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ABSTRACT
BY
GEORGE WILLIE KEN MENSAH

PERSISTENCE AND TRANSLOCATION OF ORGANOPHOSPHORUS INSECTICIDES
ON STRUCTURAL SURFACES AND IN STORED GRAIN

Insecticides used to protect stored grain from insect infestation
may be applied to the structural surfaces of granaries or to the grain
itself. The degree of protection afforded by an insecticide depends
on its rate of &egradation or change after appliéation. Various
factors such as the type of formulation, type of substrate and con-
ditions after treatment influence the behaviour and toxicity of
insecticides. Laboratory and field studies were therefore conducted
to investigate the effects of these factors on the persistence of
malathion, bromophos, iodofenphos, and pirimiphos-methyl on structural
surfaces and on stored grain using both chemical analysis with gas-
liquid chromatography and biocassay.

Malathion, bromophos (EC and WP), and iodofenphos (EC) were
applied as water-based solutions at 0.05 litre/m2 to provide a
deposit of 1.0g AI/m2 on wood and concrete surfaces. Persistence
was assessed in the laboratory at different times after treatment
by bioassay and chemical assay of 30 g wheat, barley, and corn
after the grains had been in contact for one week with the treated

surfaces. The grains were bioassayed with susceptible Cryptolestes

ferrugineus (Stephens) and Tribolium castaneum (Herbst) adults.

Significantly higher (P« 0.01) mortalities of C. ferrugineus and

T. castaneum were obtained on cereals in contact with treated wood
surfaces than on cereals in contact with treated concrete surfaces.
Malathion EC provided better control of the beetles on grains in
contact with wood surfaces whilst bromophos formulations gave better
control than malathion formulations or iodofenphos on grains in

contact with concrete surfaces. Lower mortalities were obtained
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on corn stored on treated structural surfaces than on wheat or barley.
Reproduction of test beetles was significantly greater (P« 0.01l) in
grains previously stored on treated concrete surfaces than in grains
stored on treated wood surfaces. Significantly more (P 0.0l) of each
insecticide translocated into grain samples in contact with wood
than with concrete surfaces. Smaller amounts of iodofenphos trans-
located into grain samples in contact with treated structural
surfaces than malathion or bromophos. Lower amounts of insecticide
residues were recovered from corn than from wheat or barley. Persis-—
tence of the insecticides on structural surfaces and their uptake
into ;tored graing was found to decrease as thé age of deposit increased.
The first field test was conducted withbromophos WP applied
at 1.0g AI/m2 to the concrete floor of a farm granary. Persistence
and uptake of bromophos into wheat, enclosed by open-ends of plywood
boxes on the treated floor, were determined by biocassay with C. fer-
rugineus and by chemical analysis of wheat samples. Complete mortality
was obtained on the bottom 8.3-cm layers of grain in contact with the
treated floor. Higher residues were also found in these layers.
In the second field test, bromophos WP was applied at 1.0g AI/m2
te the concrete floor and galvanized steel sides of a farm granary
to determiné the uptake of bromophos into wheat during seven months'
storage of 1093 bushels of wheat in the treated granary. Bromophos
residues of less than 1.0 ppm were detected in the peripheral layers
of grain in contact with treated floor and walls.
Uptake of malathion and bromophos in wheat stored for one week
on wood surfaces treated at 1.0g AI/m2 was independent of wheat
molsture content.

Studies of uptake of malathion by three layers of wheat in contact
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with wood surfaces treated at 1.0g AI/m2 showed that the extent of
progressive uptake of malathion past the bottom layer depended on the
duration of storage.

The persistence of malathion, bromophos (EC and WP), and iodofen-
phos (EC) applied at 250 mg AI/m2 to wood surfaces was enhanced by
sweeping the surfaces one week after treatment. By contrast, treated
surfaces that were abraded by the movement of wheat lost their effectiveness:
after one day for iodofenphos, and after three weeks for malathion and
bromophos.

Malathion, bromophos, iodofenphos, and pirimiphos-methyl in liquid
formulations were applied to dry (12.0% mc) and tough (16.0% mc) wheat
at initial doses equivalent to their tolerance levels and at 1.5 times
these levels to examine the residual effects on susceptible and malathion-
resistant strains of T. castaneum on 50 g wheat at certain intervals after
treatment. Pirimiphos-methyl, at the dosages tested, was the most persistent
and effective compound against both strains. Malathion at both dosages

was ineffective against resistant T. castaneum. Pirimiphos-methyl at both

b

rates prevented reproduction of both T. castaneum strains. Residue analysis
of stored grain over a 24-week period revealed that pirimiphos-methyl was
the most stable compound followed by bromophos, malathion, and iodofenphos.
The bulk of insecticide residues in milled fractions of wheat were found
in the bran and middlings, with very small amounts in the flour.

The residual effectiveness of bromophos and iodofenphos on
structural surfaces and in stored grain coupled with their relatively
short persistence and low mammalian toxicities demonstrate that these
compounds are suitable alternatives to malathion for short-term

protection of stored grain against insect infestations. Pirimiphos-
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methyl will be a very useful grain-protectant for long-term storage

against susceptible and resistant strains of stored-grain insects.
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CHAPTER I

INTRODUCTION

Insect pests have always demonstrated amazing plasticity
in their abilities to overcome man's best efforts to control them.
Thus, storage of grain and grain products always involves risk of
infestation. It is therefore abundantly clear that continued
research in insect pest control during storage of grain and grain
products is essential to ensure abundant supplies of high quality
food for the expanding populations of the world.

Protecting our cereal crops during storage on the farm and in
warehouses is often more difficult than during the growing season.
This is especially true where insect infestation starts in the
field and continues throughout the duration of storage cf both
grai@ and grain products.

Among the ﬂumerous insect pests which cause losses and deter-
ioration to stored food grains and cereal products are the rusty

grain beetle, Cryptolestes ferrugineus (Stephens) and the red flour

beetle, Tribolium castaneum (Herbst). These two species have

been known in the Canadian grain industry as major biotic factors
responsible for grain heating, spoilage, and grade losses (Sinha,
1971). These pest species can, if left unchecked, cause a substantial
loss of food grains during storage.

Although thorough sanitation practices are the essential tools
in maintaining quality and abundance of stored grain and grain
products, prestorage treatment of granaries and food warehouses
with contact insecticides is generally the most effective management

method available to reduce insect populations to tolerable levels.



Malathion and pyrethrins are the major contact insecticide; most
widely used by the grain industry for the treatment of structural
surfaces for the cont;ol of rusty grain beetle and red flour beetle
infestations but information is also needed on other insecticides

that may be more effective.

Scope and objectives of study

Treatments of structural surfaces with contact insecticides,
in many instances, have been used effectively to confer long-term
protection on insect-free commodities against infestation. Although
persistent residues of contact insecticides on surfaces may be
useful from the standpoint of insect pest control, tolerance levels
established by international committees (FAO/WHO, 1967, 1968a,b,
1969a,b, 1973a,b, 1976a,b) and accepted by national regulatory
agencies, e.g., Agriculture Canada (Anon., 1977), coupled with
increasing consumer demands have necessitated determination of
microquantities of residues of pesticides and their metabolites
in stored products. Thus, the need for detailed checks on persis-
tence of insecticide residues in stored products after treatment
and, particularly, prior to consumption cannot be overstressed.

Various factors govern the persistence and biological effective-
ness of stored product insecticides applied on granary surfaces
and on stored grain. Under a wide range of environmental conditions
-in which the insecticide applications are made, the effects of grain
moisture and temperature are well known, but other variable factors
affecting persistence and effectiveness are not well understood.
The objectives of the study were therefore to determine in the

laboratory and during a limited field study:



(1) the persistence of malathion and bromophos both as emulsifiable
concentrate (EC) and as wettable powder (WP) formulations, and
iodofenphos as an EC applied to concrete and wood surfaces;

(2) the translocation of these insecticides into wheat, barley,
and corn stored on treated concrete and wood surfaces;

(3) the effect of grain moisture content on uptake of malathion
and bromophos residues from treated wood surfaces into wheat;

(4) the distribution of malathion residues in layers of grain
kernels stored on treated wood surfaces;

(5) the effects of physical disruption on persistence of insecticide
deposits on structural surfaces;

(6) the persistence of malathion, bromophos, iodofenphos, and

pirimiphos-methyl residues in dry and tough stored wheat.

The above studies were done by both bioassay and chemical assay
methods. The bioassay of cereal grains and structural surfaces

was done with adults of the rusty grain beetle, Cryptolestes

ferrugineus (Stephens) and the red flour beetle, Tribolium castan-
eum (Herbst) at different intervals after treatment. Chemical
analysis using gas-liquid chromatography was carried out to supple-
ment the bioassays, and to compare the residue levels with inter-

nationally approved tolerance limits.

The importance of study

Substantial quantities of food grains are often lost through
damage caused by insect pests in the absence of efficient storage
management systems. The increasing demand for food as a result
of expanding human populations therefore underlines the need to

conserve both the quality and quantity of food grains during storage.



Although even today there are few reliable estimates of losses
resulting from the various causative factors, pre— and post- harvest
losses of food grains due to insect pests havebeen stated as 14
percent of potential préduction (Walker, 1975). An FAO report
has given the value of stored grain lost annually through damage
and feeding by insect pests as 10 percent of the total production
in the world (Hall, 1970) or 100 million tons due to failure to
store properly (Wolpert, 1966). The heaviest losses are considered
to occur at thé rural level in tropical and subtropical countries
where 60 to 80 percent of total production in developing countries
is consumed. It has been estimated that postharvest losses can,
in specific instances, be as high as 35 to 50 percent (Prevett,
1975) and in some casés higher (Hall, 1970).

Though recent trends in food production emphasize less dependence
on chemicals to control infestation in growing crops, there are
few alternatives to the use of pesticides to control infestations
in stored products. Fumigants are applied to eliminate insect
infestations already present while the treatment of structural sur—
faces of storage houses with insecticides or the admixture of approved
insecticides with stored grains are the main methods of protecting
the quality and abundance of stored foods. Regardless of the kind
and type of formulation used, pesticide applications are intended
to create an environment unsuitable for the continued growth of pest
populations.

Malathion and pyrethrins are the two major contact insecticides
most widely used in practice as postharvest residual protectants
against infestations of a wide variety of stored-product insects.

Malathion, for instance, has been the stored-grain insecticide of



choice in several countries over the past decade because of its
high toxicity to several stored-product insects and its low
mammalian toxicity [LDSo rat = 2800 mg/kg body weight (Martin and
Worthing, 1977) 1. There is, however, a need for alternative
insecticides which are effective on concrete surfaces or under
conditions of high alkalinity (e.g., new concrete) or grain moisture
content which render malathion unstable (Watters, 1959; Strong and
Sbur, 1960; Parkin, 1966; Lemon, 1967). The need for newer or alter—
native insecticides for use in stored products becomes even more
apparent by the increasing number of malathion-resistant strains
of T. castaneum which have been reported from Nigeria (Hayward,
1962; Parkin et al., 1969), the U.S.A. (Speirs et al., 1967;
Zettler, 1974, 1975), Australia (Champ and Campbell-Brown, 1970),
and the United Kingdom (Dyte and Blackman, 1970); and now becoming
Widespread mostly through international trade (Dyte and Blackman, 1970)
Bromophos, iodofenphos, and pirimiphos-methyl may be used as
grain protectants as well as for the treatment of structural
surfaces of granaries and are promising alternatives to malathion.
Bromophos is used in some countries to control malathion-resistant
strains of T. castaneum (Dyte and Forstescue, 1967; Dyte and Rowlands,
1968; Champ and Campbell-Brown, 1970). The effectiveness of pirimi-
phos-methyl against both malathion-specific and malathion-non-specific
resistant strains of T. castaneum, and also in areas where T. cast-
aneum has shown cross—tolerance to bromophos have been demonstrated
CPierterse.gE_gi., 1972; Anon., 1974a). TIodofenphos, on the other
hand, has been proved to be more toxic to T. castaneum and C. ferru-
gineus adults than malathion (Blackman, 1969; Girish et al., 1970;

Anon., 1974b; Tauthong and Watters, 1978). Though these organophosphorus



insecticides are relatively_new in the grain industry for protection
of stored products against insect infestation, bivcassay data on
their residual effectiveness on different structural surfaces

are well documentated (Immel and Geisthardt, 1964; Lemon, 1967;
Hansens et al., 1968; Mathis and Schoof, 1968; Nawrot, 1969; Riley
and Cornes, 1969; Tyler et al., 1969; Gradidge et al., 1970; Hope
et al., 1970; Watters, 1970, 1976; Slominski et al., 1971; Slominski
and Gojmerac, 1972; Green, 1973; Tauthong, 1975). Aiso, much data
are available in the literature on the amounts of initial malathion
deposits in grain and cereal products as well as the quantities of
residues remaining at different time intervals after application.
There is, however, very little or no adequate information on the
rates of uptake bf these potential grain protectants by food grains
stored on treated structural surfaces as well as the amounts and
nature of insecticide residues remaining in grains of different
moisture contents, and in cereal products.

As an essentiai prefequisite for regulating the proper use of
agricultural chemicals, determination of residue levels in treated
commodities intended for human or animal consumption is necessary
to assess both the efficacy of pest control measures and adherence
to established tolerances. The persistence of these organophos-
phorus insecticide residues on storage structures and their trans—
location in stored grain and grain products is therefore an important
subject which requifes investigation. The results obtained from such
a study would be of value from the point of view of practical insect
pest control in stored grain, of determining the extent of contamination

of the stored grain, and of safety to consumers.



CHAPTER II

LITERATURE REVIEW

Organophosphorus chemicals comprise an increasingly important
class of insecticides that have gained wide acceptance for protecting
stored pfoducts against insect infestations. Their rapid degrada-
tion under certain environmental conditions poses much less of a
residue hazard than the organochlorine insecticides. Apart from
their chemical nature and type of formulation, the persistence and
biological effectiveness of residual insecticides used for the
protection of stored products are influenced by the type of surfaces
on which they are applied, the moisture content and temperature
of the stored commodity being protected, the rate of penetration
of insecticides within grains and on structural surfaces, and en-

vironmental factors such as temperature and relative humidity.

1. Persistence of malathion, bromophos, and iodofenphos on

structural surfaces

Residual insecticides may be used for spraying walls, floors
and ceilings of warehouses or storage rooms in order to control an
insect infestation or to confer long-term protection on insect-free
commodities against infestation. The surface on which an insecticide
is applied influences the persistence and therefore the toxicity of
the deposit. This phenomenon has been observed for a number of
building materials commonly present in the interior surfaces of
processing plants, granaries, storage bins or warehouses.

Malathion, bromophos, and iodofenphos are considered safe for
use as residual protectants applied on infested stored grain (Rowlands,

1967, 1975) but little use seems to have been made of iodofenphos



in storage practices. However, various research reports have shown
that the practical insecticidal value of these compounds is modified
significantly by the type of surfaces on which they are applied.
Though bromophos is reported to be less effective than malathion

against Tribolium confusum Jacquelin duVal and T. castaneum (Lemon,

1966), Immel and Geisthardt (1964) claimed that it is very stable
under alkaline conditions and has a long residual effectiveness
on lime-washed walls.

Parkin (1966) used bioassay to study the persistence over
eight months of malathion, fenthion, chlorthion, and diazinon on
surfaces of the type commonly found in wafehouses when applied as
water-dispersible powders. He found that malathion had a very poor
stability on cement, whitewash and tile, but it persisted for up
to four months on wood and sacking. Burkholder and Dicke (1966)
also stated that malathion treatments on concrete blocks were effec—
tive for less than one week against larvae of black carpet beetle,

Attagenus megatoma (F.).

In a laboratory experiment, bromophos gave a longer residual
life than either malathion or fenitrothion when applied as a WP on
concrete surfaces (Lemon, 1967). The toxicity of malathion applied
at 0.75 g/m2 on‘concrete was negligible after one week against
T. confusum, whereas bromophos, at the same deposit, produced 96.8
percent mortality after 24 weeks. At 1.5 g/mz, bromophos showed
almost complete control up to 40 weeks after treatment. This lab-
oratory result was confirmed by field experiments showing that
malathion at 1 g/m2 provided complete control of C. ferrugineus on
wood floors but inadequate control on concrete floors, whereas

bromophos was effective on both wood and concrete floors (Anon.,



1974b). Again, observations in a granary treated with bromophos
WP showed a fall in residual effectiveness after 16 weeks against
T. castaneum exposed for 3 hours to treated surfaces while even
after 46 wéeks there was good control of wandering saw-toothed

‘grain beetle, Oryzaephilus surinamensis (L.), and granary weevil,

Sitophilus granarius (L.), which were originating in large numbers

from the under-floor residue of infested barley intentionally

left untreated (Hope et al., 1970). Cogburn (1972), however,
reported that at 1.26 g/mz, malathion was over 90 percent effective
for two weeks and at 2.5 g/m2 it was 95 percent effective for five
weeks against T. confusum on concrete floors in a Gulf of Mexico
port warehouse.

In a test similar to that of Lemon (1967), Erakay and Ozar
(1975) carried out laboratory tests on the effectiveness of malathion
WP and bromophos WP applied at 1 g active insecticide (AI)/m2 on
concrete, plaster and wood surfaces against adults of S. granarius,

Rhyzopertha dominica (F.), and T. confusum. Both insecticides were

equally effective against all the test insects on wood surfaces.
On concrete, malathion remained 100 percent effective against all
species for up to 21 days but bromophos began to lose its effectiveness
against:z. confusum after the 7th day and had lost much of it by the
28th day. Both chemicals were found equally effective on plaster
against S. granarius and R. dominica but bromophos was again less
effective than malathion against T. confusum.

Watters (1976) studied the persistence of malathion (EC) and
bromophos (WP) applied at the rate of 1 g/m2 AT on concrete, metal,

fir plywood, and maple hardwood floor surfaces under granary conditions.

The results of insecticide persistence on the treated surfaces
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assessed by 24-hour exposures of T. castaneum adults showed both
insecticides as being fully effective (100% mortality) on metal
surfaces for 40 weeks. Malathion was again effective on fir plywood
surface for 40 weeks but on maple hardwood floor it provided 100
percent mortality up to four weeks. It lost its residual toxicity
againét the test insects on concrete surfaces at one week after
treatment. Bromophos remained effective on fir plywood for 18
weeks and on the concrete and maple hardwood floor for four weeks.
Its persistence on concrete surfaces and maple hardwood floor was
longer than malathion.

Iodofenphos has shown considerable promise for control of endemic
populations of insects under various situations. In tests in which
laboratory-reared Trogoderma larvae and Tribolium adults were exposed
for 48 hours to concrete blocks sprayed at 0.5 g/m2 in a warehouse
wigh iodofenphos, the treatment remained toxic tp the insects for
about seven weeks,whereas the standard DDT treatment lost its
effectiveness against Tribolium after four weeks and against Trogo-
derma after two weeks (Riley and Cornes, 1969).

Iodofenphos has been used both as an EC and as a WP for ghe

control of 0. surinamensis and other stored-product insects in

granaries (Gradidge et al., 1970). When applied as WP spray at

the rate of 80 mg AI/ft2 (0.86 g AI/mZ) to the internal surfaces
comprising of brick and plaster of an old wooden barn, the insecticidal
deposit remained active for the entire 6—wéek period against a heavy

- endemic population of 0. surinamensis and a smaller number of other

insect species. This surface treatment was also highly effective

against the yellow mealworm, Tenebrio molitor (L.). The application

of iodofenphos EC at 75 mg AI/ft2 (0.81 ¢ AI/mZ) to surfaces that



included brick, concrete, wood, asbestos, and galvanized metal of
a clean modern granary, showed that the residual deposit was again

highly effective against O. surinamensis, and by the 5th week had

almost eliminated the pest population. At this rate of application,
the deposit protected newly harvested, uninfested grain stored in a
granary for the l4-week period of observation.

Girish et al. (1970) studied the efficacy and residual toxicity

of iodofenphos and malathion against adults of S. oryzae, T. cast-

aneum, R. dominica, and larvae of Trogoderma granarium Everts using

doses of 0.25, 0.5, 1.0, and 1.5 g AI/m2 on cement concrete slabs

and jute bags. The studies showed that iodofenphos was comparatively
more persistent on both concrete slabs and jute bags than malathion,
and it exhibited a fairly high contact toxicity to the four species

. at all dosages tested. Malathion, on the other hand, showed slightly
higher toxicity on jute bags than on concrete slabs.

Tauthong (1975) in his laboratory evaluation determined the
persistence of malathion, bromophos, and iodofenphos on fir plywood
surfaces for protection against five species of stored-product
insects. At the rate of 1.0 g/mz, there was complete control of
C. ferrugineus exposed 24 hours on surfaces treated with both insect-
icides 52 weeks after treatment. Bromophos was, however, less effec-
tive against T. castaneum than malathion and iodofenphos. Bromophos
‘and iodofenphos gave 100 percent mortality of C. ferrugineus over
80 weeks but against T. castaneum, malathion and iodofenphos were
the most effective compounds. Bromophos lost its residual toxicity
to T. castaneum after 80 weeks. Iodofenphos was the most persistent
insecticide against all species tested, and although bromophos was

the least effective of the three insecticides, its persistence over

11
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a 52-week period was enhanced when dosage was increased to 2.5 g/m".

Tordanou (1976) also found that iodofenphos applied at the rate
of 1 g toxicant/m2 a week before grain was introduced into a store-
house heavily infested with Trogoderma larvae gave good protection
to the grain.

Malathion, bromophos, and iodofenphos appear to be more stable
on surfaces that are almost neutral. Using filter paper as a sub-
strate malathion, applied at 0.86 g/mz, persisted for 16 months

against S. granarius, T. castaneum, and 0. surinamensis (Parkin and

Scott, 1960). Similarly, high mortalities of T. confusum were
obtained for 16 weeks on filter papers treated with malathion and
bromophos at 0.75 g/m2 (Lemon, 1967). Iodofenphos applied as an

EC to filter papers at doses of 0.0l - 0.15 percent showed effectiveness
against a wide range of stored-grain insects (Nawrot, 1969). Parkin
(1966) reported that malathion applied on wood and sacking at 0.43
g/m2 persisted up to four months; El - Rafie et al. (1975) found

that when applied to whole wheat flour in cotton bags at 684 ppm,

it appeared to Be a promising treatment for protecting the flour

for more than three months against T. castaneum infestation. In a
small scale trial in which bromophos and lindane/malathion were
sprayed at the rate of 3 g AI/m2 either directly on the bags or on

a hessian sheet which covered the stacks, bromophos was more effective

against the tropical warehouse moth, Ephestia cautella Walker, during

a two-month storage period than the standard treatment with lindane/
malathion (Schulten, 1970). 1In a large scale trial where bromophos
was applied to bagged maize at a rate of 0.75 g AI/m2 at monthly
intervals, the control of E. cautella on bromophos treated stacks

was again superior to the lindane/malathion treatment at weekly
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intervals. However, bromophos treatment of bags or hessian sheets
at 0.5 g AI/m2 was less effective in protecting the stored maize
against this insect pest than the routine lindane/malathion treat-
ment (Schulten, 1973). Malathion has also been found to be stable
on glass, masonite and plywood (Anon., 1973).

Parkin and Hewlett (1946) showed that films of pyrethrum or DDT
in Shell 0il P31 deposited on certain common building materials
rapidly lost their toxicity to T. castaneum. They alsoc reported
preliminary tésts which showed that the persistence of toxicity
could be greatly increased by pretreating the surface of such materials
with a suitable substance such as starch paste before application of
the insecticides. This phenomenon of mixing additives to insecti-
cides to prolong thé insecticidal activity had been tried with
some success by several workers. Malathion residues on unpainted
concrete surfaces were effective for less than one week but when
the concrete surfaces were painted with ”Shef—gide" the residues
of both EC and WP formulations were effective against dermestid
larvae for 17-20 weeks longer than when concrete surfaces were not
painted (Burkholder and Dicke, 1966). The silicone waterproofing
material applied to concrete bricks, however, was not completely
effective in extending the effective time of toxicity for the
malathion EC but it did extend the time for the WP formulation to
two weeks. Tyler and Rowlands (1967) used sodium carboxymethyl
cellulose as a stabilizer and found that by incorporating 0.5 per-
cent of this compound in malathion, the effective residual life of
the sprays improved from less than one week for the EC and four
weeks for the WP to 14 weeks. They attributed this improvement in

persistence partly to the absorption of both malathion and hydroxyl
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ions by the cellulose, thus preven;ing their interaction and conse-
quent breakdown of malathion, and also partly to a reduction in
absorption into the porous substrate. Slominski and Gojmerac (1972)
using larvae of black carpet beetle, A. megatoma as the test insect
also noted that pretreating concrete and other alkaline surfaces
with certain materials minimized malathion detoxification. Their
research indicates that malathion, which is unstable on concrete,
remains toxic for a month or two on painted surfaces or those
treated with talc or calcium carbonate.

Recent evidence has shown that concrete surfaces become less
alkaline with age; washing the surfaces and the accumulation of
dust and other debris tend to stabilize the insecticide and prolong
the effectiveness of deposits. Thus, Okwelogu (1968) attributed
the loss of toxicity of malathion on concrete to high pH, and
showed with bicassay tests that the residual toxicity of malathion
on concrete can be enhanced by decreasing the alkaliﬁity of the
concrete through washing with water. Watters (1970) also presents
evidence from bioassay that the accumulation of successive layefs
of grain dust on the concrete floor of a terminal grain elevator
prolonged the residual toxicity of bromophos and malathion for over
10 weeks. The author relates the unexpected prolonged effectiveness
of the insecticides to the low pH (5.9 - 6.2) of the concrete surface
and by cool floor temperature of 10 - 12°C. He also noted that after
33 weeks bromophos treatment on painted areas exhibited more toxicity
than malathion treatment which was, however, superior to bromophos
on unpainted areas.

In tropical and subtropical areas of the world outbreaks of

stored-grain insects occur frequently because of high temperatures
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and the lack of effective means of control. 1In some cases above-
average harvests force farmers and traders to use unsuitable buildings
and containers for temporary storage. A combination of treatment of
building surfaces and the admixture of grain with approved insecticides
have been found as effective methods of controlling insect infestation.
In Cyprus, Iordanou (1976) found that iodofenphos applied as a wall
treatment at the rate of 1 g/m2 supplemented by grain treatment with
malathion dust at 10 ppm considerably reduced existing insect
infestation during storage of the grain. It was also found that
wall treatment with malathion or bromophos was inadequate for stored
grain protection unless supplemented by malathion grain treatment.

The combination of admixture treatment of maize with a bag impreg-
nation technique using pirimiphos-methyl has also been observed to
effectively protect the grain from further insect damage for 12

months (Morallo-Rejesus and Eroles, 1976).

2. Persistence of insecticide residues in grain and grain products

Insecticides are often mixed with the produce to provide
protection for a long period and to kill insect pests which have
already infested the stored produce, Malathion has been the insect-
icide of choice in several countries over the past decade for admix-
ture treatment of stored grain, but Ehe use of bromophos, iodofenphos
or pirimiphos-methyl is becoming more prevalent in certain countries
for the control oﬁvmalathion—resistant strains of stored-product
insects since the mammalian toxicities of these insecticides are
comparable with that of malathion.

Insecticide applied as a dust or spray for post-harvest protection

of stored product against insect infestations is relied on for residual
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effectiveness and, depending upon storage conditions, protection

may last from several months to an entire season. Lindgren et al.
(1954) thus reported from laboratory experiment that malathion applied
at 2 ppm to wheat containing 10.0 percent moisture was effective

against S. granarius, S. oryzae, and R. dominica for two months,

and when applied at 8 and 16 ppm it remained effective for six to
seven months. Malathion applied at 2 ppm to wheat of 13.5 percent
moisture content also provided complete control of C. ferrugineus
for eight months (Watters, 1959).

Bang and Floyd (1962) reported that malathion applied as a
dust or spray at 8 ppm gave excellent control of S. oryzae for five
months in stored polished rice. Four ppm also gave complete pro-
tection from C. pusillus (Schonh) but was less effective against
T. castaneum.

Wheat grains having 13.0 percent moisture content were mixed
with malathion at rates of 8, 16, and 24 ppm, stored at 78°F
(25.6°C) and sampled for chemical analysis immediately after treat-
ment and at four successive monthly inﬁervals (Lal and Beri, 1964).
The initial average residues measured $.36, 13.40 and 21.23 ppm
in the 8, 16 and 24 ppm treatments, respectively, and declined
to 0, 0.45 and 0.78 ppm after four months of storage.

Teotia and Singh (1966) carried out tests in India on the immediate
and residual action of malathion dust at 1 - 5 ppm against S. oryzae
in stored maize and rice grain, and in maize on the cob. The results
of bioassay in which adults of S. oryzae were confined in the grain
for 48 hours in batches of 25 per 100 g, immediately after treatment
and at monthly intervals thereafter, showed that the minimum amounts

of insecticide initially giving total mortality of the weevils were



17
2 and 3 ppm in maize and rice{_respectively. The effectiveness
of malathion was found to decline more rapidly in rice than in
maize but it lost much of its toxicity after one month. 1In a
further experimental study, malathion applied at 4 ppm to freshly
harvested maize ears afforded complete control of S. oryzae to
the end of the experiment.

An evaluation made in small-bin laboratory tests of the pro-
tectant properties of malathion applied at twd rates to insect-
Jinfested sorghum grain showed that malathion was not able to give
adequate protection against insect damage for the whole 12-month
storage period (LaHue, 1967). It was foﬁnd that the residues
degraded rapidly and, as determined by insect infestations in the
bins, became non-toxic in 3 - 6 months, at which times the residue
levels were about 1.5 ppm. The non-toxicity of malathion residues
of less than 1.5 ppm was also indicated in special toxicity tests
with S. oryzae.

In a test of malathion as a possible alternative to the uée of
BHC, a 1 percent malathion dust was incorporated at the rate of
10 ppm into the top six inches of maize in a silo previously fumi-
gated with phosphine (Adesuyi, 1969). Samples of maize grains taken
at intervals after treatment, both for detection of naturally occurring
insect infestations and for exposure to laboratory-reared adults of
S. zeamais and T. castaneum revealed that the residues were effective
for 15 weeks against S. zeamais buﬁ only for one to two weeks against
I. castaneum. It was also observed that infestation from outside

by T. castaneum and Cryptolestes sp., but not S. zeamais, occurred

from the ninth week after malathion treatment.

