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The need fo r  measures t o  prkvent the accidental transportation of 
dangerous lnsects from one part of t he  world t o  another has been accepted 
fox many years. Nevertheless, a survey recently perfarmed by WHO indicated 
that  2 )  many Intermatxonal Alrports whilst satisfactory from the 
staridpoint of yellow fever could not be so  regarded as  f a r  a s  other 
mosquito vectors of diseases of man are  concerned, and 2) disinsection 
of a i rc ra f t  throughout the  w m l d  IS 011 the whole performed ineffectively 
or not a t  a l l .  

The ever increasing volume of a i r  t r a f f i c ,  the constantly increasing 
speed and range of a i rcraf t ,  the  developmnt of insecticide resis tant  
s trains of disease - vector mosquitos, the world-wide ac t fv i t i e s  i n  the 
eradication of A .  a e m t l  and malaria have tended t.o aggravate the 
situation, a d  the danger of the importat~on of a non-indigenous o r  
reaistailt species of mosquito cannot be excluded f r o n t h e  problems 
confronting many health authorities.  

An example of what can happen has recently been described by Burnett. 
He reports that Aedes (Oechlerotatus) vigilex (Skuse) was almost - 
certainly transported by a i r  ~ n t o  F i j i  i n  1957. After establishing 
i t s e l f  a t  Suva this mosquito spread along the coast of Vite Levu and 
soon becamc the worst post specles where cond l t i a s  favoured i ts  
breeding. 



The impl~cations of t h i s  m International Quarantme are  self- 
evident. I4HO has theref ore sponsored and undertaken a series  of 
studies and trlals on a l rc ra f t  dislnsection, t he  main points ensuing- 
from &lch are as  follows: 

1. In-the-arr disinsectlogwith aerosols cannot be recognized as 
complying with the requirements of the Internatxonal Sanitary 
Begulatrons. 

2. DDVP i s  a compound well surted fo r  m-the-air disinsection 
and a mechanical system has been developed fo r  i t s  dispersion 
during f l i & t .  The Expert Committee on Insecticides has 
conseqpen$W recomrnerded ~ t s  general use for  t h i s  purpose 
when the toxicological studies on it now I n  progress have 
been completed. 

3. Disinsection of a i r c r a f t  n t h  aerosols on the ground i n  the 
absence of passengers LS effective but b r ~ n g s  about operational 
delays . 

4 .  ttBlocks-awayv disinsection, an operation perfarmed a f t e r  the 
doors have been locked a f t e r  embarkation and before take-off, 
has proved t o  be b-~ologically effective and acceptable t o  the 
a i r h n e  operators. A report on t r i a l s  perf armed by WHO with 
the "blocks-ayqu procedure has been pubfished a s  
WHO/1n~ec;tieides/125, a cocy of dnich is  attaohed. 
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WHO STUDIES ON AIRCRAFT DISINSECTION AT "BLOCKS AWAY" 

by 

2 h 
W. N. Sullivan,- J. Kelding- and J. W. wrightil 

Studies carried out in the 1930s emphasized the need for disinsecting aircraft 

at certaln points to prevent the accidental dissemination of insect pests and 

vectors of diseases of man. The use of aerosols for this purpose came into 
8 

general use during World War 11. An extensive literature which has grom up 

about the subject has been reviewed in several post-war papers 1,2s4,6,7 dealing 

both with the extent to which aircraft are transporting insects from one area of 

the world to another and wlth the methods for dlsinsectlng the aircraft. 

Efforts to standardize disinsection procedures at the international level 

commenced with requlrernents for aircraft dislnsectlng recommendations embodied in 

the International Sanitary Convention for Aerial Navigation, 1933/44, Art. 54. 5 

The World Health Organization's Expert Committee on Insecticides endeavoured to 

adjust these procedures to a rapidly changing alr transportation situation at its 

first, second and seventh meetlngs in 1949, 1950 and 1956 (reports published In 

1950,'~ 195112 and 195713) . 
In its 1951 report,'* the Expert Comrnlttee on Insecticides recommended that 

dlsinsection on departure should be undertaken before take-off w i t h  a11 luggage 

and/or frelght loaded, but without passengers. The aircraft was to be kept 
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tightly closed during the spraying and for a period of not less than five minutes 

following the operation. The Committee disapproved spraying during fllght. This 

entlre procedure was endorsed by the report of the seventh meeting. 13 

Meanwhile, there was growing concern that aircraft might reintroduce Aedas 

aegypti into areas where eradication projects had been completed, or resistant 

anophellnes into areas actively conducting malarla eradication campaigns. At the 

same tlme the rapld growth of aviation, its increasing speed, and the operasing costs 

of jet aircraft, brought new facilltatlon problems highlighting the necessity that 

aircraft dlslnsection cause the least posslble interference with traffic. These 

facts rendered urgent early agreement on unambiguous and generally acceptable dls- 

~nsectlon procedures. 

As a result, the whole subject was again considered by the Expert Committee on 
14 

Insecticides at its eleventh reetlng in 1960 (report published in 1961 ) .  Thls 

Covmittee recognized the inadequacies of present methods of in-the-air disinsection, 

znd of the pre-departure treatment as currently practised, as well a5 the disadvmtag 

associated with post-arrival treatment of passenger cabins. It recommended therefor 

that whlle aerosols contlnue to be used for disinsection, the passenger cabln and all 

other accessibla interlor spaces of aircraft, except the flight deck, should be 

treated after the doors have been locked following embarkation and before actual 

take-off, the operation to be referred to as "blocks away" disinsection. To 2void 

human error in estimating aerosol dosage, the Commltteo also advocated employin:, 

single-use hand-operated dlspensers for thls purpose. Slnce little information was 

available on aerosol formulations suitabie for use in aircraft against resistant 

vectors, the Committee further recommended that WHO sponsor investigations on the 

problem. 

This paper reports the results of trials of the disinsectlon principles set fort1 

by the Committee. 

The primary objective of these tests was to determine whether disinsectlon by 

meazzs of single-use disposable dlspensers at "blocks away" would be effective 

agalnst mosquitos in regular passenger flights. Secondary obJectives were to obtaln 

prcllminary information on whether the passengers would react adversely to this metho1 

anrl  to demonstrate to the airlines its convenience compared with the methods presentl: 

in use. 



