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Abstract: The residual life of pyrethroid insecticide lambdacyhalothrin (trade name: ICON) on indoor surfaces
was evaluated under field conditions in villages in a highland area of Kipsamoite, North Nandi District of
Kenya. About 10% lambda-cyhalthrin wettable powder was sprayed at the rate of 0.02-0.03 g m ™~ on the indoor
wall surface of randomly selected local houses. Its effect on mortality of Anopheles gambiae s.s as test vector
was assessed from January to April 2007. Wall bicassays were conducted on different treated wall surfaces
using plastic cones attached to treated surfaces at fortnightly intervals. Mortality rate in mosquitoes exposed
to treated surfaces vaned according to the type of wall that received the msecticide. ICON was more stable and
lasted longer on mud and wood surfaces. There was significant difference between persistence of ICON on mud
and other surfaces tested. For the insecticide formulation used, the duration of the residual effect was
satisfactory up to the WHOPES recommended post spray period. Beyond this period, persistence declined
rapidly on metal and cemented/brick plastered surfaces. The low effectiveness of the formulation on metal and
cement surfaces should be considered together with the importance of residual spraying as a vector control
method in the area. We concluded that the use of ICON in TRS could be a single and effective strategy to
control endophiliic and antropophilic malaria vectors in malaria hypoendemic area. This is based on the findings
that the local vector 1s susceptible to ICON and most of the houses had mud surfaces and malaria transmission
1s seasonal. In this regard, one round of ICON spray would be sufficient to interrupt 3-4 month seasonal malaria
transmission in the study area. Apart from its toxicity to mosquitoes, TCON also agitates and repels mosquitoes
that do not come in contact with it and therefore an added benefit of reducing the indoor malaria vector
densities.

prevalence.

This would drastically reduce human-vector contact and overall decline mn community malaria
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INTRODUCTION In Kenya, mnearly 7 million people reside in

locations defined as highland malaria epidemic-prone

Malaria is an infectious disease caused by protozoan
parasites m the genus Plasmodium. The malaria parasites
develop both n man as the human host and n females of
some Anopheles mosquite species that act as vectors.
Human malaria is one of the most important tropical
diseases (Rojas et af, 1992, WHO, 1998, WHO and
UNICEF, 2005). In addition to its direct health impact, the
disease also imposes a huge economic burden on afflicted
communities, regions and nations through high healthcare
costs, missed days of researchers and school, reduced
economic productivity and output and low levels of
foreign investments (Sachs and Malaney, 2002).

areas (Hellen et al., 2002) and therefore require greater
attention in terms of malara control and prevention.
Vulnerable populations require all proven and cost
effective interventions to battle this scourge.

The discovery of effective residual insecticides in
controlling malaria transmission led to intensive use of
Indoor Residual Spraying (IRS) as the main measure of
malaria control in the second half of the 20th century
(Dixon, 1950, Roberts, 1964) and has recently been
incorporated as an important component of the global
strategy (WHO, 2000, 2006). The
of application of indoor residual

malaria control
standard method
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insecticides was devised and perfected for applying
water-based Dichloro-Diphenyl-Trichloroethane (DDT)
powders to mud surfaces and thatched roofs that were
commeon last century (Macdonald, 1957). Since then, IRS
has remained the most widely used method of vector
control (WHO, 1998, 2006; Najera and Zaim, 2001 ) using
same spraying equipment and techmque over the years
and yet, new pesticides (IJSEPA, 1988; Hemingway and
Ranson, 2000, Najera and Zaim, 2002) have come into use
and house construction technology has changed over
time.

To realize the full potential of this control tool, there
is need to evaluate the effect of different surfaces on the
availability of newer pyrethroid insecticides on spray-able
surfaces in malaria vector control (Hemingway and
Ranson, 2000). Spray-able surfaces in the tropics are
presently dominated by cement, iron and wood in contrast
to mud/thatch structures in the last century. Pyrethroids
mcluding lambda-cyhalothrin (trade name: ICON, one
of the latest pyrethroid widely used m IRS) act as
contact poisons to insect vectors that come in contact

with insecticide on sprayed swrfaces (A World
Compedium, 1997).
We hypothesized that the insecticide/substrate

interaction could limit the availability and persistence of
lambda-cyhalothrin and hence affect its efficacy as an
mtervention strategy in malaria control. The purpose of
this study was therefore to assess the persistence levels
of TCON spray deposits on different surfaces.

