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Insecticidal Effect of Ozone against Rhyzopertha dominica (F. )
( Coleoptera ; Bostrychidae ) , Sitophilus oryzae (L. ) ( Coleoptera:
Curculionidae ) andTribolium confusum Jacquelin Du Val
( Coleoptera ; Tenebrionidae ) : Influence of Commodity

C. G. Athanassiou '* ,D. N. Milonas "* and C. J. Saitanis

Abstract ; Laboratory experiments were carried out in order to assess the insecticidal efficacy of o-
zone ,against three major stored-grain beetle species, the lesser grain borer , Rhyzopertha dominica (F. )
( Coleoptera ; Bostrychidae ) , the rice weevil, Sitophilus oryzae (L. ) ( Coleoptera; Curculionidae) and
the confused flour beetle Tribolium confusum Jacquelin Du Val ( Coleoptera: Tenebrionidae ). The in-
sects were exposed for 2,4 ,6 and 8 h,in vials treated with ozone at two dose rates, 115 and 55 ppm. At
the highest dose rate , mortality of R. dominica and S. oryzae adults was close to 60% after 2 h of expo-
sure ,while 2 h later,all adults were dead. For T. confusum adults,, mortality was negligible after 2 h of
exposure ,but reached 100% at the 6 h exposure interval. For T. confusum larvae, approx. 10% of the
exposed individuals were dead after 2 h of exposure,while at the 4 h interval reached 70% . In vials
treated with the low concentration , mortality was low, especially for T. confusum adults, where almost all
the exposed individuals survived. The presence of wheat or maize in the vials reduced mortality, for all
species tested ,but there were no differences in mortality levels between these two commodities. Moreo-

ver, for all species, mortality levels varied at different distances from the ozone input point.
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Introduction

The range of insecticides that are currently
used on stored grain and related commodities is
becoming narrower,due to newer regulatory and
legislation issues, aiming to reduce risk from
pesticide residues on food, occupational expo-
sure risks to workers and adverse effects on the
environment. Among these pesticides, methyl
bromide, a widely used fumigant for stored-
product insect control , has been identified as an
ozone depleter by the Montreal Protocol, resul-
ting in its phase out. Phosphine ( aluminium
phosphide ) ,the main alternative to methyl bro-
mide, it is extremely toxic to mammals, and
cannot be used in all types of facilities,since it
is highly corrosive to certain mineral materials.
On the other hand, other alternative insecti-
cides, such as organophosphorus compounds,
are slow acting in comparison with methyl bro-
mide ,and many of these substances are toxic to
mammals and leave residues on food. Moreover,
many stored product insect species are now re-
sistant to phosphine and other substances"’,
while several species are now considered as al-
lergens and mycotoxin carriers, which seriously

endanger human health' ). Loss of fumi-

gants , resistance to remaining fumigants and the
consumers’ demand for residue and contami-
nant-free food require the use of new, reduced
— risk substances.

Ozone can be generated by electrical dis-
charges in air and is currently used in the medi-
cal industry as a disinfectant against microor-
ganisms, as a means of reducing odor, and for
removing taste, colour,and environmental pollu-
tants in industrial applications'”*’. McKenzie et
al. """ noted that ozone treatment reduced the
toxic effect of aflatoxin-contaminated maize fed
to turkey pullets. Also, at 5 ppm, ozone inhibi-
ted surface growth, sporulation, and mycotoxin
production by cultures of Aspergillus flavus and
Fusarium moniliforme'™®'. One other attractive
characteristic of ozone is that it decomposes
rapidly ( half-life of 20 50 min) to molecular
oxygen without leaving a residue. The use of o-
zone generators eliminates the need for han-
dling, storage ,and disposal problems of conven-
tionally used fumigants and other pesticides.
These characteristics make ozone an attractive
candidate for controlling insects and fungi in
stored grain. Erdman'*’ observed mortality of
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larvae of the red flour beetle , Tribolium castane-
um (Herbst) ( Coleoptera:Tenebrionidae) ,and
the confused flour beetle, Tribolium confusum
Jacquelin Du Val ( Coleoptera: Tenebrion-
idae ) , after exposure to 45 ppm of ozone. In the
laboratory,5 ppm of ozone resulted in 100%
mortality of adult saw-toothed grain beetle,
Oryzaephilus surinamensis (L ) (Coleoptera

Silvanidae) ,and T. confusum'®'®’. In the pres-
ent study, we tested ozone against three major
stored — grain beetle species,in empty contain-
ers,and in containers that contained grain.

