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ABSTRACT
BY

GEORGE T/,1-ILLIE KEN I'ÍENSAH

PERSISTENCE AIiD TRANSLOCATION OF ORGANOPHOSPI{ORUS INSECTICIDES
ON STRUCTURAL SURT'ACES AND IN STORND GRAIN

Insecticídes used to pro'Lect stored grain from ínsect infestation

may be applied to the strucËural surfaces of granaries or to the grain

-'!-^1 5 rL^ r^-rêe of nrof eef ion ef forrleri hv en insecticide denenrìs!L>Ef !. IlfË UEb!çL v! p!vLuLLrvrl o!!vruuu uJ arr llrùeuLtrLlue uÇyçlruo

on its rate of degradation or change after application. Various

factors such as the type of formulation, type of substrate and con-

ditions after treatment influence the behavíour and toxicity of

insecticides. Laboratory and field studies vTere therefore conducted

to investigate the effects of these factors on the persistence of

malathion, bromophos, iodofenphos, and pirimíphos-methyl on structural

surfaces and on stored grain using both chemical analysis with gas-

liquid chrornatography and bioassay.

Malathion, bromophos (EC and IüP), and iodofenphos (EC) were

applied as r¡zater-based solutions at 0.05 litre/*' to provide a

deposit of l.0g ÃI/nZ on wood and concreLe surfaces. Persistence

^^^^^^^.1 -i..wéÐ @ÈÞcðÞsu rrr the laboratofy at dífferent times after treatment

by bioassay and cheuical assay of 30 g wheat, barley, and corn

aftar the sraíns had been in contact for one week wíth Èhe treated

surfaces. The grai,ns were bioassayed with susceptible Crvptolestes

ferrugineus (Stephens) and Tríboliuur castaneum (Herbst) adulEs.

Significantly higher (P<0.01) nortalities of C. ferrugineus and

T. castaneum were obtained on cereals in contact with treated wood

surfaces than on cereals in contact with treaLed concrete surfaces.

Malathion EC provided better coritrol of the beetles on grains in

contact r¡ith wood surfaces whil-st bromophos formulations gave better

control than malathion for¡nulatj-orrs or iodofenphos on grains in

conEact with concrete surfaces. Lower mortalities Ì¡¡ere obtained

r". \



on corn stored on treated structural surfaces than on \^rheaË or barley.

Reproduction of test beetles was significantly greater (P < 0.01) in

grains previously stored on treated concrete surfaces than in grains

stored on treated wood surfaces. Significantly more (P<0.0f) of each

insecticide translocated inLo

than with concrete surfaces.

locaced into grãin samples in

srain samo'l es in contact with wood

Smaller amounts of iodofenphos trans-

contact with treated structural

surfaces than malathíon or bromophos. Lower amounts of insecLicide

residues r.rere recovered from corn than from wheat or barley. Persis-

Èence of the insecticides on structural surfaces and theír uptake

-'-å^ ^+^-^-l ^--i'.-].nto sEoreo gralns was found to decrease aS the age of deposit increased

The f irst field test l¡/as conducted with.6¡e¡¡ophos ItrP applied
I

at 1.0g AI/m'to the concrete floor of a farm grarlary. Persistence

and uptake of bromophos into wheat, enclosed by open-ends of pl1'wood

boxes on the treated floor, v/ere determined by bioassay with C. l9r-

rugÍneus and by chemical analysis of wheat samples. Complete mortality

v¡as obtained on the bottom 8.3-cm layers of grain in contact with the

treated floor. Iligher residues were also found in these layers.

In the second field test, bromophos \,rrP was applied at 1.0g ÃL/nz

to the concrete floor and galvanized steel- sides of a farm granary

to determine the uptake ofbromophgs inlo wheat during seven monthst

storage of 1093 bushels of wheat in t.he ereated granary. Bromophos

residues of less than 1.0 ppm were detected in the peripheral layers

of graín in contact with treated floor and walls.

Uptake of malathion and bromophos in wheat stored for one r.¡eek
.)

on wood surfaces treated at 1.0g AI/m'was independent of wheat

moisture contenL.

SËudies of uptake of malathion by three layers of wheat in contact

t'Il I



i¿ith wood surfaces treated at 1.0g AI/m¿ 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 t"T), and iodofen-
1

phos (EC) applied at 250 rng AI/m' to wood surfaces was enhanced by

sweeping the surfaces one week after treatment. By contrast, treated

surfaces that v/ere abraded by the movement of wheat lost their effectiveness:

after one day for iodofenphos, and after three r¡leeks for malathion and

bromophos.

Malathion, bromophos, iodofenphos, and pirimiphos-methyl in 1Íquid

formulations \^zere applied to dry (12.0% mc) and tough (L6.07. mc) wheat

at initial doses equivalent to Lheir tolerance levels and at 1.5 tines

these levels to examíne the residual effects on susceptíble and malathion-

resistant strains of T. castaneum on 50 g wheat at certain intervals after

lreatmenË. Pirirniphos-methyl, at the dosages tested, v/as the most persistent

and effective compound agaínst both strains. Malathion at both dosages

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

rates prevented reproduction of both T. castaneum straÍns. Residue analysis

of stored grain over a 24-week períod revealed that pirímiphos-nethyl was

the most stable compound followed by bromophos, malat.hion, and iodofenphos.

The bulk of insecEicide residues ín mi1led fractions of wheat were found

in the bran and middlings, with very sma1l amounËs in the flour.

The residual eÍfectiveness of bromophos and iodofenphos on

stïuctural surfaces and in stored grain coupled wíth their relatively

shorr oersistence and low mammalian toxicities demonstrate that these

compounds are suitable alternaEives to malathion for short-Èerm

nrofêcfion of sforpd srain asainst, insect ínfesEatíons. Pirirniphos-

(1r-1,)
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CHAPTER I

INTRODUCTION

Insect pests have always demonstrated amazing plasticity

in their abilities to overcone nan¡s best efforts to control them.

Thus, storage of grain and grain products always involves risk of

infestation. It is therefore abundant.ly clear that continued

research in insect pest concrol during storage of grain and grai_n

products is essential to ensure abundant supplies of high quality

food for the expanding populatíons of the world.

Pro1-e.crino our cereâl crons durins sforâee on the farm and inuLv!sós

warehouses is often more difficult than during Ehe growing season.

This ís especially true where insect infestation starts in the

field and continues throughout the duration of storage cf both

or:íñ nnÃ ornin n¡nlrr¡fc¡ P!uuULLù.