MATERIALS AND METHODS

Study area: The study was conducted in highland area of
Kipsamoite (altitude range 1900-2150 m above sea level)
of North Nandi district, Kenya. The study site was
selected because of accessibility, severe and more
frequent malaria epidemics and outbreaks had been
reported previously (Malakooti et al., 1998; Shanks et al.,
2000). Also, the local malaria vector, Anopheles gambiae
15 known to feed and rest mdoors and therefore more
susceptible to TRS control strategy that was planned to
take place after the baseline study.

Houses built using various materials including mud,
wron, wood and cement provided an opportunity to assess
the effect of each surface on the availability and
persistence of insecticide over time. Indoor residual
spraying was preceded by a baseline study to assess the
persistence of ICON on different surfaces.

Lambdacyhalothrin 10% wettable powder available
under trade name ICON was provided by World Health
Orgamzation for IRS spraymng m highland areas of Kenya.
Randomly selected houses were coded and classified mto

259

four categories based on the nature of wall surfaces: mud
(mu), iron (me), cement (ce) and timer/wood (wo). These
were further grouped mto 30 sprayed as the experimental
houses and 15 unsprayed as the control houses.

Other factors considered for selection of houses were
accessibility and permission from house owner to use
house. During surface selection, alkalne and white-
washed surfaces were excluded because pyretroids are
inactivated by alkaline swfaces and whitewashed
surfaces (Najera et al.,, 1998).

On the selected surfaces, areas of 1 square feet were
marked at different heights (at the bottom, middle and top)
with marker pen before spraying. Four squares were
marked for each type of sprayed/experimental surfaces
and two were marked on unsprayed/control surfaces to
act as controls.

The spraying technique involved the use of pressure
pumps fitted with nozzles to deliver the insecticide at
recommended dosage of 0.02-0.03 g m~ on the surfaces.
With the spray lance kept at 45 cm (18 inches) away from
the wall surface, the insecticide spray was applied in
vertical swaths parallel to each other, 53 cm (21
inches) apart. Spraying was done from roof to floor
using downward motion with a spray discharge rate
of 740-860 mL.™".

The bicassays were carried out within marked
squares to assess the persistence of the residual action
on various sprayed surfaces. The inhabitants were
advised not to alter the marked areas by re-plastering,
white washing or painting.

The persistence of the ICON on different walls was
carried out in the field using standard WHO kits and
associated procedures (WHO, 1981). The bioassays
started on day 1 (a day after the wall spraying) and
subsequently at fortnightly intervals. A total of 10
bioassays were carried out during the study. For
these bioassays, laboratory maintained 3 days old
strain of female Anopheles gambiae s.s population was
used as described by Mulambalah (2009). The
mosquitoes were confined to the wall surfaces in plastic
cone as in Fig. 1.

At the end of 30 min of exposure to the sprayed and
unsprayed surfaces,
mosquitoes were carefully removed and placed m plastic
containers covered with nylon net fastened with rubber
band. The mosquitoes were provided with 10% sugar
solution soaked in cotton wool placed on the nylon net
and transported to the insectary at Kenya Medical
Research Institute, Kisumu, Kenya. The mosquitoes were
maintained in insectary at temperature of 27+2°C and 60-
70% relative humidity during 24 h holding period
after exposure. Thereafter, the percentage knockdown

the experimental and control



Res. J. Biol. Sci., 5 (3): 258-263, 2010

Fig. 1. Plastic cone contaiming mosquitoes attached to
cement insecticide treated surface

mortalities were computed from the total alive and dead
mosquitoes for each type of surface. Knockdown
mortality was calculated from the percentage of
mosquitoes lying on their backs or sides rather than
resting on their legs and was done by visual examination.
Where control mortality was between 5-20%, data was
corrected by applying the Abbott’s formula (Abbott,
1925). When mortality in controls exceeded 20%, test
results were rejected or repeated. The WHO criterion for
persistence level of at least 70% mortality at week & after
spraying was used as a standard reference (Najera and
Zaim, 2001). The results were used to express the overall
persistence of ICON on various wall surfaces.