Thi s  study was a co-operative e f f o r t  between the: 

(a)  I t a l l a n ,  Swlss and Unlted Krngdom Governments; 

(b) World Health Organlzatlon; 

(c)  Internatxonal  A l r  Transport Association; 

(d) Entornolow Research Dlvislon, Agr lcxl tura l  RGsearch Service, USDA; 

( e )  London School of Hyglene and Traplcal  Medicine; 

( f )  I s t l t u t o  d l  Malariologia, Stazione Spenmentale, Montlcel l i  

(Frosinone), I t a l y ;  and ths  follorrlng a l r l l n e s :  

(g) A l l t a l l a ;  B r l t l s h  European Arrways; British Overseas Alrways 

Corporation; Deutsche Lufthansa; Pan American A~rways; and Swissalr .  

MATERIALS AND METHODS 

Test  A l r c r a f t  

To assure an adequate coverage of a r c r a f t  now I n  use, t e s t s  were made on 

passenger a l r o r a f t  of plston,  prop-jet,  and tbFbo-jet types, as l l s t e d  I n  Tables 1 

and 2. Durlng t a x l l r g  the  c l r c u l a t l o n  of alr i n  the  cabin va r ies  i n  these  a l r c r a f t  

and t h l s  1s of concern i n  "blocks av~ay" dls lnsect ion.  

I n  general ,  t h e  pressurized pxston type a l r c r a f t  I n  addl t lon  t o  the  pressur i -  

za t lon  system have a b u l l t - l n  clrcu1ar;mg system consistmng of a blower and ducts  

f o r  d l s t r l b u t i n g  the  a i r  i n  t h e  cabin. Return ducts  a r e  provlded t o  the  r e c l r -  

cula t ing blower. The prop-jet  Vlscount has a similar reclrculatxng system. 

I n  the  Roeing 707 and Dougles DC-8 turbo-jets ,  the  a m  1s introduced l n t o  the 

a i r c r a f t  from aux l l l a ry  turbo-compressors and 1s discharged l n t o  the  m a n  cabln 

area  along the  passenger serLlce u n i t  and overhead rack. The a i r  leaves the  cabin 

through a g r i l l  located a t  f l o o r  l e v e l  and 1s discharged through o u t l e t  valves m 

t h e  under s l d e  of t h e  a l r c r a f t .  It 1s  a one-way flow without recirculation. I n  

temperate areas  t h e  a i r  is  changed once I n  nlne t o  t e n  mlnutes durlng taxl lng;  i n  

the  t r o p l c s  once every SIX mlnutes. A l r  flow i n  t h e  Caravelle 1s s lmi la r  except 

t h a t  t h e  v e n t l l a t l o n  system IS shut  off d u n n g  tdke-off.  



In the Comet the alr comes in at floor level and 1s removed from the cabin fore 

and aft through grills; partlal recirulatlon of the air is accomplished by a 

venturi system. Thz alr is then allowed to escape through valves. 

Experimental Aerosols 

Two experimental aerosols were used In these tests. The first (given below) 

was the l$!'HO standard reference aerosol (SRA) referred to in the eleventh report of 
14 

the Expert Committee on Insecticides; thls aerosol has been widely used in urope, 

Asla and the Western Pacific. 

I*MO Standard Reference Aerosol: ( 1 ~  g aarc;ol p2r 1000 CL?D~C ;,it, b 5  ~;/100 
as recommended by WHO Expert Committee on 1nsectlcides14) 

Percentage by weight 

Pyrethrum extract (25 per cent. pyrethrins) 

DDT technical 

Xylene 

Odourless petroleum distillate 

Dichlorodifluoromethana 

Trichlorofluoromethane 

The formula and dosage of the second aerosol, G-1480, were selected to g i g e  

three timcs the pyrethrlns and two-thlrds tne DDT obtained with the recommended 

dosage of the SRA formula (see tabulation below). This formula was promising In 

rhe control of resistant mosqultos. G-1480 was a modification of the G-1029 
1'- 

aerosol referred to in the eleventh report of the Expert Committee on Insecticia-s 

and hecl been in use for many years for disinsecting aircraft in the Americas. T ~ L  

formula waz modified by increasing the propellant ratlo so that a dosage of 18.8 g 

of G-1480 per 1000 cubic feet was equivalent to the 10-g dosagtt of G-1029 normally 

used. This modification was based on the concept that a more dllute aerosol of 

reduced partlcle size was necessary to cope with the large flow of non-recirculating 

zlr tkat 1s flushed. through jet alrcraft cabins under "blocks away" disinsection 

conditions in the tropics. 



G-1480: (18.8 g aerosol per 1000 cubic feet (equivalant to 10 g of G-1029 per 
1000 eublc f;pt b5 ggh0 n?J as recommended by the Expert Committee on 
Insecticides 

Pjrcentage by welght 

Pyrethrum extract (20 per cent. pyrethrms) 

DDT 

Aromatic petroleum derivative solvents: 

Velsicol AR-60 

Velslcol AR-50 

Dichlorodifluoromethane 

Trichlor~fluorom~thane 

The amount of aerosol used m the tests for the various aircraft are given in 

the tables. 

The SRA used in these tests was packaged In anodlzed aluminium cans 21 mm x 

58 mm with 12 or 18 g of formulation and fitted wzth precision valves (spring 

mechanism removed) and dip-tubes (see Fig. 1). Once activated by pressing down on 

the butten, the valve remained open and the full contents were delivered (at the 

approximate rate of a gram per second). The particle slze produced 1s 13.5 microns 

m.m.d. 

Plain aluminium contslners, 35 mm x 64 mm (1-3/8" x 2-1/2"), were filled with 

30 g of the G-la80 formulation and fitted with a breatc-off tip. The lower end of 

the tip, inslde the container, was fitted witin a siphon tube (0.51 mrn x 51 mm = 

0.020" x 2"). 

When tnese G-1480 contamers are used, the tlp is broken off, which allows the 

aerosol to flow rapldly through the capillary. The resistance of the capillary 

tubing to the flow produces a borling effect when the solution touches the walls of 

the tubing. The formation of th~st: bubbles provldes a break-up of the solution 

before it reaches the end of the tablng. Slnce the solutlon changes to the aerosol 

form before ~t l~aves the capillary, the size of the hole at break-off point is not 

critical. The particle size produced is 12.5 microns m.m.d. 



