Indoor Residual Spraying:
One Aspect of Controlling Anopheline Mosquitoes
by Graham Matthews
The vectors of malaria – Anopheles species of mosquitoes will
enter houses and are active
d u r i n g t h e n i g ht. I t wa s t h i s
behavior that enabled early successes in controlling the vectors
by spraying the inside of houses
with DDT in the 1950s. As DDT was
persistent on wall surfaces, one
application would remain effective throughout the year. It was so
effective that in some countries,
such as the USA where the vector
was seasonal, its use helped to
eliminate malaria. Possibly due
to its long persistence but also
due to extensive spraying of DDT

in ag riculture, the mosquitoes
showed resistance to DDT, and
indoor residual spraying was not
pursued.
More recently, the World Health
Organization (WHO) and others
have been advocating the use
of bed nets impregnated with a
pyrethroid insecticide, especially
to protect young children and
pregnant women at night. Where
these nets have been widely distributed, the incidence of malaria
has undoubtedly been lowered.
However, as these nets are effective for long periods, the problem

Figure 1: Indoor Residual Spray (IRS) applicaion inside a house.
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of resistance is already becoming
evident, so there is renewed interest in indoor residual spraying,
including the use of DDT in some
cou ntri es. Tri a l s a re u nd e r wa y
with the need to have alternative
chemistries used in rotation to
minimize the risk of resistance allowing the mosquitoes to survive.
Equipment used to apply sprays
i n h o u s e s i s b a s i ca l l y a co m pression sprayer, which allows
the operator to concentrate on
directing the spray while in the
house; see Figure 1. Initial problems with equipment in the 1950s
led WHO to publish specifications,
part of which require the tank lid
to be separate from the pump.
Spray operators in the 1950s had
to pump the compression sprayer
tank until a gauge registered 55
pounds per square inch (psi) and
spray through a hardened stainl es s s te e l 8 0 02 fl at fa n n oz zl e
until the tank pressure fell to 25
psi. Then they had to repressurize
the tank. As the tank pressure decreased (Figure 2a), the flow rate
at the nozzle also decreased, resulting in variation in the deposit
on the walls; see Figures 2b and
2c. While the pressure was high, a
large proportion of the spray was
in very small droplets, so the operator had to wear a mask.
Since 2007, the specification has
required the addition of a control
flow valve (CFV) to ensure that
the output of a spray nozzle remains constant as the pressure
in the spray tank decreases; see
Figure 2d. The valve illustrated in
Figure 3 operates at only 21 psi,
so the risk of droplet inhalation
is significantly reduced. Modern
manufacturing has also allowed
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Figure 2: Change in tank pressure (psi) over 4 minutes spraying with a compression sprayer (A) and output when
fitted with a previously used 8002 HSS nozzle (B) The high output is compared with a new Ceramic 8002 nozzle
(C) also shows decrease in output as tank pressure declines. The addition of a control flow valve ensures output
remains the same as tank pressure decreases (D).

Figure 3: Close-up of Control Flow Valve with 8002 nozzle (left) and diagram showing that with Red CFV the
operator can spray for 13 minutes before the tank pressure becomes too low to open the valve.
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Figure 4: Operators practicing spraying during a training course, with walls marked to show swath width.

u s e o f a c e ra m i c n oz z l e t h a t
should be as durable, more accurate and less expensive than
the steel nozzles previously recommended. Irrespective of the nozzle
used, the equipment needs to be
calibrated, as the water may contain small particles of sand that,
over time, can erode a nozzle.
This increases the volume applied
– see Figure 2b compared with
Figure 2c – thus indicating a need
to use a new nozzle to avoid wasting insecticide.
However, despite improvements in
equipment, the implementation of
IRS still has problems. Those doing
the spraying must be fully trained
not only in using the sprayer, but
also in critically moving the nozzle
over the wall surface at the correct speed and distance from the

wall to obtain the right swath and
an even deposit on the wall; see
Figure 4. A further problem is that
access to at least 80 per cent of
houses in a village is needed and
the quality of houses varies with
different treatable surfaces (wood,
mud, plaster), often obscured with
cupboards, paintings, posters or
other ornaments, which have to
be moved to spray the walls; see
Figures 5a-d.
I n s e cti ci d e i s n ow s u p p l i e d i n
sachets that provide the correct
amount for one tank load; see
Figure 6. But with the CFV in use,
reducing the flow rate in comparison with previously, each sachet
is diluted in 7.5 linstead of 10 liters
of water.
IRS should be only one part of an

In the USA, malaria in the Tennessee Valley was
tackled with drainage and use of larvicides in
the 1930s before DDT was available, but then DDT
was used and with better houses with screens
to minimize access of mosquitoes, malaria was

integrated vector management
(IVM) program. At the same time,
efforts are needed to improve the
qualit y of houses by screening
doors and windows and reducing
the number of larval habitat sites
by drainage, where possible. If an
area of water cannot be drained,
the use of lar vicides is another
important method of control that
has so far not been used extensively in Africa. Space sprays may
also be needed following periods
of extensive rain and where some
Anopheline species bite out of
doors. Repellents are useful to
protect those who have to be outside at night. A good example of
such an IVM program has been at
copper mines in Zambia, where
the number of attending clinics
with malaria has been significantly
reduced since 2002.

eliminated. Today, control of nuisance mosquitoes and vectors of West Nile fever is largely
d u e to l a r v i ci d e s a n d d ra i n a g e p ro g ra m s,
backed up with space sprays when needed.
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Figure 5: Inside houses in A) India; B) Mexico (with upper wall unscreened so mosquitoes can enter easily);
C) Africa; and D) Vietnam (note that operator has to move around bicycle, bags and other items in one large room).

Figure 6: Adding sachet contents into the spray tank.
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