Among the numerous insect pests v¡hich cause losses and deter-

íoration to stored food grains and cereal products are the rusty

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

heef l e- Trihol irrm c¡Rl--enêrrm fTJêrL^!\ mL^-^ '--n enêc'ioq h¡r¡oussLrut r! !uu!ru.! uÞL/ . IrlcÞc Llv('

been knov¡n in the Canadian graín industry as major bioEic factors

resnonqihl e fnr srnin herl. ins e-^i 1 --^ ^-,.1 nnaàø I nqqoc f q j-ho___-- , ipolrage, ano gr**_ \__.-..4,

L971-). These pest specíes can, if left unchecked, cause a substantial
''l 

^-- ^€ F^^Å a-1-inq jrrrino qf ôr,ross or rooo 8ra- ---Jge.

Although thorough sanitation practíces are the essentíal tools

in marlntainins o"^r i J ^L"-iãñee of ql- orerì sr:in :nrì sr¡in
------O aUd!ILJ/ dllu éUUllUa¡¡Lu vr oLv!su o___-_

producEs, prestorage t.reatment of granaries and food warehouses

vzith contact j-nsecticides is generally the most effecEive management

nethod available to reduce insect populatíons to tolerable Ievels.



Malathion and pyrethrins are the major contact insectícides most

wídely used by the grain industry for the treatment of structural

surfaces for the control of rusty grain beetle and red fl_our beetle

infestations but information is also needed. on other insecticides

that may be more effective.

Scope and objectives of study

Treatments of structural surfaces r.¡íth contact insecticides.

in many instances, have been used effectively to confer long-term

protection on j-nsect-free commodities against infestation. Although

persístent residues of contacË Ínsecticides on surfaces mav be

useful from the standpoint of insect pest conlrol, tolerance levels

established by ínternational commírrees (FAo/hTro, 7967, lg6Ba,b,

L969a,b, I973a,b, 1976a,b) and accepred by national regulatory

agencíes, ê.8., Agriculture Canada (Anon., Lgl7), coupled witl:

increasing corrsumer demands have necessitated determj.nation of

microquantities of residues of pesticides and their meËabo1j-tes

in stored products. Thus, the need for detailed checks on persis-

tence of ínsecticíde residues in stored products after treatment

and, particularly, prior to consumption câ.nnot. be overstressed.

Various facEors govern the persistence and biological effective-

*^^^ ^F ^+^-^) --^J..^! i--^^!:^-'J^- ^--1i-lrr=ùÞ ur ÞLUrËLr product insecticÍdes applied on granary surfaces

and on stored grain. Under a wide range of environmental condilions

in whích the insectÍcíde applicatiorÌs are nade, the effects of grain

moisture and Èemperature are well knor,m, but other variable factors

affecting persistence and effectiveness are not well understood.

The objectÍves of the study vrere therefore to determine in the

laboratory and during a lirnited field study:



(1) the persistence of malathion and bromophos both as emulsifiable

concentrate (EC) and as rvettable poroder (\,r") formulations, and

iodofenphos as an EC applied to concrete and t"ood surfaces;

(2) the translocation of these insecticides into r^rheat, barley,

and corn stored on treated concrete and wood surfaces;

(3) the effect of grain moísture content on uptake of malathjon

.-ã l rnmn-hos residues from treated rvood surfaces into rvheat;alru ur urr¡vyr¡'

(4) Lhe distribution of malathíon 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 malathíon, bromophos, iodofenphos, and

pirimiphos-methyl resídues in dry and tough stored wheat.

The above studies ¡¿ere done by both bioassay and chemícal 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-

eurn (Herbst) at different intervals aftel 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 quantíties of food grains are often lost through

damage caused by insect pests in the absence of efficíent storage

management systems. The increasing demand for food as a result

of expanding human populations therefore underlines the neeci to

coflserve both the quality and quantÍty of food grai-ns during storage'



Although svsn today there are fevr relíable 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

nêrÊêñt nf nnt-anfiql nrnJrrnfin-r,çL çErrL v! yu LsrtLraJ- procucE. l-on (trrÏalkef , L97 5) . An FAO f eport

has gÍven 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 rnillion tons due ro faílure ro

store properly (wolpert, 1966). The heaviest losses are considered

to occur at the rural level in tropical and subtropícal countries

where 60 to 80 percent of totar production in developing countries

is consumed. rt has been estimated that postharvest losses can,

in soecífic inet--^^^ L^ ^^ L-'rh:s ?5 rn 5ll narnanl- (Pr^\rê.-rL4rtLçÞ, Ue dÞ rrrb__ __ _ _

tyl l 
' 

âr'ì.t rn qÕmê c,eqêq hiohar ltI¡l'l I O7n\
--,¿/ \-!!s4r, lJtvl.

Though recent trends in food production emphasize less dependence

on chemicals to control infestation in growing crops, there are

fev¡ alternatives to the use of pesticides to control infestations

in stored products. Fumigants are applied to elíminate insect

infestations already present whíle the treatment of structural sur-

faces of storage houses wit.h insecticides or the admixture of approved

insecticídes wíth 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 contj-nued growth of pest

popu]ations.

Malathion and pyrethrins are the two major cont.act insecticides

na ^+ ,-i,l ^-'| ,. ,, ^^JrirosL wruery use(l Ilr pI'acLr(-e as postnarvesE. res.]-uual pI.oLecLd.nLs

against infestatíons of a wide variety of stored-product insects.

Malathion, for instance, has been the st.ored-grain ínsecEj-cide of



choi.ce in several countries over the.past decade because of its

high toxici-ty to several stored-product insects and its low

mammarian toxicity [LD.^ rar = 2800 ng/kg body weight (Martin and)U

worthing, L977)1. There is, however, a need for alternatíve

insecticides whích are effective on concrete surfaces or under

conditions of high alkaliníty (e.g., ner^7 concrete) or grain moísËure

content which render malathion unstable (watters, 1959; strong and

sbur, 1960; Parkin, L966; Lemon, L96l). The need for ne\,rer or al rer-

naÈive insect.icides for use in stored products becomes even nore

apparent by the increasing number of malathion-resistant strains

of T. castaneum which have been reported from Nigeria (Hayward,

L962; Parkín er a1., 1969), rhe U,S.A. (Speirs er al., 1967;

zetrrer, L974, L975), AustralÍa (champ and campbell-Bror¿n, 1970),

and the uniËed Kingdou (lyte and Blackman, 1970); and now becoming

widespread mosËly through international trade (Dyte and. Blackman, 1970)

Bromophos, íodofenphos, and pirimiphos-methyl may be used as

grain protectants as well as for the treaË.ment. of structural

surfaces of granaries and are promising alt.ernatives to marathion.