Data analysis: There were significant differences in the
number of dead and live mosquitoes m each bicassay
(ANOVA) (p<0.001). The percentage mortalities were
computed from total number alive and dead mosquitoes in
the replicates exposed to each type of surface for each
bicassay. Corrected percentage mortality was calculated
using Abbott’s formula when mortality in the control was
between 5-20%.

The persistence of ICON on wall surfaces was
derived from the percentage mortality in mosquitoes
exposed to different treated surfaces. The persistence
difference between and among wall surfaces was analyzed
to arrive at the results presented.

RESULTS AND DISCUSSION

WHOPES recommends that an indoor insecticide be
classified as persistent if it kills at least 70% of exposed
mosquitoes 56 days (8 weeks) after spraying. Based on
this, ICON was persistent and effective on all the four
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surfaces for >2 months (70 days). Thereafter, their was a
rapid decline of ICON persistence on metal (me) surfaces
while a gradual decline in persistence on the other 3 wall
types was recorded as indicated by the mortality in
experimental mosquitoes. In subsequent bioassays (after
70 days), mosquite mortality varied depending on the
nature of the sprayed surface. At week 12 (84 days) the
mortality was 80-97% in those mosquitoes exposed to
cement (ce), mud (mu) and wooden (wo) treated surfaces.
Mosquitoes exposed to sprayed metal swfaces at the
same time had 67% mortality.

At the 14th week (98 days), the mortality ranged
between 72-92% in mosquitoes exposed to cement, mud
and wooden sprayed surfaces whereas those exposed to
metal sprayed surfaces had 63% mortality.

At week 16 (112 days), mortality ranged 63-83% 1n
mosquitoes exposed to cement, mud and wooden sprayed
surfaces whereas those exposed to sprayved metal
surfaces had a decreased mortality of 55%.

The effect of ICON on the sprayed walls was
observed up-to 18 weeks (126 days or 4 months). At this
time, the highest mortality at 78% was recorded in
mosquitoes exposed to sprayed mud surface. At the same
time the lowest mortality ranging from 48-58% was
recorded in mosquitoes exposed to metal, wooden and
cement sprayed surfaces.

This implied that ICON was more stable and lasted
longer on mud surfaces than the other three surfaces.
The overall results are indicated mn Fig. 2. It was evident
that ICON was persistent on all surfaces even beyond the
WHPOPES recommended period.

However, there were significant differences thereafter
in persistent levels between mud and other surfaces
(t-statistic, p<0.05) except wood and metal surfaces
(t-statistic, p=0.05). This implied that the type of sprayed
surface was a limiting factor on the persistence of ITCON
on surfaces after the 58 days WHOPES recommended
period.

The world Health organization recommends 12
insecticides i four chemical classes (organochlorines
organophosphates, and pyretlroids) for
indoor residual spraying at specific doses (Najera and
Zaim, 2002). These however differ in their residual life on
sprayed surfaces hence affecting their effectiveness. The
effectiveness of an indoor residual insecticide depends on
a complex set of factors.

These include the properties of the nsecticide for
instance intrinsic toxicity, mode of action and stability and
its effect on the vector (Najera et al, 1998) were
maintamed. The data demonstrates that ICON was
persistent and effective on different surfaces for the

carbamates
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Fig. 2: Comparison of the persistence of

lambda-cyhalothrin on different indoor surfaces;
Ce = Cement wall surface; Mu = Mud wall surface;
Wo = Wooden wall surface; Me = Metal wall
surface; Co = Control

period recommended by World Health Orgamzation
Pesticide Evaluation Scheme (WHOPES). However, there
were significant differences between mud and other
surfaces as indicated by differences n mortality in
experimental mosquitoes. We suggest that the differences
could be attributed to the nature of spray-able surface.
This is dependent on the absorptive and adsorptive
properties of the surface. The phencomena of sorption
(absorption and adsorption) of insecticides by sprayed
swfaces are important that can considerably limit
msecticide availability on a surface (Ferro et al., 1995).