Experimental Procedures 

For convenience of operation and yet lncludlng some long-distance f l igh ts ,  test: 

were carried out on a l r c r a f t  f l a t s  from London t o  Baltimore, London t o  Geneva, and 

Rome to  Geneva. A l l  f l i g h t s  were approximately one t o  two hours i n  duration except 

those t o  Baltlrnore, which las ted ten hours. Tests were made during August, Septembc 

and ear ly  October. The t e s t  mosqultos were allowed t o  emerge a t  room temperature f c  

acclunatization t o  the conclitions t o  which they would be subjected durlng transpor- 

ta t ion.  

Vigorous, adult mosquitos were placed i n  cylindrical cages ( 2 4 2 "  E.4 c g  1" 

diameter and 7-1/2" B6.2 c d  long) made of wire mesh, e i ther  14 mesh x 18 mesh or  

18 x 18 mesh (see Fig. 2). I n  the a i r c r a f t  the cages were secured a t  t e s t  s ta t ions  

located a t  rack, s ea t  and f loor  leve ls  as  shown i n  Tables 1 and 2. The control 

insects  were sealed i n  a polyethylene bag (see Fig. 2) and placed i n  any convement 

location i n  the a i r c ra f t .  

The London School of Hygiene and Troplcal Medicine supplied the susceptible 

ACdes aegypti and Culex fat igans used i n  the t e s t s  from London t o  Baltimore and 

London t o  Geneva. They a l so  furnished the DDT-resistant s t r a i n  of AIdes aegyptl 

from Trlnidad used i n  two of the t e s t s .  

The I s t i t u t o  d i  Malariologla Stazione Sperirnentale, Monticelli (Frosinone) 

supplled the mosquitos used in  the Rome-Geneva t e s t s  (Table 2) .  The t e s t  rnosquitos 

were from four t o  e a t  days old and had received one t o  four blood meals, the l a s t  

not more than f ive  hours before the t e s t .  The presence of a few males i n  the cages 

was unintentional. The DM' resistance of the various colonies was a s  follows: 

(WHO standard t e s t  method fo r  measuring resistance m adul t  mosquitos, one hour 

exposure) 

Anopheles stephensi 
LD50 

0.8-1.0 per cent. (DM') 

A .  gamblae 
L D 5 ~  

1.6 per cent. 

ASdes aegypti n.3 
50 

2.0-2.5 per cent. 

Culex piplens LD > 4 per cent. 
50 

mlOO < 4 per cent 



Thrs shows t h a t  the  C-x were distinctly r e s i s t a n t  t o  Dm, while t h e  s t r a i n s  

of t h e  o the r  t h r e e  species can be considered susceptible even ~f a moderate vig3ur- 

to lerance  1s Indicated i n  A .  gambiae and Ae. aegyptl.  

P r i o r  t o  t h e  f l i g h t ,  t h e  steward (or  stewardess) of t h e  a l r l l n e  was thoroughly 

br iefed  on t h e  proper method f o r  applying t h e  aerosols  I n  the  a l r c r a f t  as soon as 

the  door was closed f o r  departure,  t h a t  IS, a t  "blocks away". Aerosols were 

applied e l t h e r  by hand o r  by breaking o f f  the  t l p s  of f ixed u n l t s  (see Flg. 3) 

mounted near the  overhead racks of thc  a l r c r a f t .  For hand appl ica t ion t h e  steward 

applied t h e  aerosol  whlle slowly walking down t n e  a l s l e ,  activating t h e  lndlcated 

number of dispensers one a t  a tlme The aerosol  was d i r ~ c t e d  from a point  above 

and away from the  heads of the  passengers and more than hal f  a metre from c e i l i n g s  

and w a l l s .  The p l l o t ' s  compartment was not t r c a t c d .  

The reconmended dosages t o  be used I n  the  varlous a i r c r a f t  a r e  given i n  Table 3; 

t h e  a c t u a l  dosages applied I n  the  t e s t s  a r e  glven i n  Tables 1 and 2. 

To assure a record of each t e s t ,  a d a t a  quest ionnaire was givcn t o  t h e  steward, 

who completed t h e  a i r c r a f t  f l l g h t  sec t ion  of t h l s  form. P a r t i c u l a r  a t t e n t i o n  was 

given t o  passenger react ions .  The remainder of the  form was completed by t h e  

entomologist conducting t h e  t e s t .  

The a l r c r a f t  were met on a r r l v a l  by an entomologist who recelved t h e  t e s t  

mosquitos, the  da ta  q~es-clonnalre,  and the  *npty aerosol  containers. Observations 

were made immediately on t h e  knockdown of rile mosqultos durlng flight. The l n s e c t s  
0 

were then fed wlth sugar-water a ~ d  held. a t  room temperature (18-23 c ) .  On t h e  

following dajr mortality counts werc? made and the  Insec t s  sexed. 

RESULTS AND DISCUSSION 

Ef fec t  on Mosqultos 

The knockdown durlng flight and the  mortnl l ty I n  24 hours f o r  those mosquitos 

t r ea ted  on t h e  London-Bal~lmore and the  London-Geneva f l l g h t s  ar*  glven i n  Table 1. 

The same information f o r  the  Rome-Gene~a flights 1s given I n  Table 2. A c lose  

cor re la t ion  e x l s t s  between knockdown and k i l l .  Consistent r e s u l t s  Indicated t h a t  

t h e  t e s t  procedure was satisfactory. 



It was amply demonstrated by t h e  almost t o t a l  lack of rnortallty of t h e  control  

Insec t s  uscd I n  these  t e s t s  t h a t  mosquitos can be -transported by j e t  a i r c r a f t  f o r  

long distances a t  hlgh al t l tucies and remaln a l l v c  I n  pressurized and air-conditioned 

passenger compartments. 