Bromophos is used i¡ some count.ries to control rnalathíon-resistant

strains of T. castaneum (Dyte and lorstescue, Lg67; Dyte and Rowrands,

1968; Champ and Campbell-Brov¿n, L9l0). The effectíveness of pirini-

phos-methyl against both malaËhion-specifíc anci malathion-non-specific

resistant strains of T. castaneun, and also in areas where T. cast-

aneum has shor,¡n cross-tolerance to bromophos have been demonstrated

(Pierterse et. al., 1972; Anon., r974a). rodofenphos, on the other

hand, has been proved to be more toxic to T. castaneum and c. ferru-
gineus adults than malarhion (Blackman, L969; Girish et al. , L970;

Anon. , r974b; Taurhong and T¡Iatrers, )-978). Though these organophosphorus



insecticides are relatively ner,r in the grain ind.ust.ry for protection

Of SfOrCj nrnrlrr^fô -ñ-r'ñ^È a'ñââal- infaqr¡'¡.inn hin.-ô-r, laÈâ ^.ylvuuçLÞ 4ó4rrrÞL rl.lbs_ , UIUASSAy OaEa On

their resídual effectiveness on different structural surfaces

are \,rell documentated (rnunel and Geisthard.t , Lg64; Lemon , rg67 ;

Hansens et al.,1968; Mathis and schoof, t96B; Naw-ror, 1969; Ríley

and Cornes, L969; Tyler et a1., L96g; Gradidge er al., Ig70; Hope

et al. , L970; i^Iarters, L970, r976; Slominskí er al. , LgTr; Slominski

and Gojmerac, r972; Green, Lgl3; Tauthong, rg75). A1so, much data

are ¿v¿il¿ble ín the literature on the amounts of initial malathion

deposíts in grain and cereal products as well as the quantities of

residues remainíng at different tÍme intervals after application.
TL^-^ ;^ L^--^---lnere ls, novTever, very little or no adequale infor¡oation on the

fatgs of ilof¡ke hç fL^^^ -^*^*-i,al ornin nrñl-ê.f1ñrc hr¡ Fnnâ avuHLeNs u! Lt¡€ùs pUL€rIL¡et yrvLLL ___* ö;al_ns

stored on treated structural surfaces as r.¡e11 as Ëhe amounts and

nature of insecticide residues remaining ín grains of different

moÍsture contents, and in cereal products.

As an essential prerequisite for regulaling the proper use of

agricultural chemicals, determínation of residue levels in treated

conurodities intended for human or aníma1 consumption is necessary

to assess both the efficacy of pest control measures and adherence

to established tolerances. The persistence of t.hese organophos-

phorus insecticide residues on storage st.ructures and their trans-

location in stored graín and grain products is therefore an imÞorcanr

qrrh-íocf r¡hinlr roa,,;l^- ;nrr¡¡r-;a-ruvJ sv L w!!!Lrr r cyur! sÞ rllv e>u rgdti-on. The result S obtained f rom such

a study r¡ould be of value from the point of view of practical Ínsecc

pest control ín stored grain, of determining the extent of contamination

of the stored grain, and of safety to consumers.



CHAPTER I]

LITERATURE REVIEW

Organophosphorus chemicals comprise an increasíngly ímportant

class of insectícides that have gained wíde acceptance for protectíng

stored products against insect infestations. Their rapíd degrada-

tion under certain environmental conditions poses much less of a

residue hazard than the organochlorine insecticj-des. Apart from

their chemical nature and type of formulation, the persistence and

bioloqícaL effectiveness of residual insectici.des used for the

nrôfêctinn of qfÕrê.ì nrnrlrrctq.ârê ìnflrrcnnod lrr¡ l-ho irzna nf qrrrío^ooL rrr!!uç!¡sçu uJv Lttu uJlru vr Jur!4LEù

on which they are applied, the moisture content and temperature

of the stored commodÍty being protected, the rate of peneEration

of ínsecticides withín grains and on st.ructural 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 wa1ls, floors

and ceilings of v¡arehouses or storage rooms in order to control an

insect infestation or to confer long-term proLection on insect-free

commoditÍes against ínfestation. The surface on which an insecticíde

is applied influences the persístence and therefore Lhe toxici-ty of

the deposit. This phenomenon has been observed for a number of

building materials commonly present in the interior surfac.es of

processing plant.s, granaries, storage bins or warehouses.

Malathion, bromophos, and iodofenphos are considered safe for

nse âs residual Drotectants ¿oolied on infested stored srain (Rot¡lands-
Þr 

g!!¡

L967, L975) but little use seems to have been made of iodofenphos



in storage practices. llowever, varíous research reports have shov,¡n

that the practical insecticidal value of these compounds i.s rnodified

significantly by the type of surfaces on which they are apptied.

Though bromophos is reported to be less effective than malathion

eo¡incf Trjtsn1r"'¡ cnnfrrqrrm Tenngg]i¡ dUVal and I ¡ãcrlñôrrñ fÎgÞslrru uß Lvrr! uruu u oLy I . CastaneUm (Lemon,

1966), Immel and Geisrhardt (1964) claimed that it is very stable

under alkaline conditions and has a long residual effectiveness

on lime-r¡ashed ç¡alls

Þrr1¿r'n (1Ol'^\ 
"-aJ L,i Èa ¡f ,,Jr+ Fl-^ ^t a! Ã!!! ¡r;oe,/ usect oroassay to sEucy tte persistence over

eíght months of malathíon, fenthion, chlorthion, and diazínon on

surfaces of the type cor¡¡nonly found in warehouses when applied as

\^rater-dispersÍble powders. He found that malathion had a verv Door

stnhilifw nnr.êr^-F .-L';f^.-^^L anrì file- hrr'¡- if nare-ie¡a; f^r,.oLoullrLJ vtt scutEttL, wlllLËwdÞll *,-_ L r _- Jp

to iour months on vTood and sacking. Burkholder and Dicke (1966)

also stated that malathion treatments on concrete blocks were effec-

tive for less than one week agaínst larvae of black carpet beetle,

Attagenus megatoma (F.).

rn a laboratory experiment, bromophos gave a longer residual

life than either malathj.on or fenitrothion when apolied as a Wp on

concret.e surfaces (Lemon, l.967). The toxicity of mal-athion applied
.)

at 0.75 g/n'on concrete f¡las negligible after one week against

T. confusum, whereas bromophos, at the same deposit, produced 96.8

ñô?^^ñ| ñ^'*-1.if" ^t+ ^- a/, --^^1-.percenE morEâJ-J-Ly é!LE! ¿+ wee¿rs. At I.5 g/^', bromophos showed

almost complete control up to 40 weeks after treatment. This 1ab-

^--s^'" -^^..f ! -rce nnniiñô,¡ '^.' iiolá ovnorimonra al-rnt.rjnô ÊLìarv!oLv!) LeÞurL wdù uurrrrrucu LJy ruls!Âts snof¡/l-ng tnaE

malathj-on at 7 g/mz provided complete control of c. ferrugineus on

wood floors but inadequate control on concrete floors, whereas

bromophos was ef f ective on both r,¡ood and concrete floors (Anon.,



L974b). Again, observations in a granary treated with brouophos

WP showed a fall in residual effectiveness after 16 weeks against

T. castanerim exposed for 3 hours to treaEed surfaces while even

after 46 weeks there was good control of r¿andering saw-toothed

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

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

from the under-floor resídue of ínfested barley intentionally

left untreated (Hope er al., 1970). cogburn (Lgl2), however,
.)

reported that at L.26 g/n', malathion r¡zas over 90 percent. effective

for two weeks and at 2.5 g/n2 it was 95 percenÈ effective for five

weeks against T. confusum on concrete floors in a Gulf of Mexico

port \^rarehouse.

rn a Èest similar to that of Lemon (L967), Erakay and. ozar

(1975) carried out laboratory tests on the effectiveness of malathion

I{P and bromophos IIP applied at 1g active insecticide (Ar)/u2 on

concrete, plaster and wood surfaces against adults of s. granarius,

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

equally effective against all the test insects on wood surfaces.

