 'I 

W ~ t c r  65 " - 
100 par t s  

- &,iula~ons $ L - ~ ~ L L ? ~  L ~ I L  ilc~vafi~.crg~ I); d v u l l a b l l l t y  a t  
l o v e r  p r l ce  thzn colutlona.  b a t  they a r e  inflammable 
( i n  tho form of concert.-ates) due t o  the  solventf  they nccd 
excellen.; storsge cocdlk?ons to prevent breaking and, l a s t  
but not  l e a s t ,  'khoy are bulky whxch Like soluf lons ,  involves 
increase of t ranspol :  CDE.'.S~ 

(c) ~ s p c n s ~ ~ ~ ~ o ~ ~ ~ r g ~ ~ ~ r ~ ~ ~ ~ c r ~ -  03 e gowders : 

Chlorihatbd lasccticldcn 1x1 t b ~ k  form a r e  compounded 
w'ith a d i lubn t  c lay  but  xn inhe l a t e r  s t age  of preparation 
varlous rrcttrng, suspending snd a n t l c a h n g  agentg a r e  added. 
Cdmierc~a l l  y ovz~lah5-c concentrates contam today ~p t o  50 
and 75% of the tcCbniczl product; t'mt 1s ulrder a relatively 
small volume a hlgh amount a f  i c t l v e  materlnl,  I l k s  rmpllca 
advantages f o r  t ranspor ,  and storngn. Other aduantagcs are 
choapness ( ~ n  compx-+son wl ih  s o l u t ~ o n s  o r  emul$ions), 
reduced h a z a ~ d  of t o x ~ c l t y  t o  human and essentially g r e a t e r  
persistency on s ~ r ~ : r c d  S Y I ~ ~ C C S  p a r t l ~ u l ~ ~ r l y  02 s o r p t z : ~ ~  o:cJ. 
For these  reasons ?rc$tabbTc po-,rder formulations are most' 
irxdely utilized i a  l 'wlaria c ~ a d l c 3 t l o n  campalms. - 

The choice of tbc  inscctlo:dc, ~ t s  dosage and spraylng cy,cle 
a r e  condlcroned by th ree  nnln grouys o f  fac tors :  b l p l o g ~ c a l ~  
physlco-chemcal and i ~ c 3 i .  

(a) &lmf3-c>,o,or_c_: 

The du-rat-on ?ncl tiype o f  the  t r a n s m l s s ~ o n  season dcpends 
on tho coin pic^ ~ n t e q l a y  o f  1;1riny fac to r s  a s  appears I n  the  
f ollowlng knorrn :OZTLL.! a (2'.?+ ~ L ~ s s c ~ ~ , ~ :  

(X + Y + Z) p b c ~  rs .3nr. cndenlclt>r and epldcmxcl'cy m 
Golr fOlmla.:l) 

X = the 1-iuman c31rier b -- b~onormcs 
Y = 6hc m o ~ m i t 3  T - C C ~ O Z  c = environment 
Z = tSc  hman 7: 2t3.13 c = control  
p % >;he ,las,:~3,u1d t = t r e a t z c n t  
1 = l ~ 7 U l l l t ~  

P.F. Runsol, thlans,  prig&Jes brleflv &@, B l a c h o l l ,  
Oxford, 1952, p -  95.- 
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Thc r o l e  of thc mosqulto vec to r  implros c o n s ~ d e r a t i o n  of 
i ts v e c t o r ~ a l  capacity l n  connexion v l t h  i ts ecology, o i t i n g  
haiuts and reac t lon  t o  lnsec t l c ldcs  (base l l s e  s u ~ c e p t l b ~ l i C y  
l e v e l ,  i r r i t a n c c ,  etc.)  . 

l 'oxlcrty t o  hum- m d  mimls should no t  be a l ~ m t i n g  
f a c t o r  i n  opcrz tlons ;nd L l l g s  prcfcrcnco ought t o  bc ,-Ten 
t o  ~ n s o c t l c i d e s ,  presenting l o s s  r i s k  of  hazard.. 

