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i ' ABSTRACT

In an attempt to find out bio-efficacy of Fipronil 2.5 E.C., as termiticide for buildings, a
long-term study was carried out. Three experiments were conducted viz. Modified Ground
Board test, Residual toxicity test and Anti-termite treatment in termite infested buildings using
four test doses i.e. 0.5%, 0.25%, 0.1% and 0.05% (a/i) of Fipronil 2.5 E.C. Modified Ground
Board test and Residual toxicity test were carried out in three different climatic and soil
conditions of India. Anti-termite treatment in termite infested buildings was dong as per Indian
Code of Practice for Anti-termite Measures in Buildings, IS: 6313 (2001). Experimental findings
indicates that 0.25% and abovc concentrations (a/i) of Fipronil 2.5 E.C. is 100% effective for
termite management in buildings up to five years. It is relatively immobile in soil and has low

potential to leach into groundwater.

beesoni, Snyder.
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Introduction

ermite is a serious and well known pest of

I agriculture, horticulture, forestry and
buildings of India. Main food of termite is

wood (cellulose). It has variety of usage such as
building, furniture, railway sleepers, transmission
poles, paper, pulp, plywood, veneers, composite
board, matches, fuel and fuel wood etc. (Akanbi
and Ashiru 2002).Wood is highly prone to damage
by termites, thus posing lot of social and economic
problems, since it requires additional labour and
expenses to replace the damaged wood.
Degradation of wood by termites is a chronic
problem in many tropical regions. Bamboo which
is poor man’s timber for buildings, their huts are
also seriously attacked and destroyed in India
(Sen-Sarma 1986). Common termite species
reported to attack buildings in India are -
Cryptotermes domesticus, Coptotermes heimi,
Macrotermes spps., Microcerotermes spps.,
Odontotermes feae and Heterotermes indicola.
Odontotermes spp. (Tho and Kirton 1880,
Rajagopal 1995). Subterranean termites annually
causes damage to buildings worth several million

of dollars (Hizroglu 2009, Lloyd 2011). Currently,
termite management relies on the use of persistent
pesticides. Previously, millions of dwellings were
treated successfully around the world with
chlorinated hydrocarbon based pesticides.
However, lately these compounds were found
highly toxic and hazardous. Surveys from around
the world had demonstrated the presence of
Cyclodiene residue in human adipose tissue and
in breast milk. This accumulation property of
Cyclodiene was due to lipopilic property. These
pesticides were then legally banned around the

world including India. But the current awareness’

of environmental and health hazards associated
with pesticide usage has spurred intensive
research in the search of alternative strategies.
(Kutz et al. 1991, EPA 1997, Tsunoda 2003).

Fipronil, 5-amino-1-(2,6-dichloro-a,c.,0.-
trifluorop-tolyl)-4-trifluoromethylsulfinyl pyrazole-3-
carbonitrile belongs to the chemical class of
compounds containing phenyl pyrazole moiety
(Fig.1). ltis a broad spectrum pesticide and highly
effective to control wide range of pest of crops,
public hygiene, veterinary and household pests
e.g. ants, beetles, cockroaches, fleas, ticks, mites,
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Abbreviations: — = No damage, X = Slight Damage,
block, R = Roorkee site,

mole crickets, thrips, rootworms, weevils, and
other insects (Colliot et al. 1992). It is considered
highly toxic to honey bees (Apis mellifera) (Vidau
et al. 2011). Fipronil, an N-phenylpyrazole with a
trifluoromethylsulfinyl substituent, initiated the
second generation of insecticides acting at the
gamma-aminobutyric acid (GABA) receptor to
block the chloride channel. The first generation
includes polychlorocycloalkanes alpha -
endosulfan and lindane (Dominik 1998). It has
different modes of action than any other common
insecticides (Ware 2000). It is extremely active
molecule as it disrupts the nerves in the brain and
spinal cord by interfering with the ability of these
nerve cells to transmit nerve impulses. The result
is uncontrolled activity leading to death of insect
(Tingle et al. 2003).