On concrete, malathj-on remained 'l 0O nercenf cff sstive against a1l

species for up to 21 days but bromophos began to lose its effectiveness

against T. confusum after the 7th day and had lost much of ic by the

29t'. day. Both chenicals were found equally effect,ive on plaster

against s. granarius and R. dominica but bromophos was agaí.n less

effective than malathion against T. confusuu.

watters (1976) studied the persisrence of malarhion (EC) and

bromophos (I,J?) applied at the rate of L g/^2 Ar on concrete, netal ,

fir plywood, and maple hardwood fl-oor surfaces und.er granary conditíons,

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 effecrive (LjoT" mortarity) on metal

surfaces fox 40 r,¡eeks. I'Ialathion was again effective on fir ply'wood

surface for 40 weeks but on naple hard.wood floor ít provided 100

percent mortalíty up to four weeks. rt 10st its resi"dual toxicity

-a^-i*^+ ÊL^ +^-agar-nsr cne cest lnsects on concrete surfaces at one week after

treatment. Bromophos remained effective on fir plywood for 1g

weeks and on the concrete and maple hardç¡ood floor for four weeks.

T+ ^ .-^-^irrs perslsE.ence on concrete surfaces and maple hardwood floor was

longer than malathion.

Iodofenphos has shovm considerable promise for control of endemic

populations of insects under various situations. In tests in which

laboratory-reared Trogoderma larvae and Triboljum adults v/ere exposed

Lo1 48 hours to concrete blocks sprayed at 0. 5 g/*2 ín a r,¡arehouse

r,¡ith iodofenphos, the lreatment remained Eoxic to the insects for
¡hnrrt "^^1.^ --f-^-^^^ !L^duuLrL severr weeKÞ, wrrsrcdÞ Lr.rË sEandard DDT treatment lost its

effectiveness agaínst Tribolium after four weeks and against Trogo-

derma after two weeks (Riley and Cornes, L969).

T^J^F^-^L^^ L^^ L^^- ---^J f -.tluuulcrrprrus has been used both as an EC and as a lüp for the

control of 0. surinamensis and other stored-prod.uct insects in

granaries (Gradidge et al. , L97 0) . I^Ihen applied. as hp spray ar

the rate of 80 mg ¿:*lftZ (0.86 g Al/,oZ) ro rhe inrernal surfaces

comprising of brick and plast.er of an old wooden barn, the ínsecticídal

deposit remained active for the entj.re 6-çveek period against a heavy

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

insect species. This surface treatment. was also highly effectj-ve

against the yellow mealv¡orm, Tenebrio molitor (L.). The application
t1of iodofenphos EC ar 75 mg tt/f.t'(0.s1 g tt/m") ro surfaces rhar
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included brick, concrete, wood, asbestos, and. galvanized metal of

a clean modern granary, shov¡ed that the resid.ual d.eposit was again

highly effective agai-nst o. surinamensis, and by the 5th week had

almost elimínared the pest popul-atj-on. AE thís rate of application,
rhe rìonnci r ñr^f er.f pd nar.z'l rr herlrgglgd, Unínf eSted gf ain StOf ed Ín ar¡ervrJ ltcr

ó!drré!y rur rrre l4-week period of observation.

Girish et al. (1970) studied the efficacy and. residual roxicity
nf i^ln€^-^L^- --l *-1^¡L-'^-uL l_uuoLenpnos ârru ruarouirrurr agâi-nSt adUlËS Of S. Ofyzae. T. CaSt_

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

doses of.0,25,0.5, l.o, and 1.5 g Ar/mt or, ""*.nt concrete siabs

and jute bags. The studies showed that iodofenphos \¡/as comparatively

itrore persistent on both concrete slabs and jute bags than malathÍ-on,

and it exhibited a fairly high contact toxicity to the forrr species

at al I dosnoes lested. Mal-athion. on f hþ 6¡lp¡ 1-,--; ^r.^..^r ^r..-1,¡1-,. ¡¡q¿sLr¡rv-!, v L¡!s! lldll(I, !iltOr¡/i¿q SII_gnEJ_y

hisher foxieifw on irrl-p h:oq t-h¡___ J_ _..Jn on concrete slabs.

Tauthong (r975) in his laboratory evaluation determined. the

persistence of malathion, bromophos, and iodofenphos on fir plywood

surfaces ior nrotectjon eceinsl fjwe sneciec nf qt-oroá-nrnÅtt¡t-4VU JYgUTLÞ V! OLVLLU PLVSUUL

a
insects. At the rate of 1.0 g/n', there was complete control of

C. ferrugineus exposed 24 hours on surfaces treated i¿íth both insect-

icides 52 weeks after treatment. Bromophos was, however, less effec-

ti-ve against T. castaneum than nalathion and iodofenphos. Bromophos

'and iodofenphos gave 100 percent rnortality of c. ferrugineus over

B0 r¿eeks but against T. castaneum, nalathion and. iodofenphos \^7ere

the most effective compounds. Bromophos lost its residual toxicitv

to T. castaneum after B0 weeks. Iodofenphos was the most persiscenc

insecticide against all species tested, and although bromophos rvas

the least effective of the three insecticides, its persistence over
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a \)-t.¡øal, narin¡1. \^/aS enhaflced f,/hen ,.Jne:oe r.rrc jnCf eased tO 2.5Hur lvs \^/as enhafrced. wi^-.- ,,*- -ilcreased to 2 .5 g/n¿ .

Tordanou (L976) also found that iodofenphos applíed ar Ehe rare

of 1 g toxicant/m2 a week before graj-n r¡¡as Íntroduced. into a store-

house heavily infested with Trogoderma larvae gave good protection

+^ ÈL^ ^-^i-LV LIIE Ë! df lI .