(b 1 -_co-che-qc,d f a c t o r s  t o  be considered a r e  of two types: 

G-) Those r e l a t e d  t o  the  m s c c t l c ~ d e :  v o l a t i l i t y ,  
r eac t lon  t o  so rp t lon  crnd p a r t i c l e  s l z e  vrhlch condit ion 
the  persistency of  thc l n s c c t l c l d e ;  

(11) Those r e l a t e d  to the  type  of surfaces:  
proportion o f  so rp t ive  and n o n a o r p t i v e  surfaces.  
BEC, f o r  ~ n s t ~ u l c c ,  is  t h e  most volatrlle of thc  three  
~ n s e c t i c l d e s  and hcs t h e  s h o r t e s t  residual e f f e c t  on 
non-sorptivc surfaces.  DDT and Iho ld r ln  have a rmch 
more pralongod res ldua l  action. s lnce  thcil: v o l a t i l i t y  
i s  low. On the  o thc r  hand, thc  sorptxgn of the  
~ n s e c t i c l d o  I n t o  c c r t a l n  walls nay g r e a t l y  decrease 
the  res idua l  actzon of DDT and Dibldrln, v h l e  sometimes 
sorpt lon may prolong t h e  l n t r r n s l c a l l y  s h o r t  ac t ion  of 

BHC. Foreover thc  influence of h u m d i t y  on the  efi'ec- 
t iveness  v a n e s  wlth each lnsect lc ido.  The "type o f  the  
l n s c c t l c i d e  fo rnu la t lon  has sone inf lucncc  on the 
p a r t l s l e  s i z e  of the  re levant  ~ n s ~ c t z c l d c s ;  t h ~ s  xs  
turn has a bearlng on thc  avc t l l ab l l l ty  of f21e i n s c c t l o l d c  
t o  the  mos gulto. 

( c )  _Locq2nd econodc  fac tors :  

Amongot them first c o n s l d c r ~ t l o n  should be given t o  the 
typo of hov-c- on hilt= !size and nurbcr of openings - doors 
m d  ulndows -) heat ing o r  cooking system m t h  a proper dcvicc 
f o r  the  e l ln rna t ion  of smoke wlllch m y  othenr ise  cause s o o t  
o r  t a r  deposits oil the ~ ~ ~ s ~ c t i c l d e  l a y e r ;  nz ture  of t h e m  
wal l  surfaces  (msonry and concrete o r  p l a s t e r ,  m d ,  grass  - 
thatched roofs -, banboo, e-tc.) by wivch dlfl"cr;n'cJ_ctlon c m  
be 62-Ele betveen so rp t ivc  and non-sorptlve r ~ a t c r i a l s ;  

pcrmnent o r  tcllporzr?~ types of s t ructures :  migratory 
movc~ients of populakon,  nomadism involvmg the use 
of t en t s .  Bulldlng o f  ncvr houscs - t rcnds and 
proportion - Fac1.1ltles f o r  t r anspor t  and s torage  
hnvc a dccls lvc  bearing on thc c o s t m g  and could no t  
b c overlooked . 
types of roads: paved o r  dus t  which nay produce mashng 
deposi ts  oil t h e  lnscc t l c lde .  



1ocn1 custorls of r ep lns te r lng ,  replpermg,  llmavashang, 
c leanmg,  c tc .  an r e l ~ t l o n  ~rrlth r e l l g l o u s  o r  s o c i a l  
reasons. 
roact lon or" thc, l o c a l  popdcatron with regard t o  spraymg 
of fuusruture -- stairr ing o r  splnshxng by rcs idua l  
daposlts  - 

In malarla canpalgns and nost  e s ~ e n t l a l l y  In  malaria 
oradlcat lon campaigns 1 fundamental f i c t o r  f o r  the frequency 
o f  a p p l ~ c n t l o n  of ses ldua l  lnscc t l c ldes  a s  the  spocd and 
artcnC of reduction of thc  aroa of '!protectave surfacen 
( t h a t  is  thc surfncc that can st111 k i l l  mosqultos) I n  
r e l a t i o n  t o  the  t o t a l  r e s t l n g  surface.  It 1s the re fo re  
e s s e n t i a l  t o  onsurc a s  c o u p l ~ t e  o coverage as poss ib le  of  
a l l "  abtu,d o r  pofcntaal  s h e l t e r s  of moaqultos and i n  d-ugcs 
that will kill x t .  The prevxously mentioned f a c t o r s  a11 
have an ~nfluozace both on thc  cholce, on the  dosage and 
frequcnce of opplicxtlons.  The Expert C o m t t e e  on &laria 
had thdh present  vhen a t  1t8 S&l J c .TJO a ~t reco.mended the  
f ollowlng dosages: (1 