D = Dehradun site and M = Mumbai site,

XX=Damage, XXX = Highly Damaged, *** = Eaten away or failure of test

ONR = Observation not recorded.

Material and Methods

(i) Modified Ground Board (MGB) test:

This test simulates building conditions in the
field with cement -concrete slabs on the prepared
ground. It consist 43 x 43 cms. plot of treated soil
covered by a slab. The soil under the slab was
treated with chemical solution of known
concentration at the rate of 3 litre/m? . Solution of
Fipronil 2.5.E.C. was prepared in water following
label instructions. After the chemical solution has
been soaked into the soil, it was covered with
polyethylene vapour barrier. The soil and vapor
barrier surrounding the inspection port were
covered with cement —concrete slab (size 45 x 45
cms and thickness 4cms.). A PVC pipe of 10 cms
diameter extends through the centre of the
concrete slab to serve as an inspection port. It
was covered with 15x15cms transparent perspex

cl S{F sheet and weighed down with a brick. The vapour
s F barrier was removed from inside the pipe.

l J Inspection port of PVC pipe contains a 5x5cms

NZ=_ #N~N ‘/ square test block of perishable mango wood
m \‘\. ::_{' Cl (Mangifera indica) placed on treated soil. The test

£ ‘T / \NH? block was examined regularly after every interval

‘/7—- S\\ b of six months till the end of experimental period.

E Replicates were set out in a randomized complete

Fig.1: Chemical structure of Fipronil

The present study was undertaken to
investigate the effectiveriess of Fipronil 2.5 E.C.
for termite management in buildings. Three
experiments were carried out as follows: g

block design. The test was conducted at three
distant locations of India viz. Roorkee, Dehradun
and Mumbai. Four concentrations of Fipronil 2.5
E.C. were used for this test, these were 0.5%,
0.25%, 0.1% and 0.05% ( a/i). At each site there
were three replicas of each concentration. The
results obtained were compared with untreated
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Mortality of termites on soil previcusly treated with various concentrations (a/i) or
Fipronil 2.5 E.C. :

Doserate . Test 100% Termite Mortality (in hrs) Depth (in cms)

% (a/i) Sites 0-15 cms 15-30 cms  30-45c¢ms  45-60 cms 60-75cms  75-90 cms

0.50% R 50 30 32 48 56 72

D 32 30 30 48 54 72

0.25% R 48 48 48 54 72 72

D 50 48 32 54 56 72

0.10% R 54 <150 50 54 72 72

D 54 52 50 54 72 72

0.05% R 56 54 56 72 72 72

D 56 56 56 72 72 72

Control R 72 72 72 72 72 72

D 72 72 72 72 (72 72

Chlor.1.0% R 56 48 48 50 50 7

D 56 32 48 56 56 56

Abbreviations: R = Roorkee, D = Dehradun, M = Mumbai, Chlor. = Chlorpyrifos 20 EC

control (treated with water only) and 1.0 %
concentration (a/i) of Chlorpyrifos 20 E.C. under
similar conditions. Ground board (GB) and
concrete slab (CS) test methods are currently used
by the EPA and thus Forest Service (USDA) to
evaluate soil-applied termiticides. (Beal 1986,
Kard et al. 1989, Mulrooney et al. 2007). Termite
attack was defined as the presence of termites
and damage to test blocks at the time of
inspection. Termite damage was rated according
to the U.S. Forest Service “Gulfport” scale, where
0or— =isnodamage, 1or X= is nibbles to
surface etching or slight damage, 2o0r XX = is
damage with penetration, 3 or XXX = is moderate
or highly damage, 4 or *** = s Eaten away or test
block failure. (Table-1)

(i) Treatment of Existing Buildings:

About 250m? covered areas of termite infested
buildings were treated with each dose of Fipronil
2 5 E.C. The total area of treated building was 1000
m2. Prior to treatment, a thorough inspection of
infested building was carried out. It was necessary
with a view to assess the extent to which termite
was spread and the routes of entry into building.
Termite hiding places such as ceiling, behind
wooden paneling, electrical wires, battens,
conduits, switchboards and similar locations were
thoroughly searched. The aim of treatment was
to create a continuous chemical barrier between
nest of termite present in the soil and its food
present in the building. Externally, the soil in

contact with foundation was treated with chemical
solution at the rate of 7.5 Itr/m? of the vertical
surface to a depth of 30cms. To facilitate this
treatment a shallow channel was directed towards
the wall at 1.75 Itr/running metre of the solution.