Malathion, bromophos, and iodofenphos appear Eo be more stable

on surfaces thaË are almost neutral. Using filter paper as a sub-
a

strate malathion, applied at 0. 86 g/n', persisted for 16 rnonths

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

Scott, 1960). Simílarly, high mortalities o'f T. confusum were

obtained for 16 weeks on fi-lter papers treated with malathion and
a

bromophos at 0.75 g/m' (Lemon, L967). Iodofenphos applied as an

EC to filter papers at doses of 0.01 - 0.15 percent showed effectiveness

agaínst a wide range of stored-grain Ínsects (Nawrot, L969). parkin

(1966) reported that rnalathion applied on r¿ood and sacking ar 0.43
,

tLE/m persisted up to four months; El - Råfie et al. (1975) found

that when applied to whole v¡heat flour in cotton bags at 684 ppm,

it appeared to be a promisÍng treatment for protecting the flour

for more than three months against T. castaneum infestation. In a

smal1 scale trial in i¿hich bromophos and lindane/rnalathion r¿ere

sprayed at. the rate of 3 g At/n2 either directly on the bags or on

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

against the tropical warehouse moth, Ephestia cautella l¡lalker, during

a t\^/o-month storage perÍod than the standard treatment røíth lindane/

roalathion (Schulten, L970). In a Iarge scale trial where bromophos

was applied to bagged maíze at a rate of 0. 75 g ÃI-/nZ at rnonthly

inferw¡lq- fhe qonl¡Ol of E. Cairfe'l 'l a on hromonhos treated StaCkS

was again superior to the lindane/malathj-on treatment at weekly
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intervals. However, bromophos treatment of bags or hessian sheeEs
.)

at 0.5 g Ar/m- was less effective in protecting the stored maíze

against this insect pesL than the routine lindane/malathion treat-

ment (schulten, 1973). Malathíon has also been found to be stabl_e

on glass, masonite and p1¡oood (Anon., 1973).

Parkin and Hewlett (1946) showed that filns of pyrethrum or DDT

in shell Oil P., deposited on certain contrron buildinø m.arprjnl ^31 r¡r@Ls! r4r5

rapidly lost their toxicity to T. castaneurn. They also reported.

preliminary tests rvhich showed that the persistence of toxj-city

^^,, 11 L^ ^-^^r1.courc De gl:eacry íncreased by pretreatíng the surface of such materíals

with a suitable substance such as starch paste before application of

the insecticides. This phenomenon of mixing additives to insecti--

ciries to nrnl nno f ho incan ri¡iÅo1 ¡¡r-irr-if,, L-.¡Lrusù LU pLUrurrb L¡rs lrrÐeuLrLluor oLL!v aLy rldu 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 \¡/ere paínted with "sher-gide" the residues

of both EC and wP formulations were effective agaínst dermestid

larvae fot 17-20 weeks longer than when concrete surfaces were nor

pa.inted (Burkhorder and Dicke, L966). The silicone waterproofing

materíal applied to concrete bricks, however, was not completely

effective in exËending the effective Èime of Eoxícitv for rhe

malathíon EC but it did extend the time for the wp forrnulation ro

two weeks. Tyler and Ror,¡lands (L967) used. sodium carboxwethvl

cellulose as a stabiLizer and found that by incorporating 0.5 per-

cent of this compound in malathion, the effective resid.ual life of

the sprays improved from less than one week for the EC and four

weeks for the WP to l-4 weeks. Thev attrihrrfed this imorovemênf in

persistence partly to the absorption of both malathion and hydroxyl
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ions by the cellulose, thus preventing their interaction and corLse-

quent breakdornm of malathion, and also partly to a reductíon in

absorption into the porous substrate. Slomínski and Gojmerac (Lglz)

rtqino 1 nrvze nF hl aaþ aar¡al- hoarl ^ ^ -^ê^ts^*!e! vGç u! Lalysu uc€Elê, A. megatoma as the test insect

also noted chat pretreating concrete and other alkaline surfaces

wÍth certain materials minimized malathion detoxification. Their

research indicates that malathion, which is unstable on concrete.

remains toxic for a month or tr,ro on painted surfaces or those

treated with talc or calcium carbonate.

Recent evidence has shovm that concrete surfaces become less

alkaline with age; washÍng the surfaces and the accumulaLÍon of

dust and other debris tend to stabílize the insecticide and prolong

the effectíveness of deposits. Thus, okwelogu (1968) attributed

Ë.he loss of toxicity of malathion on concrete to high pH, and

shor,¡ed with bioassay tests that t.he residual toxicity of malathion

on concrete can be enhanced by decreasing the alkalinity of the

concrete through washi-ng with water. tr^Iatters (r970) also presents

evídence from bioassay that the accumulation of successive layers

of grain dust on the concrete floor of a terminal grajn elevator

prolonged the residual toxicity of bromophos and malathion for over

10 weeks. The author relates the unexpected prolonged effectiveness

of the ínsectícides to the lov¡ pll (5.9 - 6.2) of che concrete surface

and by cool floor temperature of 10 - 12"c. TIe also noted that after

33 weeks bromophos treatment on painted areas exhibited more toxicity

than malathion treatment rvhich was, however, superior to bromophos

^.'-.Ê^Jvtt ulrpél!¡ LEU éI €éÞ .

In tropical and subtropical areas of the world outbreaks of

stored-grain insects occur frequent.ly because of high temperatures
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and the lack of effecEi-ve means of control. In some cases above-

average harvests force farmers and traders to use unsuitable buildines

and containers for temporary storage. A combination of treatment of

building surfaces anci the admixture of grain r^Ìith approved. insecticid.es

have been found as effective methods of controlling insect infestation.

In Cyprus, Iordanou (1976) found that iodofenphos applied as a rvall
a

treatment at the rate of L g/^' supplemented by graín treatment \^ríth

malathion dust at 10 ppn considerably reduced existing insect

infestation during storage of the graín. It was also found that

wa1l treatment with malathion or bromophos was inadequate for stored

grain protectíon unless supplemented by malathion graín treatment.

The combination of admixture treatment of maíze with a bag impreg-

nation techníqúe using pirimiphos-methyl has also been observed to

effecfir¡c'lv nrôfect fhe crnin frOm furthef insect damaøe For 126!4rr! s ssrrruós lvr LL

months (Morallo-Rejesus and Eroles, L976).

2. Persistence of insecticide resídues in graín and grain products

Insecticides are often mixed with the produce to provi_de

orofeefion For a'i ons oeriorì ancl to kill insect Dests which heverYr¡!s¡! rrgv

already infested the stored produce, Malathion has been the insect-

icide of choice in several countríes over the past decade for admix-

ture treatment of stored graín, but the use of bromophos, iodofenphos

or pirímiphos-methyl is becoming more prevalent in certain countries

for the control of malathion-resistant strains of stored-producc

insects since the mainmalian toxicities of t.hese insecti-cides are

comparable with that of malathion.

