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EVALUATION OF SLOW-RELEASE FORMULATIONS OF
TEMEPHOS (ABATE@) AND BACILLUS THURING/ENS/S
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ABSTRACT. Formulations of temephos (Abate@) and Bacillus thuringiensis var. israelensis (B.t.i.) on corncob
and dried coconut husk carriers were tested for slow-release insecticide properties against A edes aegypti larvae in

Puerto Rico. Granular formulations of \Vo and l0lo temephos gave continuous larval control in used auto-

mobile tires for 27 to 124 days and 34 to 162 days, respectively. Temephos on radial sections ofcorncob and

coconut husk chips gave good larval control in tires for 27 to 63 and 6l to 134 days, respectively, depending on

the size of the cairier. Small (2-3 g) and large (1- 5 g) coconut husk chips tested in 167 liter drums provided

continuous control for 55 to 105 days, respectively. Granular formulations ofB.r.i. controlled Ae. acgypti in tires

for l9 to 33 days, and B.t.i. briquets exhibited larvicidal activity in large containers for 26 to 78 days.
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INTRODUCTION

In Puerto Rico. as in other areas of Latin
America and the Caribbean, many of the most
important habitats of Aedes aegypti (Linn.) larvae
are difficult to control. Collection and storage
of rainwater is common. Storage containers
such as water storage drums, tubs, buckets and
cisterns are major sources for this vector mos-
quito (Moore et al. 1978, Nathan and Giglioli
1982, Giglioli 1979, Chadee 1984). Other larval
habitats that are common and produce large
populations of Ae. aegypti in Puerto Rico are
used-tire yards, automobile wrecking yards,
junk accumulations in vacant lots and road-
sides, and cemetery vases and urns (San Juan
Laboratories, unpublished data). Environ-
mental sanitation is often not feasible because
o[ ut i l i tar ian, logist ic or economic reasons.

Because Ae. aegypti are domestic mosquitoes,
many toxicants, for human safety reasons, can-
not be used for their control. Studies by Gaines
(1969), Laws et al.  (1967, 1968), however, have
shown that temephos (Abate@) can be used
safely in domestic situations for controlling this
species.

Recent studies in Illinois have shown. that
temephos can be formulated onto selected
size-grades of corncob granules to achieve spe-
cific rates of release. These granular formula-
tions were ellective in controlling Aedes uexans
(Meigen) in a variety of sites ranging from river
floodplains to upland cattail sloughs and right-
of-way ditches (Dr. Daniel Brown, Macon
County Mosquito Abatement District, Decatur,
IL, personal communication). Properties of the

I Dengue Branch, San Juan Latroratories, Division
of Vector-Borne Viral Diseases, Center for Infections
Diseases, Centers for Disease Control, U..S. Public
Health Services, Departrnent of Health and Human
Services, G.P.O. Box 4532, San Juan, PR 00936.

2 Mosqui to Management Consul tants,  4154 N.
Woodlawn. Decatur, Ill 62526.

granular corncob carrier allowed for maximum
versatility regarding formulation, vegetation
penetration and adaptability to various aerial
and ground dispersal equipment.

The purpose of this study was to test the
duration of effective Ae. aegypti larval control
using a slow-release formulation of temephos
on corncob carriers. Since corncobs are not
readily available in Puerto Rico or other tropical
areas, coconut husks were selected as a substi-
tute. Because the continued use of one insec-
ticide increases the chances of resistance. a
slow-release formulation of B acillus thuringiewis
var. israelensis (B.t.i.) was tested.

MATERIAL AND METHODS

The temephos formulations used were pre-
pared by Mosquito Management Consultants,
Decatur, ILa (Fig. l). Briefly, the desired active
ingredient concentrat ion of temephos was
made using a mineral oil base. This mixture was
then topically applied to the carriers by means
of two spray nozzles fitted on a grain auger
conveyer system. Corncob granules in the range
of 4- to 8-mesh (U.S. Standard) and weighing
0.05 to 0.5 g, were formulated to'give an active
ingredient concentrat ion of temephos of 0.016
mg per granule for the 5% formulation and
0.03 mg per granule for the l0% formulation.
Full-sized corncobs and dried coconut husks
that were cut into srnall chips were treated with
temephos to give an active ingredient concen-
tration of 0.25 rng. The full-sized corncobs were
then cut radially into 5- to 8-mm sections for
future testing. The corncob sections, and the
coconut chips were formulated so that a full
sized piece when applied to a 208 liter drum

'r Use of trade names and comrnercial sources is for
identification only and does not irnply endorsement
by the Public Health Service or the U. S. Department of
Health and Human Services.
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Fig. 2. Larvicidal activity of 5 and l0 percent
temephos formulated on corncob granules. The
open bar represents 5% temephos (0.016 mg per
g ranu le )  and  t he  s l ashed  ba r  r ep resen t s  l 0Vo
temephos (0.03 mg per granule).

tinuous larval control for 27 and 30 days in the

two trials compared to 58 and 63 days for single
full radial sections (0.6-0.9 g per tire). The
coconut chip carriers provided effective larval
control in automobile tires twice as long as the
corncob sections (Table l). The small chip (2-3

Formulation

Carr ier Weight of carrier Temephos (mg)*

g) killed larvae for 6l and 69 days in the two
trials compared to 123 and 134 days for the
large chip (3-5 g).