El-Rafie et al. (1969a) carried out studies to evaluate the
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effectiveness of four insecticides in dusts for controlling
insect pests of stored wheat and maize. The results judged by the
average percentage infestation during storage indicated that the
malathion treatment gave good protection during the 10-month period.
In a similar study, El-Rafie et al. (1969b) found that the rate of
degradation of malathion was faster on maize than on wheat, and in
grains stored in bags than those stored in silos.

In an investigation on the effectiveness of malathion and
lindane as protectants for stored wheat against damage by C. pusillus,
groups of 100 adults of this species were confined in 150 g samples
of grain treated with malathion at 2, 4, 8, 16 and 24 ppm, and 2, 4
and 6 ppm of lindane immediatley after treatment and at monthly
intervals thereafter (Srivasta and Srivasta, 1970). Malathion at
16 - 24 ppm was found to cause complete mortality for three months,
and at 8, 16 and 24 ppm caused 25, 40 and 36 percent mortality,
respectively, after six months. Lindane at 4 - 6 ppm produced
complete mortality up to 10 months and 94 - 98 percent after 12
months.

In labeoratory tests the effectiveness of malathion dust applied
at 3 and 5 ppm to wheat was evaluated against dust of phoxim and
phenthoate at 5 and 10 ppm for the protection of stored grain against

damage by S. granarius, S. oryzae, T. castaneum and T. confusum

(Quintanilla et al., 1970). Observation from the bioassay results
indicated that malathion at 5 ppm afforded good control of Sitophilus
spp. for about 10 months and of Tribolium spp. for about three months.
McGaughey (1971) tested residual effectiveness of aqueous
dilutions of malathion as a 57% EC at 11, 17 and 20 ppm in protecting

milling fractions of three varieties of rough rice for up to 12 months



against infestation by T. confusum, R. dominica, and S. oryzae in
a warehouse by means of bin and jar tests under the commercial storage
conditions found along the Gulf coast in Texas. Generally, it was
found that malathion at the three concentrations gave protection for
6 — 12 months, the protection lasting slightly longer in the bin
tests than in the jar tests. Malathion residues of 8, 4 and 2 ppm
were required to kill the three pests, respectively. The author
also noticed from residual analysis that after applications to
give 20 ppm, residues on rough rice were initially 20 ppm but de-
creased to below 8 ppm after three months, and those on hulls were
initially 80 ppm but decreased to below 8 ppm after 11 months. The
residues on bran, initially at 20 ppm, increased for three months,
reaching peak of 30 ppm, and then decreased to below 8 ppm after
10 months; malathion residues on milled rice, initially at 0.2 ppm,
increased to a peak of 0.32 ppm after three months and then decreased
to 0.1 ppm after nine months. The retention af malathion residues
on the three varieties of rice tested was found to be dependent
on the relative surface area and thickness of the covering hull.
Udeaan and Bindra (1971) also studied the malathion residues in
different fractions of cereals and their finished derivatives by
treating paddy, wheat, maize, and pearl-millet grains with 50%
premium grade malathion EC at 20, 30 and 50 ppm. They found that
in the case of wheat and maize treated at the above dosages, a major
portion of residues remained in the bram, while the flour contained
residues below 8 ppm.

On wheat of 12.0 percent moisture content, in storage, malathion
had an average residual half-life of 5.6 months (Gunther et al., 1958).

Schesser et al. (1958) also found half-life of malathion applied to
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wheat at a rate of 2.5 - 7.5 ppm as 5.5 months whilst Gunther and
Jeppson (1960) calculated half-life of malathion residues in stored
wheat from the inyestigation of several workers as 150 to 190 days.

Lemon (1967) carried out studies on the persistence of dust
formulations of malathion, fenitrothion and bromophos on wheat at
12.0 percent moisture contént using 5. granarius as the test insects.
Bromophos was found to be the least effective of the three compounds
over a period of eight weeks at all dosages tested.

Joubert and De Beer (1968) in their comparative studies on
persistence of two dosage levels of bromophos with pyrethruﬁ and

malathion on maize, reported that bromophos at 5 and 10 ppm AT

afforded excellent control against S. oryzae, T. castaneum, O. surin-

amensis, and E. cautella over a storage period of 50 weeks under
the subtropical conditions of South Africa. R. dominica was, however,
not completely controlled by the 5 ppm rate. The authors also found
bromophos treatments survived a 50-week bulk storage period without
an appreciable infestation or increase in the percentage of internal
damage.

Green et al. (1970) in assessing bromophos for the protection
of wheat and barley, applied bromophos in water-based emulsion at
8, 16 and 24 ppm to clean bagged wheat and barley of 14,0 and 13.0
percent moisture content, respectively, which were exposed to heavy

infestations of 0. surinamensis and S. granarius, and at 9 or 20 ppm

to infested wheat containing 15.0 percent moisture stored in bulk

on a farm. Biological and chemical assays showed that bromophos
residues broke down more quickly on infested bagged wheat and barley
stored at 25°C than on cooled wheat stored during the winter on the

farm. The bioassay on samples from bagged grains showed that the



bromophos residues were effective against the test insects at lower

concentrations on barley than on wheat. There was, however, a sharp
decline in biological effectiveness after 16 weeks in 8 ppm treatment
and after 24 weeks in the 16 ppm treatment, The 24 ppm treatment was

fully effective against 0. surinamensis for 36 weeks and against

S. granarius for 24 weeks. The farm grain treated at 9 ppm remained

effective against 0. surinamensis for up to 12 months,

Large-scale laboratory studies on wheat treated with bromophos
at 8 or 12 ppm and stored at temperatures usual in grain kept in
bulk storage over a period of a year in temperate regions showed a
degradation rate of 40 to 50 percent after 12 months (Eichler and
Knoll, 1974). The metabolism studies which were limited to the
analysig of bromoxon (the oxygen analogue) and 2,5-dichloro-4-
bromophenol in wheat revealed that the second compound was the
only one that could be detected, and was found at rates below 1.0
ppm. On examination of milled products, it was established that
bromophos penetrates into the inner layers of the grains, causing
higher residues in the coarse bran and semolina bran. The flour
was only slightly contaminated.

Adesuyi and Adeyemi (1973) compared the residual effectiveness of
malathion, bromophos, and iodofenphos for the control of insect
infestations on maize stored in cribs with a view to finding a
substitute for BHC dust which is mostly used. Malathion, bromophos,
-and iodofenphos applied at 30, 20 and 20 ppm, respectively, to
stored maize were used. Monthly samples from each treatment analyzed
for percentage insect damage showed that malathion and iodofenphos
were effective for nine months and bromophos for seven months. None

of the insecticides was found to give complete control but each was

21
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more effective than BHC at 10 ppm when compared with the results of
past trials.
Iodofenphos at 10 ppm was found to give complete protection of

bagged wheat and barley for about 20 weeks against O, surinamensis

and S. granarius (Kane et al.,, 1973).

LaHue (1975) also estimated the relative effectiveness of iodo-
fenphos applied to hard winter wheat, shelled corn, and sorghum
grain, containing 12.5 percent moisture, at rates of 5, 10 and
20 ppm AI égainst the standard malathion treatment at a dose of
10 ppm AL for protection against S. oryzae, an internal feeding
insect. TIodofenphos applied at a rate of 10 ppm gave excellent

protection to corn for 12 months even though an F. progeny did

I
emerge. Sorghum Qas better protected also by the 10 ppm iodofenphos
than by the 10 ppm standard malathion, but the residual effectiveness
decreased gradually during the 12-month storage. Wheat was not

well protected by the 10 ppm treatment of both insecticides but
iodofenphos at 20 ppm protected it for 12 months.

Krishnaiah et al. (1976) in their studies on relative efficacy
of fenitrothion, malathion, gardona, and iodofenphos observed the
latter éompound was least effective and slow in killing the insects.
It was further observed that 2 ppm of malathion was quite effective
to protect grains for quite a long period as against 5 ppm of iodo-
fenphos.

Chawla and Bindra (1971) evaluated the suitability of several
organophosphorus insecticides as grain protectants against three
major insect pests of stored wheat. The results of the six months
of analysis revealed that pirimiphos-methyl was the most persistent

compound. The residues of bromophos and iodofenphos were, however,
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observed to dissipate at a faster rate like those of malathion.
Field trials conducted in the United Kingdom showed that

pirimiphos-methyl at 4 ppm gave good control of 0. surinamensis,

S. granarius and T. castaneum in wheat stored in small sacks in
a building in which severe infestation pressure was artificially
sustained over the six months duration of the experiment (Anon.,
1974a). 1In laboratory tests in Australia, pirimiphos-methyl at 5
ppm AI gave complete control of S. granarius and T. confusum in
wheat for five months and was superior to the 103% malathion EC
normally used by bulk handlers. Similar laboratory tests showing
greater efficacy of pirimiphos-methyl than the conventional insecti-
cides approved for use against stored-product insect infestations
have been demonstrated in Argentina, Cyprus, Guyana, Malaysia,
Indonesia and the United States. - Mixture of pirimiphos-methyl
with rice at 4 ppm controlled any pests already present and protected
the grain stored in sacks from other insects for uﬁ to six months
(Seth, 1974).

Cogburn (1976) compared the control of stored-product iﬁsects
with pirimiphos-~methyl applied at 5, 10 or 15 ppm directly to
rough rice with the control obtained with 14 ppm malathion when the
treated rice was stored in fibreboard drums and subjected to constant,
heavy infestation pressure for 12 months. Pirimiphos-methyl at
10 and 15 ppm protected the rice from infestation by T. castaneum,

S. oryzae, R. dominica and S. cerealella for 12 months but malathion

was ineffective in protecting the grain from a malathion~-resistant
strain of S. cerealella.
Redlinger (1976) reported that residues of pirimiphos-methyl

degraded at a rate approximately 33 percent less than malathion
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during a 12-month period when the effectiveness of pirimiphos-
methyl applied to unshelled groundnuts was assessed against the
standard malathion treatment for the control of 10 species of
stored-product insects.

LaHue (1977a) evaluated the relative effectiveness of pirimi-
phos-methyl residues applied to hard winter wheat as a water emulsion
at gradient doses from 1 to 10 ppm AI to determine the minimum
effective dosage required to kill the adults of<i‘ castaneum,

T. confusum, S. oryzae and R. dominica. Doses of 3 ppm or greater

caused complete mortality of S. oryzae while 4 ppm or more gave
excellent control of T. castaneum for 12 months. Residues of 6
ppm caused 97.0 percent mortality of R. dominica for six months
but 8 ppm or ‘more were required to give 90.0 percent or greater
control at 12 months after treatment; for T. confusum doses of 8
ppm or more were required to give an effective control for 12
months. LaHue and Dicke (1977) and LaHue (1977b) again reported
that after 12 ménths' storage about 50 and 83 percent of pirimiphos-
methyl residues remained on sorghum grain and wheat, respectively,
when applied to the grains at the rates of 8.4 and 7.8 ppm AI.
Various workers have observed that the efficacy and persistence
of insecticides used for admixture treatment of stored grain to
protect it against insect infestation areclosely related to the
distribution of insecticide amongst the grain (Tyler et al., 1969;
Green, 1969; Green et al., 1970; Rowlands, 1971). The biological
and chemical assays of single grains from practical trials with

bromophos indicated that complete control of 0. surinamensis was

achieved when only four percent of the grain carried an effective

dose (Green et al., 1970); Minett and Williams (1971, 1976) in their



25
laboratory and field trials also indicated that treatment of a small
proportion of wheat bulk with a high concentration of malathion
was a more effective method of treatment for control of - stored-
grain insects than the conventional method of treating all grains
uniformly with the same overall level.of insecticide. 1In a laboratory
experiment, the authors showed from results of biocassay that treating
1 or 2 percent of grains in a bulk with malathion gave protection
against §. oryzae and T. confusum, when an overall level of insect-
icide of about 10 ppm was applied to the grain. In a large-scale
field trial, they again showed that grain pretreated with malathion
at 750 - 800 ppm and added to untreated grain to obtain overall
one percent of pretreated grain in the bulk remained effective against
T. castaneum and S. oryzae throughout the 10-month storage period
of grain in silos. The conventional method of treatment failed
to prevent infestation by S. oryzae after six months of storage.

Quinlan (1972) attempted to apply malathion uniformly as a
thermally generated aerosol to insect-infested corn in storage
and found that the uniform treatment of malathion to all grains was
less effective than treatment of a small proportion of grain bulk

with a high concentration of malathion.

3. Uptake and/or translocation of malathion, bromophos and iodofen-

phos into stored products

The main reason for using residual contact insecticides
for spraying storage premises is to control existing insect
infestations and to protect the stored produce from damage by insects.

Beri and Lal (1965) studied the extent of uptake of malathion by

stored grains from surface dusting of -the bags with malathion at



the rate of 1.68 g/ft2 (18.08 g/mz) and stored under room conditions.
It was found that 1.65 ppm of malathion residues translocated into
the peripheral layer of the stored grain after 15 days but the
residue was only 0.88 ppm one month after dusting.

Cereals in contact with surfaces treated with lindane and methoxy-
chlor vary in the rates of insecticide uptake according to the type
of cereal, type and formulation of insecticide applied and the
type of surface (Watters and Grussendorf, 1969). Their study
over a 24-week period showed that the uptake of lindane
iﬁto cereals stored on concrete, wood and metal surfaces was
higher than that of methoxychlor. The'uptake of lindane by barley
was higher than by wheat or oats and also lindane applied to
surfaces as dispersible powders tended to move rapidly and in
greater amounts into cereals than from lindane applied as o0il solu-
tion. More methoxychlor was also recovered from barley and oats
than wheat. There was a similardity in the rates of uptake of lindane
by wheat stored on wood and metal, whereas greater amounts of methoxy-
chlor were taken up by wheat stored on metal surfaces than on wood
and concrete.

In a similar study, Watters (1976) examined the rate of uptake
into wheat of malathion EC and bromophos WP applied atr 1.0 g/m2 to
hardwood floor surfaces in a farm granary. The rates of uptake of
insecticide residues were determined by analysis of core wheat
samples 8-cm deep and weighing 125 g. The results of the study
over a period of 40 weeks indicate an increase in the uptake of
bromophos from 0.28 ppm after 18-week storage to 0.47 ppm after
40 weeks but malathion showed no increased uptake after the 4th

week. The author also noticed that the greatest amounts of insecticide
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residues were recovered in the bottom 8-cm layer of wheat in contact

with the treated surface. There was however, negligible uptake of

bromophos or malathion by wheat beyond the 8-cm layer of grain.

4. Factors affecting persistence of residues in stored products

and ‘on surfaces

The persistence and toxicity of insecticide residues in stored
products and of the deposits on structural surfaces are governed
by many factors such as storage temperature, moisture, nature of
the surface, type of formulation,and method and rate of application.

Higher moisture and storage temperatures generally result in
more rapid breakdown of grain protectants, particularly organo-
phosphorus compounds, largely by stimulation of enzyme activity
(Rowlands, 1967) in which the major mode of degradation is hydrolysis
(Orth and Minett, 1975). Watters (1959) found that malathion in
wheat lost its insecticidal properties more quickly when the grain
moisture content exceeded 13.5 percent. Malathion applied to wheat
of 13.5 percent moisture content at 2 ppm, was as effective as
malathion applied at 16 ppm to wheat of 15.5 percent moisture content
against C. ferrugineus; malathion was ineffective when applied at
16 ppm to wheat at 18.0 percent moisture content. This is thought
to be due to the more rapid decomposition of malathion under conditions
of higher moisture content (Malathion Panel, 1960).

Strong and Sbur (1960) working on the effect of moisture content,
storage temperature and the interrelation of moisture and dosage
on the effectiveness of malathion in protecting stored wheat against

S. granarius, S. oryzae and T. confusum observed that the residual

effectiveness of malathion was much reduced by high grain moisture
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and storage temperature. They reported that the residual effective-
ness of malathion applied to wheat at 10 ppm was higher at 10°C
than at 50°C, and it would remain effective against insect infesta-
tions for at leést 12 months when storage temperature was not higher
than 15.6°C and moisture content of wheat did not exceed 14.0 percent
at this initial dosage. Koivistoinen (1961) also noted that the
temperature of storage had a marked effect on malathion disappear-
ance, with greater losses occurring at about 20°C than at about
4.0°C when apples and beans were treated with malathion after harvest.
Godavari Bai (1964) in his studies on the persistence of malathion
residues on treated food grains under different conditions of storage
and processing found that both high temperature and relative humidity
result in loss of malathion on the grains and milled materials during
storage. The results also revealed that moisture content of the
imaterials play a major role in the decomposition of malathion.

Tests carried out in France on the effect of.grain humidity on the
control of §. granarius afforded by sprays of malathion applied at
0.80 g toxicant per quintal to wheat stored with moisture contents
of 13.5, 14.0, 15.6 or 17.1 percent, revealed that the rapidity
with which malathion spray lost its effectiveness during a 13-week
period was in direct relation to the moisture content of the grain,
and that artificial drying of damp grain improved the persistence
of the chemical (Coulon, 1966).

Using data from chemical assay, Minett et al. (1968) demonstrated
temperature and moisture dependence of malathion breakdown on wheat.
They showed from residue analysis the critical moisture content for
malathion breakdown on wheat of about 11.5 ~ 12.0 percent, above

which the loss of malathion increased more rapidly with increasing
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moisture content. At increasing storage temperatureadeg%adation of
malathion was found to increase, particularly at high moisture
levels. Storage of treated wheat at low temperature and low moisture
levels, on the other hand, resulted in conservation of the malathion
applied as grain protect;nt and consequently insect damage was
limited. Orth and Minett (1975) also observed that when increased
storage temperature and moisture were simultaneously involved their
effects on malathion breakdown were additive.

Champ et al. (1969) in their comparative studies of four organo-
phosphorus insecticides for control of S. oryzae and R. ddminica in
wheat reported that an increase of temperature from 25 to 30°C effected
a 1.5 potency increase for malathion at grain moisture contents from
11 to 13 percent. Biological assessment of the residual activity
of malathion using §. oryzae showed malathion residues dropping to
lowest levels with a marked and uniform rate of depletion of the
toxicant with increase in time, temperature and moisture content.
Higher storage temperature and increased moisture content causing
a rapid breakdown of malathion residues in grain sorghum has also
been reported by Kadoum and LaHue (1969).

Bromophos, although less frequently used than malathion as an
admixture for protection of stored grain, is‘relatively stable on
damp grain (Rowlands, 1967). At 16.5 percent moisture content,
the residual life of bromophos is longer than that of ﬁalathion
and fenitrothion. Green et al. (1970)also assessed the influence
of moisture content of the grain on persistence of bromophos and
malathion by comparing their effectiveness when applied at 10 and

20 ppm to warm moist grain in the laboratory against 0. surinamensis.

Applied to wheat of 18.5 percent moisture content and stored at 30°C,
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bromophos lost effectiveness after six weeks to the same extent as
malathion after two weeks. The high dosage rate did not give longer
protection with either compound. Eichler and Knoll (1974), in studying
the degradation of bromophos in stored wheat, observed that the type
of formulation and the degree of moisture content of the stored
grain have no significant influence on the degradation of the compound
when the treated wheat was stored at an average temperature of 15.0°C.
However, by increasing the storage temperature to 26.0°C, the rate of
decomposition is significantly increased.

In laboratory studies, Wilkin et al:. (1973) compared the periods
of effectiveness of malathion and iodofenphos at 10 ppm on English
wheat, with initial moisture contents of 14, 16 or 18 percent, and
stored at 17.5°, 30° or 35°C. The results of the experiment over
a 20-week period showed that iodofenphos applied to the wheat has

a longer effective life than malathion against 0. surinamensis even

on warm moist grain. In comparison with malathion, residual effective-
ness of iodofenphos on wheat of 16 and 18 percent moisture content
stored at 30°C was 9 and 7 weeks respectively, as against 4 and 2

weeks for malathion under the same conditions. The authors explained
that the longer persistence of iodofenphos is associated with much
slower rate of breakdown of the compound.

Analytical studies have shown that residues of pirimiphos-methyl
on wheat grains are degraded and detoxified by hydrolysis of the
phosphorus ester side chain (Anon., 1974a)., It was observed from
such studies that at a given temperature, the rate of breakdown of
the insecticide depended on the moisture content of the grains.

When the moisture content was 14.0 percent or less, only 20 percent

of the chemical was hydrolyzed in eight months, while at 18.0 percent



moisture the extent of degradation was 70 - 80 percent.

When treated grain was stored at 95% relative humidity for two
weeks, resulting in a moisture content 16 - 20 percent in the grain,
malathion was unstable and consequently ineffective against S.

granarius, S. zeamais and S. cerealella even at 20 ppm, whilst under

the same storage conditions pirimiphos-methyl showed effectiveness
against these species after two weeks with its activity beginning
‘to decline after four weeks (Anon., 1974a). In treated grain stored
at a relative humidity of 55% or more, pirimiphos-methyl was again
found to be effective against Sitophilus spp., S. cerealella and

Plodia interpunctella over 8~week storage period. Malathion at 20

ppm failed to control the Sitophilus spp. in grain stored for eight
weeks at the same relative humidity.

The rate at which insecticides penetrate into stored grain can
affect the ultimate persistence of their residues. The moisture
content of thevgfain is one of the factors discussed by
Rowlands (1967) affecting penetration of insecticide into stored
grain. He observed that malathion tends to enter more rapidly
into stored grain with moisture content exceeding 14.0 percent,
whereas bromophos is taken up faster below this level.

Temperature has a significant effect on the usefulness of many
insecticides against most species of stored-product insects. The
influence of temperature on insecticide toxicity was determined on
impregnated filter papers by Iordanou and Watters (1969). At
temperature levels of 26.7°, 15.5° and 10.0°C five species of
common stored-product beetlés were exposed to deposits of DDT,
methoxychlor, lindane, malathion and bromophos for 24 hours, assessing

mortality 72 hours after the insects had been returned to flour and
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kept at the same temperature. Malathion and bromophos showed
positive temperature coefficients against all the species. Malathion
was the most effective insecticide at all the three temperatures
used. Bromophos exhibited minimum activity at 10.0°C; activity
increased at 15.5°C level and reached the maximum at the higher
temperature. The toxicity-temperature gradient of the insecticide
parallelled the biological activities of the insects. At low tem—
peratures, the toxicity of bromophos on Tribolium spp. decreased more
than on C. ferrugineus and 0. mercator.

Okwelogu (1968) attributed the loss of toxicity of malathion
on concrete to high pH. To assess further the extent of alkalinity
on the effectiveness of insecticide deposits, the rate of breakdown
of malathion and bromophos on concrete surfaces that had various
pH levels was determined by bioassay with C. ferrugineus and
T. castaneum exposed for 24-hour periods (Anon., 1975). When applied
to concrete with a pH 7.0 or 8.5, effectiveness of bromophos WP
persisted for 32 days against C. ferrugineus but only for four
days against T. castaneum. Bromophos EC was less effective than
the WP formulation and persisted for only four days against
C. ferrugineus. Application of malathion EC at 2.5 g/m2 was
superior to application rate of 1.0 g/m2 but the effects lasted

for only two days at pH 8.5 and one day at pH 10.0 when tested

against C. ferrugineus.
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CHAPTER ITIT

MATERIALS AND METHODS

The investigation on the persistence and translocation of
malathion, bromophos, iodofenphos and pirimiphos-methyl on struc-
tural surfaces and in stored grain was undertaken at the Canada
Agriculture. Research Station, Winnipeg, and at the Pesticide
Research Laboratory of the Department of Soil Science, University

of Manitoba, Winnipeg.

MATERIALS

(1) Test insects: The test insects used for the biological assay

of the study were adults of susceptible rusty grain beetle, Cryptolestes

ferrugineus (Stephens) (Coleoptera; Cucujidae) and susceptible and

malathion-resistant strains of red flour beetle, Tribolium castaneum

(Herbst) (Coleoptera: Tenebrionidae) (Figs. 1 and 2).

Source and culturing of insects: The test insects were obtained

from standard laboratory cultures of the Cereal Crop Protection
Section of the Canada Agriculture Research Station, Winnipeg.
These stock cﬁltures ﬂave been maintained at the Research Station
for more than three years and as far as is known, none of the sus-
ceptible strains of insects had any history of exposure to insecti-
cides. The malathion-resistant strain was established from_i.
castaneum collected from an empty bulk carrier cargo ship during an
inspection at the port of Vancouver, B.C. on November 19, 1975.
The resistance and susceptibility of the test insects were confirmed
by discrimination dose tests according to the FAO (1970) methods.
The insect cultures were raised in temperature controlled cabinets
maintained at 27.53°C and in which the relative humidity of 63 - 75%

was maintained by introducing an open try filled with water.
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For C. ferrugineus, the breeding medium consisted of wheat
grains (16.0% moisture content) fortified with 5 percent wheat germ.
For breeding, 300 adult beetles (no sexing) were introduced into
the breeding medium contained in 2.6 liter (128 fl. oz.) jars
and sealed with Whatman No. 3 filter paper (9.cm diameter) and
paraffin wax to prevent cross infestation from mites and other
insects. The beetles were removed by sifting after 7 days from the
culture medium and the culture allowed to stand until adults of
new progeny emerged. Successive cultures were raised from the new
stock and these were used as the test insectsn

T. castaneum was cultured in whole wheat flour under the same
conditions used for the rusty grain beetle. Cultures of 200 beetles
(no sexing) per culture medium were set up and after 7 days of
egg laying the.Beétles were sifted from the medium and the culture
allowea to stand until new adult beetles had emerged. Similar new
cultures were raised from the new stock for the study.

A summary of the culturing media, temperature and adult age at
test for the two test species is given in Table 1.

Groups of 500 adults of each test insect were maintained in
culture media until they were about 3 - 5 weeks old at which age
they were used for the study. As far as possible this age was kept

constant throughout the experimental period.
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TABLE 2. Details of insecticides used,

Compound Alternative Chemical Type of Source of
name (s) designation formulation availability
Bromophos Brofene 0-(4~bromo~ (a) 407 w/v Green Cross
Cela S~1942 2,5~dichloro- emulsifiable Insecticides,
Nexion phenyl) 0,0- concentrate  Winnipeg
dimethyl (E.C.)
phosphoro- (®) 25% w/w
thiocate wettable

powder (W.P.)

Iodofenphos Alfacron 0-(2,5~ 20% w/v E.C. Ciba-Geigy of
C-9491 dichloro- Canada Ltd.,
Nuvanol N 4-iodophenyl) Montreal
USDA ENT 0,0~dimethyl
27408 phosphoro-
thioate
Malathion Chemathion 0,0~dimethyl (a) 83.6% w/v Cyanamid of
Cythion S-1,2 E.C. Canada Ltd.,
di (ethoxy- (b) 25% w/v  Montreal
carbonyl) © W.P.
ethyl
phosphoro~
dithioate
Pirimiphos~ Actellic 7E 0-f[2-(diethyl- 844 w/v ICI United States
methyl PP 511 amino)=6-methyl- E.C. Inc.,
‘ 4-pyrimidinyl] Goldsboro,
0,0-dimethyl North Carolina

phosphorothioate
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(2) - Test insecticides: The insecticides given in Table 2 Wwere

evaluated for their persistence and translocation on structural
surfaces and in stored grain.

The formulations were diluted with distilled water to provide
the required initial deposit (g active ingredient) of the insecticide
per square meter when applied to test surfaces at the rate of O.dS

2 . . . .
litre/m” or when applied directly to the grain as an admixture treatment.

- Some chemical and tOXiC0108icalfproperties of the insecticides

Bromophos
Chemical name: 0-(4-bromo-2,5-dichlorophenyl) 0,0-dimethyl phosphoro~-
thioate.

Structural formula: CL
CH:0_. S
N
/p——o Br
CHz0
cl

Solubility: Soluble in most organic solvents; in water 40 ppm at
room temperature.

Acute toxicity: Acute oral LD rats = 3750 - 7700 mg/kg body weight;

50
Acute dermal LD, rabbit = 2181 mg/kg body weight;

50
Relatively harmless to fish and aquatic life;
Bees have some tolerance.

Chronic toxicity: No clinical symptoms (except cholinesterase
inhibition) up to 350 mg/kg/day on rats, and up
to 87.5 mg/kg/day on dogs.

Tolerance in cereals: 10 ppm (Rowlands, 1975; FAO/WHO, ,1976a).

Formulations: EC - 25, 35 and 40Z A.I. Dusts - 2.37 A.I.

WP - 25%Z A.I. Granules - 5% A.TI.



Todofenphos:
Chemical name: Qf(Z,5—dichloro—4—iodophenyl) 0,0-dimethyl

phosphorothioate.

cl
CHz0 |
>p~ 0 I
CHs0 j
CL

Solubility: Soluble in methylene chloride, benzene and acetone;

Structural formula: S
il

slightly soluble in hexane and isopropanol; its solu-—
bility in water is less than 2 ppm.
Stability: Relatively stable in neutral or weakly acidic or alkaline
media; unstable to strong acids or alkalies.
Acute toxicity: Acute oral LDSO rats = 2100 mg/kg body weight;
Acute dermal LDSO rats = 2000 mg/kg body weight;
Low toxicity to birds but toxic to bees.
Chronic toxicity: To hens, applications of 2000 mg/kg twice at
intervals of 3 weeks caused no neurotic symptoms.
Tolerance in cereals: 10 ppm (Rowlands, 1975).
Formulations: EC - 20% A.I.
WP - 5, 50% A.I.
Dusts - 5% A.I.

Others - 20% A.I. dip concentrate, 1% A.I, kerosine

spray.

Malathion
Chemical name: 0,0-dimethyl~S-1,2 di(ethoxycarbonyl) ethyl

phosphorodithioate.
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ructura ormula; O
semectural formlss 0. i
SP—8—CH—C— OCzHs
. CH:0
0
CH2—C—0Cz2Hs

Solubility: Miscible with most organic solvents and highly aromatic
commercial oils; of limited solubility in petroleum
6ils; solubility in water 145 ppm at 25°C.

Stability: Highly unstable in aqueous solution at pH above 7.0.

Acute toxicity: Acute oral LD50 rats = 2800 mg/kg body weight;

Acute ofal LDSo chickens = 200 - 400 mg/kg body weight;
Acute dermal LDSO rats = >‘4400 mg/kg body weight.

Chronic toxicity: ©No cholinesterase inhibition up to 100 ppm in

diets of rats.