It IS l lkewlse c l e a r  t h a t  a l r c r e f t  d l s insec t lon  a t  "blocks away", a s  recommended 

by t h e  WHO Expert Comrnlttee on Insecticides can be e f f e c t l v c  i n  pract ice .  Wlth 

G-1480 a 100 per cent .  mor ta l i ty  of r e s i s t a n t  and suscept lb le  rnosqultos occurred 

even a t  reduced dosages i n  a l l  but two t r l a l s .  I n  one of thes?  ( t e s t  8) t h e  non- 

af fec ted  mosquitos were placed d i r e c t l y  I n  f r o n t  of the  a n - l n l e t ,  i n  the  o the r  

( t e s t  16) t h e  dosage was only t h r e e - f ~ f t h s  of t h e  recornmenecd. 

The SFL aerosol  gave 90-100 per c ~ n t .  morta l l ty  agalns t  suscept lb le  mosquitos 

i n  most trials. Lower m o r t a l l t l e s  occurring a t  c e r t e l n  t e s t  s t a t l o n s  (particularly 

I n  the  Comet) should be r e l a t e d  t o  t h e  f a c t  t h a t  the  mosquitos were i n  cages,which 

reduce t h e  contact  of the  i n s e c t s  wlth the  aerosol  both ~ n l t l a l l )  and by restricting 

t h e  movemerits of t h e  mosqultos af53r they have been irritated by the  pyrethrlns.  

This 1s of p a r t i c d l a r  importance where t h e  v e n t i l a t i o n  causes unsven distribution 

of t h e  aerosol .  Work by Tew and others9 has Indicated t h a t  a  50 pe r  cent.  mortal l ty 

f o r  caged mosqultos I n  t h e  presence of aerosols  may be equivalent t o  a k l l l  

approachbg 90-100 per cent .  f o r  f re2-f ly lng ~ n s ~ c t s .  

It 1s the re fo re  l i k e l y  t h a t  the re  w o ~ l d  have baen a cornpiote morta l i ty  of non- 

caged s ~ s c c p t i b l e  nosquitos ic a l l  t c s t s .  

The r e s u l t s  show t h a t  the  SRA acrosol  f a l l s  t o  xlve an adequate k i l l  of r e s i s -  

t a n t  mosquitos. Thls deficiency i s  probably dd, t o  t k a  f a c t  t h a t  no t  enough 

pyre thr lns  a r e  lncluded m the  fsrrnula and the  hlgh D m  content  is  of l i t t l e  use 

agalns t  DDT-resistant nosqultos. 

Reaction of Passengers 

Based on crew repor ts ,  r eac t ions  from passzngers were not always comparable, 

but  c e r t a l n  f a c t o r s  became c h a r  frotx annlysls .  I n  no t e s t  r r e s  t he re  any unfavour- 

ab le  react ion t o  the  SRA aerosol ,  whather o r  not  passengers were Informed of t h e  



treatment. An unfavourable reaction to G-1480 with a higher pyrethrum content and 

different solvents was rfiarked in soma instances and on all flights durlng which ~.t 

was applied some oSjections were noted. Thus, ths G-1480 formula, although highly 

satisfactory from a quarantine standpoint, unfortunately had an Irritant effect on 

passeng~rs . 
General Dlscusslon of Dlslnsaction at "Blocks Away" 

From these results based on experiments in non-tropical climates, the SRA 

aerosol 1s considered sultable for aircraft dislnsectlon at "blocks away" except 

in arens where DDT-res~stant rnosquitos inay be transported by aircraft. In such 

sltuatlons an aerosol such as G-1480 could be used, with passenger briefing to 

explain the need. 

The single-use aerosol dispensers assured application of correct dcsage. The 

break-off tip type presents less chance of malfunction because of ~ t s  simplicity and 

absence of moving parts. 

Over a period of years consldarable tlme and money have been spent to develop 

equipment that would release aerosols from fixed posltions In aircraft by mems of 

automatic equipment activated by pressing a b~tton.~ In three of thc trials 

recorded here, the aerosol units were discharged f r o m  holders in fixed posltions 

located 20 feet apart on or near the overhead rack; In 11 tests the unlts were 

discharged by hand by a ccrw member wzlking slowly down the aisle. Although the 

insect klll was 100 per cent. In all tests in which the fured dispensers were used, 

further effort should probably not be spcnt on this devdlopment for ae sols. This 

method. is more expensive and colrplicatad, and thr? flxed dispensers deliver too great 

m lrutial aerosol concentration in the area of release. This high aerosol concen- 

tratlon annoyed passengers, and m one tast drxpping on passengers occurred. In 

addition, passengers will acczpt procedures carried out by the crew, but a mechanl- 

cally operated devlce 1s a little startling and thus may not bz as easlly accepted. 

However, these objections to a bullt-ln systam w ~ t h  mechanical release from 

flxed points would not apply to odourless vapours that might eventually be lntro- 

duced for aircraft dislnsectlon. 



In th2 present ~nvestigetion the ventilation s-jstems In operation at "blocks 

awaytt posed no problems and a sdfflcl nt time lapse occurred before the alrcraft 

becan~c amborne (4-28 mlnutes) to allow the aerosol to bccome effective. It 1s 

believed that the G-1480 and probably the SRA aerosol have sufficient reserve 

potency to be effectiva under troplcal conditions when the air-conditioning may be 

used at full capacity, but this nzcds further investlgatlon. Ventilation at "blocks 

away" has the advantage of creatlng air mogement, whxch aids in bringlng the aerosol 

to the restlng mosquito. However, there are enough data to lndlcate that the 

effectiveness of aircraft disinsectlon may be related to the type of ventilation. 

In the Comet, 100 per cent. mortality was not obtained where the cages were located 

on the floor against thu lncomlrg air duct. 

It 1s self-evident that dislnsectlon at "blccks away" eliminates the 10-minute 

dolay m aircraft optratlon caused. by present practices. Thc method was also 

suitable from the standpoint of availability of the crew for disinsection work In 

relation to thelr flight autiis during this interval. 

Additional research IS required to produce an aerosol formulatxon that would 

not only be cffectlve against susceptible and resistant mosqultos but also accsp- 

table to passengers. Development of such 3. formJation would undoubtedly further 

a jolnt disinsection procedure satxsfactory for 90th agricultur- and public health 

purposes. 

SUMMARY AND CONCLUSIONS 

Experiments on c~slnsectlon of passenger cablns at "blocks away" (i.e., after 

the doors have been clos~? following eabarkation and before take-off) wlth slngle- 

use disposable aerosol dlspcnscrs h2ve been carrled out -Ln slx types of aircraft on 

fllghts from axrports in non-tropical zones. 

