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EFFICACY OF METHYL BROMIDE FUMIGATION AND INSECTICIDAL
DIPS AGAINST AEDES EGGS ON LUCKY BAMBOO

SCOTT A. RITCHIE,I'� SHARRON LONGr rNo BRIAN MONTGOMERY'

ABSTRACT Importation of lucky bamboo (Dracaena sp.) stalk clusters has led to the accidental importation

of Aedes albopictus in some countries. Current methods of fumigation using methyl bromide are harmful to live

plants and thus are not acceptable. We exposed Aedes aegypti eggs to methyl bromide at rates of 32 glmt fot 2

and 3 h and 48 g/mr for 3 h, achieving complete control in Ol5, 115, and 5/5 replicates, respectively. Submersion

for 1 min in aqueous solutions of O.O4Va active ingredient (AI) lambda-cyhalothrin, O.O4Vo Al bifenthrin and

carbaryl + malithion (both 0.17o AI) + petroleum oil (17o AI) provided 1007o control of Ae. aegypti eggs laid

on Dracaena stalk clusters. These methods, apparently harmless to plants, would have application in preventing

the importation of exotic Aedes eggs on lucky bamboo shipments.
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INTRODUCTION

Aedes alboplcrzs (Skuse), a known vector of
dengue, has colonized and rapidly expanded its
range in several geographic areas (Moore 1999,Ur-
banelli et al. 2000). Previous introductions have
been via eggs laid on imported used tires (Moore
1999) and active breeding sites on bulk equipment,
such as mining equipment, imported from countries
where Ae. albopictus is endemic (Ritchie et al.
2001). The Australian Quarantine and Inspection
Service (AQIS) minimizes introduction of Ae. al-
bopictus by requiring that imported tires be fumi-
gated with methyl bromide (CH.Br) and that high-
risk cargo (e.g., tires, construction equipment) be
inspected, fumigated, or treated with insecticide or
bleach (Ritchie 2001). Nonetheless, Ae. albopictus
has been intercepted several times in Australia, al-
though quick response by vector-control organiza-
tions has helped prevent its establishment (Ritchie
et al.  2001).

Recent importations of Dracaena sp., lucky bam-
boo, cuttings for ornamental use have led to the
accidental introduction of Ae. albopictus in Cali-
fornia (Madon et al. 2OO2, Linthicum et al. 2003).
Cuttings of bamboo stalks are often arranged in se-
quential rings around a piece of polyvinyl chloride
(PVC) pipe (Fig. 1) or tied in bundles and then
arranged upon arrival. The bamboo bundles are set
in shallow water within a plastic box, where, if ex-
posed to Aedes mosquitoes, oviposition on the
stalks can occur. Current importations are largely
from southern China, where Ae. albopictus is en-
demic.

A strategy to destroy all Aedes eggs on imported
lucky bamboo bundles is urgently needed. At the
standard AQIS rate of 32 glrn3 for 24 h, methyl
bromide results in IOOVo mortality of Aedes aegypti
L. eggs (Ritchie 2OOl). However, it is harmful to
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live plants (Bill Crowe, AQIS, personal communi-
cation). As an alternative, AQIS dips live plants
into a mixture of O.17o active ingredient (AI) car-
baryl + O.l7o Al malathion I l7o petroleum oil
mixed in water at 35'C for I min. We conducted
laboratory trials to see if shorter methyl bromide
fumigation times, along with insecticidal dips,
would kill Ae. aegypti (Ae. albopictas does not oc-
cur in Australia, thus Ae. aegypti was used as a
proxy) eggs on bundles of Dracaena sanderiana.