Tolerance in cereals: 8 ppm

Formulation: EC - 50, 83.6 and 95% A.I.

| WP - 25, 50% A.I.
Dusts - 4, 5% A.I.
Aerosols - 957 A.I.

Many additional formulations.,

Pirimiphos-methyl

Chemical name: .0-[25(diethylamina)-6-methyl-4-pyrimidiny1]0,0-
j.dimethylﬁphosphorothioate

Structural formula:



Solubility: Miscible with most organic solvents; solubility in
water approximately 5 ppm at 30°C.

Stability: Hydrolysed by strong acid or base.

Acute toxicity: Acute oral LD_, rats = 2050 mg/kg body weight;

50
Acute dermal LD_,  rats = 2000 mg/kg body weight.

50
Chronic toxicity: Symptoms of poisoning arevtypical of cholinesterase
inhibition,
No toxic effects observed when fed to hens up to
4 ppm in the diet, and pigeons up to 5 ppm in the
diet for 28 days.
Tolerance in cereals: 4 ppm (Anon., 1974a; Rowlands, 1975).
Formulations: EC - 25, 50 and 84% A.I.

Dusts - 2% A.I.

Others - smoke generator, diluent-free formulations.

(3) Experimental surfaces

(1) Wood panels: Fir plywood sheets, original 2.44m x 1.42m
x 0.6cm (8' x 4" x %"), good one side, were obtained from a local
source. The sheets were cut into square panels which measured 12.2
x 12.2 x 0.6 cm providing a top surface area of l48.84cm2.

(ii) Concrete slabs: Concrete slabs of approximately similar

dimensions were cast in plastic moulds from a 3:1 mixture of coarse
sand and Normal Portland cement. The initial pH of concrete slabs
after preparation was 11.2 to 11.3 and this PH was lowered to the
average pH 8.26 (range pH 8.20 to 8.30) at test to simulate aged
concrete in granaries. The pH 8.26 was attained by soaking the
slabs in 2 percent glacial acetic acid solution for 20 hours

followed by washing under running tap water for 18 hours, and leaving



to dry overnight. Batches of two concrete slabs were soaked 1in

1.4 litre of distilled water for two hours and the pH of the res-
ultant solution determined with Corning Model 610A Expand Portable
pH meter. Whenever the pH of the concretes was found below 8, -
these were further washed under running tap water and the pH again
determined by the same procedure. Concrete slabs which were above
PH 8.5 were soaked further in 0.5 percent glacial acetic acid solu-
tion for 18 hours, washéd under running tap water and the pH deter-

mined as outlined above.

(4) Test cereal grain: The cereal grains used for the study were

samples of hard red spring wheat, Neepawa variety, barley of Fergus
variety and hybrid corn of W9 x ND203 variety. The moisture content
of each test grain variety was tempered either by aeration or by
addition ofbcalculated volume of distilled water and tumbled on a
Norton rotary mixer for one hour and then left for three days to
equilibrate to the desired moisture content for tests. The moisture
content was determined at room temperature with Moisture Master 101 A

(CAE Industries Ltd., Canada) with a precision of + 0.05%.

(5) Copper and glass rings of dimensions 5 x 2.5cm and § x 4em,
respectively, with oﬁen ends were used to confine the grains and

test insects on the treated surfaces.

(6) Apparatus, solvents and reagents for residue analysis:

(1) Extraction apparatus: 50ml round-bottom stainless steel

centrifuge tubes (International Equipment Co. No. 613), stainless
steel caps fitted with Teflon-0-ring gaskets, stainless steel balls

of approximately 1.75cm diameter (Fig. 3).
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(i1) Reciprocating shaker capable of delivering a stroke of
at least 7cm at 350 cycles/min (Fig. 4).

(1iii) Rotary grinder - GS Iona high speed coffee grinder, Model
CG8 (Gemeral Signal Appliances Ltd., Canada).

(iv) Erlenmeyer flasks - Graduated 250ml, with 24/40 ground
joint.

(v) Vacuum flasks - 250ml (Hysl Reg., England).

(vi) Filter funnels - 7cm short stem, @Oml capacity, medium
porosity fritted disk (ASTM, 10-15M).

(vii) Repipets - 1, 5, 10, 20 and 30ml, with reservoirs.

(viii) Evaporator - Rotavapor-R (Rinco Instrument Co., Inc.
Greenville, I11.).

(ix) Dispopipets (Fisher Scientific Co., Pittsburgh, Pa.).

(x) Gas chromatographic equipment and operating conditions:
Tracor Micro-Tek 220 gas chromatograph equipped with Melpar flame
photometric detector (Tracor, Inc., Austin, Texas) operated with
interference filter for spectral isolation of phosphorus emission
at 526nm was used.

Operating conditions - 60cm x 4mm o.d. silanized Pyrex glass column
packed with 3% OV-17 on Chromosorb W HP, 80/100 mesh (Chromatographic
Specialities, Brockville, Ont., Canada), The column was conditioned
overnight at 245°C before use.

Temperature: Column temperature (isothermal) 200°C, detector temper-
ature 210°C, inlet temperature 220°C.

Gas flow rates (ml/min); Nitrogen (carrier gas) 60, oxygen 20, air

100, hydrogen 160.



FIGURE ‘3. - Assembly of the ball-milling extraction apparatus.
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FIGURE 4. - The reciprocating (wrist—action) shaker.
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Chart speed - 3mm/min.
A 10.2cm long removable glass sleeve liner containing about 2.5cm
silane-treated glass wool (Applied Science Laboratories Inc., State
College,Penna.) was inserted in the injection port of the column.
This glass sleeve liner was changed periodically, usually after
12 - 30 injections of the sample extract. Before reuse, it was
thoroughly rinsed with acetone followed by hexane and dried under
a stream of nitrogen.
(x1i) Soxhlet extraction apparatus (Fisher Scientific Co.).
(zxii) Solvents and reagents: acetone, chloroform, ethyl ether,
hexane, isopropanol, methanol (pesticide quality and distilled in
glass; Caledon Laboratories Ltd., Georgetown, Ont., Canada).
(xiii) Test insecticide standards were analytical grade samples

kindly supplied by the manufacturers.
METHODS

Application of insecticides to test surfaces

The test insecticides were prepared as water-base emulsions Jjust
before use at various dosage leveis. A Péasche Type H airbrush sprayer
fitted with a No. 5 nozzle (Paasche Airbrush Co., Chicago, I11l.;

Toronto, Ont., Canada), operating at a constant pressure of 0.70

kg/cm2 (10 lb/inz) was used to apply each dosage level of the prepared
insectic¢ide dilution on one surface of plywood panel and concrete

slab under a fume hood at room conditions. The sprayer is a continuous
action mist sprayer which releases the spray by continuous action on
compression. The prepared insecticide solutions were applied to the
test surfaces at the rate of 0.05 litre/mz. At this rate of applicationm,

2
the initial insecticide deposit was 1lg AI/m".



Scattering of spray droplets at the periphery of the target
surface accounts for the losses of the actual amount of insecticide
deposit intended for a target surface. Losses due to scattering
of droplets at the periphery of the target during application of
Various types of insecticide formulations have been estimated by
Parkin (1966), Lemon (1967), and Watters and Grussendorf (1969).
Watters and Grussendorf (1969) using Shell Risella oil, found
that the amount of oil applied onto Whatman No. 1 filter paper
targets with Paasche airbrush was 92 + 1 percent of the total
amount intended for deposition. fhus, to compensate for the loss
through drift of spray droplets, it is necessary to adjust the amount
of insecticide deposited on the target by increasing the volume of
spray applied from 0.046 litre/m2 to 0.05 litre/mz.

Control surfaces were sprayed with distilled water prior to
the insecticide treatments.

After treating the surfaces, the wood panels and concrete
slabs were held on horizontal shelves in a room at 21° - 25°C and
40 - 60% relative humidity for seven days after which the surfaces
were used for the tests at pre-determined intervals. The control

surfaces were stored apart from the treated surfaces.

1. Persistence of insecticides applied to concrete and wood surfaces

The persistence of bromophos, iodofenphos and malathion on
concrete and wood surfaces was determined by bioassay of the cereals
exposed to treated surfaces 1, 2, 4, 8, 16 and 32 weeks after treat-
ment. Thirty grams of hard red spring wheat, Fergus barley and
hybrid corn at 14.0 percent moisture content were stored on each

surface in three open-end copper rings, Scm high and 2.5cm diameter
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(Fig. 5), and left on the treated surfaces for seven days. 1In this
way, the insecticide would be more likely to be absorbed into the
grain and therefore would correspond more closely to a treatment
of a storage structure for postharvest protection against infestation.
After seven days the cereals were removed into 227ml (8 fl. oz.)
mason jars and two 30g portions were used for bioassay. Each in-
secticide treatment and control was set up in triplicate.

The test insects, C. ferrugineus and susceptible T. castaneum
after collection from the culture medium were grouped together and
mixed in kilner jars to have a homogeneous population for each species.
The insects were placed in batches of 20 adults held in small plastic
vials and starved for 5 hours prior to placing them on the grain.

The batches of test insects wefe then released randomly onto the
grains contained in mason jars closed with cheesecloth secured with

a rubber bandf The grain samples thus infested with insects were
stored at 27.5°C and 60 - 70% relative humidity for another seven days.

Following exposure, the beetles were separated from the grain
kernels with a 2.4mm sieve. For assessing the toxic effects of the
insecticides and hence their persistence on the concrete and wood
surfaces, the test insects were classified as dead or alive by the method
used by Hewlett (1947). Those insects that were not able to more spon-
taneously or resﬁond to reflex action from a slight mechanical pressure
or heat stimulation for three minutes were considered as dead.

Percent mortality was corrected by Abbott's (1925) formula.

After recording the response, the kernels were returned to the

mason jars for progeny assessment. The jars were kept in temperature

controlled cabinets maintained at 27.5°C and 65 = 70% relative



FIGURE 5. - Exposure of wheat, barley, and corn, confined by

open ends of copper rings to treated concrete

and wood surfaces.
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humidity. Estimates of progeny were based on those insects which 50
emerged 42 days after they had been removed from the grain samples.

All results were assessed by analysis of variance using split-plot in time.

2. The translocation of bromophos, iodofenphos and malathion into

wheat, barley and corn

The chemical residue analysis to measure the translocation
of bromophos, iodofenphos and malathion into grain samples stored on
treated and controlled surfaces was conducted through a 4-step method:
(a) Selection of extraction solvent.
(b) Recovery efficiency of the insecticides by ball-milling method.
(¢) Extraction efficiency.
(d) Chemical residue analysis of the grain samples stored on test

surfaces.

Selection of extraction solvent

The first step in the preparation of a sample, whether from
crop material, animal tissue, soil, water, food product or other
environmental compartment for pesticide residue analysis is to
extract the pesticide into a suitable, relatively pure solvent.

The choice of solvent for extracting pesticide from any type of
sample is therefore critical especially in the hands of workers
not alréady familiar with laboratory methods found in the litefature.

A review of the literature shows reference to many extraction
procedures used for determining organophosphorus pesticide residues
in food and crop materials. The use of hexane as an extractant
for determining malathion residues in wheat has been reported (Elms,
1967; Minett and Belcher, 1969; Grussendorf et al., 1970). Other
extraction techniques describe the use of other extraction solvents

for stripping organcphosphorus insecticide residues from crop materials



51
(Watts and Storherr, 1965; Thornburg, 1965; Thornton and Anderson,
1968; American Cyanamid Co., 1973). Acetone has been described as
the best and most suitable solvent for the extraction of bromophos
and bromophos-ethyl from all crops having a low fat content (Leber
and Deckers, 1967). However, crops containing large quantities of
fat are better extracted with acetonitrile or methanol. Crisp and
Tarrant (1971) reported methanol as the best solvent for extracting
malathion and dichlor&os from wheat for gas—liquid Qpromatographic
determination. They found that between concentrations of 0,25 and
10 ppm, both malathion and dichlorvos were recovered from spiked
wheat samples with between 87 and 99 percent efficiency. The mala-
thion Panel (1973) in their investigation on the choice of solvent
for the extraction of malathion and dichlorvos residues for gas-
liquid chromatographic determination found that ethyl acetate, ace=-
tonitrile, dichloromethane-water and acetone 'were not as éffective
as methanol without clean-up. Levi and Nowicki (1974) also reported
a good recovery of malathion from ground wheat by ball-milling ex-
traction technique with ethyl ether - hexane (3:97) mixture as
extractant without cleanup,

Hexane, ethyl ether-hexane (3:97), and methanol were therefore
tested as to their'suitability for -extraction of malathion, bromophos
and iodofenphos residues in wheat using Soxhlet apparatus.

Fifty grams of uncontaminated hard red spring wheat of 13.8
percent moisture contentweﬁe ground for 30 seconds in an Tona high~
speed coffee grinder and was fortified with insecticide-acetone standard
solution at a level of 4 ppm. The solvent was evaporated in a fume
hood by a gentle stream of air for one hour, and subsequently left

to stand for 24 hours after which the insecticide residues were
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extracted with the test solvents using Soxhlet extraction apparatus.
Ten—-gram aliquots of fortified wheat sample were weighed and trans-—
ferred to Soxhlet thimbles, and topped with small plugs of glass
wool. The extraction thimbles were then inserted into the Soxhlet
apparatus and the wheat exhaustively extracted with 200ml of each
test solvent for six hours under water reflux. The Soxhlet
solvent cycled six times per hour at 65°C. The extracts were
concentrated in a Rinco rotavapor evaporator to about 40ml and the
final volume adjusted to 50ml with each solvent. The extracts
were then analyzed by injecting 5ul into the gas—liquid chromato-
graph with flame photometric detector. Duplicate samples of forti-
fied wheat were prepared for each solvent tested.

The average of four determinations for recovery of the insecti-
cide residues from fortified wheat with the test solvents are shown

in Table 3.

TABLE 3. Comparison of solvents for extraction of malathion,
bromophos and iodofenphos residues from fortified

wheat using Soxhlet extraction method.

Solvent Percent recoverya
Malathion Bromophos Iodofenphos
Hexane 97.47 + 2.51 96.12 + 1.36 84.84 + 4.69
Ethyl ether-hexane 99.98 + 1.03 100 + 0.85  94.74 + 1.71

Methanol 97.84 + 1.05 97.75 + 1.01 91.23 + 1.57

a R
+ standard deviation
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- All the solvents tested were suitable for the removal of insect-
icide residues from fortified ground wheat. Methanol was chosen,
however, as the extraction solvent because of its relative cheapness
and its reported suitability for the extraction of pesticide residues

from cereals containing high moisture content and lipids.

Recovery efficiency of insecticides by ball-milling method

The recovery efficiency of the ball-milling method of extraction
using methanol as an eéxtractant was determined for recovery of
malathion from ground wheat analyzed 24 hours after fortification.

Fifty grams of uncontaminated wheat were ground and 10g portions
were weighed into four clean plastic vials. Using malathion-acetone
standard solution, ea;h sample was fortified to 1.00 ppm by adding
the solution dropwise and spreading it over the surface of the sample.
The plastic vials were then put in a fume hood of 13 gentle stream of
ailr for ome hour to allow the solvent to évaporate. The vials were
then stoppered, agitated by hand for five minutes, and stored in
a deep-freeze (-25°C) for 24 hours after which the malathion residue
was extracted with methanol.

The fortified wheat was transferred to an extraction tube and
two stainless steel balls added. Using a 50ml repipet, 30ml methanol
was added. The cap was sealed in place and the extraction tube mounted
horizontally on a wrist-action shaker and agitated for one hour,

Using a partial vacuum, the extract was filtered through a medium
porosity fritted disk filter funnel and collected in 250ml vacuum
flask. The extraction tube was washed three times with 2ml methanol,
filtering the washing on each occasion. Five ml of the filtrate was

then transferred to a 5ml volumetric flask. Four samples were Prepared
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for the residue analysis. Parallel tests of analysis of unfortified
samples were run alongside the recovery test.

The residue analysis determined by injecting S5pl of the methanolic
extract into the glc column connected to flame photometric detector,
showed an average percent recovery of 99.17 by the ball-milling

method of extraction, with a standard deviation of 0.45%.

Extraction efficiency

Extraction efficiency of the ball-milling extraction technique .
using methanol was compared with efficiency of Soxhlet extraction
with methanol-chloroform (10:90) as extractant. Sets of 50g un-
contaminated ground wheat (12.5% mc) samples were weighed into 125ml
Erlenmeyer flasks. Each wheat sample was fortified with malathion,
bromophos, iodofenphos and pirimiphos-methyl at levels of 1.00 and
5.00 ppm, using insecticide-acetone standard solutions. The acetone
was evaporated under a gentle stream of air in a fume hood. The
flasks were stoppered, agitated by hand, and stored in a dark room
for seven days before analysis. Triplicate samples of each residue
level were analyzed by both extraction methods. Ten-gram aliquots
of each fortified wheat sample were used for the extraction. The
details of the extraction procedures and residue analysis by élc
were as described previously.

The results of the residue analysis for the recovery of the test
insecticides are shown in Table 4.

The mean of triplicate determinations for the recovery of the
test insecticides by the ball-milling method appeared to be as
efficient as the Soxhlet extraction method. The ball-milling

extraction has an added advantage of being rapid and thereby



TABLE 4. Mean percent recovery of insecticides by ball-milling

and Soxhlet extraction methods

Insecticide Residue Percent reco*\ferya
level
(ppm) Ball-milling Soxhlet
Malathion 1.00 99.04 + 3.47 97.84 + 1.55
5.00 99.33 + 3.94 97.75 + 1.21
Bromophos 1.00 100.68 + 3.87 96.02 + 3.90
5.00 98.62 + 3.40 99.44 + 2.72
Iodofenphos 1.00 85.73 + 4,30 89.93 + 4.00
5.00 91.60 + 3.69 91.69 + 3.45
Pirimiphos-methyl 1.00 96.00 + 2.64 93.44 + 2.30
5.00 96.11 + 2.58 95.43 + 1.87

a + standard deviation.
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"enabling a large number of samples to be handled economically both
in terms of solvent and time.

As a further check on the extraction efficiency of the ball-milling
technique, a sample of uncontaminated ground wheat was spiked with
malathion-acetone standard solution to 1.00 ppm and kept in a dark
room for seven days after which the insecticide residue was extracted
with 30ml methanol by the ball-milling method. Following the ball-
milling extraction, the filter cake was exhaustively extracted with
100ml methanol-chloroform (10:90) in a Soxhlet apparatus for 10
hours. Two ml of isopropanol was added as a keeper and the extract
was concentrated to about 1ml, and the final volume adjusted to Sml
with methanol-chloroform. The samples for glc determination in both
extraction procedures were prepared in quadruplicates, and analyzed
by injecting Spl into the glc.

The mean percent malathion residue recovered by the ball-milling
method was 99.10 (range 98.85 to 100.87). No malathion residue was
recovered from the Soxhlet extraction method, indicating either an
almost complete removal of the insecticide residue by the ball-milling
procedure or a residue that was below the limit of detection of the

glc method used.

Residue analysis of grain stored on concrete and wood surfaces

Thirty g of hard red spring wheat, Fergus barley, and hybrid
corn stored for seven days on test surfaces 1, 2, 4, 8, 16 and 32
weeks after treatment were removed and ground for 20 seconds in an
Tona high-speed coffee grinder. The ground grain was thoroughly
mixed and 10g portions were weighed into extraction tubes, and the

insecticide residues extracted by the ball-milling method using



methanol. Twelve tubes could be mounted on the wrist—action shaker
simultaneously (Fig. 6) and these were agitated for one hour.

The analytical determinations of the methanolic extracts were
conducted by injecting 2pl and 5pl of extracts from cereals stored
on wood and concrete surfaces, respectively, into the gas chromatograph
equipped with Melpar flame photometric detector, and operated in
the phosphorus mode at 526nm. The amounts of insecticide residue
in all the analytical determinations were obtained by means of

standard calibration curves. The data were statistically analysed.

Preparation of standard calibration curves

Standard calibration curves for test insecticides were prepared
from analytical grade chemicals kindly supplied by the manufacturers.
In preparing the standard calibration curves 99.3 -~ 99.6 percent AT
of analytical insecticides were diluted with methanol to provide a
range of standard concentrations for each insecticide. The standard
calibration curve obtained for each insecticide was a straight line,
as shown in Fig. 7. It is seen from all the test insecticides that
the curve does not pass through the origin, but slightly above it,
intersecting the ordinate at points representing approximately the

limits of detection for the insecticides (Table 35).



FIGURE 6. -~ Twelve sets of extraction tubes mounted simultaneously

on reciprocating (wrist-action) shaker.
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FIGURE 7.

The standard calibration curves for glc analysis of

malathion, bromophos, iodofenphos, and pirimiphos~methyl.
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TABLE 5. Retention time and limit of detectability of analytical

standards of insecticides in methanol.

Insecticide Retention time Limit of detectability
(min.) (ng)l
Malathion 2.52 0.05
Bromophos 2.78 0.04
Iodofenphos 4.59 0.01
Pirimiphos-methyl 4.05 0.05
lng = lO_gg.

3. Field tests with bromophos 25% WP as a residual protectant

against rusty grain beetle infestations

Bromophos has been approved in Canada for use against insect
infestations in stored grain. Following its promising effectiveness
in comparision with malathion and iodofenphos on concrete surfaces
for the control of C. ferrugineus, field studies were conducted for
further evaluation.

An empty galvanized steel bin with concrete floor (pH 8.0),
4.27m (14 ft) diameter and 2.44m (8 ft) high was selected for the
study at the Ciba-Geigy's Research Farm at the Elm River, Portage
La Prairie. One~half of the floor area‘was treated with bromophos
25% WP at lg toxicant/m2 as water—-based solution, and the other
half was left untreated as a control.

One week after treatment, the treated and control areas were
enclosed by a plywood box 25 x 35cm and 25c¢m high, open at the top
and bottom, and filled with 15.3kg of hard red spring wheat of 12.6

percent moisture content. Three plywood boxes were placed at random
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on both treated and control floor areas.

The wheat was sampled 1, 2, 4 and 8 weeks after storage from
randémized locations in each box by inserting an open copper cylinder
25 x 5cm i.d. into the wheat surface to the concrete floor. Three
equal layers of wheat, 134g each, were removed by suction with a
vacuum cleaner from the cylinder and designated as the top, middle
and bottom layers. These core samples of wheat were used for bioassay
with adults of C. ferrugineus and for insecticide residue analysis.
The bioassay was determined by exposing 20 adult beetles on 50g
wheat for seven days in 227ml (8 fl. o0z.) glass jars covered with a
cheesecldth. After assessing the mortality, the insects were discarded
and the grains returned to the glass jars which were then held for
42 days at 27.5°C and 60 - 70 percent RH for Fl adult beetles. The
residue analysis was conducted as previously described for the trans-
location of insecticides into wheat from treated structural surfaces.

At each sampling period, temperature and relative humidity of
the bin, and temperature and moisture content of the stored wheat
were recorded (Table 59).

In another field test, a galvanized steel bin of dimensions 4.27m
(14 ft) diameter and 2.44m (8ft) high with concrete floor of pH 8fQ
was sprayed in mid August, 1976, with bromophos 25% WP at the rate
of 1g AI/rn2 at the Ciba-Geigy's Elm River Research Farm. About 14
days after treatment, the treated bin was filled with 1093 bushels
of hard red spring wheat, Neepawa variety, (m.c. 12.4%) as it came
from the field. The bin was then closed and left undisturbed until
unloading in mid March, 1977. Control samﬁle of grain was stored
in an area separate from the treated bin.

As the grain was being augered from the bin at the end of the
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storage period, samples of grain weighing approximately 500g were

withdrawn at the following intervals:

Sample No. Bushels removed from bin when sample

was taken

1 150
2 300
3 450
4 600
5 750
6 875
7 950
8 1000
9 1050
10 1075
11 1090 including swept grain
Control ’ ———

During the unloading of the grain, the auger was pushed into the
bin at the bottom, thereby ensuring mixing of grain strata as the
grain ran down into the auger.

Bioassay and residue analysis of the grain samples stored in
the treated and control bins were determined as in the previous
experiment. Fl adult beetles resulting from infestation of the

grain with C. ferrugineus were also assessed.
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4., The effect of moisture content on uptake of malathion and

bromophos from wood surfaces into wheat.

Fir plywood panels, 30 x 30cm (surface area 900 cmz), were
sprayed with malathion and bromophos as water-based solutions of
emulsifiable concentrate at the rate of 1g AI/mz. Control wood
surfaces were sprayed with distilled water. Treated wood surfaces
were then stored for one week on shelves.in a room maintained at
21.0°C and 70% RH, after which they were used for the tests of
insecticide uptake into wheat.

Wheat of Neepawa variety was tempered to a moisture content of
12, 14 and 16%. Three 30-gsamples of grain were exposed to the
treated wood surface in copper rings for seven days. Four repli-
cates were set for each insecticide and moisture content treatment.
The treatments were held in temperature and humidity controlled

cabinets (Table 6).

TABLE 6. Conditions under which grains were stored on treated

surfaces to maintain moisture content.

Storage temp. Relative humidity M.C. before M.C. after
(°C) (%) exposure exposure
23.9 49 12.0 11.9
19.9 ‘ 65 14.0 14.0
18.9 75 16.0 15.8

After seven days of continuous exposureto treated surfaces, the
grains were removed into 227ml (8 fl. oz.) glass jars. One set of
grain samples was used for bioassay with adults of C. ferrugineus

and T. castaneum. Mortality was assessed seven days after continuous
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exposure of the insects to the grain.
Residue analysis was conducted on the other set of grain samples

to determine the amounts of insecticide picked up by the kernels.

5. The distribution of malathion residues in layers of grain kernels

stored on wood surfaces

This experiment was conducted to determine whether insecticides
applied to storage structures are able to move past a single layer
of kermels.

0il Red O dye aﬁd Methylene Blue dye solutions were prepared
by dissolving 0.10g of dye in 20ml acetone and methanol, respectively.
Five ml of each prepared dye solutionwere sprayed onto 350g of
cleaned, uninfested hard red spring wheat (13.8% m.c.) with a
Paasche airbrush. Another 350g sample of wheat was left unsprayed.

Preliminary studies on the use of these dye solutions on wheat
grain showed no adverse effects on adults of T. castaneumand produced
no interference with glc determinations of the extracted dyes from
the sprayed wheat.

The coloredkernels were set in single layers up to three layers
deep, enclosed by open glass rings, 8cm high and 4cm diameter on wood
surfaces treated at lg AI/m2 (Fig. 8). Each layer of kernels was
3mm deep and weighed approximately 10g.

The translocation of malathion into the various layers of grain
kernels was assessed after 1, 3 and 7 days, and 1 and 2 months of
continuous exposure to the treated surfaces by biocassay with sus-
ceptible adults of T. castaneum and also by chemical residue analysis.
The experiment was replicated four times for each exposure period.

Controls consisting of four replicates were also prepared.



FIGURE 8. - Set-up of three single layers of wheat enclosed by

open glasé rings on treated wood surface.
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6. Effect of physical disruption on the persistence of insecticide

residues on structural surfaces

Plywood panels (12.2 x 12.2cm) were treated at 250mg AI/m2 with
malathion, bromophos (EC and WP) and iodofenphos (EC). One week
after treatment, the surfaces were physically disrupted by subject-
ing them to twelve unidirectional sweepings and by mechanical shaking
of the surfaces for two hours with 600g of cleaned wheat to simulate
the ab?asion of surfaces caused by the pouring of grain into a
treated bin or granary.

The effect of the physical disruption of the treated surfaces
on the persistence of insecticide resdiues was determined by biocassay
with adults of T. castaneum 1 day and 1, 3, 6, 12 and 24 weeks after
treatment. Twenty susceptible beetles were exposed on the
surface for 5 hours and then removed and placed in plastic vials,

Scm high and 2.4cm diameter, containing aboﬁt 2g of crushed wheat.
The vials were stored in a cabinet at 27.5°C and 65 - 70% RH for
three days after which mortality was assessed. Wood surfaces
treated with insecticides were prepared as checks to compare by
bioassay the impact on the persistence of the insecticides on

surfaces that were disturbed by physical disruption.

7. Persistence of malathion, bromophos, iodofenphos and pirimiphos-

methyl residues in dry and damp stored wheat

Hard red spring wheat, Neepawa variety, stored in a temporary
wooden bin for three months was collected into 27.2kg capacity jute
bags and stored under cold conditions (-16° to -23°C) for 2% weeks

to kill any existing insect infestations. Following this cold treat-

ment the wheat was thoroughly cleaned of weeds and other foreign



materials with a Clipper M-2B (A.T. Ferrel and Co., Saginaw, Michigan)
to give uniform grain kernels, and divided into 10kg lot samples.
These cleaned, uninfested wheat samples were then tempered to 12 and
16 percent moisture content by adding a calculated volume of distilled
water and then mechanically tumbled for one hour on a rotating
machine. The tempered wheat lots were kept in tied polythene bags
for seven days to equilibrate before the application of insecticides.
Prior to the insecticide treatments, the mcisture content of each
sample lot (12.0 + 0.1% and 16.0 + 0.1%) was determined with Moisture
Master 101A.

Water-based sprays of premium grade malathion, bromophos,
iodofenphos and pirimiphos-methyl were applied to the wheat lots
as the grain was augered. The insecticide concentrates were diluted
with distilled water as necessary to obtain the amount of insecticide
(AI) needed in 8ml of spray for the desired deposit of residue (Table

7) when applied to the 10kg samples of wheat.

TABLE 7. Insecticide dosages applied to the wheat.

Insecticide Formulation Aimed dosage
Malathion 83.67% EC 8 ppm and 12 ppm
Bromophos ' 40% EC 10 ppm and 15 ppm
Todofenphos 20% EC 10 ppm and 15 ppm
Pirimiphos-methyl 84% EC. 4 ppm and 6 ppm

A 10-ml glass syringe, held approximately at 15c¢m from the open-
end of the auger, was used to dispense the insecticide spray.
The rotating screw at the bottom of the filling hopper turned

at a sufficient speed to allow a uniform flow of grain from



the spout to coincide with the application of the spray. The treated
wheat was collected in plastic pails and was then mixed thoroughly
for about three minutes with a clean metal rod. Samples weighing

50g were drawn from each lot of treated wheat into 0.45kg (1-1b)
capacity polythene bags and kept in a deep-freeze at -25°C for the
estimation of the applied insecticide dosage. The remaining lots

of treated wheat were put into 27.2kg (60-1b) jute bags, tied and

stored on horizontal shelves in humidity controlled rooms to main-—

tain the moisture content of the treated wheat. Control wheat samples

were passed through the auger without being treated and were stored
under similar conditions. Three feplicates were allocated for each
insecticide dosage and control and for each moisture content.