The following tentative concluslcns are drawn: 

1. The SRA fornulatlon as used In these tests in single-use disposable dispensers 
3 at "blocks away" at e dosage of 10 g/1000 cubic feet (35 g/100 m ) gives satisfactory 

control of non-resxstant mosqultos in axreraft. 



2 ,  The G-llC80 formulation applled simzlarly a t  "blocks away" a t  14 to 19 g / 1 ~  

cubic f e e t  (48 g - 64 g/100 2) 1s biologically effective fo r  both r e s i s t an t  and non- 

r e s ~ s t a n t  mosqultos m a l r c ra f t .  

3. m e  SRA formulation creates no passenger reactlon, whereas G-1480, containing 

a higher pyrethrum content and d i f fe ren t  a u u l l a r y  solvents, is markedly I r r i t a t i n g  

t o  some passengers In  a l rc raf t .  

4. More research should be carried out t o  develop a f o r n ~ l a t i o n  effective against 

both res i s tan t  and non-resistant mosquitos and not offensive t o  a i r c ra f t  passengars. 

5. Disrnsection a t  "blocks away" with hand-operated single-use aerosol dispensers 

1s acceptable t o  the a i r l i nes  and more convenient than aerosol treatments a t  other 

perlods of the operation. Dlslnsection by crew members is  t o  be preferred t o  

release of aerosols from flxed s ta t ions.  

6 .  "Blocks away" disinscction should be t r l a d  on a wlde scale  l n  t ropical  areas, 

t o  obtain pract ical  experience w ~ t h  the proecdure and a s c c r t a n  its effectiveness 

under a greater  variety of climatlc condltlans. 

The authors would l l k e  t o  emphasize tha t  these experiments were only possible 

because of the co l labora t~on of many organizations and persons. On behalf of WHO, 

the authors wish t o  express the i r  gratitude. Some of the m a n y  collaborators t o  whom 

special  thanks should be given are: 

D r  J. R.  Busvlnu, London School of Hyglsne and Troplcal Medlcine 

D r  A. Coluzzi and M. Coluzz~, I s t l t u t o  d i  Malarlologia, Stazione Sperimentale, 

Monticelli (Frosinone), I t a l y  

M r  A. L. Young, International A l r  Transport Assoclatlon 

D r  L. H. Murray, Ministry of Health, London 

D r  J. X. Cooper, Port Health Officcr, London 

D r  J. G r a h a m  Taylor and L. W. G.  Dnwson, Br l t l sh  European Airways 

D r  -. Hare and J. Bailey, Brl t ish Overseas Airwws corporat= 

M r  R.  W. Bonhoff, Deutsche Lufthansa 

Messrs J. L. Sheppard and H. H. E l l i o t t ,  P m  American Arrways 
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~~0/1nsecticldes/l28 
page 12 

Professor G. A. Canaperla, Minlsterlo dzlla Sanlta, Rome 

Gm-neral D. A. Rznslo Salaris, Dlrcctor, Furniclno Alrport, Rome 

Mr E. Pavollni, Alltalla 

Dr R. &. filton, A. H. Yeornans and P. G. Plquett, Entomology Research Division, USDA 

Beltsvllle, Md 

REFERENCES 

1. Busvine, J. R. & Tew, R. P. (1950) Further cxperlments wlth aerosols for the 
dislnsectizatlon of alrcraft, Monthly Bull. Minist. Hlth Lab. Sen. 
12, 80-87 

2. m e t ,  J. (1949) Dislnsectlzation of aircraft, 8ull. Wld Hlth Org. 2, 155-191 

3. filton, R. A., Sullivan, W. N. & Yeornans, A. H. (1961) Aerosol dispersing device 
for modern aircraft, Aerosol Age, July 

4. Hughes, J. H. (1949) Alrcraft and public health service foreign quarantine 
entomology, Publ. Hlth Rep. (Wash.) suppl. 210, 1-38 

5. International Sanitary Convention for Aerlal Nav~gatlon 1933/44, Epld. Inf. Bull 
UN Relief Rehzb~l. Admln. 1 (4) 

6. Lalrd, PI. (1956) Insect ~ntroductlon hazards affectmg Singapore and naghbaurln 
territories, Med. J. Malaya 11 (I), 40-6r 

7. Lalrd, M. (1961) Q~arantin~s anc zoologists, Med. Serv. J. Canada (a), 563-5 

8. Sull~van, W. N., Goodhue, L. D. & Fales, J. H. (1942) Toxlclty to adult mosquito 
of aerosols produced by spraylng solutions of insecticides in liquefied gas 
J. econ. Ent. 5 (l), 48-53 

9. Tew, R. P., David, W. A. L. & Busvine, J. 3.  (1951) Factors affectlng the 
efficiency of alrcraft dlsinsectisatlon procedures, Monthly Bull. Minist. 
Hlth Lab. Serv. - 10, 30 -9  

10. Whitfield, F. G. S. (1939) Air transport, insects and disease, Bull. ent. R*s. 
30 (3 ) .  365-442 - 

11. Wld Hlth Org. techn. Rep. Ser. 1950, 4 

12. Wld Hlth 0%. tcchn. Rep. Ser. 1951, 2 

13. Wld Hlth Org. techn. Rep. Ser. 1957, 

14. Wld Hlth Org. techn. Rep. Ser. 1961, - 206 



3UXX.3 AWAY" AIRCFUFT DISINSECTION BY MEANS OF SRA 
P ~ O N S  OR BY HAND). THE MLE (M) AND F;FMALE (F) 
3NDON SCHOOL OF IiYOXENE AND TROPICAL MEDICINE 

2 
1 

/ 

- 

. - Insect stations 

Raok seat 1 A  
Seat No. 4 
Floor No. 4 
Under seat 15 

$ knock- 
down 
during 
flight 

$ mrta l i t y  in 24 haurs 

A 1 I - Cut=-fatignns---- 

&. A '  - 

100 
100 
100 
100 

g.. 