DBT 2 2.0 -g/m2 6-12 month 
BHC-gtrmma 0 -4 g/m 6 m n t h s  
Dic ldr ln  0.6 g / ~ 2  6 months up t o  3 consi- 

derably longer pcmod. 

3'. Or,qcmc " - 0 s  pho zuas&i&es- 

The mde-spread extcnslon of r c s l s t a n c e  t o  chlor inated  
inseu t i c ides  I n  a number of l n s e c t s  has s t i ~ l u l a t o d  research t o  
discover new p u p s  of i n s c c t l c ~ d e s .  k c h  x t t cn t lon  has beon 
gxven to the  ,croup of orgcmo-phosphorus insecticides. Since tho 
ploncor work o f  Gcrhard Schrader i n  Gcrmny (1952) many typos of  
t o x l c  organo-phosphorus conpounds of davcrse s h c t u r c s  have boen 
invcst~ga'l-ed. Few. howcvcr, have the combination o f  des i rab le  
p ~ o p c r t x c s  necdcd f o r  vector  control  progarnos:  

(a) h g h  d c n s l t y  of l n s c c t s  

(b) s t a b l l l t y  ctnd prolonged res idua l  a c t i o n  

(c)  low mamalaan t o x i c ~ t y ,  and 

(a) a v a l l a b i l l t y  a t  reasonable cos t .  

The conpounds se t l s fyxng norc o r  l o s s  thcsc  ruquircncnts 

and used f o r  reslductl spraylng lnclude such products as Diazinon, 
nala th ion,  chlortnlon,  e tc .  

-- - 
&port  Coolattee on f i l a r i n ,  S ix th  Report, WHO Geneva, 1957, - 

Tcchn. Rep. Scr. 
d 
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Only a 1irmteC nunoer of  ~ r g ~ s - p h o s p h o r u s  l n s e c t ~ c l d e s  have 
beon ~ n v e s t l g a t c d  30 f 2 ~  :n the f i e l d  tr l th regard. t o  t h e l r  
poten.tia1 c f i e c t ~ v e n e s s  ?gaxnat rLnopk;ellnc nosquiios . 

fiorl ~ - , > c c  ?trials oofiducted i n  E l  %lvhdor by ICA,  CDC, PAW 
clnd the  Depnrtr~enf of  E I ~ d t h .  Zl  SaLvrdor ~ n $  -n Greece by the  
WHO I n s e c t l c l d e  f ield Tcsslrig Tezn !Z.F,T,T.), ~t s e e m  that t h e  
fol  loving conclusiors c v  be h r q ~ i n ?  

lb) On s o r p t l v e  Bu~fsces :  0;-gmo-phosphorus cor~ppounds are 
nore o r  l o s s  he?--sly s ~ k 7 " d  ?ad consequently lnac t lva ted  due 
t o  e l  tlxer ftsthcir chem :sL L3.-,cmpoe,k~on o r  s t rong  p h y s ~ c a l  
re2cntlon;  t h l s  LS suhsVdn:iaily &i f f  erent  f r m  the  
behavlour of chlor-mted ~ % e c - i c l d e s  on such surfaces.  

(c) On non-so--ptlve s7~rcaoes:  a rmc;l longer r e s l d u j l  e f f e c t  
c o ~ l d  bc exposted (up to YJT;OUE nonthq) 38 has been shown 
i n  semi-field tZiCLl.3 and I n  E l  Salvaclar' projec t ,  

(d) Due t c  C!~cse fczioz-s and t o  t h e  s p e c l f i c  h g h  v o l a t l l l t y  
of orgaro-i$~oapho:-j.-~ conpounds f n l r l y  k g h  d o s a s s  (1 o r  2 
g / G )  s F o ~ l J  be a ~ ~ l l e d  :J ensure Long enough a a@srdual  cffec*. 