Materials and Methods

Insects Commodities and Ozone

Generator

The species tested were the rice weevil,
Sitophilus oryzae (L. ) ( Coleoptera: Curculion-
idae ) ,the lesser grain borer, Rhyzopertha domi-
nica (F.) (Coleoptera; Bostrychidae) and T.
confusum. The first two species were reared in
the laboratory on whole wheat kernels , while the
third was reared on wheat flour plus brewer’ s
yeast (5% by weight). All species were kept at
25C and 65°C. Adults were used in the tests
with S. oryzae and R. dominica ,while for T. con-
Sfusum ,both adults and larvae were tested. Un-
treated wheat (var. Mexa) and maize (var. Di-
as) were used in the tests. The generator type
used was Ambiozon, Ser. 2000F ( Ambiozon
SL.,Madrid, Spain) . Two dose rates 115 and 55

ppm of ozone were used.
Bioassays and Analysis

The tests were carried out in cylindrical
columns ,which could be separated in 12 equal
segments. These columns were 70 ¢m high and
8 cm in diameter. Between two adjacent seg-
ments , there was a hole of 2.5 ¢m in diameter,
covered with fine mesh,in order to prevent in-
sects from moving among the segments. The
ozonation was conducted from a small hole at
the bottom of the column,from the first segment
(segment 1). In each segment,30 insects were
placed separately for each species or life stage.
These individuals were exposed for 2,4 ,6,and
8 h,and after the termination of each interval,
mortality was counted. There were three types of
bioassays. In the first bioassay, the columns
were without grain and contained only insects,
while in the other two bioassays the columns
contained maize or wheat, respectively. The en-
tire procedure was repeated three times. , For
the data analysis, the GLM-proc or SAS'"™ was
used separately for each species/stage. Insect
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mortality was the response variable and seg-
ment , exposure, dose and column containment
were the treatment variables. . Means were sep-
arated by the Tukey-Kramer HSD test.

Results

Mortality of R. dominica Adults

From the main effects,only dose and expo-
sure were significant, while interactions were
not significant ( Table 1). In the empty col-
umns, at the high dose, after 2 d of exposure,
mortality was similar in all segments, and
ranged between 60 and 79% ( Table 2). After 4
h of exposure, mortality was high ( >93% ),
while all adults were dead at the 6 —h exposure
interval. At the same dose,in the columns that
contained maize or wheat, mortality was notably
reduced, especially in the last segments.
Hence, after 2 h of exposure, more than two
thirds or half of the exposed individuals were
still alive in segment 1 ,for maize and wheat, re-
spectively ,while mortality was negligible in the
last segment ( segment 12). At longer exposure
intervals , mortality was increased, and reached
100% , but reduced mortality levels were also
noted in the last segments. At the low dose,
mortality was notably lower in comparison with
the respective figures for the high dose,and did
not exceed 65% . Nevertheless , mortality was al-
so reduced when the column contained the two
types of grains.

Mortality of S. oryzae Adults

For S. oryzae adults,only dose was signifi-
cant (Table 1). The mortality levels noted were
similar to those recorded for R. dominica adults
(Table 3). At the high ozone concentration , af-
ter 2 h of exposure in the empty columns, mor-
tality ranged between 63 to 74% ,and was simi-
lar in all segments. All adults were dead after 6
d of exposure. At the same dose, in columns
that contained grains, mortality was reduced af-
ter short exposures (2 —4 h) ,especially in seg-
ments 6 — 12. After 8 h of exposure , survival oc-
curred in segments 10 — 12 and 9 - 12, for
maize and wheat,respectively. At the low ozone
concentration, mortality was generally lower
than the respective figures of R. dominica ,espe-
cially in the case of the two types of grains,
where all adults survived in most of the seg-
ments examined.

Mortality of T. confusum Larvae

All main effects, regardless of the seg-
ment, were significant ( Table 1). Moreover,
dose x exposure and treatment x dose were also
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significant. In the empty columns, at the high
dose and after 2 d of exposure, mortality was
lower in comparison with the previous species.
Mortality was similar in all segments ( Table
4). All larvae were dead after 6 d of exposure.
On the other hand , at the 2 h exposure interval ,
mortality was negligible in the columns that
contained grains, and did not exceed 65% at
the 6 h interval. At the 8 h exposure, with the
exception of segments 1 —3 with maize,survival
occurred in all segments examined. At the low
ozone concentration ,for all three treatments, all
adults survived after 4 h of exposure. At the 8 h
exposure , mortality did not exceed 33,10 and
14% , in empty columns, columns with maize
and columns with wheat, respectively.