No. . 
of 

in&cts 

Rack seat 3 rear 21 21 100 100 100 100 
Scaled i n  bag on 

rack 30 21 0 0 0 0 0 0 0 0 
-- 

L. rack, F.C. 18 u 72 - 62 10 100- 100 L l ~  it60 .- 
--- . I-- 

R.  floor seat 3 
L. rack, row 16 1 4  18 100 44 100 100 
L. floor row 1 
Sealed i n  bag on 

rack 21 86 0 0 0 0 0 - - 
- - -  1 

L. rack s e ~ t  3 20 3 6  100 100 100 100 . ',1@3 100 100 100 
R.  raok szat 23 27 73 100 100 100 100 100 100 ICK). 100 
L. rzdk seat 27 28 52 100 100 100 100 100 100 100 1DO 
L. on seat 10 79 60 100 100 100 100 100 100 100 lo0 
R.  under seat 8 30 54 100 100 lo0 100 lo0 100 100 100 

R. reck seat 3 72 50 100 100 lo0 lo0 lo0 100 lo0 100 
L. under seat 7 24 41" 100 100 100 100 100 100 100 100 
R. on seat  11 12 49 100 100 100 100 100 100 100 100 
R. rack seat 4 26 - 35-- . - 100 100 100 100 100 100 100 100 - -- 
L. rack seat 2'7 34 28 , 100- - 100 - loo 1 - loo . xW- TOO - loo - 
Flight deck - 42 - 90 - - - - 100 89.' 95 

L. rack row 2 30 100, 100 100 94 96 
10- - - 

A'd. - F 

100 
100 
100 
100 

&&. 
100 
100 
100 
100 

R. rack under 
seat 5 

.L.- rack rcJw 8 _ -- 

R. under seat 
row 10 

L. rack, r o w  13 
In  sealed bag on 

rack 

100 
100 
100 
100 

37, 
34- 

_ 26,, 
32- 

33 
19 

67 

52 - 
49 - 

3 
33 

47 

I 
-Total 1 M 

I '  
100 1 100'.  
100 100 
100 i 100 
100 1 100 

$00, 
' 1  

60, 
0- 

100 
lo0 

0 

- - F  

100 
100 
100 
100 

Total-. 

I 100 
100 
100 
100 

'70 - 
95 - 

100 
100 

0 

- 
1wJ 100, 100, 100 54 81 

0- 0- - - 

i I 

100 100 
100 100 

0 0 0 



TABLE 1. THE EFFECTIVENESS AGAINST CAGED MOSQUITOS OF " 
AND G-1480 AEROSOL FORMULATIONS (APPLIED FFlOM FIXED STA' 

MOSQUIToS 6 s  I N  THESE TESTS WERE S U P P W  BYTHE T.! 

Route of 
f l igh t  

London- 
Baltimore 

London- 
Baltimore 

I 

Test 
No. 

1 

2 

Re- 
l eas  

metho 

Fixed 

- - 
Fixed 

I Aircraft 

DC-8 
(FAA) 

DC-8 
(PAA) 

Active 

d i e n t g  

"8 Per 
1OOO cu.fC 

T: 347 
P: 128 
D: 219 

T: 347 

P: 128 
D: 219 

- 
A i r  con- 

. ditioning . 
while 

taxiing 

Off 

3 T: 333 1 HanC 

p: 39 1 

Taxi: 
time 
- 
Min. 

X) 

1 
I 

Test 
aerosol 

0- 1480 

Control 
(not ex- 
posed) 

G- 1480 

Control 
(not ex- 

707 
(MAC) D: 294 

T: 347 
P: 128 
D: 219 

T: 323 

Pr 38 
D: 285 

Amount of 
aerosol 
used 

8 Per 
1000 cu.ft 

18.8 

18.8 

Flxed 

Hanc 

10 

- posed I 
SRA London- 

Geneva 

6 4 

5 

i 

9.8 

G-1480 

504g 
capacity 

18.8 5@ 
capacity 

Boeing 
707 

i 
Landon- 
Geneva 

SRA 

Control 
(not ex- 
posed 

(BOA!?) 

9.5 

I 
N-6B 

(~wissa i r )  

I 

London- i On 
Geneva 

I 
I I 



1 
n 

Test 
No. 

6 

7 

8 

9 

Airoraft 

DC-68 
( SPrissair) 

C&net 4B 

Comet 8 

Comet 4B 

i 

Route of 
f l i gh t  

London- 
(teneva 

Londan- 
Geneva 

London- 
Geheva 

London- 

Test 
aerosol 

t3-1480 

Control 
(not ex- 
posed 

SRA 

0-1480 

Control 
(not ex- 
posed) 

SRA 
Oeneva 

i 

system 
only 

A i r  
ditioning 

while 
t a x i i m  

On 

)?an 
system 
only 

Fan 
sys tern 
only 

Fan 

P: 38 
D: 285 

Taxi 
time 

Min. 

6 

28 

4 

6 

Amount of 
aerosol 
used 

g per 
100 cu*Pt; 

1 i 

Active 
iIJme-3 
dients- 

lag per 
1OOO cu.ft 

I 

13.6 

I ;:y:- 
posed) 

TI 251 

P: 92 
D: 159 

9.5 

18.9 

9.5 

T :  323 
Pr 38 
D: 285 

TI 351 
P t  130 
DI 221 

T: 323 



ontinled) 

Re- 
ease 
lethod 

Hand 

 and 

b - 
Hana 

Hand 

Insect stations 

L. raok row 1 
R. under seat 

NO. 
of 

b s ~ o t s  
r 

At2. - 
41 

$ knock- 
down 

during 

'a&. 

56 

50 
37 

41 
64 

71 

row 6 
L. rack row 7 
R. urder seat R. 