MATERIALS AND METHODS

Methyl bromide fumigation

Fumigation with methyl bromide took place
within an AQlS-approved fumigation tent at rates
of 32 g/m3 for 2 and 3 h and 48 g/m3 for 3 h. Strips
of cardboard upon which Ae. aegypti had ovipos-
ited ca. 2-4 wk previously (50-100 eggs/strip)
were exposed in open 70-ml plastic containers
within the fumigarion tent (Rirchie 2001). while
these eggs were potentially more exposed to methyl
bromide than eggs laid on bamboo clusters, the
ability of methyl bromide to rapidly and deeply
penetrate sorptive material such as plants is docu-
mented (Monro 1969, Gerozisis and Hadlington
1999) and suggests that the fumigant should readily
reach eggs laid on bamboo clusters. Thus, the ex-
posure of eggs on cardboard to methyl bromide was
considered to be an adequate simulation. Five rep-
licates, including an untreated control, were con-
ducted. A day after exposure, egg strips were flood-
ed in a dilute yeast solution and live larvae were
counted after 24 h (Ritchie 2001).

Insecticidal dips

To simulate a small lucky bamboo cluster, 2 se-
quential rings of 3- and 5-cm stalks (diameter of
0.5-1.2 cm, leaves removed) of D. sanderinnawere
arranged around a l0-cm-long piece of 2-cm-di-
ameter PVC pipe and held together with a rubber
band. Each bamboo bundle was placed in a 1.2-
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Fig. 1. Lucky bamboo stalk bundles

liter plastic container with 3-cm-deep water (Fig. 2)
that was then placed into a 9-liter bucket. The buck-
et was covered with fine cloth screening and l0
gravid Ae. aegypti were placed into the bucket. Af-
ter 5-7 days, mosquitoes were removed, the water
was poured from the container, and the lucky bam-
boo bundle was air dried for 24 h. 'fhe 

bundle was
then dipped by submerging it for I min into a tray
containing l0 liters of the following solutions
mixed in tapwater:

a. 16 ml/liter lambda-cyhalothrin (Demand. 2.5Vo
suspendable concentrate (SC); final concentra-
tion O.04Vo AI),

b. 5 ml/liter bifenthrin (Talstar 87a SC: final con-
centration O.O4Vo),

c. AQIS Nursery Stock Dip (O.lqo AI carbaryl *
O.lVo AI malathion + 7Eo petroleum oil mixed
in water at 35'C). or

d. An untreated control consisting of tap water.

Five replicates were conducted for each solution.
After dipping, the bamboo bundles were placed
onto a piece of paper towel to remove excess so-
lution, then transferred to a clean plastic container.
After 24 h, each container was filled with 500 ml
of a dilute yeast solution to stimulate egg hatch.
The dead and live larvae were counted at 24 and
96 h posthatch. Each bamboo bundle was air dried
for I wk, then resubmerged in dilute yeast solution
to hatch eggs that may not have hatched upon ini-
tial flooding. Again, larval counts were made after
24 h.

RESULTS AND DISCUSSION

Methyl bromide fumigation

Methyl bromide fumigation achieved IOOVo con-
trol only at the highest rate (Table l). Microscopic
examination of the egg strips indicated that, afier
exposure to 32 g/m3 methyl bromide, most of the
eggs hatched but larval eclosion was not successful.
Thus, this dose of methyl bromide did not directly
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Fig. 2. Bundle of Dracaena sanderiana used in the
dipping trials.

kill the embryos inside the eggs. The large numbers
of dead larvae that did not successfully eclose in-
dicates that methyl bromide affected the larvae
within the egg, preventing successful eclosion, or
left a toxic residue (bromide) on the egg chorion
that subsequently killed hatching larvae. The results
using the higher rate (48 glm for 3 h) suggest the
methyl bromide did penetrate the chorion; most of
the eggs failed to hatch, indicating that the embryos
were affected. Larvae that hatched from trials with
the lower exposures successfully pupated, suggest-
ing no overt sublethal affects.

Insecticidal dips

The 3 dipping solutions provided lOOTo control
of Ae. aegypti eggs on the D. sanderiana stalkbun-
dles (Table 2). No larvae were observed after the
2nd flooding (1 wk postexposure), except in one of
the controls where 8 larvae were recorded 24 h
posthatch. These data indicate that the dipping so-
lutions should provide 100% control of Aedes eggs
laid on lucky bamboo bundles and provide control
for subsequent hatchings upon later flooding.

These methods could be employed by quarantine
workers (or exporters) to treat imported shipments
of lucky bamboo stalk bundles originating from

Table l. Proportion of Aedes aegypti egg strips (50-
100 eggs/strip) hatching after exposure to methyl

bromide.