At intervals of 1, 3, 6, 12 and 24 weeks after treatment,
samples of 100g were drawn from five different locations from each
bag with a 18.5cm long, 2cm diameter, copper sampliﬁg spear and com-
posited into a 500g lot of graini, Three 50g subsamples were used
for bioassay and chemical analysis of residues. The test insects
were susceptible and malathion-resistant strains of T. castaneum
(Table 1). Fifty g samples of wheat were transferred into 227ml
(8 f1. oz.) glass jars and infested with 20 adult species of sus-
ceptible and resistant strains of T. castaneum. The insects were
held in the jars by covering the latter with cheesecloth secured with
a rubber band and stored at 27.5°C and 65 - 70% RH for seven days.
After the desired period of exposure to the wheat, mortality counts
were recordedas described in the previous experiments. Percent
mortality was corrected by Abbott's (1925) formula.

After recording the response to the toxicants, the insects

were discarded and the grains returned to the glass jars. About

68



five percent of the treated wheat was ground and added to the grains
in the jars. The jars containing the treated kernels were then stored
at 27.5°C and 60 - 70% RH for a further 42 days to assess the Fl adult
beetles produced from oviposition during the 7-day exposure period.
The chemical analysis of insecticide residues was based on the
method previously described for determination of pesticide residues
in wheat, barley and corn stored on treated concrete and wood surfaces.
At intervals of 1, 3 and 6 months after treatment 20g wheat
were drawn with the sampling spear from five differenf locations
and composited into 100g lots of samples. These samples were
milled into bran, middlings and flour for determination of insecti-
cide residues in the milled fractions. Residues in whole grain
(ground grain) were also determined. |
At weekly intervals and at any time of sampling, temperature
and relative humidity of the storage rooms were recorded as well
as the temperature and moisture content of the stored wheat (Table
69). Samples that could not be analyzed immediately were stored in a

deep—freeze at -25°C in 0.45kg capacity polythene bags until they

were analyzed.
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CHAPTER IV

RESULTS

1. Persistence of insecticides applied to concrete and wood surfaces

The persistence of malathion, bromophos (EC and WP), and
iodofenphos (EC) on wood and concrete surfaces was determined
at 1, 2, 4, 8, 16 and 32 weeks after treatment by bioassay of wheat,
barley and corn with susceptible strains of C. ferrugineus and
T. castaneum after the cereals had been removed from contact for

one week with treated surfaces.

Bioassay of cereals - The statistical analysis of the data showed

that insect mortality was influenced by the type of surface used
for storing the grain, the type and formulation of the insecticide,
the type of cereal grain, the age of insecticide deposit and the
interactions between these factors (Tables 8-25 and Figs. 9 and 10).
Significantly higher mortalities (P4 0.01) of C. ferrugineus were
obtained on all grains stored on treated wood surfaces than on those
grains stored on treated concrete surfaces at each period of assess-
ment (Tables 8, 10, ll,‘lB and 16). Regardless of the type and
formulation of insecticide used, more than 80 percent mortality was
obtained on grains stored on treated wood surfaces (Tables 8 and 10).
There were significant differences (P £0.0l) between the
insecticide treatments on the two types of structural surfaces
(Tables 8-10, 13 and 16). Generally, higher mortalities were
obtained from bromophos-treated surfaces than from malathion- and
iodofenphos-treated surfaces (Tables 8 and 10) but on wood surfaces,
malathion EC persisted longer and therefore provided better control

of C. ferrugineus on the stored grains (Tables 8, 10, 13 and 16).



71

On concrete surfaces, bromophos WP appeared to be more persistent
than the other insecticide treatments (Tables 10 and 13). It
provided more than 60 percent mortality on wheat and barley for
eight weeks, and on corn for two weeks (Table 16). TIodofenphos
deposits on concrete surfaces persisted significantly longer
(P<0.05) than either of the malathion formulations (Table 13).
Comparing the insect mortality on the grains stored on concrete
surfaces for all insecticide treatments, the order of increasing
persistence was bromophos WP > bromophos EC > iodofenphos EC>malathion
EC = malathion WP.

There were no significant differences in mortality between
wheat and barley stored on treated structural surfaces (P>0.05)
but there were significant differences between the two types of
grain and corn (P4 0.01l). Significantly lower mortalities were
obtained on corn stored on treated structural surfaces at each
assessment period (Tables 9, 10, 14 and 15). On treated wood
surfaces, however, the slight differences between corn and the
two cereal grains (wheat and barley) became significant (P<£0.05)
either at 16 or 32 weeks after treatment, whereas on treated concrete
surfaces the differences were apparent either at one week or two
weeks after treatment (Table 16). Generally, malathion EC afforded
better control of C. ferrugineus on grains stored on treated wood
surfaces and bromophos WP provided relatively good control on grains
stored on treated concrete surfaces.

The percent mortality of C. ferrugineus on grains stored on
treated structural surfaces generally decreased with age of insecti-
cide deposit (Tables 11-13, 15 and 16). The persistence of insecti-

cide deposits on both surfaces declined sharply after 16 weeks for
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TABLE 8. Mean percent mortality of C. ferrugineus adults exposed
for one week on grains removed after contact for one week
on wood and concrete surfaces treated with insecticides

2
at 1.0 g AI/m".

Insecticide Wood surface Concrete surface Insecticide means
Malathion EC 97.5 16.8 57.1
Malathion WP 89.0 14.7 51.9
Bromophos EC 88.3 41.3 64.8

- Bromophos WP 92.0 51.0 71.5

Iodofenphos EC 82.3 28.1 55.2

Surface type 89.8 30.4 60.1

means

L.S.D. between 5% 1%

(1) means of type of surface ' 2.3 3.2

(i1) any two means of insecticide treatment 3.7 5.1

(iid) any two means of surfaces for the same 5.2 7.2

insecticide or vice versa
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TABLE 9.' Mean percent mortality of C. ferrugineus adults exposed
for one week on wheat, barley and corn removed after
contact for one week on structural surfaces (wood and

. . . 2
concrete) treated with insecticides at 1.0 g AI/m™.

Insecticide Wheat Barley Cormn Insecticide
means
Malathion EC 58.6 61.0 51.8 57.1
Malathion WP 56.3 53.8 45.6 51.9
Bromophos EC 70.7 71.4 52.4 64.8
Bromophos WP 75.8 78.6 60.1 71.5
Todofenphos EC 59.3 63.2 43,2 55.2
Grain means 64.1 65.6 50.6 60.1
1..S.D. between any 5% 17
(1) two means of stored grain type 1.8 2.3
(ii) two means of grain type for the 3.9 ’ 5.2

same insecticide or wvice versa.



TABLE 10. Mean percent mortality of C. ferrugineus adults exposed

for one week on wheat, barley and corn removed after

contact for one week on wood and concrete surfaces

treated with insecticides at 1.0 g AI/mZ.

Insecticide Wheat Barley Corn Insecticide
means
Wood
Malathion EC 99. 99.4 93.6 97.5
Malathion WP 90. 90.6 85.8 89.0
Bromophos EC 93. 92.5 79.2 88.3
Bromophos WP 96. 93.1 86.9 92.0
Todofenphos EC 85. 87.2 77.2 82.3
Concrete
Malathion EC 17. 22.5 10.0 16.8
Malathion WP 21. 16.9 5.3 14.7
Bromophos EC 48. 50.3 25.6 41.3
Bromophos WP 55. 64 .2 33.3 51.0
Iodofenphos EC 33. 41.7 9.2 28.1
Grain means 64. 65.6 -50.6 60.1
L.S.D. between any two means of surface type/ 5% 1%
Iinsecticide/grain type interaction. 5.5 7.4
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TABLE 13. Mean percent mortality of C. ferrugineus adults exposed

for one week on grains removed after contact for one week

on treated wood and concrete surfaces at different ages

of

insecticide deposit.

Age on insecticide deposit (weeks)

Insecticide
Insecticide 1 2 4 8 16 32 means
Wood
Malathion EC 100 100 100 100 96.7 88.3 97.5
Malathion WP 100 100 100 100 96.1  37.8 89.0
Bromophos EC 10Q 100 100 98.9 85.0 46.1 88.3
Bromophos WP 100 100 100 100 100 52.2 92.0
Iodofenphos EC 99.4 100 9%.4 97.8 86.7 10.6 82.3
Concrete

Malathion EC 49.4 23.3  15.6 8.9 1.7 1.7 16.8
Malathion WP 42.8 26.L  15.6 3.3 0.6 0 14.7
Bromophos EC 88.3 80.0 55.6 22.2 1.7 0 41.3
Bromophos WP 87.8 82.2 68.3 53.9 13.9 0 51.0
Iodofenphos EC 55.6 42.2 36.1 28.3 6.7 0 28.1
Age of

insecticide 82.4 75.4 69.1 61.3 48.9 23.7 60.1
deposit means
L.S.D. between any two means of surface type/ 5% 1%
insecticide/age of insecticide deposit interaction. 6.2 8.1
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TABLE 14. Mean percent mortality of C. ferrugineus adults
exposed for one week on wheat, barley and corn
removed after contact for one week on treated
structural surfaces (wood and concrete) at
different ages of insecticide deposit.
Age of insecticide deposit (weeks)
Grain Grain
type 1 2 4 8 16 32 means
Wheat 87.2 81.2 71.0 63.8 52.7 29.0 64.1
Barley 87.8 80.7 76.8 67.0 54.2 27.0 65.6
Corn 72.0 64.3 59.3 53.2 39.8 15.0 50.6
Age of
insecticide 82.4 75.4 69.1 61.3 48.9 23.7 60.1
deposit means
L.5.D. between any 5% 17
(1) two means of stored grain type 1. 2.3
(ii) two means of age of insecticide deposit 1. 2.6
(iii) two means of stored grain type for the same 3.4 4.5

age of insecticide deposit or vice versa
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TABLE 15. Mean percent mortality of C. ferrugineus adults exposed
for one week on wheat, barley and corn removed after contact
for one week on treated structural surfaces (wood and concrete)

at different ages of insecticide deposit.

Age of insecticide deposit (weeks)

Insecticide
Insecticide 1 2 4 8 16 32 means
Wheat
Malathion EC 73.3 67.5 58.3 52.5 50.8 49.2 58.6
Malathion WP 82.5 70.8 60.0  52.5 50.0 21.7 56.3
Bromophos EC 100 97.5 78.3 66.7 51.7 30.0 70.7
Bromophos WP 100 95.0 84.2 80.8 56.7 38.3 75.8
Iodofenphos EC 80.0 75.0 74.2 66.7 54.2 5.8 59.3
Barley
Malathion EC 79.2 62.5 62.5 60.0  51.7  50.0 61.0
Malathion WP 70.8  65.0 62.5 51.7 50.8 21.7 53.8
Bromophos EC 99.2 96.7 88.3 65.8 50.0 28.3 71.4
Bromophos WP 100 97.5 95.8 85.0 64.2 29.2 78.6
Iodofenphos EC 90.0 81.7 75.0 72.5 54.2 5.8 63.2
Corn
Malathion EC 71.7 55.0 52.5 50.8 45.0 35.8 51.8
Malathion WP 60.8 53.3 50.8 50.8 44,2 13.3 45.6
Bromophos EC 83.3 75.8 66.7  49.2 28.3 10.8 52.4
Bromophos WP 81.7 80.8 72.5 65.0 50.0 10.8 60.1
Iodofenphos EC 62.5 56.7 54.2 50.0  31.7 4.2 43.2
Age of
insecticide 82.4 75.4 69.1 61.3 48.9  23.7 60.1
deposgit means
L.S5.D. between any two means of stored grain type/ 5% 1%

insecticide/age of insecticide deposit interaction. 7.5 10.0
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TABLE 16. Mean percent mortality of C. ferrugineus adults exposed
for one week on wheat, barley and corn removed after
contact for one week on wood and concrete surfaces

treated with insecticides at 1.0 g AI/mZ.

Wood Concrete
Insecticide Time :

(weeks) Wheat Barley Corn Wheat Barley Corn
Malathion EC 1 100 100 100 44,9 57.6 42.4
2 100 100 100 35.0 25.0 8.4
4 100 100 100 13.9 23.5 5.0
8 100 100 100 .3 14.2 1.7

16 100 100 90 1.7 0 0

32 96.7 96.7 71.7 1.7 1.8 0
Malathion WP 1 100 100 100 63.8 40.5 20.3
2 100 100 100 41.7 30.0 5.1
4 100 100 100 17:4 23.6 1.7
8 100 100 100 3.3 1.8 1.7

16 100 100 88.3 0 0 0

32 43.3 41.4 26.7 0 0 0
Bromophos EC 1 100 100 100 106 98.3 66.0
2 100 100 100 95.0 93.3 51.0
4 100 100 100 55.5 76.2 33.3

8 100 100 96.6  32.3 26.7 0

16 100 98.1 56.7 3.3 0 0

32 60.0 55.1 21.7 0 0 0
Bromophos WP 1 100 100 100 100 100 62.6
2 100 100 100 90.0 95.0 61.3
4 100 100 100 67 .4 91.4 45.0
8 100 100 100 61.0 66.7 28.5

16 100 100 100 13.3 - 25.3 0

32. 76.7  56.8  21.7 0 0 0
Iodofenphos EC 1 100 100 98.3  58.8 79.3 25.3
2 100 100 100 50.0 63.3 11.9
4 100 98.3 100 46.8 50.4 8.3
100 100 93.1  32.4 41.4 6.7

16 98.3 98.3 63.3 10.0 5.3 0

32 11.7 8.7 8.3 0 0 0

L.S5.D. between any two means of surface type/insecticide/ 59 1%

grain type/age of insecticide deposit interaction 10.7 14.1



FIGURE 9. - Persistence of insecticides taken up in wheat, barley,
and corn stored for one week on surfaces treated at 1.0

g AI/m2 against C. ferrugineus.
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wood surfaces and two weeks for concrete surfaces (Tables 13 and 16).
Bromophos WP appeared to have longer persistence on structural
surfaces but its effectiveness declined sharply after 32 weeks
(26.1%) whilst more than 40 percent mortality was obtained on grains
stored on malathion EC-treated surfaces after 32 weeks (Table 12).
By contrast there was no significant difference kP)»0.0S) in per-
sistence between the malathion formulations until 32 weeks after
treatment whereas a significant difference (P& 0.05) was apparent
between the bromophos formulations on structural surfaces after
four weeks (Table 12).

Percent mortality of T. castaneum exposed on cereals in contact
with treated wood and concrete surfaces is presented in Tables 17-25
and Fig. 10. These results are similar to those reported for C. ferru-
gineus.

Bromophos EC and iodofenphos produced 67 percent or more mortality
of T. castaneum for eight weeks on all grains stored on wood surfaces
whilst malathion EC and WP formulations and bromophos WP were effective
(89-100%) againétlg. castaneum for 16 weeks on grains stored on wood
surfaces (Table 25). The malathion formulations and iodofenphos lost
their effectiveness against T. castaneum on grains stored on concrete
- surfaces after‘one week. More than 80 percent mortality was, however,
obtained on wheat and barley stored on concrete surfaces treated with
bromophos EC for two weeks but on corn it was ineffective (Table 25).
Bromophos WP gave 50 percent or more mortality of T. castaneum for
two weeks on wheat stored on concrete surfaces and for one week on

barley and corm.
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TABLE 17. Mean percent mortality of T. castaneum adults exposed
for one week on grains removed after contact for one
week on wood and concrete surfaces treated with

insecticides at 1.0 g AI/mz,

Insecticide

Insecticide Wood surface Concrete surface means
Malathion EC 94.0 7.2 50.4
Malathion WP 86.9 R 5.6 46.3
Bromophos EC 73.7 26.8 50.3
Bromophos WP 85.4 19.9 52.7
Iodofenphos EC 66.5 7.7 37.1
Surface type 81.3 13.4 47 .4
means
L.S.D. between 5% 17
(1) Means of type of surface ) 2.1 3.8
(ii) Any two means of insecticide 3.3 4.5
(1iii) Any two means of surfaces for the same 4,6 6.3

insecticide or vice versa.
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TABLE 18. Mean percent mortality of T. castaneum adults exposed

for one week on wheat, barley, and corn removed after

contact for one week on structural surfaces (wood and

concrete) treated with insecticides at 1.0 g AI/mz.
Insecticide

Insecticide Wheat Barley Corn means
Malathion EC 50.4 53.8 47.6 50.6
Malathion WP 47 .4 47.1 44,2 46.3
Bromophos EC 57.6 56.0 37.1 50.3
Bromophos WP 54.6 53.8 49.6 52.7
Iodofenphos EC 40.6 38.5 32.2 37.1
Grain means 50.1 49.8 42.1 47 .4
L.5.D. between any 5% 1%
(1) Two means of stored grain type 1.2 1.6
(ii) Two means of grain type for the same 2.7 3.6

insecticide or vice versa.



TABLE 19. Mean percent mortality of T. castaneum adults exposed
for one week on wheat, barley, and corn removed after
contact for one week on wood and concrete surfaces treated

with insecticides at 1.0 g AI/mz,

Insecticide
Insecticide Wheat Barley Corn means
Wood
Malathion EC 95.6 95.3 91.1 94.0
Malathion WP 85.8 88.1 86.7 86.9
Bromophos EC 77.8 76.4 66.9 73.7
Bromophos WP 85.6 86.1 84.4 85.4
Iodofenphos EC 72.8 65.6 66.1 66.5
Concrete

Malathion EC 5.3 12.2 4.2 7.2
Malathion WP 8.9 6.1 1.7 5.6
Bromophos EC 37.5 35.5 7.2 26.8
Bromophos WP 23.6 21.4 14.7 19.9
Iodofenphos EC 8.3 11.4 3.3 _ 7.7
Grain means 50.1 49.8 42.1 47.4
L.S.D. between any two means of surface type/ 5% 1z

insecticide/grain type interaction. 3.8 5.1
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TABLE 22. Mean percent mortality of T. castaneum adults exposed
for one week on grains removed after contact for one
week on treated wood and concretre surfaces at different

ages of insecticide deposit.

Age of insecticide deposit (weeks)

Insecticide
Insecticide 1 2 4 3 16 32 means
Wood
Malathion EC 100 100 100 100 96.7 67.2 94.0
Malathion WP 100 100 100 100 99.4 21.7 86.9
Bromophos EC- 100 100 100 89.4 52.2 0.6 73.7
Bromophos WP 100 100 100 100 100 12.2 85.4

Iodofenphos EC 99.4 100 99.4 80.0 17.8 2.2 66.5

Concrete

Malathion EC 28.3 6.1 3.3 3.3 1.1 1.1 7.2
Malathion WP 18.9 6.7 5.6 2.2 0 0 5.6
Bromophos EC 70.0 62.8 25.6 2.2 0 0 26.8
Bromophos WP 58.3 37.2 13.3 10.6 0 0 19.9
Iodofenphos EC 19.4 10.6 10.6 5.6 0 0 7.7
Age of

insecticide 69.5 62.4 55.8 49.4 36.7 10.5 47 .4

deposit means

L.S5.D. between any two means of surface type/ 5% 1%

insecticide/age of insecticide deposit interaction. 6.1 8.1
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TABLE 23. Mean percent mortality of T. castaneum adults exposed
for one week on wheat, barley, and corn removed after
contact for one week on treated structural surfaces (wood
and concrete) at different ages of insecticide deposit.
Age of insecticide deposit (weeks)
Grain Grain
type 1 2 4 8 16 32 means
Wheat 73.3 66.5 57.3 52.2 40.0 11.3 50.1
Barley 74.8 65.7 57.5 51.3 37.8 11.7 49.8
Corn 60.2 54.8 52.5 44,5 32.3 8.5 42.1
Age of
insecticide
deposit 69.5 62.4 55.8 49.4 36.7 10.5 47 .4
means :
L.S5.D. between any two means of stored grain type 5% 1%
for the same age of insecticide deposit or vice 3.4 4.4

versa.
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TABLE 24. Mean percent mortality of T. castaneum adults exposed :
for one week on wheat, barley, and corn removed after
contact for one week on treated structural surfaces
(wood and concrete) at different ages of insecticide
deposit.

Age of insecticide deposit (weeks)
Insecticide
Insecticide 1 2 4 8 16 32 means
Wheat

Malathion EC 58.3 52.5 51.7 51. 50.0 38.3 50.4

Malathion WP 66.7 55.0 53.3  S1. 49,2 8.3 47.4

Bromophos EC 100 93.3 68.3 50. 33.3 0 57.6

Bromophos WP 80.8 76.7 57.5 55. 50.0 6.7 54.6

Iodofenphos EC 60.8 55.0 55.8 50. 17.5 3.3 40.6

Barley

Malathion EC 76.7 54.2 51.7 52. 51.7 35.8 53.8

Malathion WP 57.5 54.2 55.0 51. 50.0 14.2 47.1

Bromophos EC 93.3 93.3 67.5 52. 29.2 0 56.0

Bromophos WP 81.7 69.2 57.5 55. 50.0 8.3 53.8

Todofenphos EC 65.0 57.5 55.8 4e, 8.3 0 38.5

Corn

Malathion EC 57.5 52.5 51.7 50. 45.0 28.3 47.6

Malathion WP 54.2 50.8 50.0 50. 50.0 10.0 44,2

Bromophos EC 61.2 57.5 52.5 34. 15.8 0.8 37.1

Bromophos WP 75.0 60.0 55.0 54, 50.0 3.3 49.6

Iodofenphos EC 52.5 53.3 53.3 33. 0.8 0 32.2

Age of

insecticide 69.5 62.4 55.8 49. 36.7 10.5 47 .4

deposit means

L.S.D. between any two means of stored grain type/ 5% 1%

insecticide/age of insecticide deposit interaction 7.5 9.9



91
TABLE 25. Mean percent mortality of T. castaneum adults exposed for
one week on wheat, barley, and corn removed after contact
for one week on wood and concrete surfaces treated with

2
insecticides at 1.0 g AI/m".

Time Wood Concrete

Insecticide (weeks) Wheat Barley Corn Wheat Barley Corn
Malathion EC 1 100 100 100 15.1 53.3 15.0
' 2 100 100 100 5.0 5.0 5.0

4 100 100 100 3.3 1.8 3.3

8 100 100 100 1.8 5.0 1.7

16 100 100 89.3 Q Q 0

32 72.5 69.8 56.2 0 0 0

Malathion WP 1 100 100 100 32.2 15.0 8.3
2 100 100 100 10.0 5.0 1.7

4 100 100 100 6.7 5.2 0

8 100 100 100 1.8 1.7 0

16 98.2 100 100 0 0 Q

32 15.2 23.1 18.3 0 Q 0

Bromophos EC 1 100 100 100 100 86.7 23.3
' 2 100 100 100 86.7 84.6 15.0
4 100 100 100 36.7 31.6 5.0

8 100 100 68.3 0 5.0 0

16 64.2 54.6 29.3 0 Q 0

32 0 0 1.7 0 0 0

Bromophos WP 1 100 100 100 61.0 63.3 50.0
2 100 100 100 53.3 35.9 20.0

4 ia0 100 100 15.0 10.5 10.0

8 100 100 100 8.7 6.9 8.4

16 100 100 100 0 0 0

32 11.8 10.4 5.0 0 0 0

TIodofenphos EC 1 100 100 98.3 20.3 30.0 6.7
2 100 100 100 10.0 11.9 6.7

4 100 98.1 100 11.7 8.8 6.7

8 9.7 78.2 66.7 3.5 5.1 0

16 30.1 9.0 1.7 0 0 0

32 5.0 0 0 Q 0 0

L.S5.D. between any two means of surface type/insecticide 5% 17

grain type/age of insecticide deposit interaction. 10.6 14.0



FIGURE 10. - Persistence of insecticides taken up in wheat, barley,
and corn stored for®one week on surfaces treated at

2
1.0 g AI/m” against T. castaneum.
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Eﬁ progeny - Tables 26-43 show the mean number of Fl adults produced
by 20 adults exposed for seven days in the grains previously stored
for one week on untreated and treated wood and concrete surfaces
at different times after treatment.

Significantly fewer progeny (P£0.0l) were produced in grains
stored on wood surfaces than in grains stored on concrete surfaces
with both_g. ferrugineus and T. castaneum; also, the number of Fl
beetles resulting from grains stored on untreated structural surfaces
was significantly greater than the number obtained from grains stored
on treated structural surfaces (Tables 26-28, 31, 34~37, 40, and
43). There was, generally, no sigﬁificant difference (P> 0.05)
in the number of Fl adults produced in grains stored on untreated
wood and concrete surfaces with both test insects (Tables 28, 33, 34,
37, 42, and 43).

The differences in the number of Fl adult C. ferrugineus produced
in grains stored on treated structural surfaces were not significant
at the 5 percent level of probability (Tables 26-28 and 32), but
for‘l. castaneum, there were significant differences (P<0.01) in
the numbers of Fl beetles produced in the different grains stored
on malathion WP-treated structural surfaces (Tables 35-37 and 41).

The insecticide deposits nearly prevented reproduction of both test
beetles in grains stored on wood surfaces (Tables 33 and 423, and

on malathion EC-treated wood surfaces, there was no Progeny production
by either species throughout the experimental period (Tables 34 and 43).
In contrast, bromophos EC applied to concrete surfaces prevented
reproduction of test beeﬁles on grains for two weeks, and bromophos

WP gave zero progeny of C. ferrugineus for four weeks (Tables

33 and 42). The insecticide deposits transferred to
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stored grains from treated concrete surfaces inhibited reproduction
of adults in the grains at one or more weeks after treatment
(Tables 34 and 43).

Comparing insect reproduction on grains stored on treated
structural surfaces, significantly fewer (P ¢ 0.01) numbers of
adults were produced in barley than in wheat or corn (Tables 27,

28, 30, 31, 34, 36, 37, 39, 40, and 43). Very few or no progeny

were produced in barley stored om both untreatred and treated concrete
surfaces despite a high percentage of survivors (Tables 34 and 43).
There was no significant difference (P>0.05) in the number of Fl
adult C. ferrugineus produced in wheat and corn stored on treated
structural surfaces (Tables 27 and 28), but the number of Fl adult
T. castaneum produced in corn was significantly greater‘(Pé.0.0l)
than the number obtained in wheat (Tables 36 and 37). On both
treated wood and concrete surfaces, corn appeared to be the least
protected against C. ferrugineus and T. castaneum apparently
because of the relatively lower mortality obtained on corn

(Tables 34 and 43).

The emergence of adult beetles in stored grain was directly
related to the age of insecticide deposits on the structural
surfaces; as with the increase in age of insecticide deposit there
was a corresponding increase in emergence (Tables 29-36 and 38-43).

The maximum adult beetle emergence in wheat and corn took place

at 32 weeks after treatment (Tables 30-33 and 39-42).
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TABLE 26. Mean number of C. ferrugineus Fl adults produced in grains _
after one week of infestation of grain previously stored
for one week on wood and concrete surfaces treated with
insecticides at 1.0 g AI/mZ.

Insecticide

Insecticide Wood Concrete means

Control 14.2 13.1 13.7
Malathion EC 0.0 5.9 3.0
Malathion WP 0.2 7.1 3.7
Bromophos EC 1.7 3.6 2.7
Bromophos WP 1.2 4.3 2.8
Iodofenphos EC 2.2 4.3 3.3
Surface type 3.3 6.4 4.8
means

L.S.D. between 5% 1%
(i) Means of type of surface 0.4 0.6
(ii) Any two means of insecticide 0.7 1.0

treatment
(iii) Any w0 means‘of surface type 1.0 1.4
for the same insecticide or

vice v

ersa.



TABLE 27. Mean number of C. ferrugineus Fl adults produced in

wheat, barley, and corn after one week of infestation
of grain previously stored for one week on structural sur-

faces (wood and concrete) treated with insecticides at

1.0g AI/mZ.
Insecticide
Insecticide Wheat Barley Corn means
Ceontrol 22.9 0.2 17.7 13.7
Malathion EC 4.3 0 4.6 3.0
Malathion WP 5.7 0.1 5.2 3.7
Bromophos EC 3.4 0 4.6 2.7
Bromophos WP 2.4 0 5.9 2.8
Iodofenphos EC 4.0 0 5.8 3.3
Grain means 7.1 0.1 7.3 4.8
L.S.D. between any 5% 17
(1) Two means of stored grain type 0.5 0.7
(ii) Two means of stored grain type for 1.3 1.7

the same insecticide or vice versa.



TABLE 28. Mean number of C. ferrugineus Fl adults produced in wheat,

barley, and corn after one week of infestation of grain

previously stored for one week on wood and concrete

. . - : 2
surfaces treated with insecticides at 1.0g AT/m",

97

Insecticide
Insecticide Wheat Barley Corn means
Wood
Control 24.6 0.3 17.6 14.2
Malathion EC 0 0 0
Malathion WP 0 0 0.7 0.2
Bromophos EC 2.7 0 2.6 1.7
Bromophos WP 1.0 0 2.7 1.2
TIodofenphos EC 3.0 0 3.6 2.2
Concrete
Control 21.3 0.1 17.8 13.1
Malathion EC 8.6 0 9.2 5.9
Malathion WP 11.4 Q.2 9.7 7.1
Bromophos EC 4.2 0 6.6 3.6
Bromophos WP 3.8 0 9.0 4.3
Iodofenphos EC 4.9 0 8.1 4.3
Grain means 7.1 0.1 7.3 4.8
L.S.D. between any two means of surface 5% 1%
type/insecticide/grain type interaction. 1.8 2.4
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TABLE 29. Mean number of C. ferrugineus Fl adults produced in

grains after one week of infestation of grain previously
stored for one week on treated wood and concrete surfaces

at different ages of insecticide deposit.