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

of stored product against insect infestations ís 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

^F t ^-- ¡^ --L^âf cônrâìnino 1ll f\ -a-^ôñi ñ^r'^raL ¿ PPm E.O \,/ng* --^o --. v yç!LErrL ,rurÞLUf e \^/aS gf f eCtiVg

against S. granarius, S. oryzae, and R. .lpmi_¡ica f or Ërvo months.

and when applied at I and 16 ppm it remained effectíve for six to

seven monEhs. Malathion applied at 2 pp* to wheat of 13.5 percent

moisture content also provided complete control of c. ferrugineus

for eight months (Watters, 1959).

Bang and Floyd (L962) reported rhat malathion applj-ed as a

dust or spray at B 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 ^^â+áÉ^..ñI. LdÞLdltguttt.

Inlheat graíns having 13.0 percent moisture content were mixed

with malathion at rates of 8, 16, and 24 ppm, stored at TB.F

(25.6'C) and sampled for chemical analysis immediately after treat-

ment and at four successive monthly intervals (Lal and Beri, 1964).

The initial average residues measured 6.36, 13,40 and 21.23 ppm

ín the 8, 16 and 24 ppm treatments, respectÍ_vely, and declined

to 0, 0.45 and 0.78 ppm after four months of storage

TeoËia and Singh (1966) carried out tests in Indía on the immediate

and residual action of malaLhion dust at f - 5 ppm against S. oryzae

in stored maize and rice grain, and in maíze on Ëhe cob. The results

of bioassay in which adults of S. oryzae çs¡s confined ín the grain

for 48 hours in batches of 25 per 100 g, imnediaËely aft.er treatment

and at monËhly intervals thereafter, showed that the minimum amounts

of ínsecticide initially giving total mort.ality of the weevils were
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2 and 3 ppn in maize and rice, _respectívely. The effectiveness

of malathion was found to decline more rapidly in rice than in
maize but it lost much of its toxicíty after one month. rn a

further experimental study, malathion applied at 4 ppm to freshry
harvested maize ears afforded complete control of s. orvzae to

the end of the experiment.

An evaluaLíon made in smalr-bin laboratory tests of the pro-

tectant properties of malathion appried at tT,/o rates to insect-
infested sorghum grain showed that malathion v¡as not able to give

adequate protecti-on against insect damage for the whole 12-month

storage period (LaHue , 1967). rt r¡as found that the residues

degraded rapidly and, as determi-ned by insect infestations in the
L-í-^ L^^^-^ -^.Lr.!rrs' Decame non-toxic in 3 - 6 months, at whích tÍmes the residue

levels r,¡ere about r.5 ppra. The non-toxicity of marathion residues

of less than 1.5 ppm rvas also indicated. in speciar toxi-city tesrs

with S. oryzae.

rn a test of malathion as a possible al-ternative to the use of

BHC, a 1 percent malathion dust was Íncorporated at the rate of

10 pprn into the top six inches of maize in a silo previouslv fumi-
gated with phosphine (Adesuyí, 1969). SampJ_es of maize srains taken

at intervals after treatment, both for d.etection of naturally occurring

insect infestations and for exposure to laboratory-reared adults of

S' zeamais and T. castaneum revealed that the residues were effective
F^r 1 q ,-^^1.^ ^^^:-^L ôror r'f r¡/eeKs against S. zeamais but only for one to tv/o weeks asainst

T. castaneum. rt was also observed that infestatlon from outside

by r. castaneum and cryptolestes sp., but not s. zeamais, occurïed

frorn the ninth v¡eek af ter malathiorr treatment.

El-Rafie et al . (1QÂAn\ n¡¡-4or out stud.ies to evaluate the
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effectiveness of four insecticides in dusts for controllins

inqent- nêcrc nf glq¡ed wheat and maize. The results iurlped hv thetr-g"vv.gJJguóLgU)

average percentage infestation during storage indicated rhat the

malathion treatment gave good protection during the lO-month period.

In a similar study, El-Rafie et al. (1969b) found that rhe rate of

degradatíon of malathion \.¡as faster on maize than on wheat. and in

grains stored in bags than those stored in silos.

In an investígatíon on the effectiveness of malathion and

lindane as protectants for st.ored wheat against damage by C. pusillus,

^ ^t 1^^ ^lults oi this soecies were confined in .150 o s¡molesóluuyÞ v! rvu dq***_ _- ËulcÞ wËre u(Jlll-J.--__ ---

of grain treated with malathion aL 2, 4, B, 16 and 24 ppm, and 2, 4

and 6 oom of I indane irmnediatlev af ter freârmenr- iñ¿l nr manr1-,'l-,

íntervals thereafter (Srivasta and Srivasta, 1970). Malathion at

L6 - 2/+ DDm urâs f ound to cause como'l ef e môrf âl i rw fnr rhrpe mnnf hs-¡¡¡v¡! L rto ,

anrl ¡f 8- 16 enà ?/' nn- nn"coJ 25- Lñ enå ?Á narecnf mnrf¡1i1-r¡4!¡u aL e, rv arru LJ ypLLL u4uÞçu aJ, JU pL! Lorf LJ ,

respectively, after six months. Lindane aL 4 - 6 ppr produced

complete mortalíty up to l0 months and 94 - 98 percent after 12

nonths.

In laborafory tests the effectiveness of malathion dust appl-íed

at 3 and 5 pp* to wheat v¡as evaluated against dusÈ of phoxim and

phenthoate at 5 and 10 ppm for the prot.ection of stored grain agaÍnst

damage by S. granarius, S. o'ryzae, T. castaneum and T. confusum

r^":^Ê^-j11^ ^* al., 1970). Observation from the bioassay resultsLVUrlrL4rM¿d gL

indícated that malathion at 5 ppm afforded good control of Sitophílus

spp. for about l0 months and of Triboliuïr spp. for about three months.

McGaughey (1971) tested residual effectiveness of aqueous

dilutions of malathion as a 577" EC at 11, 17 and 20 ppm in protecLing

mj I I ins f reef jons of three varief i es of rn¡rph ri ce f or ìrn f r.) 1? months



r9

dËé!!IÞL !lt!EùL4L!u!! vJ !. 
-:Yjl:ljjjSr 
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a v¡arehouse by means of bin and jar tests under the commercial storage

conditions found along the Gulf coast in Texas. Generally, it v¡as

found that malathion at the three conceritratíons gave protection for

6 - 12 monfhs- fhe nrôfecficln lastins sliehtlv lonser in the bin
r!vuve

tests than in the jar tests. Malathion resídues of B, 4 and 2 ppin

'r¡rere required to kil1 the three pests, resPectively. The author

also noticed from resídual analysis that after applications to

give 20 ppm, residues on rough rice were inÍtially 20 ppur but de-

creased to below B pp* after three months, and those on hulls i^Iere

initially 80 ppm but decreased to below B pp* after 1l months. The

residues on bran, initially at 20 pprn, increased for three months,

reaching peak of 30 ppm, and then decreased to below B ppm after

l0 months; malathíon residues on nilled rice, initially at 0.2 pP*,

increased ¡6 ¿ ¡arlr nf l-l ?? nnm ¿f¡s¡ three monthS and then decreasedrrrLr eoÐLs Lv o PgdN 9! V. JL YYLLL

to 0.1 ppm after nine months. The retention of malathion residues

on the lhree varieties of ríce tested was found Lo be dependent

on the relative surface area and thíckness of the covering hu1l.