Mortality of T. confusum Adults

As in the case of larvae, treatment, dose,
dose x exposure and treatment x dose were sig-
nificant ( Table 1). Mortality was generally low-
er in comparison with T. confusum larvae ( Ta-
ble 5). At the high concentration, after 2 h in
empty columns, mortality was extremely low, but
2 h later ranged between 60% - 78% . All a-
dults were dead at the 8 h exposure. In columns
that contained grains, at the 8h exposure, with
the exception of segments 1 —3 in maize, sur-
vival occurred in all segments examined, while
it was only 30 and 21% in segment 12, for
maize and wheat, respectively. At the low con-
centration, practically, no mortality was recor-

ded.
Discussion

The present study indicates that the effica-
cy of ozone is greatly affected by the target spe-
cies, life stage, exposure interval , dose rate and
the presence of commodity. Furthermore ,we ex-
amined relatively shorter exposure intervals in
comparison with the majority of the previous a-
vailable studies. For instance , Kells et al. "’ re-
ported 92% —100% mortality at 50 ppm after 3
d of exposure, for adults of the maize weevil,
Sttophilus zeamais ( Motsch. ) ,adults of T. cast-
aneum and larvae of the Indian meal moth , Plo-
dia interpunctella ( H bner ) ( Lepidoptera:
Pyralidae) . In that study, the authors tested o-
zone in maize, and noted that ozone fumigation
had two phases: rapid degradation and slow
movement in the grain mass, and reduced deg-
radation with free movement. The latter phase is
considered as a direct result of saturation'®’. In
our study, regardless of the species tested, the
presence of grain caused a significant reduction

of mortality , suggesting that the rate of degrada-
tion was high, despite the fact that ozone flow
was continuous. On the other hand,in the empty
column, mortality was high, especially in the
case of R. dominica and S. oryzae. Also, the
presence of fine material may also negatively af-
fect ozone efficacy'®'>). Based on the present
results, at least in some of the combinations
tested, 115 pm of ozone can be effective even
after 8 h,and in some cases, even after 6 h of
exposure. In contrast, the reduction of concen-
tration to 55 ppm was not effective, indicating
that longer exposures are needed at this ozone
level.

Apart from mortality in the entire column,
ozone efficacy was notably varied among differ-
ent column parts. Thus, the efficacy of ozone
was reduced with the increase of distance from
the ozone introduction point. This trend was ex-
pressed more vigorously in the case of maize
and wheat, while there was little or no effect in
the empty column. Generator performance is af-
fected by several factors, and, at least in the
present study, any fluctuations were not ’ cor-
rected’ ’ by the continuous ozone flow. Ozone
concentration is decreased with depth'®’ ; there-
fore the introduction of ozone from the lowest
part of a grain mass may cause delayed effec-
tiveness of ozone. However, most insect popula-
tions exist at the top layer of bulked grains'*’,
and for this reason, the introduction of ozone
from the top may be advantageous. Neverthe-
less, populations can often be established in
lowest layers'™). From a practical standpoint,
the use of fans or other air circulation tech-
niques can assist ozone penetration[lz]. Gener-
ally, ozone mortality was similar for the two
types of grains, suggesting that the mechanisms
that reduce ozone efficacy are similar for both
maize and wheat. This is in accordance with
previous reports by Kells et al. "*/ and Mendez
et al. ') where penetration was similar for
both maize and wheat, despite the fact that the
porosity of these grains is different.

From the species tested,adults of R. domi-
nica and S. oryzae was much more susceptible
than adults and larvae of T. confusum. Also,the
rate of reduction in mortality level of T. confu-
sum larvae was increased from segment 1 to
segment 12 in comparison with R. dominica and
S. oryzae. The latter two species are character-
ized as primary pests,which mean that they are
able to damage sound grain kernels, and allow
the secondary pests, such as T. confusum to
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continue the infestation. For this reason, the in-
creased susceptibility of R. dominica and S.
oryzae to ozone can be considered as an impor-
tant characteristic, since fast mortality reduces
the concomitant damage by the secondary colo-
nizers. However, the immature stages of these
species develop inside the grain kernel, and,
given that ozone is not as penetrating as other
gases, such as phosphine, it is expected that
these life stages will remain unaffected. Maier et
al. ! noted that a carefully designed ozonation
system could be compatible with other fumiga-
tion techniques,such as phosphine, at the same
exposure interval. This system should provide
proper penetration,and continuous standardized
flow to adjust variations in gas concentration.
The results of the present work show that o-
zone , at increased concentrations, is effective at
shorter exposures , especially in empty areas, but
also into the grain mass. This characteristic, in
combination with the other advantages of ozone,
such its fungicidal effect and the fact that ozo-
nation does not affect the final product™’,
makes ozone a good candidate for further evalu-
ation. For its wider use, additional experimental
work is required to establish the feasibility of
ozonation , in conjunction with cost considera-
tions.
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