32 g/m3 32 g/m3 48 gln-f
C o n t r o l  f o r 2 h  f o r 3 h  f o r 3 h

24 h posthatch 5/51 5/5 4/S O/5
96 h posthatch 5/5 5/5 3/5 Ol5

I Number of egg strips positive for lrvae/number of eggs strips
exposed 24 h after inducement of hatchins.
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Table 2. Efficacy of a I -min insecticidal dip against Aedes aegypti eggs laid on Dracaena sanderiana stalk bundles

(n: 5); bundles submerged in hatching media 24 h after dipping

Dip Larvae alive Larvae dead

AQIS nursery stock dipl
Bifenthrin (80 SC 5 mUliter)
Lambda-cyhalothrin (25 SC @ 16 mlfliter)
Control

te.lVo AI carbaryl + O.lVo Al malathion + l7o petroleum oil mixed in water at 35'C; AQIS, Australim Qurmtine and Inslrection

Service; SC, suspendable concentrate.
2 Mean number of larvae + SD 24 h after hatching.
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countries with Ae. aegypti or, potentially, Ae. al'
bopictus. The dips do not harm plants and lucky
bamboo clusters exhibited normal growth 3 wk af-
ter a 3-h exposure to 48 g/m3 methyl bromide (Bill
Crowe, AQIS, unpublished data). Howeveq bam-
boo stalks with poorly developed roots or that have
been stressed by cold temperatures or prolonged
darkness (e.g., seafreight consignments are shipped
2-3 wk in dark boxes) often die after the 3-h meth-
yl bromide fumigation (Bill Crowe and Keryl Ja-
cobi, AQIS, personal communication). Use of these
strategies should reduce the risk of importation of
Aedes from lucky bamboo shipments and some
have been used operationally by AQIS to treat im-
ported lucky bamboo.

ACKNOWLEDGMENTS

We thank Brian Read. Bill Crowe. and Loren
Schipke of AQIS and Michael Brown of FMC
Chemicals Pty. Ltd. for supporting this study. The
photograph of lucky bamboo (Fig. 1) was kindly
provided by Bill Crowe, who, along with Keryl Ja-
cobi of AQIS, provided details of treatment out-
comes. We also thank Lynda Umback of AQIS and
Peter Bradford of All Pest and Weed Control for
organizing and conducting, respectively, the fumi-
gation, and Alistair Hart and Ian Walsh of the Trop-
ical Public Health Unit for helping with the dipping

trials. We are grateful to Richard Russell of the

University of Sydney for reviewing the manuscript.

REFERBNCES CITED

Gerozisis J, Hadlington P. 1999. Urban pest control in
Australia Sydney: University of New South Wales
Press.

Linthicum KJ, Kramer VL, Madon MB, Fujioka K, Sur-
veillance-Control Team. 2003. Introduction and poten-
tial establishment of Aedes albopictus in California in
2OOl. J Am Mosq Control Assoc l9:301-308.

Madon MB, Mulla MS, Shaw MW, Kluh S, Hazelrigg JE.
2002- Introduction of Aedes albopiazs (Skuse) in
southern California and potential for its establishment.
J Vector Ecol 27(l):149-154.

Monro HAU. 1969. Manual of fumigation for insect con-
trol Rome: Food and Agriculture Organization of the
United Nations.

Moore CG. 1999. Aedes albopictus in the United States:
current status and prospects for further spread. J Am
Mosq Control Assoc 15:227-227.

Ritchie SA. 2001. Efficacy of Australian quarantine pro-
cedures against the mosquito Aedes aegypti. J Am Mosq
Control Assoc 17:.114-117.

Ritchie S, Haseler B, Foley P, Montgomery B. 2001- Ex-
otic mosquitoes in North Queensland: the true millen-
nium bug? Arbovirus Res Australia 8:288-293.

Urbanelli S, Bellini R, Carrieri M, Sallicandro R Celli G.
2000. Population structure of Aedes albopictus (Skuse):
the mosquito which is colonizing Mediterranean coun-
tnes. He redity 84:331-337 .