Udeaan and Bindra (1971) also studied the malathion residues in

different fractions of cereals and Ëheir finished derivatíves by

fy^^f .'-ñ --lJ', ,-L.aa¡ *^-í-^ -n¡l noar'l -mi11ot nrnina r.rit-h qn'/
LI €ALIIIB PaCI(IJV, Wlled.L, LttdJ-ZC r drtu Psd!f -urrrrEL |!!drrrÐ wrLtL Jwlo

premium grade malathion EC aL 20, 30 and 50 ppm. They found that

in the case of wheat and maize treat.ed at the above dosages, a major

portion of residues remained in the bran, while the flour contained

residues below 8 ppm.

On wheat of L2.0 percent moisture content, in storage, tnalathíon

had an averaÊe resj.dual half-lÍfe of 5.6 months (Gunther et al., 1958).

Schesser et a1. (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 r¿hilst Gunther and

Jeppson (1960) calculated half-1ife of malathion residues in srored

wheat from the investigation of several workers as 150 to 190 days.

Lemon (L967) carried out studies on the persístence of dust

formulatj-ons of uralathion, fenitrothion and bromophos on vrheat at
1t 

^ ^^-^^-+ -^:t¿.u PercenE mol-sture content using S. granarius as the test insects.

Bromophos rvas found to be the least effective of the three compound.s

over a period of eight weeks at a1l dosages tested.

Joubert and De Beer (1968) in their compararive studÍes on

persistence of two dosage levels of bromophos with pyrethrum and.

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

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

amensís, and E. cautella over a storage period of 50 weeks under

the subtropical conditions of south Africa. R. dominíca was, however,

not completely controlled by the 5 pp* rate. The authors also found

bromophos treatments survived a 50-week bulk storage perÍod wilhout

an appreciable Ínfestation 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 ar

B, 16 and 24 ppm to clean bagged whear and barley of 14,0 and 13.0

percent moisture content, respectively, which were exposed to heavy

infestations of 0. surinamensis and s. granarj-us, and at 9 or 20 ppm

to infested wheat containing 15.0 percent moisture stored in bulk

on a farm. Bíological and chemical assays shor.¡ed that bromophos

residues broke dorn¡n more quickly on infested bagged vrheat and barley

stored at 25oc than on cooled wheat stored during the winter on the

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



2I

bromophos residues were effective agaínst the test insects at lower

concentrations on barley than on r.¡heat. There was, however, a sharp

decline in bÍological effectiveness after 16 weeks in I ppm treaçmenr

and after 24 weeks in fhe '1 6 ^--- pyu ireatment. The 24 ppm treatment tras

ful1y effective against 0. surinamensis for 36 weeks and rorinqi-

S. granarius tor 24

effecfiwe acainst 0,

weeks. The f arro srain frp¡l-od :l- Q nnm ramninalaL J ?ttLu Lsllldttlsu

12 months.qllf lntñêñcl c t^r !tñup LU

Large-scale laboratory studies on !'/heat treated with bromophos

at I 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

Kno11, I974). The metabolism studj_es which were limited to the

analy.tså:ç 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. 0n examination of milled products, it was established that

hromoohos DenefTates into the inner lavers of fhe srains- e,ansiyLr¿eLldLeÞ ILlLu Llle !I-^.-- -**-*ng

higher residues in the coarse bran and semolina bran. The flour

1-' -1-íal-,r'l tamr'na¡aJw4Þ urrry ÞrrérrLry LvrrLdurrrrdLsu.

Adesuyi and Adeyemi (1973) compared the residual effectÍveness of

malathíon, bromophos, and iodofenphos for the control of insect

infestati-ons on maíze stored in cribs with a vier.r to findinE a

substitute for BIIC dust which is mostly used. Malathion, bromophos,

enri iodof ennhos .ennl ied ¡r 3O ?O :nri ?O nnm rêenê.t- irzol\7 t- ^!sÐysLL¿vç!j, Lv

stored maize v/ere used. Monthly samples from each treatment. analyzed

f or oerePn'i. âqe insect- d¡mroc "hOrr¡ed thAt malathjon an¿ i o¿of ennhOScrlu rvuutsrrP

were effective for nine months and bromophos for seven nonths. None

of the insecticides r¿as found to give complete control but each was
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more effective than BHC at l0 ppm when eompared \,/ith the results of

ñref l-ri¡l e

Todofennhôs -* T^ --- '-^^ Íound!vsvrsrrl/rrvù dL rv Pyru wéÞ I

bagged wheat and barley for about 20

and S. granarius (Kane et a1., L973).

fo oir¡c nnmnl êfê ñr^l-a¡i.inn nF

..^^1.^ ^^^-'-^Ê ^we.eKs agalnsE u, sur]-namensl_s

LaHue (1975) also estimated the relative effectíveness of iodo-

f enohos ¡nnl i eri to hard v/inter r¡hen f - sheT I ed c^-* -'..r ^^-^L"*LU [ra!u wrtrLer 1,.^-*- eo-ftl , aftc sorgnum

srain- côntâininq i 2- 5 nereent moiqrìrrê Af TAt- pe nf 5 1ô ¡nrlvL J,

20 ppm AI against the standard malathion treatment at a dose of

l0 oom AT for nrof eei'-íon as:ins+ c ^'"--^ iniêrrì2'l f acdino!¡ GA4!!rrL J. V!Y¿de. éIt ___

insect. Iodofenphos applÍed at a rate of l0 ppm gave excellent

Ðrotection tÕ cofn i.or L2 rûonths even thoush an F orosenv did

emerge. Sorghum v/as better protected also by the l0 ppm iodofenphos

than by the 10 ppm standard malathion, but the residual effectiveness

decreased gradually during the l2-rnonth storage. Wheat \.^Jas not

well protected by the 10 pprn treatment of both insecticides but

iodofenohos âf 20 nnm nrofecfed Ít for 12 months.IY* Y-

Krishnaiah er a1. (L976) in their studies on relative efficacy

of fenitrothion, rualathion, gardona, and iodofenphos observed the

1nf f ør cnmnnrrn..l .'a^ I aa^+ ^f ç^^+-^^* wil'ri reasL erre.cuive 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 peri-od as agaÍnst 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 sLored wheat. The results of the six months