Age of insecticide deposit (weeks)

Surface

Surface type 1 2 4 8 16 32 type means
Wood 2.7 2.2 2.0 2.4 2.8 7.5 3.3
Concrete 2.3 2.9 3.7 6.9 9.7 12.9 6.4
Age of insecticide 2.5 2.6 2.8 4.6 6.2 10.2 4.8
deposit means
L.S.D. between any 5% 1
(i) Two means of age of insecticide deposit 0.6 0.8
(i1) Two means of age of insecticide deposit 0.9 1.2

for the same surface type or vice versa.
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TABLE 30. Mean number of C. ferrugineus Fl adults produced in

wheat, barley, and corn after one week of infestation

of grain previously stored for one week on treated

structural surfaces (wood and concrete) at different

ages of insecticide deposit.

‘Age of insecticide deposit (weeks)

Grain
Grain 1 2 4 8 16 32 means
Wheat 4.8 4.1 4.2 6.9 8.3 14.4 7.1
Barley 0.1 0 0.1 0.1 0 0 0.1
Corn 2.7 3.6 4,2 6.9 10.4 16.1 7.3
Age of
insecticide 2.5 2.6 2.8 4.6 6.2

deposit means

10.2 4.8

L.3.D. between any two means of stored grain 5%
type for the same age of insecticide deposit 1.1

or vice versa.

17

1.4
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TABLE 31. Mean number of C. ferrugineus Fl adults produced in

wheat, barley, and corn after one week of infestation

of grain previously stored for one week on treated

wood and concrete surfaces at different ages of

insecticide deposit.

Age of insecticide deposit (weeks)
Grain
Grain 4 16 32 means
Wood
Wheat .6 3.5 .7 10.5 5.2
Barley .1 0.2 0 0 0.1
Corn 2. .1 2.1 .7 12.0 4.5
Concrete

Wheat .6 4.9 12. 18.4 9.0
Barley 0 0.1 0.1 0.1
Corn .1 6.2 .2 20.1 10.1
Age of
insecticide .6 2.8 .2 10.2 4.8
deposit means
L.S.D. between any two means of surface type/ 5% 17
grain type/age of insecticide deposit interaction. 1.5 2.0
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TABLE 32. Mean number of C. ferrugineus Fl adults produced in
| grains after one week of infestation of grain previously
stored for one week on treated structural surfaces (wood
and concrete) at different ages of insecticide deposit.
Age of insecticide deposit (weeks)
Insecticide
Insecticide 1 2 4 8 16 32 means
Control 14.6 12.5 12.3 13.8 15.0 13.6 13.7
Malathion EC 0 0.8 1.8 3.5 4.8 6.9 3.0
Malathion WP 0.5 0.9 0.9 5.7 5.6 8.3 3.7
Bromophos EC 0 0 0.8 1.9 3.7 9.6 2.7
Bromophos WP 0 0 0 0.7 5.1 10.8 2.8
Iodofenphos EC 0 1.1 1.2 2.1 3.3 11.9 3.3
Age of
insecticide 2.5 2.6 2.8 4.6 6.2 10.2 4.8
deposit means
L.S5.D. between any two means of insecticide 5% 1%
for the same age of insecticide deposit or 1.5 2.0

vice versa.
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TABLE 33. Mean number Qf_g. ferrugineus Fl adults produced in
grains after one week of infestation of grain previously
stored for one week on treated wood and concrete surfaces
at different ages of insecticide deposit.

Age of insecticide deposit (weeks)
Insecticide
Insecticide 1 2 4 8 16 32 means
Wood

Control 16.4  13.3 11.8 14.3 15.0 14.2 14.2

Malathion EC 0 0 0 0 0 0

Malathion WP 0 | 0 0 0 1.4 0.2

Bromophos EC 0 0 0 1.3 9.1 1.7

Bromophos WP 0 0 0 0 7.4 1.2

Iodofenphos EC 0 0 0 0.4 12.7 2.2

Concrete

Control 12.8 11.7 12.8 13.2 15.0 12.9 13.1

Malathion EC 0 1.7 3.6 7.0 9.6 13.8 5.9

Malathion WP 1.0 1.9 1.9 11.4 11.2  15.2 7.1

Bromophos EC 0 0 1.7 3.9 6.0 10.0 3.6

Bromophos WP 0 0 0 1.3 10.1 14.1 4.3

Iodofenphos EC 0 2.1 2.3 4.2 6.2 11.1 4.3

Age of

insecticide 2.5 2.6 2.8 4.6 6.2 10.2 4.8

deposit means

L.5.D. between any two means of surface type/ 5% 1%

insecticide/age of insecticide deposit interaction. 2.2 2.8
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TABLE 34. Mean number of C. ferrugineus Fl adults produced in wheat,
barley, and corn after one week of infestation of grain
previously stored for one week on wood and concrete
surfaces treated with insecticides at 1.0g AI/mZ.

Wood Concrete
Time i
Insecticide (weeks) Wheat Barley Corn Wheat Barley Corn
Control 1 33.3 0.3 15.7 24.7 0.3 13.3
2 27.3 0.3 12.3 20.3 0.3 14.7
4 21.0 1.3 13.0 24.3 0 14.0
8 21.0 0 22.0 19.7 0 20.0
16 21.7 0 23.0 21.0 0 24.0
32 23.3 0 19.3 17.7 0 21.0
Malathion EC 1 0 0 0 0 0 0
2 0 0 0 1.3 0 3.7
4 0 0 0 3.7 0 7.0
8 0 0 0 12.3 0 8.7
16 0 0 0 16.7 0 12.0
32 0 0 0 17.7 0 23.7
Malathion WP 1 0 0 0 0 0 3.0
2 0 0 0 0 0 5.7
4 0 0 0 1.7 0 4.0
8 0 0 0 19.7 0.7 14.0
16 0 0 0 16.7 0.3 16.3
32 0 0 4.3 30.3 0.3 15.0
Bromophos EC 1 0 0 0 0 0 0
2 0 0 0 0 0 0
4 0 0 0 0 0 5.0
8 0 0 0 3.3 0 7.7
16 Q.3 0 3.7 5.0 0 13.0
32 15.7 0 11.7 16.0 0 14.0
Bromophos WP 1 0 0 0 0 0 0
2 0 0 0 0 0 0
4 0 0 0 0 0
8 0 0 0 1.3 0 2.7
16 0 0 0 10.0 0 20.3
32 6.0 0 16.3 11.3 0 31.0

(Continued)
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TABLE 34 (Continued)

Wood Concrete
Time
Insecticide (weeks) Wheat Barley Corn Wheat Barley Corn
Todofenphos EC 1 0 0 0 0 0
' 2 0 0 0 0 6.3
4 Q 0 0 0 0 7.0
8 0 0 0 4.7 0 8.0
16 0 0 1.3 7.7 0 11.0
32 18.0 0 20.0  17.3 0 16.0
L.5.D. between any two means of surface type/ -

insecticide/grain type/age of insecticide

3.7

it

deposit interaction (0.05)

(0.01) 4.9
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TABLE 35. Mean number of T. castaneum Fl adults produced in grains
after one week of infestation of grain previously stored
for one week on wood and concrete surfaces treated with

insecticides at 1.0g AI/mz.

Insecticide

Insecticide Wood Concrete means
Control 16.8 19.0 17.9
Malathion EC 0 8.9 4.5
Malathion WP 0.1 13.6 6.9
Bromophos EC 0.5 5.6 3.1
Bromophos WP 0.5 5.6 3.1
Iodofenphos EC 2.3 5.8 4.0
Surface type 3.4 9.8 6.6
means
L.S.D. between 5% 1%
(1) Means of type of surface 0.6 0.9
(ii) Any two means of insecticide 1.1 1.5

treatment
(1ii) Any two means of surface type 1.6 2.2

for the same insecticide or

vice versa.
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TABLE 36. Mean number of T. castaneum Fl adults produced in
wheat, barley, and corn after one week of infestation of
grain previously stored for one week on structural
surfaces (wood and concrete) treated with insecticides

at 1.0g AI/mz.

Insecticide
Insecticide Wheat Barley Corn means

Control | 16.4 0.2 37.1 17.9
Malathion EC 3.9 0 9.5 4.5
Malathion~WP 5.6 0 15.0 6.9
Bromophos EC 3.2 0 6.1 3.1
Bromophos WP 2.8 0 6.4 3.1
lodofenphos EC - 3.1 0 8.9 4.0
Grain means 5.8 0 13.8 6.6
L.S.D. between any 5% 1%

(1) Two means of stored grain type 0.7 1.0

(ii) Two means of stored grain type for 1.8 2.4

the same insecticide or vice versa.
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TABLE 37. Mean number of T. castaneum F. adults produced in wheat,

1
barley, and corn after one week of infestation of grain pre-

viously stored for one week on wood and concrete surfaces treated

with insecticides at 1.0g AI/mZ.

Insecticide
Insecticide Wheat Barley Corn means
Wood
Control 12.9 0.2 37.3 16.8
Malathion EC 0 0 0 0
Malathion WP 0.1 0 0.2 0.1
Bromophos EC 0.6 0 1.1 0.5
Bromophos WP 0.1 0 1.3 0.5
Iodofenphos EC 1.9 0 5.0 2.3
Concrete

Control 19.9 0.3 36.9 19.0
Malathion EC 7.8 _ 0 18.9 8.9
Malathion WP 11.2 0 29.8 13.6
Bromophos EC 5.9 0 11.1 5.6
Bromophos WP 5.4 0 . 11.4 ‘ 5.6
Todofenphos EC 4.4 0 12.9 © 5.8
Grain means 5.8 0 13.8 6.6
L.5.D. between any two means of surface type/ 5% 1%

insecticide/grain type interaction. 2.5 3.3
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TABLE 38. Mean number of T. castaneum Fl adults produced in grains

after one week of infestation of grain previously stored

for one week on treated wood and concrete surfaces at

different ages of insecticide deposit.

Age of insecticide deposit (weeks)

Surface
Surface type 1 2 4 8 16 32 type means

Wood 3.1 2.9 3.9 2.5 2.8 5.0 3.4
Concrete 4.4 4.1 8.6 11.5 14.7 15.3 9.8

Age of insecticide 3.7 3.5 6.2 7.0 8.8 10.2 6.6
deposit means

L.S5.D. between any 5% 1%

(1) Two means of age of insecticide deposit 1.9 2.5

(ii) Two means of age of insecticide deposit 2.7 3.5

for the same surface type or vice versa.
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TABLE 39. Mean number of T. castaneum Fl adults produced in wheat,
barley, and corn after one week of infestation of grain
previously stored for one week on treatred structural
surfaces (wood and concrete) at different ages of

insecticide deposit.

Age of insecticide deposit (weeks)

Grain

Grain 1 2 4 8 16 32 means
Wheat 4.5 2.5 3.3 6.5 8.7 9.6 5.8
Barley 0.1 0.1 0 0 0 0 0
Corn : 6.6 7.8 15.4 14.6 17.6 20.9 13.8
Age of
insecticide 3.7 3.5 6.2 7.0 8.8 10.2 6.6
deposit means
L.S.D. between any two means of stored grain type 5% 1%

for the same age of insecticide deposit or vice versa. 3.3 4.4
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TABLE 40. Mean number of T. castaneum Fl adults produced in wheat,
barley, and corn after one week of infestation of grain
previously stored for one week on treated wood and
concrete surfaces at different ages of insecticide
deposit.

Age of insecticide deposit (weeks)
Grain
Grain 1 2 4 8 16 32 means
Wood

Wheat 3.0 2.4 2.2 1.7 1.7 4.5 2.6

Barley 0.1 0.1 0 Q 0 0 0

Corn 6.1 6.2 9.4 5.9 6.7 10.5 7.5

Concrete

Wheat 6.0 2.5 4.4 11.3 15.7 14.7 9.1

Barley 0 0 0 0 0 0 0

Corn 7.2 9.4 21.4 23.2 28.5 31.3 20.2

Age of

insecticide 3.7 3.5 6.2 7.0 8.8 10.2 6.6

deposit means

L.S.D. between any two means of surface type/ 5% 1%

grain type/age of insecticide deposit interaction. 4.6 6.1
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TABLE 41. Mean number of T. castaneum Fl adults produced in
grains after one week of infestation of grain previously
stored for one week on treated structural surfaces (wood
and concrete) at different ages of insecticide deposit.

Age of insecticide deposit (weeks)
Insecticide
Insecticide 1 2 4 8 16 32 means

Control 21.1 16.4 24,1 15.7 17.4 12.8 17.9

Malathion EC 0.8 0.9 1.9 7.0 8.0 8.1 4.5

Malathion WP 2.4 5.9 8.8 10.8 13.2 6.9

Bromophos EC 0 1.1 4.3 5.7 7.5 3.1

Bromophos WP 0.1 2.9 4,2 4.8 6.3 3.1

Todofenphos EC 0.6 0.9 1.4 2.1 5.9 13.2 4.0

Age of

insecticide 3.7 3.5 6.2 7.0 8.8 10.2 6.6

deposit means

L.S.D. between any two means of insecticide for the

same age of insecticide deposit or vice versa.

17

.6 6.1
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TABLE 42. Mean number of T. castaneum Fl adults produced in grains
after one week of infestation of grain previously stored
for one week on treated wood and concrefe surfaces at

different ages of insecticide deposit.

Age of insecticide deposit (weeks)

Insecticide
Insecticide 1 2 4 8 16 32 means
Wood

Control 18.4 17.3 23.1 15.0 14.9 12.0 16.8
Malathion EC 0 0 0 0 0 0 0
Malathion WP 0 0 0 0] 0 0.4 0.1
Bromophos EC 0] 0 0 0 0.4 2.8 0.5
Bromophos WP 0 0 0 0 0 2.8 0.5
Iodofenphos EC 0 0 0 0.2 1.6 12.0 2.3

Concrete

Control 23.7 15.6 25.0 16.4 19.9 13.6 19.0
Malathion EC 1.6 1.9 3.9 14.0 16.0 16.1 8.9
Malathion WP 0 4.9 11.9 17.6 21.7 25.9 13.6
Bromophos EC 0 0 2.1 8.7 10.9 12.2 5.6
Bromophos WP 0 0.2 5.8 8.3 9.7 9.8 5.6
Iodofenphos EC 1.2 1.8 2.9 4.0 10.2 14.4 5.8
Age of
insecticide 3.7 3.5 6.2 7.0 8.8 10.2 6.6
deposit means
L.5.D. between any two means of surface type/ 5% 1%

insecticide/age of insecticide deposit interaction. 6.5 8.6
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TABLE 43. Mean number of T. EEEEEEEEE.Fl adults produced in wheat,
barley, and corn after one week of infestatrion of grain
previously stored for one week on wood and concrete sur-—
faces treated with insecticides ar 1.0g AI/mZ.

Wood Concrete
Time

Insecticide (weeks) Wheat Barley Corn  Wheat Barley Corn
Control 1 18.0 0.7 36.7 32.7 0.3 34.7
2 14.7 0.3  37.0  14.0 1.3 43.3
4 13.0 0 56.3  17.3 0 57.7
8 10.3 0 34.7 17.3 0 32.0
16 10.3 0 34.3 21.3 0 38.3
32 11.3 0 24.7 13.3 0 27.3

Malathion EC 1 0 0 0 0 0 4.7
2 0 0 0 1.0 0 4.7
4 0 0 0 3.7 0 8.0

8 0 0 0 12.3 0 29.7

16 0 0 0 15.3 0 32.7

32 0 0 0 14.3 0 34.0

Malathion WP 1 0 0 0 0 0 0
2 0 0 0 0 0 14.7

4 0 0 0 1.3 0 34.3
8 0 0 0 19.7 0 33.0

16 0 0 0 24,7 0 40.3

32 0.3 0 1.0 21.3 0 56.3

Bromophos EC 1 0 0 0 0 0 0

2 0 0 0 0 0 0

4 0 0 0 0 0 6.3
8 0 0 0 11.0 0 15.0

16 0 0 1.3 11.3 0 21.3

32 3.3 0 5.0 13.0 0 23.7

Bromophos WP 1 0 0 0] 0 0 0
2 0 0 0 0 0 0.7

4 0 0 0 3.7 0 10.3

8 0 0 0 6.7 0 18.3

16 0 0 0 11.7 0 17.3

32 0.7 0 7.7 10.7 0 18.7

(Continued)
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Wood Concrete
Time
Insecticide (weeks) Wheat Barley Corn  Wheat Barley Corn
Iodofenphos EC 1 0 0 0 0 0 3.7
2 0 0 0 0 0 5.3
4 0 0 0 0.3 0 8.3
8 0 0 0.7 0.7 0 11.3
16 0 0 4.7 9.7 0 21.0
32 11.3 0 24.7  15.7 0 27.7

L.5.D. between any two means of surface type/insecticide/grain

type/age of insecticide deposit interaction

(0.05)

(0.01)

i

11.3

14.

9
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2. The translocation of bromophos, iodofenphos, and malathion

deposits into wheat, barley, and corn.

The statistical analysis of the data from the chemical assay
performed at 1, 2, 4, 8, 16, and 32 weeks after treatment on 30 g
of stored grain also showed a significant difference between the two
structural surfaces in the amount of toxic material picked up by the
cereal grains. Significantly more insecticide residues (P¢ 0.01)
were recovered from all grain samples stored on treated wood surfaces
than from grain samples stored on treated conmcrete surfaces (Tables
44, 46, 47, 49, and 52). The mean insecticide residue recovered
from grains stored on wood surfaces during the 32- week period of the
study ranged from 4.46 ppm for iodofenphos EC to 14.95 ppm for brom—
ophos EC, in contrast toc 0.38 ppm iodofenphos to 1.21 ppm bromophos
EC on concrete surfaces (Table 44).

The translocation of the insecticides into stored grains from
treated surfaces was found to be dependent .upon the type and formu-
lation of insecticide, the kind of grain in contact with the treated
surfaces, the age of insecticide deposit and the interactions between
these factors. Significantly higher amounts of insecticide residues
(P<0.01) were recovered from the bromophos EC treatment (Table 44)
but the insecticide transferred to the stored grain samples decreased
sharply after eight weeks on both structural surfaces (Tables 48, 49,
and 52). Although less iodofenphos was transferred to the stored
grain samples from both structural surfaces in comparison with other
insecticide treatments (Tables 46, 48, 49, 51, and 52), it appeared
to have a relatively good stability. A coﬁparison of the EC and WP
formulations of malathion and bromophos showed higher residue recov—

eries from the EC on both structural suffaces than from the WP
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formulation (Tables 44 and 46) but with age of insecticide deposit,
bromophos WP persisted longer than its EC formulation whereas the
Teverse was true for the malathion treatments (Tables 48 and 52).
According to the residual amounts of insecticide recovered from the
grain samples stored on structural surfaces, malathion formulations
were generally more stable on wood surfaces than bromophos and iodo-
fenphos (Table 52). On concrete surfaces, however, both insecticide
treatments had shorter persistence but bromophos EC was recovered
in relatively higher amounts in stored grain samples for four weeks
(Table 52).

The kind of cereal grain in contact with treated surface also
influenced the amount of insecticide transferred to the stored
grain. Lower amounts of insecticides (P<£0.01) were transferred
Lo corn stored on treated structural surfaces than to wheat énd
barley (Tables 45, 49, and 50) and the differences were morefapparent
in grain samples stored on treated wood surfaces (Tables 46 and 52).
There was generally no significant difference (P» 0.05) in the uptake
of insecticides by wheat and barley stored on treated structural
surfaces (Tables 45, 46, 50, and 51). The uptake of iodofenphos
by wheat from treated wood surfaces significantly (P O.OB)Iexéeeded
that of barley only at two weeks after treatment (Table 52).

Generally, the translocation of insecticides into stored grain
from wood and concrete surfaces decreased progressively with age of
the insecticide deposit (Tables 47-52). 1Initially, the insecticide
residues recovered from stored wheat and barley in direct contact
with wood surfaces were high but when they were mixed with the upper
layers of grain the residues decreased sharply to within tolerable

limits (FAO/WHO, 1973a, 1976a).
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TABLE 44. Mean uptake of insecticides (ppm) by grains stored for one

week on wood and concrete surfaces treated at 1.0g AI/mZ.

Insecticide

Insecticide Wood Concrete means
Malathion EC 12.29 0.91 6.60
Malathion WP 10.65 0.86 5.76
Bromophos EC 14.95 1.21 8.08
Bromophos WP 8.44 0.72 4.58
Iodofenphos EC 4,46 0.38 2.42
Surface type
means 10.16 0.82 5.49
L.S.D. between 5% 1%
(1) Means of type of surface 0.33 0.45
(ii) Any two means of insecticide 0.53 0.72
(iii) Any two means of surface type

for the éame insecticide or vice  0.75 1.02

versa.
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TABLE 45. Mean uptake of insecticides (ppm) by wheat, barley, and
corn stored for one week on structural surfaces (wood and

concrete) treated at 1.0g AI/mz.

Insecticide

Insecticide Wheat Barley Corn means
Malathion EC 7.31 8.40 4.09 6.60
Malathion WP 6.76 7.22 3.29 5.76
Bromophos EC 10.18 10.03 4.02 8.08
Bromophos WP 6.07 5.51 2.16 4.58
Iodofenphos EC 3.38 2.55 1.33 2.42
Grain means 6.74 6.74 2.98 5.49
L.S.D. between any 5% 1%
(1) Two means of stored grain 0.37 - 0.49
(ii) Two means of stored grain for the 0.82 1.10

same insecticide or vice versa.
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TABLE 46. Mean uptake of insecticides (ppm) by wheat, barley,
and corn stored for one week on wood and concrete surfaces

treated at 1.0g AI/mZ.

Insecticide
Insecticide Wheat Barley Corn means
Wood
Malathion EC 13.75 15.60 7.53 12.29
Malathion WP 12.38 13.46 6.11 10.65
Bromophos EC 18.68 18.69 7.48 14.95
Bromophos WP ' 11.22 10.10 3.99 8.44
Todofenphos EC 6.31 4.65 2.41 b.b6
Concrete

Malathion EC 0.88 | 1.21 0.65 0.91
Malathion WP 1.13 0.98 0.48 0.86
Bromophos EC 1.69 1.37 0.57 1.21
Bromophos WP 0.93 0.91 0.33 0.72
Iodofenphos EC 0.45 0.45 0.24 0.38
Grain means 6.74 6.74 2.98 5.49
L.S.D. between any.two means of surface 5% 1%

'type/insecticide/grain type interaction 1.16 1.55



120

TABLE 47. Mean uptake of insecticides (ppm) by grains stored for
one week on treated wood and concrete surfaces at different
ages of insecticide deposit.
Age of insecticide deposit (weeks)
Surface Surface
type 1 2 4 8 16 _32 type means
Wood 17.41 15.62 12.39 8.95 5.09 1.47 10.16
Concrete 2.02 1.29 0.96 0.50 0.10 0.04 0.82
Age of :
insecticide 9.71 8.45 6.68 4.72 2.59 0.76 5.49

deposit means

L.S.D. between any 5% 17
(1) Two means of age of insecticide deposit 0.34 0.45
(11) Two means of age of insecticide deposit 0.48 0.64 -

for the same surface type or vice versa.
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TABLE 50. Mean uptake of insecticides (ppm) by wheat, barley, and
corn stored for one week on treated structural surfaces

(wood and concrete) at different ages of insecticide deposit.

Age of insecticide deposit (weeks)

. Grain
Grain 1 2 4 8 16 32 means
Wheat 11.93 10.46 §.39 5.82 3.00 0.84 6.74
Barley 11.74 10.60 7.84 5.95 3.37 0.95 6.74
Corn 5.47 4.30 3.80 2.41 1.41 0.48 2.98
Age of . '
insecticide 9.71 8.45 6.68 4,72 2.59 0.76 5.49
deposit means
L.5.D. between any two means of stored grain for the 5% 17

same age of insecticide deposit or vice versa. 0.59 0.78
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3. Field tests with bromophos 25% WP as a residual protectant

against rusty grain beetle infestations

The data in Tables 53-56 give the experimental conditions
during storage of wheat on the treated, concrete floor of a granary,
the percent mortality of C. ferrugineus exposed for seven days on
wheat stored previously on the treated floor, Fl progeny development,
and residues (ppm) recovered from the stored wheat.

There was an unusually high insect mortality in wheat stored
on the control surface, especially on the bottom 8.3-cm layer of
stored whéat (Table 54). Bromophos taken up by the bottom layer of
wheat provided complete control of C. ferrugineus for eight weeks,
whereas the residues on the middle and top layers gave very low or
no mortality of C. ferrugineus. The residues in the bottom layer
completely prevented reproduction of C. ferrugineus in contrast
to the middle and top layers (Table 55). Significantly higher (PL0.01)
numbers of Fl adult beetles were produced in the middle layer of
stored wheat compared with the bottom layer but there was similar (P>>0.01)
development of Fl progeny on layers of wheat from the control surface.

Significantly higher amounts of bromophos residues (PL0.01)
were recovered in the bottom layers of stored wheat in contact with
the treated floor (Table 56). The insecticide transferred to the
bottom layef of wheat increased from 0.62 ppm after one week to
0.68 ppm after two weeks and then decreased to 0.32 ppm eight weeks
after treatment. There was very little uptake of bromophos by the
middle and top layers of the stored wheat. No bromophos residues
were found in the layers of wheat stored on the control surface.

In studies conducted to determine bromophos residues in grain

stored in a granary whose structural surfaces were treated with
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TABLE 54. Mean percent mortality of C. ferrugineus adults exposed for
one week on wheat previously stored on a concrete floor of

a farm granary treated with bromophos WP at 1.0g AI/mZ°

Time after treatment (weeks)

Column
Treatment layera 1 2 4 ' 8
Control Iop 1.7 0.7 0] 0.7
Middle 1.7 0 0 1.7
Bottom 18.3 0 10.0 11.7
Bromophos WP Top 3.3 10.0 1.7 3.3
Middle 3.3 1.7 1.7 0
Bottom 100 100 100 100

aEach layer was 8.3cm deep.
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TABLE 55. Mean number of C. ferrugineus Fl adults produced in 50g
wheat after seven days of infestation of the grain with

20 adult beetles.

Time after treatment (weeks) Column
Column
a layer
Treatment layer 1 2 4 8 means
Control Top 36.0 51.0 45.7 33.3 41.5
Middle 45.7 55.0 39.3 44,7 46.2
Bottom 39.0 50.0 41.3 30.0 40.1
Bromophos WP Top 38.7 35.7 42.7 27.0 36.0
Middle 44,0 47.7 55.7 40.7 47.0
Bottom 0 0 0 0 0
Time means 33.9 39.9 37.5 29.3 35.2
#Each layer was 8.3cm deep
L.S5.D. between any 5% 17z
(1) Two column layer means 7.3 9.7
(11) Two post-treatment period means 5.9 7.9

(iii) Two column layer means for the
same post-treatment period or 14.5 19.4

vice versa.
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TABLE 56. Uptake of bromophos WP into stored wheat from a concrete

a
floor of a farm granary .

——
Time after treatment (week)

Column layerb 1 2 4 8
Top 0.08 0.07 0.04 0.09
Middle 0.05 £0.04 {0.04 0.04
Bottom 0.62 0.68 0.52 0.32

aMean residue (ppm) of 3 replicates
b
Each layer was 8.3cm deep

°s.E. + 0.05
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bromophos WP at 1.0g AI/m2 prior to storage of wheat, the following
results were obtained. Table 57 shows the mean bromophos residue
recovered from wheat, the percent mortality of C. ferrugineus, and
the Fl progeny produced in wheat samples taken at different levels
(bushels) during unloading of the grain from the treated bin.

No bromophos residues were detected in the upper 450 bushels
of wheat stored in the treated bin. There was negligible uptake
of bromophos at the 600-bushel level. The uptake of bromophos by
wheat was found to increase considerably as the bin was emptied.

The greatest amount of bromophos residue (0.68 ppm) was recovered
in wﬂeat close to the treated walls and fioor.

There was a close relationship between the bromophos residues
detected at the-various bushel levels of wheat, percent mortality,
and development of C. ferrugineus in the wheat samples taken at these
levels. Complete control of C. ferrugineus was obtained on wheat
samples with 0.51 ppm or higher, and these residue levels prevented
reproduction of C. ferrugineus. Although 0.29 and 0.38 ppm bromophos
gave 87.5 and 95.3 percent mortality, respectively, F. adult beetles

1

were able to develop at these concentration levels.



TABLE 57. Mean residue (ppm), percent mortality, and numbers of
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C. ferrugineus Fl adults in wheat stored in a bin treated

2 1

with bromophos WP at 1.0 g AI/m”.

Bushel level at which

Residue

sample was taken (ppm) % mortality Fl progeny
Control - 85,
150 0 91.
300 0 88,
45Q 0 81.
600 0.07 0 70.
750 0.09 0 54
875 0.10 2. 42,
950 0.16 18. 45.
1000 0.29 87. 8.
1050 0.38 95. 4.
1075 0.51 100.
1090 + swept grain 0.68 100.

Based on 3 determinations from the same sample.
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4. The effect of moisture content on uptake of malathion and

bromophos from wood surface into wheat.

Bioassay of the grain with adults of C. ferrugineus and T.
castaneun exposed for one week showed 100 percent mortality in
both insecticide treatments.

Significantly more bromophos residues (P4£0.01) were recovered
from wheat than malathion (Table 58). The mean bromophos residue
recovered from the grain stored onbthe wood surface was 34.06 ppm

whereas the mean malathion residue was 18.22 ppm (Table 58). However,
with each insecticide treatment, there was no significant difference
(P> 0.05) between the various moisture contents on the uptake of
insecticide into the grain from the treated surface. - The'uptake of
insecticide from treated surfaces into stored grain appeared to be

independent of the moisture content of the grain.

TABLE 58. Uptake of malathion and bromophos (EC) from wood surface
2
treated at 1.0g AI/m”~ into wheat of varying moisture

content stored for one week.

"Moisture Content (%)

Insecticide
Insecticide 12 14 16 means
Malathion 18.33 17.48 18.84 18.22
Bromophos 33.88 33.16 35.15 34.06

M.C. means 26.11 25.32 27.00

lMean residue (ppm) of 4 replicates.
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5. The distribution of malathion residues in layers of grain kernels

stored on wood surfaces.

The results of this experiment conducted to determine whether the

insecticfde moves up past a single layer of kernels are shown in

Tables 59 and 60, and Fig. 11.

TABLE 59. Uptake of malathion by each of three single layers of

wheat stored on wood surfaces treated at 1.0g AI/mz.