14  
L. rack row 15 
Control sealed In 
bag, coat rack 

$ mortality in  24 hours 

AFccles ae-gypti Culex f atigans 

AS. - 
100 

100 
100 

130 
100 

0 

100 

31 
28 

5 
28 

24 

M 

100 

f l igh t  

&. 
100 

L. rack row 1gC 

100 
100 

100 
100 

0 

100 

100 
100 

1 
100 

0 

100 
~ . f l o o r r o w 1 4 -  
L. rack row 11: 
I+. floor row $ 
L. rack row 1- 

100 
42 
89 
o 

102 
100 

100 
100 

0 

100 

100 
1~ 

100 
100 

0 

lo0 
100 

100 
100 

0 

100 
90 
50 

loo 
10 

31 

mtbl 

100 

lOCr 
56 

X O  
n 

L. rack row 18 

d 

55 
28 
21 
28 
24 

1% 100 95 99 
83 47 72 

F 

100 

F ! 1 M 

100 
100 

1cO 
!UO 

0 

100 - 
0 1 69 

I 

100 

100 
100 

100 
100 

0 

31b 
51- 

59 1 90 
100 

R. floor row 14- 

L. rack row 11 
R. floor row 7 
L. raok row 1 

In sealed bag on 
rack 

103 

72 
61 
44 

100 
- 

17 

100 

100 

50 
80 
10 

32 - 
55 

100 

37b 
3 5  
14 
51 

53b 
22- 

30 

loob 
l o b  

100 - 
4 

100 
- 

f >  

- 
61 
95 

100 - 
0 

100. 
lo0 

loo, 1co- 

0 

loo 
o 

14 
100 
93 

34 0 - 
80 
98 

100 
- 
- 
I 

1 

0 

L. rack row 18 
d R. floor row 14- 

L. rack row 11 
R. floor row 7 
L. rack row 1 
Sealed i n  bag on 

seat 

0 

11 
X, 
20 
18 
23 

20 

100 
100 
100, 
10Q- 

0 

loo 
9 

19 
100 
87 

28 
15 
28 
38 
30 

33 0 

mo 
85 

100 
100 
mO 

- 
35 
39 
34 - 
47 

loo 
10 
80 

100 
75 

0 

- .  
109 I 1OC 

100 

go 
100 
100 
100 

100 
100 
lo0 
100 
loo 

0 

1% 

loob 
100- 

0 

100 
7 
18 

100 
50 

0 

110 
lo0 

loo, 1w 

0 

ICO 
100 
- 

0 

- 
100 
100 
100 
100 

100 
lo0 
loo - 
0 

O 1  
0 



nued) 

I 

1 Insect s ta t ions  
! 
1 

-1 

$ mortality i n  24 hours - - -  

ABdes aekypti Culex fatigans 
I 

M \ F 

dp bock-  
down 

during 
f l i g h t  

I n  envelope m 
baggage rack 

Front of FC 
cornpt . 

Behind l a s t  row 
TU seats ,  R. 
s ide 

In  envelope under 
seat  

I n  envezope taped 
t o  wall 

In  envelope near 

- 
No. 
of 

insects  
? 

&. Ae. - K. s. 

74 0 

0 

0 

0 

I 

! I O 0  i O 

47 

O l o  

F Total 

P 

Total M 

luggage rack 

0 0 

0 

0 

0 

0 

0 

0 

0 

47 

0 0 

0 

0 

0 

43 0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 



TABLE 1 (Contl 
- 

a - PI Pyrethrins; DI Dm; T? Total 

b - Trinidad s t r a i n  DDT-resistant mosquitos 

C - The use of 1" Scotch tape ( t e s t  7) t o  secure the cages markedly res t r ic ted  the  a i r  circula 

d - Cages t h i s  s ta t ion  were d i rec t ly  i n  f ront  of a i r  i n l e t  duct. 

Test Aircraft  
No. 

Active 
ingre- 
d i e n t g  

Route of 
f l i g h t  

Re- 
Tease 
method while 

10 

11 

mg per j 
1OOO cu.f't I 

- 

- 

i , taxiing I 

- 

- 

g per 
1OOO cu.ft 

Min. 

DC-6B 
(Swissair) 

Control 
(not ex- 
posed) 

Control 
(not ex- 
posed) 

London- 
Geneva 

- 

- DC-8 
(PAA) 

London- 
Baltimore 

I 
I 



TABLE 2. THE EFFECTlVENESS AGAINST CAGED MOSQUITOS OF "BLOCKS AW, 
(APPLIED BY HAND ONLY). FENAIE MOSQUITOS, SUPPLIED BY THE 

Test 

12 

13 

14 

15 

b Aircraft- 

Caravelle 
( ~ w i s s a i r )  

W-6 
(Sylssair) 

DC-6 
(Swissair) 

Viscount 
(Ali ta l ia)  

Route 
Of * 

f l i g h t  

Rome- 
Geneva 

Test 
aerosol 

SRA 

' 
Taxi 
time 

M i n .  

6 

Amount 
aerosol 
used 
g per 

1000 cu.ft 

11.0 

Rome- 
Geneva 

6 
Rome- 

Geneva 

Local 
t ra ining 

f l i g h t  
(3 hrs)  

12 

12 

10 

I 

Active 
ingre- 
d i e n t s  
mg per 

1000 cu.ft  

Tt 374 

! 
I 

I Control i (not exposed) 

Insect s t a t  

L. rack seat  3 
Behind seat  4 44 

D' 330 

TI 323 

P: 38 
Dt 285 

SRA 

R. rack sea t  9 
R. behind seat  1 
L. rack seat  10 
I n  sealed bag on 

R. a f t  cabin und 
I,. rack M. cabin 
I,. rack Fr.  M. c 
R. f loor  Fr. M .  

9.5 

Control 
(not exposed) 

I 

~ - 1 4 & 0  f U.6 

I 
Control 

(not exposed) 

SRA 1 8.9 i 

Control 
(not exposed) 

1,. seat  Fr. comp 
I n  sealed b s  on 

Fr. compt, 

TI 251 1 L. r z c s  rear  F. 
1 L. under seat  r e  

p: 93 , acmpt . 
158 I R .  rack mid F. 

1 03 reek fonnl. cc 
I on f-3.at seat  F. 
In sealed bzg fc 

TI 303 ' Rack sea t  12a 
Floor under seat ': 36 On seats  6c and 

D: 267 Rack sea t  2c 
Floor under seat 

1 Sealed i n  bag or 



4Y" AIRCRAFT DISINSFCTION BY MEANS OF SRA AND 0-1480 FOTTIONS 
ISTIT'UTO D I  MAURIOLOGIA, R m ,  WERE USED I N  THESE TESTS.- 

ions 

I 

I 

rack 

r seat  
R. 

 bin 
cabin 
t. 

No. of insects - $ mortality i n  24 hours 

- 

1 $ knockdown 
during f l igh t  

. 
100 
loo 

g. 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

. I .  