Tho necLEolCj t 2  i p x y  ~vx t l?  i'al--: - lngh dosages of orgmu- 
phosphor.1~ C C ~ T ~ O U ~ ~ C  zi:er'  oo*riou::'_y the question of toxlc l ty .  t o  
rnmmls and the -doro  se-1m~z ~ o f c L y  precautions mst be taken t o  
p r o t c c t  operatozo , ixj-zonne? a d  L'ke l o c a l  population f r o n  
touicit;\r hazarcl, 23% ok-eiria:ioas made so  f a r  I n  the %,TO above 
cploted procet - .dl G,,' e tha - L: pr3pez s a f e t y  p r e c v t i o n s  a r e  
taken the  toxlc-tty t o  rzru.,~ld r"su1d no t  be z se r lous  obs tac le  
t o  the  use  of  o~gano-phosp'lo-Q* i n ? e c t ~ c l d e s  I n  case of necess i ty .  

Le-G US st J al::o ..n C ~ ~ ~ _ ' G I O I I  t3 .,t~a$:ne w h c h  1s classically 
u t l l l z o d  f o r  trsa5z07i'; o f  o-;ado-p:iosphate golsonlng by c-unteractmg 
t h e  accumli? t- on O>LL .;I -c:lc.l-?c. we h l - ~ c  now, wit11 PAM (pyndmc-  
2-aldox~nc ~ ~ t h i ~ d ~ i - :  nr-ttA:cr ps-*ox<ul &-rug to p ro tcc t  o r  r e s t o r e  
t h c  l c t l v i t y  I:? 2-101 ' c,L,r -:e 

Thc follo: ;ng is o;:-~r3c;cu i ~ o n  i h c  Tcnth Re-port of t h e  Expcrt 
C o m i t t c e  on Ti i rcc-~z; ld~3,  CF?C, 3, Ssgtcnber 1959: 

" %c Conix t t c c  .;s- hes .,I s t z o s s  bht p r n a r y  object  of t h e  
bloassay t e s t ,  ~ ~ r - i j  1:) c;e l -er r i i~o the t ~ n e  xrhcn an l n s e c t l c l d e  
deposl t  on a serer, sus:ncc k, l o s f  l t z  potency, The method 1s 
not  a n e a s l ~ r c  of tlie c6nt,cued e ~ f e c t i v e r i c s s  f o r  vcctor  con t ro l  
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of an nppllcatxon of i n s c c t l c l d c  i n  -m arcn,  even thouch 
samples of tiic vec to r  ~ p e c i t s  nay be  used zs a too l  I n  the  
bloasnay i c s t s .  

It i n  dcsrgned t o  zjrovxdc 1.nfornatlon vrh~ch nay zsslst 
LAC: 

(i) co~lparlng the  r c s l d u a l  3c t lon or" d l f f c r e n t  
~ n s e d t i c r d o n  o r  insoc t l c ido  fo rmln laons ;  

(11) deciding tho npproprlntc rnsoct lc lde  dosago 
and spncin: of s p r a y ~ n z  cgclca f o r  cf foct rvo vcc'cor 
control  ; and 

( ~ i i ) a s c ~ r t n r n l n g  whhethcr o r  no t  the  s p r a p n g  has been 
cars led  out  s n t l s f a c t o r ~ l y .  m c  mothod r r l l l  no t  
rlenourc the  mount  of i n s c c t l c l d a  rexairung om t h e  wall  
nor  ~ r l l l  i t ,  b y  i t s o l f ,  ncasuro t h e  o v e r a l l  rate  of k x l l  
of vectors  b o n g  obtnlncd durrng t h e  oarpalgn, s lncc  
t h i s  can bc asscsscd only by o t b c r  c n t o r t o l o ~ c a l  
i~ecrsurcnents An thc? area.  It i s  not  s u i t a h l c  f o r  
w a s u r l n g  thc  ~ u s c e p t l b l l l t y  o r  rcs1stance of  a 
population," 