Only coconut chip carriers were tested in
drums and a757 l i ter tank (Table 2). The small
single chip (2-3 g) provided larval control for
55 days in the drums compared to 105 days for
a single larger chip (3-5 g).A large chip ki l led
larvae for 44 days in the tank.

In automobile t ires, 0.1 g per t ire of the
granular formulation of B.t.i. did not have lar-
vicidal activity (Table 3). Larval control was ob-
tained for 19 and 33 days with 0.3 g and 0.5 g
per tire, respectively. The B.t.i. briquets gave
effective larval control in individual tires for 43,
48, 69, and 75 days when y8, Y4, y2, and a whole
briquet were used, respectively (Table 3). In the
drums, Vz of a briquet provided larvicidal ac-
tivity for 26 days compared to 54 days when a
whole briquette was used (Table 3). Surpris-
ingly a whole briquet killed larvae for 78 days in
the 757 liter tank.

DISCUSSION

Although elimination of the larval habitat is
the preferred method of controlling Ae. aeglpti
in Puerto Rico, there are many situations where
this is not possible. We have shown that
temephos, formulated on corncob or coconut
husk carriers, can be used as a practical alterna-
tive for effective larval control.

The 5% and l\Vo granular formulations of
temephos were tested as a prelude to field
studies in sites having numerous water-holding
containers such as t ire yards, automobile-
wrecking yards, cemeteries, roadside areas and

Duration of control
(days).

Trial I Trial 2

Table l. Duration of Aedes aegyptilarval control in automobile tires using temephos formulated on corncob
radials and coconut husks.

Corncob

Coconut husk

Vz radial (0.3-0.5 g)
Ful l  radia l  (0.6-0.9 g)
Small chip (2-3 g)
l-arge chip (3-5 e)

0 .  l 2
0 .25
0.  l2
0 .25

30
63
69

t34

27
5 d

6 l
123

* mg/radial or/chip.

Table 2. Duration of Aedes aegypti larval control

Container type Weight of carrier

in large containers using temephos formulated on coconut
husks.

Formulation

Temephos (mg)* Duration of control (days)

167 l i ter  (44-gal)  drum
167 liter (44-gal) drurn
757 l i ter  (200-gal)  tank

Smal l  chip (2-3 g)
Large chip (3-5 g)
Large chip (3-5 g)

0 .  l 2
0 .25
0.25

5 J

105
44

*  mg/chip.
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Carrier Container
Treatment Days of

rate control

Table 3. Duration of Aedes aegypti larval control in
automobile tires and large containers using Bacillus

t hurin giensis v ar, isr ae lensis formu lations.

tion of control did not approach that observed
with the temephos formulations. As with
temephos, the efficacy of the granular formu-
lation of B.t.i. in tires was affected by the
amount of toxicant used. Insecticidal activity
did not occur when 0. I  g of granular B.f. i .  was
added, although l00Vo mortality was noted
after a 48-hr exposure to 0.3 g and 0.5 g per
tire. Similar results on B.t.i. activity were re-
ported by Van Essen and Hembree (1980). The
Bactimos@ briquet in large water-holding con-
tainers gave the longest duration of larvicidal
activity, 43 to 75 days, again depending on rhe
amount used. Lacey et al. (1984), found that
the Bactimos@ briquets controlled Culex quin-
qudasciatus Say larvae for 2l days (3 weeks).

Since many of the containers that harbor Aa.
aegypti are in domestic environments, it is es-
sential that insecticides used for this species
have low toxicity for both humans and domes-
tic animals. Law et al. (1967), found that human
volunteers tolerated temephos doses of 256
mg/day for 5 days and 64 mglday for 4 weeks
without clinical symptoms or side effects. They
also reported no elevation of red blood cell or
plasma cholinesterase in these human subjects.
Field studies in Puerto Rico failed to reveal any
ill effects when temephos was added to storec
drinking water in a communiry of 2000 people
(Law et al.  1968). Garcia et al.  (1980), have
shown that non-target organisms such as aqua-
tic insects, crustaceans, amphibians, fish and
mammafs are unaffectedby B.t.i. The label on
this toxicant indicates that it is also safe for use
in potable water.

Our results indicate that both toxicants may
be effective for long-term control of Ae. aegypti
larval populations. In addition, rheir use in an
integrated control program is beneficial since
alternating insecticides should delay develop-
ment of resistance in the mosquito populations.
Long-term field studies are planned to deter-
mine feasibility under natural conditions.
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