100 

m h .  

- 
- 
- 
- 
- - 

56 
76 

100 
100 
loo 

f 
Steph.- 

- 
- 
- 
- 
- 
- 

52 
51 
49 
50 
50 

100 
100 
103 

d e 
Age-/=.- - 

1 51 seat,  
98 

O&. 

24 
6 

- 

- 
- 
- 
- 
- 
- 

9. B 

- 
- 
- 
- 
- 
- 

- 
- 
- 
- 
- 

19 
o 

12 

36 
38 

50 

46 ------ 
45 

54 
54 
50 
53 
- 

37 
34 

48 

conlpt. , I 50 
ar  P. j 52 . 

Steph. 

- 
- 

0 

100 

loo 
100 
100 
100 - 
loo 
93 

100 
100 
100 

100 
107 

0 

56 

51 

48 

100 I 3 
loof  - 
1001 100 

01 0 

2 

100 

loo 
100 
100 
100 

o 

69 
33 
87 
50 
60 

- 1  4 

e. 
- 
- 

- 
- 
- 
- 

92 
76 

1CO 
- 

- 
- 
- 
- - 
- 
- 

100 
100 
100 
100 
100 

0 

- 
100 

0 

Lompt , / 64 1 51 
mpt . 53 1 50 1 58 / 50 cornpt . 
m. compt ./ 37 1 56 

36 
32 
37 
37 

47 
50 
50 
41  

100 
1-00 
100 
- 

' 1Oc 
6d 

l a  
seat  

- 
- 
- 
- 
- 
- 
- 
- 

0 

41  - 
39 
35 

50 
55 
50 
50 

98 
71 

100 
- 

1001 105 

43 1 46 

27 
43 24 
46 i 43 25 

0 

100 
loo 
100 
130 

loo 
100 
100 
100 

o 

100 
100 
100 
100 

49 
46 

44 
44 

82 
58 

100 
92 

2 

100 

loo 
100 
loo 
100 

o 

loo 
100 
100 
100 

100 

loo 
100 
loo 
100 

o 

71 
40 
89 
65 

100 - 
loo I - 
100 - 

- 
100 - 

49 
45 

27 

42 
1 0  

- 

49 46 
47 46 
46 I 47 

0 

- 
loo 1 100 
100 100 
100 / 100 
100 100 
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nucd) 

to 5 males per  s t a t i o n .  

No. of insec t s  
$ knockdown $ morta l i ty  i n  24 hours 

1 during f l i g h t  

Q &. ,=. 1 S t ~ p h . .  ~ e . 2  / - ~ ~ 1 . ~ 1  ~ t ~ ~ h . ~ , w .  

47 45 42 / 21 
45 44 1 48 25 

44 1 24 

96 
88 
ion 
100 
- 

- 

I 
I i 

94 I 29 i 93 

46 41 
43 

42 1 42 

m. 

loo 
84 
loo 
100 
- 

. 

91 
93 
loo 
100 
gl 

89 
100 
lo0 
88 

24 - 
- 41 1 32 

I I 34 I 

. 

42 
43 
74 
61 
64 

27 ' 9 0  

- I 
oi 0 

Steph. 

95 
91 
loo 
100 
loo 

65 
54 
52 

I 

loo 
100 
loo 

3 



a -An e f fo r t  was made t o  se lec t  only females; sexing a f t a r  t e s t s  showed tha t  thsre were 0 

b - The air-conditioning was on i n  t e s t s  13 and 14 ;  o f f  In t e s t  12. 

C - PI Pyrethrins; D: DDT; T: Total 

d - AEdes aegypti (susceptible) cf. p. 6 

2 Culex pipiens (DDT res i s tan t )  cf. p. 6 

f - Anopheles stephensi (susceptible) ef .  p. 6 

Anopheles gambiae (susceptible) c f .  p. 6 

Test 

16 

Route 
Y a r i  ' Test 

Amount I Active 
~ i r c r e f t ~  / of aerosol 

I Control 
(not exposed) 

Ssaled In  bag o 

1 f l i g h t  
aerosol 

G-1480 

time 
used 
g per 

1000 cu.f t  

11.2 

Mln. 

15 viscount 
( ~ l i t a l i a )  

ingre- 
dient& 
mg per 

1000 c u . f t  

T: 207 

P: 76 
D: U1 

Local 
t ra ining 
f l i g h t  

Insect s ta t lons 

On the rack 
On the f loor  
On the seats  
On the rack 
On the floor 



~ ~ 0 / 1 n s e c t l c ~ d e s / l 2 8  
page 19 

TABLE 3. NUMBER AND TYPE OF DISPENSERS USED TO 
DISINSECT AIXCRAFT, WlTH RECOMMENDED DOSAGES 

Cabln 
Al rc ra f t  volume 

, cu . f t  
I 

I 

Comet 1 3160 

I 
Number of dispensers 

DC-6 

Boemg-707 

Dc-8 

Caravelle 

4430 

8000 

8000 

3800 

Viscount 

G-1480 Aerosol 

2 (30-g) 

2 (30-Ed 

5 (30-g) 

5 (30-@;) 

i 
2680 ! 2 (12-g) 

I 
I or 1 1 (30-g) 

i I 

SRA Aerosol j 
1 ( i ~ - ~ )  + 1 (18-g) / or 

2 (12-g) + 1 (18-g) 1 or  
2 (12-g) + 3 (18-$1 i o r  

2 ( 1 ~ - g )  + 1 (18-g) 
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Figure 1 

The smgle-use SRA and G-1480 aerosol dispensers, wlth holders fo r  flxed- 

posiyion mountlng f o r  G-1480, show- from fBi'C t ' o r l g h t .  act ivated,  h spense r s  

del-iver-a measured amount of aerosoi  to  assure an adequate-dosage.. 

Figure 2 

Wire cages containing A'e'des, Culex, o r  Anopheles mosqultos placed i n  hlgh, rnld 

and low posi t ions  i n  a l r c r a f t  t o  measure effecziveness of various aerosol treatments. 
U 

Controls sealed i n  polyethylene bags and p l a ~ e d  aboard the t e s t  a l r c r a f t .  

Figure _i 

Steward ac t iva t ing  a frxed un i t  by breaking of f  t i p  of container. 
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