Residues (ppm) recovered after

Column Days Months Column
a . layer

layer 1 3 7 1 2 means

Top 0.25 0.41 1.56 6.30 9.07 3.52

Middle 0.79 3.06 5.22 17.73 21.59 9.68

Bottom 7.05 13.08 18.21 41.49 42.85 24.54

Storage

period 2.70 5.52 §.33 21.84 24.50

means

aEach layer was 3mm deep

L.S5.D. between any 5% 1%

(1) Two column layer means 1.71 2.28

(ii) Two storage period means 2.20, 2.95

(iii) Two column lajer means for the 3.82 5.10

same storage period or vice versa.
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Significantly (PL0.01) more malathion translocated to the
bottom layer of wheat than to the middle or top layers. The mal-
athion picked up by the bottom layer ranged from 7.05 ppm, after
a day of storage of the grain on the treated surface, to 42.85 ppm
after two months of storage (Table 59). At the end of the storage
period, malathion transferred to the middle and top layers were
21.59 and 9.07 pPpm, respectively,

The amount of malathion transferred to the layers of wheat
increased progressively with the duration of storage. There was
a marked increase in the uptake of insecticide into the layers
between the first and the fourth week of storage (Table 59 and Fig.
11). A significant difference (PL0.05) in the amount of malathion
residue recovered from the top layer occurred after one month of
storage whereasin the middle and bottom layers, the differences
were apparent after the seventh and the first day of storage,
respectively.

The results of the bioassay of the layers of wheat stored on
the treated surfaces showed a pattern similar to the results obtained
for the residue analysis of the grain. Complete mortality of T.
castaneum was obtained on the bottom layer of wheat at each assess—
ment period ip comparision with complete mortality which occurred
on the middle and top layers of grain after seven days and one month
of storage, respectively (Table 60 and Fig. 11). There Qas a progressive
increase in mortality with the duration of storage of the top and middle
layers of grain on the treated surface. The mortality of T. castaneum
on the layers of wheat reflects the amount of toxicant that was trans-

ferred to the layers from the treated surface.
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TABLE 60. Mean percent mortality of T. castaneum exposed for one
week on layers of wheat column stored on treated wood

surfaces for 1 day to two months.

Percent mortality after

Column Days Months Column
a layer

layer 1 3 7 1 2 means

Top 0.0 2.5 7.6 100 100 42.0

Middle 6.3 58.8 100 100 100 73.0

Bottom 100 100 100 100 100 100.0

Storage

period 35.4 53.8 69.2 100 100

means

aEach layer was 3mm deep

L.S.D. between any 5% 1%
(1) Two column layer means 3.7 5.0
(ii) Two storage period means 4.9 6.5

(iii) Two column layer means for the same

storage period or vice versa. 8.6 11.4
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FIGURE 11. - Mean malathion residue (ppm) recovered from layers of
wheat, and percent mortality of T. castaneum on the

layers of wheat stored on wood surface treated at 1.0

g AI/mZ.
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6. Effect of physical disruption on the persistence of insecticide

deposits on structural surfaces.

The effect of physical disturbances on the persistence of
malathion, bromophos (EC and WP), and iodofenphos (EC) on wood
surfaces as determined by bioassay of the treated surfaces with
adults of T. castaneum exposed for five hours are shown in Tables
61-63 and Fig. 12.

There were significant differences (PL0.01) between the
treated surfaces that were variously disturbed, the type of
insecticide, the age of insecticide deposit, and their in;eractions.

The type of physical disruption used on the treated surfaces
significantly (PL0.01) affected the persistence of insecticide
deposit. The mean bercent mortality obtained on surfaces that were
swept was significantly higher (PL0.01) than the mean percent mortal-
ity on undisturbed surfaces and on the surfaces subjected to mechanical
shaking with wheat (Table 61). Generally, more than 50 percent mortality
was obtained, at each assessment period, on the surfaces that were
swept 12 weeks after treatment (Table 61). There was a complete
mortality of T. castaneum for 12 weeks on malathion- and iodofenphos-
treated surfaces that were swept (Table 63 and Fig. 12). The type
of physical disturbance on the effectiveness of insecticide deposit
was more apparent on the surfaces that were mechanically shaken with
wheat (Table 63 and Fig. 12). In the icdofenphos-treated surfaces,
about 29 percent mortality was obtained one day after treatment in
contrast to 99 percent mortality from other disturbed surfaces treated
with the same insecticide.

Generally, the effectiveness of the insecticides decreased with

the age of the deposit after the disturbance of the treated surfaces
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(Tables 61 and 62). The effectiveness of the insecticide deposit
with age was greatly affected on surfaces that were disturbed by
abrasion (mechanical shaking) with wheat (Table 63 and Fig. 12).
There were significant differences in effectiveness of the
insecticide deposits on the various disturbed surfaces. Signif-
icantly higher (P<£0.01) mortality was obtained on malathion-treated
surfaces (Table 62), and according to the order of increasing effec-
tiveness>at the 57 level of probability malathion EC = malathion WP

2 iodofenphos EC > bromophos EC > bromophos WP.
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TABLE 62. Mean percent mortality of T. castaneum adults exposed
for 5 hours to disturbed insecticide deposits on wood

surfaces at different times after treatment.

Time after treatment

Day Weeks
Insecticide

Insecticide 1 1 3 6 12 24 means
Malathion EC 95.4 98.8 86.3 73.3  56.3 10.0 70.0
Malathion WP 98.8 99.6 83.3 68.8 50.8 1.7 67.2
Bromophos EC 96.3 92.5 68.3 40.0 2.5 0.4 50.0
Bromophos WP 91.3 84.6 53.8 35.4 12.5 0.0 46.3
Iodofenphos EC 75.4 75.0 72.1 70.4 64.2 8.8 61.0
Age of
insecticide 81.4 90.0 72.9 57.6 37.3 4.2 58.9
deposit means
L.S5.D. between any © 5% 1%

(1) Two means of insecticide deposit 3.4 4.1

(ii) Two means of insecticide deposit

for the same age or vice versa. 8.4 10.2
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" FIGURE 12. - Physical disturbances on persistence of malathion, bromophos,

‘and iodofenphos on wood surface against T. castaneum.
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7. Persistence of malathion, bromophos, iodofenphos, and

pirimiphos-methyl residues in dry and tough stored wheat.

Storage conditions - The conditions under which the treated

wheat grains were stored are presented in Table 64. At the ter-
mination of the study, wheat of 12.0 and 16.0 percent moisture content
has dropped to 11.0 and 14.0 percent, respectively. The slight
variations in temperature of bagged wheat were found to be closely
dependent upon the temperature of the storage rooms. The highest
temperature in both storage rooms and in bagged wheat occurred in
July. Cold temperatures were recorded in the 12.0 percent moisture

content treatments in November.

Bioassay of the treated wheat - The biological effectiveness to

determine the persistence.of malathion, bromophos, iodofenphos,

- and pirimiphos-methyl on dry (12.0% mc) and tough (16.0% me) stored
wheat was done.by bioassay with susceptible and malathion-resistant
strains of T. castaneum exposed continuously for seven days on
treated wheat at 1, 3, 6, 12, ahd 24 weeks. Percent mortality was
corrected by Abbott's (1925) formula.

Tables 65 and 67, and Fig. 13 show that significantly higher
(PL0.01) mortalities of susceptible and malathion~resistant strains
of T. caétaneum were obtained on treated dry wheat than on treated
tough wheat. Percent mortality with both strains increased signif-
icantly (P<0.05) with increasing dose of each insecticide applied.
However, in the pirimiphos-methyl treatments, both dosage rates
applied to wheat gave 100 percent mortality of susceptible T.
castaneum (Table 65). 1In dry and tough wheat treated at 4.0 and 6.0

ppm with pirimiphos-methyl, complete mortality of susceptible
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T. castaneum was obtained for 24 weeks (Table 66) whilst 6.0 ppm
was required to give complete mortality of the resistant strain
for the same 24-week period (Table 68). Pirimiphos-methyl at 4.0
ppm produced 93.3 and 78.3 percent mortality of the resistant
T. castaneum on dry andtough wheat, respectively, 24 weeks after
treatment.

Under the conditions of storage of the treated wheat (Table
64), the effectiveness of malathion at 8.0 ppm on dry and tough
wheat against susceptible T. castaneum.lasted for six weeks, but
at 12.0 ppm it was effective (85% mortality) for 24 weeks on dry
wheat and 12 weeks on tough wheat (Table 66). The ineffectiveness
of malathion at the dosages tested against resistant T. castaneum
is shown in Table 68. Only 52 percent mortality was obtained with
12.0 ppm malathion on dry wheat one week after treatment.

Bromophos and iodofenphos at the dosages apﬁlied to wheat
were equally effective (P2>0.05) on both dry and tough wheat against
susceptible_l. castaneum (Table 65) but as the age of the insecticide
deposit increased, iodofenphos treatments persisted longer on wheat
at the dosages tested (Table 66). Iodofenphos at 10.0 ppm on dry
wheat gave equal protection against susceptible T. castaneum as
malathionlat 12.0 ppm (Tables 65 and 66). Against resistant T.
castaneum, bromophos treatments on dry and tough wheat provided
significantly better (P<£0.01) protection than the iodofenphos
treatments (Tables 67 and 68). Dry and toughwheat treated at 15.0
ppm with bromophos gave 100 percent mortality of resistant T.
castaneum for 12 weeks whereas iodofenphosat equivalent dosage

produced 100 percent mortality for three weeks (Table 68).



TABLE 64a. Storage conditions of treated wheat of 12.0% moisture

content during the experimental period.
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Storage room

Bagged wheatl

Month of the

Moisture Content

year (1977) Temp. (°C) RE (%) Temp. (°C) (%)
April 20.1 + 2.1 50.3 + 1 18.8 + 0.7 12.0 +
May 23.0 + 2.5  51.0 + 0 21.4 + 1.6 12.0 +
June 26.0 + 1.9 50.4 + 2 25.9 + 2.0 11.9 +
July 27.2 + 0.6  50.5 + 0 26.8 + 1.0 11.8 +
August 25.0 + 1.1 50.0 + 1 26,7 + 1.9 11.8 +
September  22.8 + 0.5 47.5 + 2 20.9 + 0.4 11.6 +
October 22.8 + 4.7 41,5 + 1 19.7 + 0.4 11.2 +
November 11.4 + 7.2 41.0 + 1 10.2 + 7.4 11.0 +

+ Standard deviation



TABLE 64b.

content during the experimental period.

Storage room

Storage conditions of treated wheat of 16.0% moisture

Bagged wheatl
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Month of the

Moisture content

year (1977) Temp. (°C) RH (%) Temp. (°C) (%)
April 23.0 + 1.8 78.4 + 3 21.4 + 0.7 16.0 +
May 22.8 + 2.1  78.0 + 2 20.0 + 1.2 16.1 +
June 22.4 + 1.4 78.9 + 7 21.3 + 1.8 16.0 +
July 23.6 + 0.7 78.0 + 8 24.0 + 0.6 15.9 +
August 22.2 + 0.5 76.0 + 7 23.3 + 0.7 15.8 +
September 20.9 + 0.9  76.7 + 3 20.2 + 0.7 15.6 +
October  23.7 + 2.3 80.0 + 6 23.6 + 2.4 15.3 +
November' 22.7 + 3.0  78.2 + 2 21.2 + 2.1 14.0 +

l.i Standard deviation



TABLE 65. Mean percent mortality of susceptible T,

castaneum
—oora e
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adults exposed for seven days on treated stored wheat

of different moisture contents.

Dosage ) . Insecticide
Insecticide applied Wheat @01sture content (%) treatment
(ppm) 12.0 16.0 means
Malathion 8.0 76.3 67.7 72.0
12.0 97.0 80.7 88.9
Bromophos 10.0 93.0 78.0 85.5
15.0 100 89.0 94.5
Iodophenphos 10.0 97.0 80.3 88.7
15.0 100 93.7 96.9
Pirimiphos- 4.0 100 100 100
methyl
6.0 100 100 10Q
Moisture content means 95.4 86.2 90.8
L.S.D. between 5% 1z
(1) Any two means of insecticide tréatment 3.3 4.3
(ii) Means of wheat moisture content 1.6 2.2
(1ii) Any two means of moisture content
for the same insecticide dosage 4.7 6.2

applied or vice versa.



151
TABLE 66. Mean percent mortality of susceptible T. castaneum adults
exposed for seven days on treated dry (12.0% mc) and tough

(16.0% mc) stored wheat at various times after application.

Treatment Weeks after treatment

Applied

Insecticide dosage (ppm) 1 3 6 12 24

12.0% mc

Malathion 8.0 100 100 100 56.7 25.0
12.0 100 100 100 100 85.0
Bromophos 10.0 100 100 100 100 65.0
15.0 100 100 100 100 100
Iodofenphos 10.0 100 100 100 100 85.0
15.0 100 100 100 100 100
Pirimiphos- 4.0 100 100 100 100 100
methyl

6.0 100 100 100 100 100

16.0% mc
Malathion 8.0 100 100 100 38.3 0

12.0 100 100 100 100 3.3
Bromophos 10.0 100 100 100 83.3 6.7
15.0 100 100 100 100 45.0
Iodofenphos 10.0 . 100 100 100 70.0 31.7
15.0 100 100 100 100 68.3
Pirimiphos- 4.0 100 100 100 100 100
methyl
’ 6.0 100 100 100 100 100

L.S.D. between any two means of insecticide treatment/moisture

content/time after insecticide application interaction (0.05) = 10.4

(0.01) 13.8
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TABLE 67. Mean percent mortality of malathion-resistant T. castaneum
adults exposed for seven days on treated stored wheat

of different moisture contents.

Wheat moisture content (%)

Treatment
. Insecticide
Applied treatment
Insecticide dosage (ppm) 12.0 16.0 means
Malathion 8.0 18.3 10.0 14.2
12.0 27.3 18.3 22.8
Bromophos 10.0 66.3 58.7 62.5
15.0 95.7 81.3 88.5
Iodofenphos 10.0 57.7 40.7 49,2
15.0 74.7 63.3 69.0
Pirimiphos- 4,0 98.0 95.0 96.5
methyl
6.0 100 100 100
Moisture content means 67.3 58.4 62.9
L.S.D. between 5% 17
(1) Any two means of insecticide treatment 3.0 4.0
(i1) Means of wheat moisture content 1.5 2.0
(1iii) Any two means of moisture content for 4.2 5.6

the same insecticide dosage applied or vice versa. "
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TABLE 68. Mean percent mortality of malathiomresistant T. castaneum
adults exposed for seven days on treated dry (12.0% mc) and

tough (16.0% mc) stored wheat at various times after application.

Treatment Weeks after treatment
Applied
Insecticide dosage (ppm) 1 3 6 12 24

12.0% mec

Malathion 8.0 ) 38.3 30.0 13.3 8.3 1.7

12.0 51.7 41.7 18.3 18.3 6.7

Bromophos 10.0 100 98.3 71.7 41,7 20.0

15.0 100 100 100 100 78.3

Iodofenphos 10.0 82.2 66.8 55.9 56.7 21.7

15.0 100 100 81.4 53.3 38.3

Pirimiphos- 4.0 -lOO 100 100 96.7 93.3
methyl

6.0 100 100 100 100 100

Malathion 8.0 29.3 9.2 0 0 0

12.0 36.1 20.2 15.3 8.3 0

Bromophos 10.0 100 94.1 71.1 25.0 1.7

15.0 100 100 100 100 6.7

Iodofenphos 10.0 84.3 59.3 49.2 5.0 0

15.0 100 100 67.7 36.7 11.7

Pirimiphos- 4.0 100 100 100 96.7 78.3
methyl

6.0 100 100 100 100 100

L.S5.D. between any two means of insecticide treatment/moisture content/

time after insecticide application interaction (0.05) 9.5

12.5

(0.01)
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FTGURE 13. - Percent mortality of susceptible and malathion-resistant
strains of T. castaneum adults exposed for seven days

to treated dry (12% mc) and tough (16% mc) stored wheat.
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From the treated means of the dosages applied, the order of
persistence of insecticide treatments on dry wheat:

(i) against susceptible T. castaneum, was pirimiphos-methyl =
iodofenphos = bromophos » malathion; (P = 0.05).

(i1) against malathion-resistant I. castaneum, the order of per-
sistence was pirimiphos-methyl » bromophos > iodofenphos > malathion
(P = 0.01); and on tough wheat

(1) against susceptible T. castaneum, the order of persistence
was pirimiphos-methyl > iodofenphos > bromophos » malathion (P = 0.05);

(ii) against malathion~resistant<l. éastaneum, the order of per-
sistence was pirimiphos-methyl > bromophos ? lodofenphos » malathion

(P = 0.01).

Determination of persistence by production of Fl progeny — The

data (Tables 69 and 70) show the persistence of the test insecticides on
dry andtough wheat as determined by Fl progeny production after incu-—
bation of treated wheat samples at 27.5°C and 60-70 RH for 42 days.

The test strains of T. castaneum produced more progeny in
untreated wheat.than in treated wheat at each assessment period.

Pirimiphos-methyl at 4.0 and 6.0 ppm completely prevented repro-
duction of both strains of TI. castaneum in dry andtouggwheat throughout
the 24-week. period of the study.

On tough wheat treated at 8.0 ppm with malathion, 14 adult suscepti-
ble T. castaneum emerged after 24 weeks and 13 adults of the resistant
strain were produced after six weeks. In dry wheat, malathion at 8.0
ppm prevented reproduction of the susceptible strain but six beetles of

the resistant strain emerged 24 weeks after treatment.
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TABLE 69. Mean number of susceptible T. castaneum Fl adults produced
in dry (12.0% mc) and tough (16.0% mc) wheat after seven
days of infestation of the grain at various times after
insecticide application.
Treatment
Weeks after treatment
Applied
Insecticide dosage (ppm) 1 3 6 12 24
12.0% mc
Control 0 56 48 73 39 107
Malathion 8.0 0 0 0 0 G
12.0 0 0 0 0 0
Bromophos 10.0 0 0 0 0 0
15.0 0 0 0 0 0
Iodofenphos 10.0 0 0 0 0 =0
15.0 0 0 0 0 0
Pirimiphos- 4.0 0 0 0 0 0
methyl
6.0 0 0 0 0 0
16.0% mc
Control 0 50 54 79 62 97
Malathion 8.0 0 0 0 0 14
12,0 0 0 0 0 0
Bromophos 10.0 0 0 0 0 3
15.0 Q 0 0 0 0
Todofenphos 10.0 0 0 0 0 3
15.0 0 0 0 0 30
Pirimiphos- 4.0 0 0 0 0 0
methyl
6.0 0 0 0 0 0




157

TABLE 70. Mean number of malathion-resistant T. castaneum Fl adults
produced in dry (12.0% mc) and tough (16.0% mc) wheat
after seven days of infestation of the grain at various
times after insecticide application.
Treatment
Weeks after treatment
Applied
Insecticide dosage (ppm) 1 3 6 12 24
12.0% me
Control 0 40 58 44 34 81
Malathion 8.0 0 0 0 0
12.0 0 0 0 0 0
Bromophos 10.0 0 0 0 0 0
15.0 0 0 0 0 0
iodofenphos 10.0 0 0 0 0 0
15.0 0 0 0 0 0
Pirimiphos- 4.0 0 0 0 0 0
methyl
6.0 0 0 0 0 0
16.0% mc
Control 0 35 54 48 49 49
Malathion 8.0 0 0 13 18 22
12.0 0 0 1 9 12
Bromophos 10.0 0 0 0 0 1
15.0 0 0 0 0 0
Iodofenphos 10.0 0 0 0 0 30
15.0 0 0 0 0 21
Pirimiphos- 4.0 0 0 0 0 0
methyl
6.0 0 0 0 0 0
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No susceptible strain of T. castaneum was produced in the dry and
tough yheat treaéed at 12.0 ppm with malathion. However, progeny of
the resistant strain started to emerge from the tough wheat treated
with an equivalent dose after six weeks.
Bromophos at 10.0 ppm on dry wheat inhibited reproduction of

both strains of T. castaneum but on toughwheat there was production

of progeny of both strains after 24 weeks. TFifteen ppm of bromophos
on dry and tough wheat prevented reproduction of both T. castaneum

strains throughout the study.

No progeny of susceptible T. castaneum emerged in dry wheat -
treated é£ 10.9 ofblé.o ppm with iddéfenphos but on tough wheat
treated at the same concentrations, progeny emerged 24 weeks
after treatment. Similarly, emergence of the resistent strain
occurred in the tough wheat treated at 10.0 and 15.0 ppm after

24 weeks.

Analysis of the residues - The initial deposits of the insecticides

were close to the dosages intended for application except for bromophos
and iodofenphos at 10.0 and 15.0 ppm, respectively (Table 72). The
data (Tables 71 and 73, and Fig. 14) showed that generally the rate
of breakdown of the insecticides was significantly greater (P<£0.01)
on tough wheat (16.07% mc) tﬁan on dry wheat (12.0% mc). There was,
however, no significant difference (P30.05) in the rate of breakdown
of pirimiphos-methyl applied to the dry and tough wheat (Tables 71 and
72).

A significant difference (P<£ 0.05) in the amount of malathion
residue recovered from dry and tough wheat occurred after three weeks

of storage, and for bromophos after 12 weeks (Table 72). The residue
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of iodofenphos recovered from the dry wheat treated at 10.0 pPpm was
significantly greater (P< 0.05) than the residue from the tough wheat
after six weeks whilst the differences in the recovery of iodofenphos
residues from the dry and toughwheat treated at 15.0 ppm were signif-
icant (P4 0.01) three weeks after the insecticide application.

Tables 73 and 74, and Fig. 14 show the mean percent residue
degradation of malathion, bromophos, iodofenphos, and pirimiphos—
methyl applied to dry and toughwheat. Pirimiphos-methyl was .
comparatively more stable on both dry and toughwheat under the same
conditions of storage, and iodofenphos degraded faster among the
test insecticides. The rate of breakdown of iodofenphos and pirimi-
phos-methyl residues on dry and toughwheat was not dependent upon
the level of insecticide concentration (P> 0.05) but the lower
concentrations of malathion and bromophos degraded at a faster rate
(P<0.01) than the higher concentrations (Table 73). However, at
the termination of the study (24 weeks) the differences in the percent
degradation of insecticide residues between the concentrations were
not significant at the 5 percent level of probability (Table 74).
There was very little difference in the persistence of malathion 8.0
ppm and iodofenphos 10.0 ppm on dry and tough wheat.

The percent degradation’of insecticide residues on dry and
tough wheat increased with age of insecticide deposit, with marked
percent degradation in residual amounts of malathion, b?omophos,
and pirimiphos-methyl occurring at 12 weeks after treatment, and

for iodofenphos at six weeks after treatment (Table 74).
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TABLE 71. Mean insecticide residues (ppm) recovered from stored

wheat of different moisture contents during 24 weeks.

Treatment
Wheat moisture content (%)
Applied Treatment

Insecticide dosage (ppm) 12.0 16.0 means
Malathion 8.0 4.97 3.77 4.37

12.0 8.60 6.98 7.79
Bromophos 10.0 5.98 5.36 5.67

15.0 10.96 9.67 10.32
Iocdofenphos 10.0 5.23 4.31 4.78

15.0 7.62 6.50 7.06
Pirimiphos~ 4.0 3.11 3.03 3.07
methyl

6.0 4,68 4,65 4.67

Moisture content means 6.40 5.53 5.97
L.S.D. between 5% 1%
(1) Means of moisture content 0.12 0.15

(ii) Any two means of moisture content

for the same insecticide dosage applied 0.33 0.43
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TABLE 72. Mean insecticide residues (ppm) recovered from dry (12.0% mc)

and tough (16.0% mc) stored wheat at various times after

application.
Treatment
Weeks after treatment
Aimed
Insecticide dosage (ppm) 0 1 3 6 12 24
] 12.0% mc

Malathion 8.0 : 7.91 6.57 6.41 6.06 3.19 2.62
12.0 11.81 11.62 10.88 9.30 6.59 4.52
Bromophos 19.0 8.31 7.86 7.44 6.08 4.76 3.76
15.0 13.99  13.70 13.10 12.02 9.02  6.99
Iodofenphos 10.0 8.97 8.51 7.18 5.12 3.20 2.17
15.Q 13.14 12.47 11.51 6.32 4.28 3.55
Pirimiphos- 4.0 3.56 3.48 3.35 3.22 2.92 2.54

methyl
6.0 5.47 5.32 5.01 4.85 4,54 3.66

16.0% mc

Malathion 8.0 7.76 5.73 5.64 4.30 1.97 1.19
12,0 11.62 11.37 9.85 7.64 4.57 1.45
Bromophos 16.0 8.65 7.84 7.07 6.00 3.79 2.12
15.0 14.26 13.32 12,89 11.39 6.69 4.06
Iodofenphos 10.0 8.88 7.95 6.61 3.30 2.37 1.34
15.0 13.03 11.87 9.59 4.87 3.60 2.54
Pirimiphos- 4.0 3.47 3.37 3.30 3.18 3.04 2.26

methyl
6.0 5.51 5.11 5.06 4.78 4,44 3.86

Q week residue is the actual applied dosage determined immediately after

insecticide application to the wheat.

L.S.D. between any two means of insecticide treatment/moisture content/

time after insecticide application interaction (0.05) 0.73

(0.01)

il

0.95
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TABLE 73. Mean percent residue degradation of malathion, bromophos,

iodofenphos, and pirimiphos-methyl in stored wheat of

different moisture contents during 24 weeks.

Treatment
Dosage Wheat moisture content (%)
applied Treatment
Insecticide (ppm) 12.0 16.0 means
Malathion 8.0 37.15 51.48 44,32
12.0 28.63 40.29 34.46
Bromophos 10.0 28.08 37.89 32.99
15.0 21.56 32.14 26.85
Iodofenphos 10.0 41.58 51.35 46,47
15.0 41.98 50,21 46.10
Pirimiphos- 4.0 12.58 12.56 12.57
methyl
6.0 14.46 15.61 15.03
Moisture content means 28.25 _ 36.44 32.35
L.S.D. between 5% 17
(1) Any two means of insecticide treatment 2.27 3.0
(ii) Means of moisture content 1.14 1.50
(1ii) Any two means of moisture content for
the same insecticide dosage applied or 3.21 4,24

vice versa.
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TABLE 74. Mean percent residue degradation during 24-week period
of storage of dry (12.0% mc) and tough (16.0% mc) wheat
treated with malathion, bromophos, iodofenphos, and
pirimiphos-methyl, with reference to initial deposits.

Treatment
Weeks after treatment
Dosage
Insecticide applied (ppm) 1 3 6 12 24
12.0% mc
Malathion 8. 16.88 18.97 23.35 59.66 66.87
12. 1.54 14.87 20.84 44,15 61.77
Bromophos 10. 5.22 11.07 26.80 42.67 54.63
15. 2,10 6.42 14,06 35.27 49.95
Iodofenphos 10. 5.08 19.86 42.83 64 .37 75.76
15. 5.12 12.43 51.94 67.41 72.99
Pirimiphos- 4, 2.14 5.99 9.57 16.42 28.76
methyl
6. 2.68 8.36 11.29 .16.90 33.06
16.0% mc
Malathion 8. 25.31 28.26 44 .63 74 .58 84.64
12. 2.69 15.65 34.64  60.86 87.60
Bromophos 10. 9.34 18.26 30.53 55.85 75.49
15. 6.53 9.38 20,24 52.97 71.58
Iodofenphos 10. 10.53 25.35 62.74 73.36 84.79
15. 9.31 26.36 62.55 72.36 80.48
Pirimiphos- 4. 2.70 4.90 8.36 12.21 34.64
methyl
6. 7.26 8.17 13.19 19.48 29.94

L.S.D. between any two means of insecticide treatment/moisture

content/storage period interaction (0.05)

7.18

[

(0.01) 9.48
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FIGURE 14. - Percent residue degradation of malathion, bromophos,
iodofenphos, and pirimiphos-methyl applied to dry

(12% mc) and tough (16% mc) wheat.
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Table 75 shows the estimated period during which 50 percent

(half-life, t% ) of the applied insecticide is lost under the con-
ditions of storage of the treated wheat. These half-life values
were estimated from the regression of the logarithm of percent
residue degradation on time after treatment. The half-life of the
insecticide deposits was generally longer on dry wheat than on
tough wheat, and pirimiphos-methyl treatments, by extrapolation,
had the longest half-life. The half-life of the insecticides
increased with an increase in concentration level except ilodofenphos
treatments on dry wheat. Also, high concentrations did not increase

the half-life of bromophos and iodofenphos on toughwheat.

- Residues in milled fractions of stored wheat

The milling of the dry wheat yielded percent by weight 16.5
percent bran, 12.5 percent middlings, and 71.0 percent flour; the
tough wheat on milling produced 20.0 percent bran, 15.0 percent
middlings, and 65.0 percent flour.

The amounts of insecticide recovered from treated whole wheat
and milled fractions of dry and tough wheat are presented in Table
76. The highest residues were found in the bran and middlings. There
were slight differences in residual amounts of insecticide recovered
from the bran and middlings. Very small amounts of residue were
found in the flour. 1Insecticide residues recovered from the milled
fractions decreased with age of insecticide deposits. The residues
recovered from milled fractioms of toughwheat were generally slightly

lower than the residues recovered from dry wheat fractions.
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TABLE 75. Half-life (t%) of malathion, bromophos, iodofenphos,
and pirimiphos-methyl in stored wheat expressed as
time (weeks) required for disappearance of 50% of
the actual amount applied.
Treatment
Time (weeks)l
Aimed
Insecticide dosage (ppm) 12.0% mc 16.0% mc
Malathion 8.0 10.9 7.3
12.0 16.5 9.8
Bromophos 10.0 20.4 11.6
15.0 22.1 11.7
Iodofenphos 10.0 7.6 5.2
15.0 6.1 5.2
Pirimiphos- 4.0 37.8 33.3
methyl
6.0 42,4 43,4
Based on mean of 3 replicates of the actual dosage applied.
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- CHAPTER V

DISCUSSION

1. Persistence of insecticides applied to concrete and wood surfaces.

The results of persistence of malathion, bromophos (EC and
WP), and iodofenphos (EC) on wood and concrete surfaces determined
by biocassay with C. ferrugineus and T. castaneum adults of known
age on wheat, barley, and corn stored for seven days on structural
surfaces are presented in Tables 8-25 and Figs. 9 and 10.