Roding with 12 mm diameter mild steel rods at
15 cms apart was done in the channel, if felt
necessary for uniform dispersal of the solution to
30 cms depth from the ground level. The balance
solution of 0.5 Itr/running metre was used to treat
the backfill earth as it was returned to the channel
directing the spray towards the wall surface. In
case of concrete or masonry apron, holes of
approximately 19 mm diameter were drilled as
close as possible to the plinth wall at intervals of
30 ecms and chemical solution pumped into these
holes to soak the soil below at the rate of 2.25 Itr/
linear metre. The holes were drilled at a downward
angle at about 45° at approximately 30 cms
intervals. The solution was squirted through these
holes using a hand operated pressure pump.
Holes were also drilled at critical points such as
wall corners and the point where door and window
frames were erected. The methodology of
t-gatment was in accordance with Indian Code of
Practice 1S:6313- 2001, (Shripat et al. 2005, AS
3660- 2000).

(iii) Residuai Toxicity Test:
- In order to determine residual toxicity of Fipronil
2 5 E.C.. the experimental procedure of MGB test
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was slightly changed. The test consist 43 x 43 cms.
plot of treated soil covered by @ cement-concrete
slab. The soil under the slab was treated with
chemical solution of known concentration at the
rate of 3 litre/m?. The treated soil was then covered
with cement _concrete slab (size 45 x 45 cms and
thickness 4cms.) without inspection port and the
test block. 75 gms of soil treated with each
concentration was collected from all the three
replicas and trom different depths of soil. It was
mixed thoroughly, ground and sieved. Distilled
water was mixed in the soil so that the moisture
content should be around 20%. ltwas then put in
equal amount and in three different Borocil glass
petri dishes (90 mm dia) in the form of 4mm thin
bed at 28°C+5°C and 90%:x5% Rh. Active termite
workers (10 Nos.) of Microcerotermes beesoni,
Snyder were released over these beds and their
rate of mortality was determined after every two
hours interval. It was compared with the rate of
mortality of active workers of termite on untreated
soil and soil treated with 1.0 % concentration (a/i)
of Chlorpyrifos 20 E.C. under similar laboratory
conditions (Sen-Sarma and Mishra 1969, Owusu
et al. 2008, Sohail and Muhammad 2006, El-Sherif
et al. 2010).

Results and Discussion

In MGB test, termite attack was started within
first six months on all the test blocks, which were
kepton untreated soil. The intensity of attack was
increased further and all the test blocks were
observed 100% damaged in all the sites at the
end of 48 months. Further, no sign of termite
infestation were noticed on any of the test blocks
(up to 18 months), which were kept on the soil
treated with 0.05% and 0.1% concentrations (a/i)
in all the three sites and all the replicas. At 0.05%
concentration (in Dehradun site), termite attack on
all the test blocks were observed after 24 months,
these test blocks were completely eaten away by
termites till the end of fourth year. While, in
Roorkee and Mumbai site, the termite attack was
rather slow, the test blocks were sustained up to
fourth year. Termite infestation was noticed on
fourth observation (24 months) at G.1%
concentration (in Dehradun site), it was increased

was observed on any of the test block, kept in
Dehradun and Mumbai sites in the same
concentration (0.1%). Termite infestation has not
heen observed in any of the test blocks, which
were kept on soil treated with 0.25% and 0.50%
(afi) concentrations of Fipronil 2.5 E.C.and 1.0%
concentration (a/i) of Chlorpyrifos 20 E.C. till the
end of experimental period of five years.