Surfaces of organic origin and metals are non-
sorptive and persistence of the insecticide on such
surfaces depends on its volatility and therefore the
physical characteristics of the formulation. TCON has a
low vapor pressure and low volatility (Najera and Zaim,
2001) factors that enhance adhesiveness of the msecticide
powder on a surface (if the surface is sorptive). In the
absence of sorption on metal and cement surfaces
therefore, prevents insecticide attachment and msecticide
powder easily falls off or easily removed. Insecticides
spraved on metal and cemented surfaces as wettable
powders for instance ITCON are wasted or lost as a result
of bouncing off and rum-off (WHO, 1985).

The implication 1s that the surfaces retain mnsufficient
insecticide to be effective for long enough time and
therefore affect insecticide persistent levels. Tn addition,
the heat of the sun (common in tropical areas) on metal
surfaces could rapidly mactivate mnsecticide deposits, as
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well as increase the risk of the insecticide particles flaking
off (De Meillon, 1936). This is not only a matter of waste.
The accumulation of insecticide on the floor may be toxic
to infants while the walls may not have retained enough
insecticide to be effective.

These are possible explanations for the rapid decline
of ICON efficacy on cement and metal surfaces. These
factors should be taken mto consideration in an area
where the use of iron roofs and surfaces is on the increase
as is often the case in many rural areas. The uneven
corrugated 1ron sheets could also hinder or prevent
spray-men adopting the pump nozzle-wall distance
required leading to doubtful insecticide spray consistency
(Najera and Zaim, 2001).

Insecticide applied on mud surfaces 1s absorbed mto
the body of mud, reducing its availability on the surface.
However, this absorption occurs gradually at a speed
related to the particle size of the insecticide, its rate of
diffusion n the mud and the volatility of the insecticide.
While DDT, an organochlorine 1s less persistent on
porous swfaces such as mud, wood (Gladwell, 2001,
Thurow, 2001), the studies found significant differences
1n mosquito mortalities in as per treated surfaces exposed
to. Siumilar findings have been reported by Ladonm et al.
(1992) using pirimiphos methyl on different surfaces.

For certain insecticides like bendiocarb, a carbamate,
the nature of sprayed surface do not affect their residual
life (Maharaj et al., 2004). The longer persistence of ICON
on porous surfaces (mud and wood) is related to its non-
volatility, low water solubility (WHO, 1990) and smaller,
fine particles (Thurow, 2001; Mabaso et al.,, 2004) that
enable it to stabilize adhere strongly on these surfaces. In
contrast, dissipation of DDT and Hexachloro-cyclo-
hexane (HCH) (organochlorines) on mud surfaces and soil
1s largely attributed to volatilization (Thomas ef af., 2006).

Overall, efficacy of ICON was superior on mud and
wood surfaces than metal and cemented surfaces 4
months post-spraying. The implication is that in areas
where wall surfaces are mainly made of metal and cement
and malaria transmission season lasts beyond 4 months,
one round of TRS wsing IMTCON would not be effective.
The study suggests that in such situation, two rounds of
ICON spraying would be required for effective malaria
control and prevention.

CONCLUSION

We conclude that indoor residual spraymmg with ICON
could be effective because there was high percentage of
spray-able surfaces within each dwelling and the targeted
vector mosquito Aropheles gambiae was susceptible to
ICON msecticide, the candidate insecticide to be used mn
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TRS in the study area. These are some of the pre-requisites
for successful use of TRS intervention in malaria control
(WHO, 2006). However, as rural areas in tropical Africa
become more prosperous, there will be a shift towards
western style cemented, plastered and painted housing,
leaving fewer homes suitable for TRS/ACON spraying. This
would necessitate the use of alternative insecticides and
or malaria mtervention measures.
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