There were significant differences (P<£0.01l) in the persistence
of the insecticide deposits on wood and concrete surfaces as deter—
mined by the toxicity of the insecticide residues in wheat, barley,
and corn infested for seven days with adults of C. ferrugineus
and T. castaneum. Significantly higher (P <0.0l) mortalities
of C. ferrugineus and T. castaneum were obtained on all grains
stored on treated wood surfaces than on grains stored on trea;ed
concrete surfaces (Tables 8, 16, 17, and 25). The hiéh mortality
counts on grains stored on treated wood surfaces, indicating
greater persistence of the insecticides on wood than on concrete,
agree with the results of bioassay of treated surfaces reported
by other workers (Burkholder and Dicke, 1966; Parkin, 1966; Erakay
and Ozar, 1975; Watters, 1976). Parkin (1966) found that malathion
applied as an aqueous suspension of WP at 0.43 g/m2 persisted for
up to four months on wood and sacking against T. castaneum but was
very unstable on cement, whitewash and tile. Watters (1976) also
recorded complete control of T. castaneum with 40- and 18-week old
deposits of malathion and bromophos, respectively, at 1.0g AI/m2

on wood surfaces. Bromophos was effective on concrete surfaces for
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four weeks and malathion for one week. Alkaline surfaces are known
to hydrolyse and detoxify insecticides (Lemon, 1967; Okwelogu, 1968;
Anon., 1975). The low mortalities of C. ferrugineus and T. castaneum
observed on grains stored on treated concrete surfaces therefore
indicate the rapid breakdown or strong adsorption of the insecticides
on this type of structural surface.

Significant differences (PL0.01) were observed between the
insecticide treatments on the two types of structural surfaces.
Most granaries are constructed of either wood or concrete or both
materials. Taking combined treatment of wood and concrete, higher
mortalities of C. ferrugineus were obtained on grains stored on
bromophos-treated surfaces than on grains stored on malathion- and
iodofenphos-treated surfaces (Tables 8 and 15). However, on wood
surfaces, malathion EC provided a better control (P£0.01) of
C. ferrugineus on stored grains for 32 weeks (Table 16). Malathion
WP, bromophos formulations, and iodofenphos EC produced equivalent
control of C. ferrugineus on grains stored on wood surfaces for 16
weeks. 1In contrast with this study, Tauthong (1975) recorded 100
percent mortality with a 52-week old deposit of malathion EC at
1.0 g/m2 dgainst C. ferrugineus exposed for 24 hours. Tauthong and
Watters (1978) also reported complete control of C. ferrugineus at
an exposure period of 24 hours on wood surfaces treated at the rate
of 1.0 g/m2 with emulsions of bromophos and iodofenphos 80 weeks
after treatment. The difference in persistence of insecticide
deposits on wood surfaces observed in the present investigation
and those reported by Tauthong (1975), and Tauthong and Watters
(1978) is probably due to the methods of bioassay used for the

determination of insecticide persistence. In this study, the
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persistence was determined by the protection afforded by the insecti-
cide residues transferred to food grains stored on treated surfaces.
On concrete surfaces, bromophos WP was the most persistent chemical
(Tables 10 and 13), providing more than 60 percent mortality of

C. ferrugineus on wheat and barley for eight weeks and on corn

for two weeks (Table 16). The residual effectiveness of bromophos

WP on concrete surfaces against C. ferrugineus and Tribolium SPp.

have also been reported by other workers (Lemon, 1967; Anon., 1975;
Watters, 1976). Pinniger (1975) noted that the physical nature

of wettablé powder makes the insecticide more readily available

on porous surfaces and therefore WP formulations tend to be more
persistent than EC formulations. Iodofenphos deposit on concrete
surfaces persisted significéntly (PL0.05) longer than malathion
formulations against C. ferrugineus (Table 13). This result is in
agreement with the studies of Girish et al. (1970) who showed that

2

the efficacy and residual toxicity of iodofenphos at 1.0 g/m” on

concrete slabs and jute bags against adults of S. oryzae, T. cast-

aneum, R. dominica, and larvae of T. granarium were comparatively

better than malathion deposits on the same surfaces.

The persistence of the insecticide treatments on wood and
concrete surfaces against T. castaneum on grains stored on these
structural surfaces are summarized in Tables 22 and 25. Complete
mortality of T. castaneum was obtained on grains stored on wood
surfaces treated with bromophos WP for 16 weeks but effectiveness
decreased sharply (5-11.8% mortality) after 32 weeks (Tables 22 and
25). The malathion formulations also produced almost complete control

for 16 weeks, with the EC formulation giving 50 percent mortality
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or more of T. castaneum on test grains stored on treated wood surfaces
for 32 weeks. Bromophos EC and iodofenphos gave more than 67
percent mortality on all grains stored on wood surface for eight
weeks. This result is confirmed by the data on bioassay of treated
surfaces with T. castaneum reported by Watters (1976), and Tauthong
and Watters (1978) that malathion deposit on wood surfaces persisted
longer than the deposit of bromophos. The result obtained in this
study is further confirmed by the laboratory studies conducted
by Lemon (1966) that bromophos is less toxic than malathion against
T. castaneum. The shorter persistence of iodofenphos deposit on
wood surfaces is rather contrary to the findings recorded by Tauthong
and Watters (1978) that 97 percent mortality of T. castaneum was
obtained with an 80-week old iodofenphos deposit of 1.0 g/mz. The
difference is probably due to the procedure used to determine the
persistence of iodofenphos deposit on this type of structural
surface.

The malathion formulations and iodofenphos were completely
ineffective against I. castaneum on grains stored on concrete
surfaces one week after treatment whereas more than 80 percent mor-
tality was obtained on wheat and barley stored on concrete surfaces
treated with bromophos EC for two weeks (Table 25). Bromophos WP,
on the other hand, gave 50 percent mortality or more for two weeks
on wheat and for one week on barley and corn stored on concrete
surfaces. The ineffectiveness of malathion deposits on concrete
surfaces or surfaces of high alkalinity against stored-product
insects has been demonstrated by various workers (Burkholder and
Dicke, 1966; Parkin, 1966; Lemon, 1967; Girish et al., 1970;

Watters, 1976). However, evidence presented from bioassay tests hag
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shown that concrete surfaces that become less alkaline with age

or washing of the surfaces, and the accumulation of dust and other
debris tend to stabilizemalathion and prolong the effectiveness

of the deposits (Okwelogu, 1968; Watters, 1970). Slominski and
Gojmerac (1972) also demonstrated by bioassay with larvae of A.
megatoma that malathion remains toxic for a month or two on painted
concrete surfaces or those treated with talc or calcium carbonate.

The loss of effectiveness of icdofenphos on grains stored on
concrete surfaces demonstrates the rapid breakdown of the compound
on alkaline surfaces. This fact is supported by the results of
the.residue analysis of the grains stored on wood and concrete
surfaces (Table 52) as well as by the results of biocassay of sur-
faces obtained by Blackman (1969), Gradidge et al. (1970), and Girish
et al. (1970). Blackman (1969) found that iodofenphos was more
toxic to adults of T. castaneum than malathion. Gradidge et al. (1970)
also showed from field tests that iodofenphos applied as an emulsion
at 0.8g AI/m2 to the structural surfaces of a granary was generally
more effective than malathionvdeposits of 1.2¢g AI/m2 when the surfaces
Were compared by bioassay against T. castaneum at 10 and 28 days after
treatment. The studies by Qirish et al. (1970) also indicated that
iodofenphos applied at 1.0g AI/m2 was comparatively more pérsistent
on concrete slabs than malathion when the surfaces were tested against
T. castaneumn.

Lemon (1967) reported that bromophos WP applied to concrete at
the rate of 0.75 g/m2 provided complete protection against T. con-
fusum adults exposed for six days on the treated surfaces for 16 weeks.
The rather shorter persistence of bromophos treatments on concrete

surfaces obtained in this study in contrast with the results reported
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by Lemon (1967) might be due to the differences in the level of the

toxicant available on the surfaces of test materials to the test
insects as well as the differences in toxicity of the insect species
used for the studies.

Comparison of insect mortality on grains stored on concrete
surfaces for all insecticide treatments showed that significantly
lower (P < 0.01) mortality of C. ferrugineus was obtained on corn
than on wheat or barley eight weeks after treatment for bromophos
and iodofenphos and two to four weeks for the malathion formulations
(Table 16). However, against T. castaneum the differences in mor—
tality between the stored grains were only apparent in the bromophos
formulations at two to four weeks after treatment (Table 25).

On wood surfaces, significantly lower (P4 0.05) mortalities of

C. ferrugineus and T. castaneum obtained on corn than on wheat or
barley were apparent with age of insecticide deposit (Tables 16

and 25). The low mortality obtained on corn may be due to a

smaller surface area of the kernels in contact with the treated
surface in comparison with that of wheat or barley, but it may also
be due to the fact that there is less surface area of corn to adsorb
residues translocated in the gas phase.

The percent mortality of C. ferrugineus and T. castaneum on
grains stored'on treated structural surfaces generally decreased
with age of insecticide deposit (Tables 16 and 25). The persistence
of deposits on wood surfaces against both beetles declined sharply
after 16 weeks except C. ferrugineus on wheat and barley stored on
malathion EC-treated wood surfaces which provided about 97 percent
mortality after 32 weeks (Table 16). On concrete surfaces there
was a sharp decline in persistence of the insecticide deposits
against the beetles one to two weeks after treatment (Tables 16 and

25). Bromophos WP, however, appeared to have a slightly longer
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persistence against C. ferrugineus. Its effectiveness decreased
sharply after eight weeks.

From the bioassay of the grains stored on the treated surfaces,
the effectiveness and persistence of the insecticide deposits
against. the test beetles can be summarized as follows:
C. ferrugineus on grains stored on (i) wood surface — malathion EC>
bromophos WP = malathion WP = bromophos EC » iodofenphos EC (P = 0.05);
(ii) concrete surface - bromophos WP) bromophos EC ) iodofenphos EC
malathion EC = malathion WP (P = 0.05). T. castaneum on grains
stored on (i) wood surface - malathion EC D malathion WP = bromophos
WP 7 bromophos EC D iodofenphos EC (P = 0.05); (ii) concrete surface -
bromophos EC » bromophos WP > iodofenphos EC = malathion EC = malathion

WP (P = 0.05).

El progeny ~ In assessing the production of Fl adult beetlés in
the grains which had been previously stored on wood and concrete
surfaces, only adult counts were made because Sinha and Muir (1977)
have shown that assessment of eggs and first instar larvae usually
introduce unacceptable levels of errors.

The effectiveness of insecticides transferred to the grains
from wood and concrete surfaces on the emergence of Fl adults of
C. ferrugineus and T. castaneum are summarized in Tables 34 and 43.
Significantly fewer (P <£0.0l) progeny were produced'in grains stored
on treated structural surfaces than in grains sto?ed on untreated
surfaces for both C. ferrugineus and T. castaneum. There was no
significant difference (P$0.01) in the number of Fl adult beetles

produced in grains stored on untreated wood and concrete surfaces

in both test insects. It is, however, interesting to note that
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the number of progeny produced in the grains stored on untreated
structural surfaces were lower than that reported by other workers.
Smith (1965) reported that the mean number of eggs produced in a
week by a female C. ferrugineus at 30°C and 70 percent relative
humidity ranged from 19.8 to 33.7. The author again suggested
that C. ferrugineus developed faster in finely divided food medium
such as whole wheat flour than in sliced wheat kernels, and that
it could breed under a wide range of physical conditions when food
is finely divided. Park and Frank (1968) observed thatr the rate
of oviposition per female T. castaneum in a whole wheat flour-yeast
culture‘medium at 29°C and 75 percent relati&e humidity was 17 eggs

per day. The lower number of Fl adult beetles produced in grains stored
on untreated structural surfaces in comparison with the numbers reported
by earlier workers might possibly be due to physical differences
in food media as well as to low moisture content (14.0%) of the
grains used for the study. Smith (1962) recorded low oviposition
rates of C. ferrugineus on moist wheat kernels (18 - 20% mc) in com—
parison with cracked dry kérﬁels'which had larger numbers of ovi-
position sites.  The zero progeny or very low number of Fl beetles
in barley stored on untreared and treated structural surfaces seemed
to be due to lack of kernels of sufficiently high moisture content,
and the absence of finely divided food particles or suitable cracké
and crevices for oviposition.

Significantly higher (PL0.01) numbers of Fl adult beetles
were produced in grain samples stored on treated concrete surfaces
than in grains stored on treated wood surfaces, apparently because
of the high rate of survival of test insects in grains stored on

concrete surfaces. Insecticides transferred to grain samples
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stored on wood surfaces nearly prevented reproduction of the beetles,
and there was zero bprogeny in all grains stored on wood surfaces
treated with malathion EC (Tables 34 and 43). Most of the insecticide
deposits on concrete surfaces were able to impart sufficient residues
to the stored grain samples that inhibited reproduction of the
beetles for one or more weeks even though the percentage of survivors
of the test beetles were quite high (Tables 34 and 43).

There was no significant difference (P3>0.0S) in the reproduction
of Fl adult C. ferrugineus in wheat and corn stored on treated |
structural surfaces. However, the number of T. castaneum adults
produced in corn was slightly greater than the number obtained
in wheat with increase in age of insecticide deposit (Table 43).

This might probably be due to the relatively lower mortality obtained
on corn.

The mean number of adult beetles from wheat and corn samples
stored on untreated structural surfaces is, however, an indication
of the potential population levels that could have emerged from the
grain samples if the insecticide deposits were not effective in
killing the insects or inhibiting reproduction.

From the present study, it can be inferred that application of
insecticides on the interior surfaces of store houses coupled with
storage of grain of adequately low moisture content can retard
the reproduction of the beetles and so preserve the quality of food

grains,



178

2. The translocation of bromophos, iodofenphos, and malathion

deposits into wheat, barley, and corn.

The analytical procedure for the determination of bromophos,
iodofenphos, malathion, and pirimiphos-methyl residues on stored
grains was based on recoveries from fortified wheat samples aged
one to seven days. The accuracy and reproducibility of the ball-
milling extraction with methanol and analysis by glc equipped with
flame photometric detector without ciean—up gave satisfactory
recoveries for the four organophosphorus compounds used for the study.
The residue recoveries were estimated entirely on the parent compounds
of the insecticides.

The translocation of insecticide into stored grain from structural
surfaces was chemically assayed on 30 g grain 1, 2, 4, 8, 16, and
32 weeks after ageing of the insecticide deposit. There was a
significant difference between wood and concrete sﬁrfaces on the
amount of insécticides that was picked up by grain samples stored
on the surfaces. Significantly higher (PL0.01) levels of in-
secticideresidue were transferred to all grain samples stored on
wood surfaces than grain sémples gtored on concrete surfaces (Tables
44 and 52). The insecticide residue recovered from grains stored
on wood surfaces ranged from 0.09 ppm after 32 weeks to 40.50 ppm
after one week of storage in contrast to zero ppm after 32 weeks
to 4.93 ppm after initial storage of grain samples on concrete
surfaces (Table 52). Alkaline surfaces have been known to hydrolyse
and detoxify insecticides (Okwelogu, 1968) but the stability of
bromophos on concrete surfaces has been reported by Immel and Geist-
hardt (1964) and Lemon (1967). The physical differences between the

two structural surfaces such as PH and porosity probably dinfluenced



179
the persistence of insecticide deposits, which therefore accounted
_for the difference in uptake of toxic materials in grain in contact
- with the surfaces. The low amounts of residue recovered from grain
samples stored on concrete surfaces may be partly due to the more
porous nature of the concrete which resulted in a lower actual
concentration of the insecticide ber unit surface area than that
obtained for the wood surface. Furthermore, the alkalinity of the
concrete may have caused more rapid breakdown of the insecticide
than did the neutral surface such as wood. A result obtained by
Watters and Grussendorf (1969) on lindane and methoxychlor in wheat,
barley, and oats in contact with treated wood and concrete surfaces
also indicated a greater uptake of insecticides into stored cereals
from wood than concrete.

The rate of uptake of the insecticides into stored grain samples
from treated surfaces varied with the type and formulation of in—
secticide, the kind of grain in contact with the treated surfaces,
the age of insecticide deposit, and the interactions between these
factors. Significantly higher (PL0.01) insecticide residues were
recovered from the bromophos EC treatment but the uptake of the
insecticide decreased sharply after eight weeks on both structural
surfaces (Table 52). ‘The residual amounts of iodofenphos recovered
from grain samples stored on wood and concrete surfaces were lower
than residues recovered from malathion and bromophos formulations
on the structural surfaces. Rowlands (1967) observed that malathion
tends to enter more rapidly into stored grain with moisturé content
exceeding 14.0 percent, whereas bromophos is taken up faster below
this level. This phenomenon probably accounts for the initially

high recovery of bromophos residues in the stored grain. There is
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no similar explanation for low recoveries of iodofenphos which is

an iodo~analogue of bromophos. Comparatively, higher residue
recoveries were obtained from grains stored on surfaces treated

with EC formulations of malathion and bromophos than from the WP
treatments, and the malathion formulations were generally more stable
on wood surfaces than bromophos and iodofenphos (Table 52).

The translocation of insecticides into the grains varied with
the kind of cereal grain in contact with the treated surfaces.
Significantly less (P<£ 0.01) insecticide residues were recovered
from corn stored on treated structural surfaces than from wheat and
barley, the differences being more pronounced in the grain samples
that were stored on treated wood surfaces. There was no significant
difference (P> 0.05) in the rates of uptake of insecticide in wheat
and barley stored on treated surfaces. Watters and Grussendorf
(1969) also observed differences in the rates of uptake of insecticide
in cereals in contact with surfaces treated with lindane and methoxy-
chlor at 1.0g AI/mz. The low residues recovered from corn in compar-
ison with residues from wheat or barley agree with the results of
the biocassay of the grain samples.

The persistence of the insecticides on wood surfaces is useful
from the standpoint of control of stored-grain insects. Tolerance
levels of 8 ppm for malathion and 10 ppm for bromophos in raw cereals
have been set by the Joint FAO/WHO Committee on Insecticide Residues
(1973a, 1976a), and 10 ppm has been suggested for iodofenphos (Rowlands,
1975). From the initial insecticide deposits on wood surfaces, a
tolerance limit was reached for the malathion treatments and bromophos
EC in corn eight weeks after treatment. The tolerance limit was

reached for wheat and barley in contact with malathion-treated
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sﬁrfaces generally_after 32 weeks, and for grain samples stored
on surfaces treated with bromophos after eight to 16 weeks. TIodo-
fenphos residues recovered from barley and corn were within the
tolerance level one‘week after treatment, and four weeks after
treatment for wheat in contact with the treated surface. Insecti-
cides that translocated into stored grains from treated concrete
surfaces never exceeded the tolerance limits (Table 52). This ob-
servation was consistent with the low actual concentrations of the
insecticides per unit surface area.

The high residues,which exceeded the tolerance limits,obtained
in grain from insecticide~treated surfaces can be reduced to recom-
mended tolerance limits if the grain 1s thoroughly mixed with other
layers of grain not in contact with the treated floors and walls
of bins or granaries. The low insect mortalities due to the low
levels of insecticide residue found in grain samples stored on
concrete surfaces indicate that concrete structures will require more
frequent application of insecticides than wooden structures for
the control of insect infestations in stored grains or the amount
of insecticide deposit on concrete surfaces will have to be increased
to give better control of infestations during grain storage. Another
approach to overcome the shortcoming of insecticide deposit on alkaline
surfaces to control stored-grain insects may be to Supplement the
treatment of floor and walls by admixture of grain with approved in-
secticides.

The biological effectiveness of bromophos and iodofenphos on
structural surfaces coupled with their relatively short persistence
in relation to health hazards show that both compounds are good

alternatives to malathion as residual grain-protectants.



3. Field tests with bromophos 25% WP as a residual protectant

a2gainst rusty grain beetle infestations.

The data (Table 54) showed high insect mortality on the bottom
layer of wheat in contact with the control surface. This may possibly
be due to abrasion caused by pieces of broken concrete which{were
sampled together with the bottom layer of the wheat kernels since
it was found later that when samples of the bottom layer of wheat
were sieved to eliminate these foreign materials there was minimal
Or zero mortality. Complete mortality was obtained on samples
from the bottom layer of wheat in contact with the treated surface
when infested for seven days with adults of C. ferrugineus at each
dssessment period. In contrast, wheat samples from the top and the
middle layers provided negligible control of C. ferrugineus. It
has been reported that 0.25 ppm bromophos is the minimum effective
dose required to give complete mortality of C. ferrugineus exposed
continuously for éeven days to treated wheat of 13.5 percent moisture
content (Anon., 1974a). The residues recovered from the bottom layer
at each period of assessmentv(Table 56) were above the level of the
minimum effective dose (0.25 ppm) and, as expected, provided complete
control of C. ferrugineus gxposed for seven days on the wheat samples.

No Fl adult progeny were produced in the bottom layef of wheat in
contact with the treated surface after samples had been incubated
for 42 days at 27.5°C and 60-70% RH (Table 55). Few Fl adult progeny
developed in the top and middle layers of core samples from the
treated surface despite the high rate of insect survival. The low
Fl adult counts recorded were in contrast to observations made by
Smith (1965), probably because of the low moisture content of the

wheat (12.6~12.8%). This indicates the potential level of insect
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infestation that can easily develop in layers of grain far from the
treated surfaces.

Bromophos residues recovered from the core samples were signif-
icantly higher (P£0.01) in the bottom 8.3~cm layer of stored wheat
(Table 56). The highest residue recovery was 0.68 ppm after two
weeks, decreasing to 0.32 ppm after eight. There was very little
uptake of bromophos by the middle and top layers of wheat. Similar
rates of uptake of bromophos by wheat stored on maple hardwood floor
of a granary treated at 1.0g AI/m2 had been reported by Watters (1976).

Though the residue level in the bottom 8.3-cm layer of wheat
in contact with the treated surface provided complete control of

C. ferrugineus for the eight weeks of study, it is doubtful thar
these residues can sufficiently form a toxic barrier to C. ferrugineus
Lo prevent insects from reaching the inner layers of the bulk grain,
and thus Preventing them from building up a high popﬁlation level.

In the whole bin treatment, no bromophos residues were detected
in the upper 450 bushels of wheat nor in the wheat stored in the
control bin. The highest residue (0.68 ppm) was recovered in the
layer of wheat close to the treated walls and floor, and this de-
creased considerably in the grain bulk towards the grain surface
(Table 57).

Complete control of C. ferrugineus was achieved on wheat samples
with doses of 0.51 ppm or higher, and which prevented reproduction
of C. ferrugineus. Bromophos residues of 0.29 and 0.38 ppm provided
88 and 95 percent mortality, respectively, but few Fl adult counts
were recorded at these concentration levels. Fl adult beetles
produced in the wheat samples decreased with increase in bromophos

residue. More than 80 adult beetles Per sample were produced in
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wheat taken at the upper 450 bushels.

This study indicates that it is only a small portion of the
grain bulk in contact with the treated surface that can be adequately
protected from an infestation. The grain layers far from treated
walls and floor are likely to be damaged by insects from outside the
bin if treatment of the interior surfaces of the bin is not supported
by other storage practices such as periodic turning of the grain bulk

as well as thorough sanitation.

4. The effect of moisture content on uptake of malathion and bfomophos

from wood surface into wheat.

At the prevailing temperature and relative humidity under which
grains were stored on treated surfaces, no appreciable moisture
losses occurred (Table 6).

There was a complete mortality of C. ferrugineus and T. castaneum
on grain samples stored on wood surfaces treated at 1.0g AI/m2 with
malathion and bromophos.

Significantly more (P<0.01) bromophos residues were translocated
into wheat at each moisture content than malathion. However, with
each insecticide treatment, there was no significant difference (P> 0.05)
between the grain moisture contents on the rate of uptake of insecticide
into the grain from treated surfaces. This is contrary to the
observation made by Rowlands (1967) that malathion moves rapidly
into stored grain with the moisture content abo&e 14.0 percent
whilst bromophos enters the grain at a faster rate below 14.0 percent
moisture. It appears that factors other than moisture content also
play a role in the uptake of the insecticides. Probably, lipo-

philic affinity of the insecticides may also be a contributing factor
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in the rates of uptake of malathion and bromophos into grain in
contact with treated surfaces. Thorough study on this possibility,

however, is required for a firm conclusion to be drawn.

5. The distribution of malathion residues in layers of grain kernels

stored on wood surface.

Significant differences were observed on the rates of uptake
of the insecticide by the layers of grain kernels in contact with
the treated surface, between the duration of storage of the grain
on the treated surface, and their interaction.

Malathion transferred to the bottom layer of wheat was signif-
icantly greater (P<£0.01) than the amounts picked up by the middle
and top layers. The malathion residue recovered from the bottom
layer of wheat iﬁ contact with the treated surface increased from
7.05 ppm after the first day of storage of grain to 42.85 ppm after
two months. 1In contrast, malathion residues in ﬁhe middle and top
layers increased, respectively, from 0.79 to 21.59 ppm and 0.25 to
9.07 ppm during the same period of storage.

The uptake of malathion by the layers of wheat increased pro-
gressively with the duration of storage of the grain kernels. A
marked increase in the uptake of malathion by the layers occurred
after one month of storage but there was no significant increase
(P>0.05) in the bottom and top layers after two months.

The detection of malathion in layers of grain kernels not
directly in contact with the treated surface may be due to diffusion
in the vapour phase of the insecticide from the wood surface which then
became adsorbed on the kernels in the middle and top layers, Watters

(1976) detected about 0.02 to 0.03 ppm malathion in a layer of whear
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24 cm from a maple hardwood floor of a granary treated at 1.0g AI/mZ.
Evidence also exists indicating that pesticides can become airborne
as a vapour or adsorbed onto dusr particles and translocated far
from the treated area (Hindin, 1967). Cohen and Pinkerton (1966)
reported that on several occasions rain water collected in Cincinnati,
Ohio, contained large amounts of chlorinated hydrocarbon insecticides
and an organophosphate (ronnel). The work of Acree et al. (1963)
revealed that DDT "co-distils" with water at ambient temperatures
from the soil surface, and it was shown graphically that the co-
distillation rate of DDT below 100 pg/1 at three different temperatures
is a straight line function of the log of DDT per gram of water
vaporized when plotted against the log concentration of DDT in
solution. It is probable that some amount of malathion deposit
evaporated through volatilization at the ambient temperature of the
storage room (23 + 2°C) and therefore accounted for the movement
of the insecticide in the layers of kernels stored on the treated
surface. Much work, however, remains to be done to determine the
factors and the phenomenon involved in the movement of malathion
through a grain bulk.

The bioassay of the layers of wheat showed a pattern similar
to the results obtained for the residue analysis of the grain.
A complete control of T. castaneum on the bottom layer of wheat
was obtained at each storage period whilst a progressive increase
in mortality with the duration of storage of the grain layers was
observed in the middle and top layers (Table 60 and Fig. 11).
The mortality of I. castaneum on the layers of wheat depicts the
amount of toxicant picked up by the layers from the treated wood

surface.
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The study demonstrates an extent of contamination of about
a l-cm layer of grain in contact with treated wood when stored
for less than three months. However, this high residue should
not pose any toxicological hazard to consumers if the peripheral
layer of grain is thoroughly mixed with the rest of the grain in

storage.

6. Effect of physical disruption on the persistence of insecticide

deposits on structural surfaces.

The type of physical disturbance applied on the treated wood
surface affected the persistence of insecticide deposits as shown
by bioassay of the treated surfaces with adults of T. castaneum
exposed for five hours.

The mean percent mortality obtained on surfaces that were
swept was significantly higher (P<0.01) than the mean percent
mortality om undisturbed surfaces and on the surfaces that were
abraded by mechanical shaking with wheat for two hours (Table 61).
Malathion formulations and iodofenphos EC provided an almost
complete control of T. castaneum for 12 weeks on surfaces that were
swept (Table 63 and Fig. 12). 1In contrast, iodofenphos was com—
pletely ineffective against T. castaneum one day after the surfaces
had been subjected to abrasion, and malathion lost its effectiveness
after three weeks. Bromophos deposits on surfaces abraded with
wheat failed to control T. castaneum after one week but the effective-
ness persisted for about six weeks on surfaces that were swept. On
treated surfaces prepared as checks to compare by biocassay the
impact on the persistence of the insecticidies on surfaces that were

disturbed, iodofenphos virtually provided complete control of T. castaneum
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for 12 weeks compared with malathion WP and EC which provided 48
and 65 percent mortality for the same post-treatment period.
This agrees with the result obtained by Blackman (1969) that iodo-
fenphos was more toxic to T. castaneum adultsg than malathion.
Bromophos WP and EC sharply declined in effectiveness on the un-—
disturbed surfaces three and six weeks, respectively, aftrer treatment
probably because of the slow-acting nature of the insecticide to
control stored-product insects which has been reported by Green et al.
(1970), Tauthong and Watters (1978); and also by the fact that
T. castaneum is more suscéptible to malathion than bromophos (Lemon,
1967; Iordanou and Watters, 1969).

The short persistence of insecticides on surfaces disturbed
by abrasion with wheat compared with other treated surfaces indiéates
that much of the insecticide residues were removed from the surfaces
by the abrasive action of the whear kernels, and that measurable
amounts of insecticide residue would have been recovered if residue
analysis of the grain had been made., Smallman (1948) noted that the
- use of a heavy, stiff-bristled broom for sweeping a warehouse treated
with a gamma benzene hexachloride-oil solution for the controlef
spider beetles, and the number of times the shed was swept reduced
the effectiveness of the treatment through abrasion in comparison
with other treated warehouses. The relatively long persistence of

insecticides on surfaces that were SWept in contrast to observation

made by Smallman (1948) was probably due to the use of soft~bristled

broom which caused the residues to effloresce on the surfaces.
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7. Persistence of malathion, bromophos, iodofenphos, and pirimi-

phos-methyl residues in dry and tough stored wheat.

Bioassay of the treated wheat - The persistence of the insecticides

on dry (12.0% mc) and tough (16.0% mc) wheat showed that significaﬁtly
higher (P<0.01) mortalities of susceptible and malathion-resistant
strains of T. castaneum occurred on dry wheat than on tough wheat
(Tables 65 and 67, and Fig. 13). The percent mortality in both
‘'strains increased significantly (P£L0.05) with increasing dose of
each insecticide applied.