After five years of experimental period, all the
treated buildings were examined carefully.
Generally, reappearance of termite starts from the
damp, moist, dark and less ventilated areas of
puilding. Therefore, care was taken to examine
these areas. It was observed that termite was
reappeared in building, which was treated with
0.05% concentration (ali§ of Fipronil 2.5 E.C.
Termite galleries were noticed in kitchen,
cupboard, below sink, toilet, wash basin and
electric fixture of store room etc. However, all the
other buildings were found in good condition, which
were treated with 0.1%, 0.25% and 0.5% -
concentration (a/i) of Fipronil 2.5 E.C. ltis clear
from Table-2, that the residue of pesticide
percolated maximum up to 75 cms underground
in the soil, when the soil was treated with maximum
dose of 0.50% (ai). It shows binding property of
pesticide with soil particles. The soil samples
collected from 0-75cms were observed evenly
toxic because 100% mortality of termites was
achieved between 30 to 48 hrs. In case of
untreated control, 100% mortality of termites was
achieved within 72 hrs. under similar laboratory
conditions. However, residue of Chlorpyrifos 20
E.C. percolated maximum up to 90cms
underground in the soil (Ying and Kookana 2006).

The persistence of Fipronil 2.5 E.C. was also
studied by Sharma et al. 2008, they concluded
that Fipronil degrades into two metabolites Viz.
desulfinyl and sulfide. At lower dosage, however
no metabolite was detected. At 0.25% and 0.5%
application rate, 1.87 and 2.75 ig g1 desulfinyl
and 1.56and 3.181g g1 sulfide, respectively were
detected. The degradation products are sulfide
formed through reduction in soil, desulfinyl formed
by photolysis in water or on soil. In soil, as well as
vegetation also three maijor metabolites i &
desulfinyl, sulfide and sulfone are formed, however

slowly up to 54 months. Whereas, no termite aftack % in different relative concentration (Fenet et al
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2001). Desulfinyl and sulfide metabolites are more
toxic than the parent compound. Texture and
structure of soil particles control perme lity of
pesticides in soil. Soils having coarse or sandy
textures are generally more permeable than lcamy
or clayey soils. Soils with good structure generally
have larger pores and greater permeability than
soifs with poor structure. As soil permeability
increases, the potential for pesticides to reach the
ground water by downward leaching increases.
The organic matter present in the soil, adsorb
many pesticides and serves to reduce the rate of
downward movement in the soil. Therefore,
pesticide mobility and potential contamination of
groundwater are greater in soils having low organic
matter content than soils having high organic
matter content (Grace et al. 1993, Dominik et al.
1998, Mulrooney et al. 2006, Baker and Bellamy
2006, Ying and Kookana 20086, Mukherjee and
Kalpana 2006, Fenet et al. 2001).

Conclusion

On the basis of experimental findings, it can
be concluded that 0.25% and above
concentrations (a/i) of Fipronil 2.5 E.C (Termidor
2.5E.C.)is 100% effective for termite management
in buildings up to five years.
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Brazil to build first algae-based biofuel plant

said recently.

SAT’s Brazilian subsidiary, told newsmen.

passive to an active’ state,
ethanol production.”

The world’s first industrial plant producing biofuels from seaweed will be built in the
northeastern Brazilian state of Pernambuco in late 2013, the official in charge of the projects

The factory to be set up by Austrian firm SAT on a sugar cane plantation that yields ethanol,
will produce 1.2 million litres of algae-based biofuels annually, Mr. Rafael Bianchini, head of

The $9.8-million facility will make use of the carbon dioxide (CO,) emitted in the ethanol
production to speed up the photosynthesis process in the seaweeds and thus reduce emissions of
polluting gases into the environment. Mr. Bianchini said the goal was to ‘convert the CO, from a
“making use of the strong co, emissions lost in the sugar cane

Initially, the algae-based biofuel facility will use five percent of the emissions from the sugar
cane ethanol process but later the proportion will be increased, Mr. Bianchini said.

Brazil is the world’s second largest produceir of biofuels after the United States.
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