Pifimiphos—methyl admixed with dry and toughwheat at 4,0 and
6.0 ppm provided complete control of Susceptible T. castaneum for
24 weeks (Table 66) but 6.0 PPml was required to give complete mor-
tality of the malathion;resistant strain for the same period (Table
68). Pirimiphos—methyl applied at 4.0 ppm produced 93.3 and 78.3
percent mortality of the malathion—resistant_g. castaneum on dry and
toughwheat, respectively, 24kweeks after the'insecticide application.
The demonstrated high toxicity and long residual effectiveness of
pirimiphos-methyl against stored-product insects under practical
Sstorage conditions have been shown by various workers (Anon., 1974a;
Cogburn, 1976; Redlinger, 1976; LaHue, 1977a; Kadoum et al., 1978).
Pirimiphos-methyl at 4.0 ppm provided good control of I. castaneum
in wheat stored in small sacks in a building in which severe in-
festation pressure was artificially sustained for six months (Anon.,
1974a). Cogburn (1976) reported that pirimiphos-methyl at 10 and
15 ppm protected rice from infestation by T. castaneum for 12 months,
and LaHue (1977a) showed that 4.0 ppm pirimiphos-methyl applied to
wheat containing 12.5 percent moisture produced complete control of

I. castaneum for 12 months. The efficacy and relatively long
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persistence of pirimiphos-methyl on wheat against strains of T.
castaneum was aléo demonstrated in this study. The relative effec-
tiveness of pirimiphos-methyl at 4.0 ppm on dry and tough wheat
against both strains of T. castaneum correlated with the residual
amounts found in whole grain and milled fractions (Tables 72 and 76)
as well as its low mammalian toxicity [ the acute oral LD50 rats is
2050 mg/kg (Martin and Worthing, 1977)] amply justifies its potential
for use at this dosage rate to control T. castaneum in stored grain.
The effectiveness of malathion at 8.0 ppm applied to dry and
tough wheat againét susceptible T. castaneum lasted for six weeks,
but at 12.0 ppm, it gave effective control for 24 weeks on dry wheat
and 12 weeks on tough wheat (Table 66). It was ineffective at the
dosages tested against the resistant strain (Table 68). Malathion
at 12.0 ppm on dry wheat produced about 52 percent mortality one
week after treatment. Malathion is known to lose its biological
effectiveness against stored-product insects at higher moisture
and storage temperatures. (Watters, 1959; Strong and Sbur, 1960:
Koivistoinen, 1961; Kadoum and LaHue, 1969). Watters (1959) found
from bioassay with C. ferrugineus that malathion in wheat lost its
insecticidal properties more quickly when the grain moisture content
exceeded 13.5 percent. Similarly, Strong and Sbur (1960) reporﬁed

that the residual effectiveness of malathion applied to wheat at

10 ppm to control S. granarius, S. oryzae, and T. confusum was much
reduced at 50°C than at 10°C, and it would remain effective against
insect infestations for at least 12 months as long as the storage
temperature was not higher than 15.6°C and the moisture content of
wheat did not exceed 14.0 percent at this initial dosage. Koivistoinen

(1961) also observed that greater losses of malathion occurred at about
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20°C than at 4°C when apples and beans were treated with malathion
after harvest. The high storage temperature and grain moisture
content under which the treated wheat was stored (Table 64) therefore
explains the rather short residual effectiveness of malathion against
T. castaneum. The result obtained in this investigation is therefore
comparable with the observations reported by the earlier workers
that malathion degrades faster under conditions of high storage
temperature and relative humidity or high grain moisture content.

The result is further validated by observations made by Quantanilla
et al. (1970) that malathion at 5.0 ppm afforded good control of

T. castaneum for about three months, and at 2.0 ppm to wheat of
13.5 percent moisture content, it provided complete control of

C. ferrugineus for eight months (Watters, 1959), Lindgren_gg‘éé.
(1954) also reported from laboratory experiments that malathion
applied to wheat containing 10 percent moisture at 8 and 16 ppm
remained effective against §. granarius, 5. oryzae, and R. dominica
for six to seven months. More than 20 ppm malathion is the minimum
effective dose required tovgive complete mortality of malathion-
resistant T. castaneum exposed for seven days on treated wheat of
13.5 percent moisture content (Anon., 1974a). It was therefore not
surprising that malathion at the doses tested failed toAcontrol
resistant T. castaneum.

Bromophos and iodofenphos applied to wheat at 10 and 15 ppm
were .all effective (P>0.05) on both dry and tough wheat against
susceptible T. castaneum (Table 65) but with age of insecticide
deposit, iodofenphos treatments provided better control (P£0.01)
of T. castaneum than bromophos (Table 66). Iodofenphos at 10 ppm

on dry wheat gave equal protection against susceptible T. castaneum
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as 12 ppm malathion. The bromophos treatments on dry and tough
wheat significantly (P<0.01l) afforded better control of malathion-
resistant T. castaneum than the iodofenphos treatments. Bromophos
and iodofenphos, applied at the rate of 15 ppm to dry and tough
wheat, provided complete control of the resistant strain for 12
and three weeks, respectively,

The results of the relative effectiveness of bromophos on
dry and tough wheat against insect infestation are in line with
those of Green et al. (1970). The authors reported that bromophos
applied as water-based emulsion ar 8, 16, and 24 ppm to clean
bagged wheat and barley of 14.6 and 13.0 percent moisture content,
respectively, sharply declined in biological effectiveness against

0. surinamensis and S. granarius after 16 weeks in the 8 ppm treat-—

ment, and after 24 weeks in the 16 ppm treatment. The 24 ppm

treatment remained fully effective against 0. surinamensis for 36

weeks and S. granarius for 24 weeks. The persistence of bromophos
is, however, contrary to the findings of Joubert and De Beer (1968)

who claimed that bromophos applied to maize at 5 and 10 ppm AI

afforded excellent control against S. oryzae, T. castaneum, 0. sur-—
inamensis, and E. cautella over a storage period of 50 weeks under

the subtroﬁical conditions of South Africa. The differences in the
persistence of bromophos might possibly be due to the use of different
types of formulation, type and physical conditions of the grains, and
the environmental conditions under which the studies were made.

Green et al. (1970) noted that bromophos, applied to infested wheat
containing 15 percent moisture, at 9 ppm and stored in bulk on the

farm during winter, remained effective against 0. surinamensis for

up to 12 months. Malathion is more toxic to T. castaneum than
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bromophos (Lemon, 1966; Iordanou and Watters, 1969). 1In the present
study, bromophos at 10 ppm was about equal in effectiveness as 12
ppm malathion (Table 65), which demonstrates that bromophos was more
stable on wheat under the conditions of the storage.

The biological effectiveness of iodofenphos against susceptible
T. castaneum and its relative persistence on wheat in comparison
with malathion are similar to those reported by other workers.
Adesuyi and Adeyemi (1973) found that lodofenphos applied at 20 ppm
to stored maize to protect against insect damage was as effective
for nine months as malathion applied at 30 ppm. Bromophos at 20 pPpm
was effective for seven months. Kane‘gg_gi. (1973) also reported that
iodofenphos at 10 ppm gave complete protection of bagged wheat and

barley for about 20 weeks against 0. surinamensis and S. granarius,

and LaHue (1975) observed that 10 and 20 ppm iodofenphos gave excellent
Protection to corn and wheat, respectively, for 12 monﬁhs, Wilkin

et al. (1973) showed from labératory studies that iodofenphos at

10 ppm on English wheat had longer effective life than an equivalent

dose of malathion against 0. surinamensis on warm moist grain.

The effectiveness of pPirimiphos-methyl and bromophos, and to
some extent, iodofenphos against malathion-resistant T. castaneum
indicates the absence of any significant cross-tolerance to these
compounds, thus ensuring their potential as suitable compounds

against stored-product insects resistant to malathion.

Eﬁ progeny - The Fl adult counts of the test strains of T.
cagtaneum from incubated samples were higher in the untreated wheat
than in the treated wheat at each time interval after treatment.

Pirimiphos-methyl at the rates of 4.0 and 6.0 Ppm prevented
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reproduction of both resistant and susceptible strains of T. castaneum
in dry and tough wheat for 24 weeks. This was possibly due to the high

mortality rate.

There was emergence of Fl adults of susceptible T, castaneum
and malathion—resisfant_g. castaneum intough wheat treated with
malathion at 8 ppm after 24 and six weeks, respectively. In dry
wheat, malathion at 8 ppm prevented reproduction of the susceptible
strain but Fl adults of the resistant strain were recovered 24
weeks after treatment. No susceptible T. castaneum wereproduced
in fhe dry and toughwheat treated with mélathion at the rate of 12
ppm, but the efficacy Cntough wheat against the resistant strain
lasted for only three weeks. Godavari Bai (1964) showed that the
breeding of T. castaneum could be inhibited by malathion even at
a concentration of 2.0 ppm. More than 2.0 ppm malathion (2.62-4.52
ppm) was recovered from the dry wheat samples and less than 2.0 ppm
(1.19-1.45 ppm) from the toughwheat samples after 24 weeks (Table
72). The high grain moisture and temperature, and low malathioﬁ
concentration as well as the high survival rate of resistant T.
castaneum possibly contributed to the rate of emergence of adult
beetles in the treated toughwheat.

Bromophos at 10 ppm on dry wheat prevented reproduction of
both strains of T. castaneum but on tough wheat emergence of both
strains occurred at 24 weeks after treatment. Bromophos, applied
to dry and toughwheat at 15 ppm, inhibited breeding of both test

strains for 24 weeks.

No Fl adults of either strain emerged from the dry wheat

treated with iodofenphos at 10 and 15 ppm. In contrast, counts
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of Fl adults from toughwheat treated at the Same concentrations were

recorded after 24 weeks.

during the 24-week storage period were confined to grain of 16.0
percent moisture content but thege did not exceed two percent 24
weeks after insecticide applications,

The chemical analysis of the treated wheat for insecticide
residues immediately after treatment showed that the amounts
applied were close to the dosage rates intended for application
(Table 72). As the tests progressed, residues of each insecticide
showed a general trend of degradation (Table 74 and Fig. 14).

The oxygen-analogue of organophosphorus insecticides usually
makes up only a small fraction of the residue on crops (Coffin,
1966; Rowlands, 1966a; Anon., 1974a). It was therefore considered
adequate to measure only the.parent compounds of the test insecti-
cides for assessing the residue burden of the stored grain. No
attempts were made to detect, identify or measure the hydrolytic
degradation products of the insecticidés or their ﬁetabolites even
though the Possibility exists that some metabolic products of the
originally applied insecticides may be present. The analytical
data presented in Tables 71-75 and Fig. 14 were based Strictly on
residues of the parent compounds.

General comparisons on the persistence of the insecticides
based on the residual amounts recovered from the treated wheat are
difficult because of widely differing concentration levels applied

to the wheat. However, the rate of loss of the insecticides
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generally was significantly greater (P<0.01) on toughwheat than
on dry wheat. There was no significant difference (P:’0.0S) in
the rate of 1ogs of pirimiphos~methyl applied to dry and

toughwheat. The mean loss of pirimiphos~methyl applied to dry
and toughwheat at 4.0 Ppm was about 29 and 35 percent, respectively,
after 24 weeks; at 6.0 ppm on dry and toughwheat, the residue losses
were 33 and 30 percent, respectively, for the same duration of storage.
This confirms the data obtained ffom the bioassay that pirimiphos-
methyl was comparatively the most stable compound among the in-

. Secticides tested. The results of this study agree with the findings
of Chawla and Bindra (1971) who reported that pirimiphos-methyl
dissipated at a slower rate on wheat than bromophos or ilodofenphos.
Redlinger (1976) also observed that residues of pirimiphos—methyl
degraded at a rate approximately 33 percent less than malathion
over 12 months. LaHue and Dicke (1977) and LaHue (1977b) found
that aftef 12 months’ storage about 50 and 83" percent of pirimiphos-
methyl residues remained on sorghum grain and wheat, respectively,
when admixed with grains at 8.4 and 7.8 pPpm AT.

Significantly higher (P‘:d.OS) malathion residues were recovered
from the dry wheat treated at both concentration levels than from
the toughwheat after three weeks. About 67 bpercent malathion wag
lost after 24 weeks in the 8 ppm treatment and 62 percent in the
12 ppm treatment on dry wheat. 1In contrast, the loss of malathion
on touéhwheat was 85 percent in the 8 pPpm treatment and 88 percent
in the 12 ppm treatment, A similarity in the pattern of malathion
degradation on wheat of varying moisture content or relative humidity
and storage temperatures had been reported by Lal and Beri (1964),

Kadoum and LaHue (1969), and Minett et al. (1968). There was no
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significant difference (P>0.05) in the percent rate of loss of
malathion at 8 and 12 ppm on dry wheat and ontough wheat 24 weeks
after treatment (Table 74).

Bromophos and iodofenphos were recovered in significant amounts
(P £0.01) from dry wheat than fromtough wheat after 12 and 3-6
weeks, respectively. The percent rate of lossg of iodofenphos
on both dry and toughwheat was significantly greater (P £0.01)
than the rate of loss of bromophos. Bromophos became more
stable on dry wheat than on tough wheat after 12 weeks, and for
iodofenphos, after six Qeeks. On dry wheat 50-55 percent bromophos
was lost 24 weeks after treatment in comparison to a loss of 72-75
percent of residue on toughwheat for the same duration of Storage.
In contrast, 73-76 and 80-85 percent iodofenphos residue degraded
on dry and tough wheat, respectively, after 24 weeks. On dry wheat,
iodofenphos was lost at a faster rate than malathion, bromophos
or pirimiphos-methyl but on tough wheat malathion and iodofenphos
broke down at almost equal rates. Chawla and Bindra (1971) observed
that loss of iodofenphos residue on wheat at an initial moisture
content of 8.6 percent, stored under a wide range of temperétures
and relative humidities, was similar to the gate of loss of malathion
residue. The relative stability of bromophos residue on wheat had
also been demonstrated by Eichler and Knoll (1974). The authors
showed from large-scale laboratory studies on wheat treated at 8
or 12 ppm that 40 to 50 percent of the residues was degraded after
12 months under temperate conditions.
The present analytical studies indicate a very slow rate of
loss of pirimiphos-methyl residues on wheat compared with

bromophos, malathion, and iodofenphos residues. Iodofenphos was
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lost at a faster rate than bromophos, which also was lost at a
comparatively slower rate than malathion.

The insecticidal activity is determined by the residual life
of the chemical and the toxicity of any metabolites produced.
The estimated half-life, t% , of the insecticide residues obtained
from the study and presented in Table 75 shows variations in half-
life values between insecticides and grain moisture content, and
between dosage levels of the same insecticide except when bromophos
or iodofenphos wereapplied to the toughwheat. Gunther et al. (1958)
observed that on wheat of 12 percent moisture content, at Storage
conditions of 23.9°C and low relative humidity, malathion had an
average half-life of 5.6 months. The authors also noted variations
in half-life of malathion applied at different dosages; malathion
applied to wheat at 8 and 16 ppm had residual half-life values of
five and six months, respectively. Gunther and Jeppson (1960)
calculated half-life of malathion residues in stored wheat from
the investigations of several workers as 150 to 190 days. Schesser
et al. (1958) also found half-life of malathion applied to wheat
at a rate of 2.5 to 7.5 Ppm as 5.5 months. The data of Green et al.
(1970) indicated that 50 percent of bromophos was degraded in three
to four months on wheat stored at 24-25°C and under 50 percent rel-
ative humidity. The limited study made by Horler and Clark (1970)
in which iodofenphos was applied to barley stored ar a high moisture
content (14-22%) and under severe temperature conditions indicated
that 50 percent of iodofenphos residues were lost in about two weeks.
Chawla and Bindra (1971) noted that the half-life value of malathion,
bromophos, and iodofenphos applied to wheat of 8.6 percent initial

moisture content and stored under a wide range of environmental
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conditions (18.1~31.5°C and 44 - 76.5% RH) was two to three months,
and for pirimiphos—methyl three to four months.

The half-life of the insecticides was generally longer on dry
wheat than on tough wheat. Pirimiphos—methyl treatments had the
longest residual half-life, ranging from 33.3 to 43.4 weeks, and
iodofenphos treatments had the shortest residual half-life of 5,2 to
7.6 weeks (Table 75). Bromophos, applied to wheat at either grain
moisture content, showed a longer residual half-life than malathion,
The longer residual half-life value of pirimiphos—methyl on wheat
than malathion, bromophos, or iodofenphos agrees with the findings
reported by Chawla and Bindra (1971). The half-life of bromophos,
being relatively more stable on tough wheat than malathion, has also
been reported (Rowlands, 1967; Green_gg_éi., 1970).

The effect of grain moisture content, storage temperature,
type of formulation, and the method and rate of application affecting
_ Persistence of insecticides have been shown by other workers. Minett
et al. (1968) demonstrared from chemical assay data the temperature
and moisture dependence on malathion breakdown on wheat, Bromophos
and pirimiphos~methyl are relatively stable on damp grain (Rowlands,

1967; Anon., 1974a) but Eichler and Knoll (1974) observed that the

as well as the grain moisture content, which either enhanced or

retarded the 15gg of the insecticides.
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Residues in milled fractions of stored wheat

Table 76 shows the mean insecticide residues found on whole
wheat just before milling, and residues recovered from the milled
fractions of dry and toughwheat during the six months' storage of
the grain. High insecticide residues were recovered from bran and
middlings (wheat germ plus the finer parts of the bran) with very
slight differences in residual amounts occurring between these
fractions. Comparatively small amounts of insecticidé residue
were found in the flour. The insecticide residues recovered from
the milled fractions decreased with the duration of storage of the
treated grain. The largest amounts of insecticide residue contained
in the milled fractions were found after a month of storage, which
indicate a rapid penetration of the insecticide deposits through
the pericarp of the grain, small amounts being carried over into
the endosﬁerm or aleurone layer. The penetration of insecticide
deposits through the pericarp into other tissues of stored grain
has already been described by Rowlands (1966b,c; 1967, 1870),

Horler and Rowlands (1968), and confirmed by other workers (Eichler
and Knoll, 1974). The results of other workers (Schesser et al.,
1958; Strong_gg_gi., 1961; Eichler and Knoll, 1974; Kadoum and LaHue,
1977; Kadoum.gg_gl., 1978) were similar to the Present study and

have shown that the bran and middlings contain the largest insecti-
cide residues; very small amounts of residues were found in the flour
at various time intervals after the insecticide application.

The insecticide residues recovered from milled fractions of
tough wheat were generally lower than the residues found in the dry
wheat fractions. This observafion indicates that the levels of

insecticide residue on wheat of low moisture content can markedly
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be reduced when the moisrure content of the grain is increased to
the required moisture level prior to milling of the treated wheat.
Kgdoum and LaHue (1977) also found that there was a marked reduction
of malathion residues on wheat when the moisture content of the
treated wheat was raised to 15 percent for milling.

The data presented in Table 76 (a and b) indicate that the use
of malathion, bromophos, iodofenphos or pirimiphos—methyl at any
of the dosages tested Present less of a residue problem to consumers
who store treated grain for relatively long periods. The bran and
middlings contain higher residues than flouf. Therefore, there ig
the possibility that animal feeds pose more of a toxicological hazard
than human foods. However, bran is often mixed with other ingredients

for animal feeds, thus reducing the actual concentrations consumed.
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CHAPTER VI

SUMMARY AND CONCLUSION
——— ANY VUNOLUSION

Treatment of the interior surfaces of Storage structures with
residual contact insecticides is 2 recommended farm practice to
protect stored grain and cereal products from spoilage by insects.
Persistence of malathion, bromophos, and iodofenphos applied as
water-based emulsions (EC) or wettable powders (WP) at 1.0g AI/m2
to wood and concreﬁe (pPH 8.26) surfaces was therefore determined
in the laboratory at various timés after treatment by bioassay of
30 g of wheat, barley, and hybrid corn with susceptible strains of
C. ferrugineus and T. castaneum after the cereals had been removed
from contact for one week with the surfaces. Residue analysis using
glc was also carried out to supplement the bioassay, and to compare
the residue levels with internationaily“ approved tolerance limirsg.

Significantly higher mortalities (P£0.01) of C. ferrugineus
and T. castaneum were obtained on cereals stored on treated wood
surfaces than on cereals that were stored on treated concrete
surfaces. On wood surfaces, malathion EC provided better control of
the insects on stored grains for 32 weeks., Bromophos WP gave
complete mortality of both beetles for 16 weeks but its effectiveness
against_l. castaneum declined sharply after 32 weeks. Malathion WP,
bromophos and iodofenphos (EC) were effective on stored grains against
C. ferrugineus for 16 weeks but their residual effectiveness against
T. castaneum varied from eight to 16 weeks after treatment. On con-
crete surfaces,bromophos WP provided relatively good control on grains

against C. ferrugineus than other insecticide treatments. Iodofenphos
- zELtUglneus
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deposit on concrete surfaces persisted significantly longer (P<0.05)
than the malathion formulations but it was less effective than bromophos
EC. Insecticide deposits on concrete surfaces transferred to stored
grains generally lost their effectiveness against T. castaneum one

week after treatment. Significantly lower mortalities (P<0.01) were
obtained on corn étored on treated structural surfaces than on wheat

or barley.

The mean number of Fl adults produced by 20 adult beetles
exposed for one week on the grains previously stored for one week
on untreated structural surfaces was‘significantly greater (PL0.01)
than the number recorded from grains stored on treated structural
surfaces. On treated structural surfaces, significantly fewer
progeny (P<L£0.01) were produced in grains previously stored on wood
surfaces than in grains stored on concrete surfaces with both C.
ferrugineus and T. castaneum. The reproduction of test beetles was
nearly prevented in grain samples stored on treated wood surfaces,
and no progeny of either species yere produced in grains stored
on wood surfaces treated with malathion EC. Insecticides trans-—
located into stored grains from concrete surfaces inhibited re~
production of the adult beetles in the grains at one or more weeks
after treatment. Very few or no progeny were produced in barley
stored on untreated or treated structural surfaces., Corn samples
stored on treated structural surfaces were the leagt protected
against C. ferrugineus and I. castaneum infestations.

Residue analysis showed that significantly more insecticide
(PL£0.01) translocated into grain samples stored on treated wood
surfaces than into grain samples stored on treated concrete surfaces.
Insecticide residues recovered from grain samples stored on treated

structural surfaces depended on the type and formulation of insecticide,
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the kind of cereal grain in contact with the treated surfaces,
and the age of insecticide deposit. Initially, more insecticide
residues were recovered from grains stored on Structural surfaces
treated with bromophos EC but the residual amounts decreased sharply
after eight weeks. The malathion formulations were generally more
stable on wood surfaces than bromophos and iodofenphos. Todofenphos
residues were recovered in less amounts from grain samples stored
on wood and concrete surfaces. Insecticides translocated into
stored grains from structural surfaces treated with malathion or
bromophos EC were higher than the WP formulations but with age of
deposit bromophos WP showed longer persistence than its EC formu-
lation. ’Significantly, the uptake of insecticides into wheat and
barley was greater than the rate of uptake into corn from treated
structural surfaces. Also, with an increase 1in age of deposit,
less insecticide translocated into stored grain samples from the
surfaces,

The low insect mortalities due to the low levels of insecticides
that translocated into cereals stored on concfete surfaces indicate
that concrete Structures will require more frequent application of
insecticides than wooden Structures to protect stored grain from
insect infestations. TFor long~term protection of stored grain in
wooden bins or granaries or storage surfaces that are near neutral
against C. ferrugineus and T. castaneum infestations, the use of
malathion EC is preferable. Bromophos WP is recommended for treating
concrete floors and walls. The application of insecticides to
concrete surfaces may also have to be supplemented with admixture of

approved insecticides with stored grain.
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The biological effectiveness of bromophos on both structural
surfaces and iodofenphos on wood coupled with their relatively short
persistence in relation to health hazards show that both compounds
are promisiﬁg alternatives to malathion as residual grain-protectants.

Field tests with bromophos WP applied at 1.0g AI/m2 to the
concrete floor of a farm granary and to a galvanized steel bin with
a concrete floor prior to Storage of wheat were conducted to assess
persistence and effectiveness of éhe deposit as a residual protectant
against C. ferrugineus infestation. Bicassay of wheat samples
previously stored on the treated, concrete floor of the granary
showed 100 percent mortality of C. ferrugineus for eight weeks on
bottom 8.3-cm layer of wheat. Bromophos taken up by the middle and
top layers of stored wheat was ineffective, Significantly higher
(PL0.01) numbers of C. ferrugineus Fl adults were produced in the
middle and top layers of wheat samples but the residues in the
bottom layer completely prevented reproduction of C. ferruginegg.
&here was negligible uptake of bromophos beyond 8.3 cm of stored
wheat., High bromophos residues were recovered in the bottom layers
of wheat, ranging from 0.62 ppm after one week to 0.32 ppm eight
weeks after treatment.

In the whole bin treatmeﬁt, bromophos residues detected ar the
various bushel levels of stored wheat determined the percent mortality
and development of C. ferrugineus in the wheat sampled at these levels;
.Bromophos residues were recovered in greatest amount in samples of
wheat close to the treated walls and floor, and the residue levels
of bromophos increased as the bin was emptied. Wheat samples with
0.5 ppm or higher provided 100 percent mortality and also prevented

reproduction of C. ferrugineus. 'Fl progeny developed in all wheat
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samples with residues of 0.38 ppm or less. This field study has
demonstrated that only the layers of grain stored in direcr contact
with treated structural surfaces are adequately protected from insect
infestation. The main bulk of the grain will be unprotected unless it is
admixed with a suitable insecticide at the beginning of the storage period.

Wheat of different moisture contents stored for one week on
wood surfaces treated with malathion and bromophos (Eé? at 1.0g
AI/mZ, showed that moisture content of grain had no effect on the
uptake of these chemicals into stored wheat.

Residue recoveries from each of the three single layers of
grain kernels in contact with wood surfaces treated with malathion
at 1.0g AI/m2 showed that insecticide moved up past a single layer
of grain kernels. The uptake of malathion by the layers of grain
kernels increased progressively with the duration of Storage.

Bicassay of the layers of wheat stored on the treated surfaces

also indicated that mortality of T. castaneum depended upon the time
the layers of wheat had been in contact with the treated surfaces,
thus reflecting the amount of toxicant that translocated into the
three layers of grain kernels. The accumulation of residue in about
1 cm layer of grain in contact with the treated surface shows the
extent of toxicological contamination that can bhe expected from the
peripheral layers of grain bulk directly in contact with treated
wood surface,

The type of physical disturbance applied to treated surfaces
affected the persistence of malathion, bromophos (EC and WP), and
iodofenphos (EC) applied at 250mg AI/m2 on wood surfaces when the
insecticide‘deposits were assessed with Susceptible T. castaneum

adults at exposure periods of five hours for 24 weeks. Insecticide
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deposits on surfaces that were swept persisted significantly longer
than the deposits on undisturbed surfaces and surfaces disturbed

by abrasion caused by wheat kernels. Deposits on surfaces disturbed
by abrasion with wheat lost their effectiveness one day after treat-
ment for iodofenphos and after three weeks for malathion and bromo-
phos formulations. Malathion and iodofenphos deposits on surfaces
that were swept were equally effective égainst‘l. castaneum but
bromophos lost its effectiveness after 12 weeks. The study
indicates that the effectiveness and persistence of insecticide
deposit on wood surface can be enhanced when treated surfaces are
slightly disturbed,but-prolonged, heavy abrasion of surfaces as to
be expected during loading of harvested grain into a treated bin

OT granary can markedly reduce the bioclogical effectiveness of
insecticide deposits on surfaces.

Wheat of 12.0 and 16.0% mc (dry and tough wheat, respectively)
were treated with malathion, bromophos, iodofenphos, and pirimiphos-
methyl in liquid formulations at initial doses equivalent to their
tolerance levels and 1.5 times these levels to examine the residual
effects on susceptible and malathion-resistant strains of T. castaneum.
Mortality counts were examined over a 24—week period by placing 20
adult beetles on 50 g samples of treated wheat for seven days, at
certain intervals aftér treatment. Pirimiphos-methyl at dosages
tested provided complete control of susceptible T. castaneum on
dry and toughwheat for 24 weeks but 6.0 pPpm was required to give 100
percent mortality of the resistant strain on dry andtOugh,wheat 24
weeks after treatment. Malathion at the dosages applied‘to wheat
was not effective against the rasistant T. castaneum but the higher

dosage on dry and toughwheat was quite effective against the susceptible
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strain. Bromophos and iodofenphos showed equal effectiveness
on dry and tough wheat against susceptible T. castaneum but bromo-
phos was more effective thén iodofenphos against the resistant strain.

Effects of the treatments on the production of Fl progeny in
wheat were examined by counting adult emergence in the wheat samples
42 days after each assessment period. No Fl progeny of both strains
of T. castaneum were produced in wheat treated with pirimiphos-methyl.
Dry wheat treated with malathion, bromophos, and iodofenéhos prevented
reproduction of susceptible T. castaneum but Fl adult emergence was
observed in tough wheat treated with lower dosage rates of malathion
and bromophos and at both dosages of iodofenphos. Fl adult emergence
of the resistant I. castaneum occurred in the tough wheat treated
with malathion after six weeks and after 24 weeks for 10.0 ppm bromo-
phos treatment and both iodofenphos treatments.

Residue analysis of stored grain showed that generally the rate
of loss of the insecticides was significantly fastef (P ¢0:01)
on tough wheat than on dry wheat, except pirimiphos-methyl in which
the rate of loss was equal (P>0.05) on both dry and tough wﬁeat
At the dosages tested, pirimiphos-methyl showed greater stability
followed by bromophos, malathion, and iodofenphos according to the
order of their percent residue degradation and the estimated half-
life values on wheat.

The studies on the distribution of insecticide residues in
milled fractions of wheat showed that high amounts of residue were
concentrated in the bran and middlings. Comparatively, very small
residues were detected in the flour. Insecticide residue found in

the milled fractions decreased with age of deposit,
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The efficacy of bromophos and iodofenphos on wheat against both
strains of T. castaneum as well as their relatively short persistence
and low mammalian toxicities indicated thar these compounds are good
alternatives to malathion as short-term residual grain-protectants
for use against malathion-resistant strains of stored-grain pests.
Pirimiphos—methyl would be averyuseful grain-protectant for long-
term storage. It would also be useful against malathion~resistant
Strains and strains of stored-product insects which have shown cross-
tolerance to bromophos and iodofenphos provided it is cleared from
the point of view of health hazards and approved dosage rates are

established for use on stored products,
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