of analysis revealed that pirimiphos-nethyl v/as the most persístent

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 Kinsdom shov¡ed that

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

S. granarius and T. castarieum in wheat stored Ín small sacks in

a building in which severe infestatíon pressure \úas artíficially

sustained over the six months duration of the experiment (Anon.,

L974a). In laboratory tests in AustralÍa, pirirniphos-methyl at 5

oom AI save comolete control of S- sr.enarius ¡nd T. confusum in

r¡heat for five months and r,¡as superior to the 103% malathion EC

norrnally used by bulk handlers. Símílar laboratory tests showing

creâfer effjr^¡cw nf niriminhoe-merhvl rhan the conventional inSecti-

eirìps .annrowed i^" "^^ ^^-i--¡ qtored-orodrrct insect íniesLationserser oyyLvvsu rv! uÞE 4ËdIrIÞL *-

have been denonstrated in Argentina, Cyprus, Guyana, Malaysia,

Indonesía and the United States. Mixture of pirimíphos-methyl

r.riÈlr ri^ô .t /, r¡nm con1-rnl I cri :nw neqf q e] rcaàw ñrêqênf :nrì nrrì+^^ts^lw!l¡¡ l!uç oL + F -- --LJ lJLùLÐ Ar!SGU_Y

the ørain srclred in sacks from other insects for uo to six months

l(a¡h 1 O7l, \
\vesr¡r LJta).

Cogburn (I976) coupared the control of stored-product insects

with pirimiphos-methyl applíed at 5, 10 or 15 ppm directly to

rnrroh rine r.rifh the control obtained with 14 ppm malathion when the

treated ríce was stored 1¡ fibreboard drums and subjected to consEanE,

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 protecEing the grain from a malathion-resistant

strain of S. eerealella.

Redlínger (f976) reported that

degraded at a rate approximately 33

residues of piri:niphos-methyl

nercênr 'l es.s f han malathíon



24

rlrrrins e 12-monfh ñôriaâ "l.'an r'-^ ^çc^^ ! j----^^^ nf nir'íminhnq-*rr yctIUu wrrelr LII€ c!!gLLIVcllcÞÞ -, r*_

*^¡L,'l ---1 j 
^l fn rrnchal I arl qrnln¡ln,,r .--^--^¡ -ñ.jñôÊ ¡t-,¡ureLlryr dP!raIEu Lv urrrrre¿ vürlullLrLb Wd.b) ds;SeSSC(-I agdIIl.!;L LlIe

standard malathion treatment for the control of 10 species of

stored-product insects

LaHue (L9l1a) evaluated the relatíve effectiveness of pirimi-

phos-methyl residues apÞlied to hard r¡inter v/heat as a r¡¡ater emulsion

at gradient doses from I to 10 ppm AI to determine the minj:num

effective dosage requíred Lo kill the adults of T. castaneum,

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

n¡rrqorl nnmn-i êl- ê m^rf â'i itr¡ ,rf q ^-.'-.^ "1..'1^ /,oryzae wnl_J-e + ppm or more gave

exce]lent coritrol of T. castaneum for L2 months. Residues of 6

ppm caused 97.0 percent mortality of R. dominica for six months

but B ppn or'nore v/ere required to give 90.0 percent or greater

cont.rol at L2 months aft.er treatment: for T. confusum doses of 8

ppm or more liere required to give an effective controL f.or L2

months. Lallue and Dicke (L977) and LaÏiue (L977b) again reporred

that after 12 months'storage about 50 and 83 percent of pírimiphos-

melhyl residues remained on sorghum grain and wheat, respectively,

when applied to the grains at the rares of 8.4 and 7.8 ppm AI.

Various r¿orkers have observed that the efficacv and persistence

of insectícides used for admixture treatment of stored oraín to

protect it against insect infestation areclosely related to the

dístribution of insecticide amongsE the grain (tyler et al., 1969;

nroan 1 qÁ4. n-óen et al., L97o; Rowlands, L}TL). The biological
' 

LJVJ'

and chemical assays of single graíns from practíca1 trials wiLh

bromophos indicated that complete control of 0. surinamensis v¡as

achieved when only four percent of the grain carried an effect,ive

J^^^ r1-^^^ ^1 '1 q7n\. Minait and Williams (]-97l. , L976) in theirUVÞe \U!CçlI CL dr.t LJTWJ t l¡tI¡LL
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laboratory and field trials also indicated Ehat treatment of a small

proportion of wheat bulk with a high concentration of malathion

rrras a more effective method of treatment for control of stored-

graÍn insects than the conventional method of treating all grains

uniformly wíth the sâme overall level.of insecticide. In a laborarory

experiment, the authors showed from results of bioassay that treating

1 ¡r ) nêrnêñr nf orainc in a h'¡|ft r¿Íth malathion pâ.'e nroteerione l/lv

. oâ i ñ cf Q nrrrzag and T. COnf ustr- ruhon ¡n nrrar¿|] lgVel Of ínSeCt-v. v! t au

ícide of about l0 ppm was applied to the grain. In a large-scale

field trial, they again showed that grain pretreateci with malathion

at 750 - 800 ppm and added to untreated grain to obtaín overall

one percent of preLreated grain in the bulk remained effective asainst

T. castaneum and S. oryzae throughout the lO-month storage period

of grain in silos. The conventional method of treatuent failed

fo Drêvênf infestal-inn hrz ( ^T\rzae aftef SiX mOnthS Of sfor¡øe

Quinlan (I972) attempted to apply malarhÍon uniformly as a

'L^*^r 1'- ^^-^"-ted aerosol to insect-ínf ested corn in storaseLr¡s!ru4¿ay 6srtç!éLsu dE!uÐuI LU IIt:)cuL-IIIIe:;Lg(I L___- _-- __-__o_

and found that Ëhe uniform treatment of malathion to all grains vras

less effective than treatüent of a small proportíon of grain bulk

wit.h a hi-eh concentration of malathion.

Uptake andfor translocation of malathion, bromo hos and iodofen-

phos into stored products

The main reason for usjng residual conlact insecticides

for'spraying storage premises is io 
"ona=ol 

existing insect.

ínfescatj-ons and to protect the stored produce from damage by insects.

Beri and Lal (1965) sËudied Lhe extent of uptake of malathion by

stored grains from surface dusting of the bags with malathion at
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))the rate of 1.68 g/rt- (18.08 c/-') and srored under room conditions.

It was found that 1.65 ppm of malathion residues translocated Ínto

the oerinher¡l r -"^- ^t +L^ --rre,.l sr¡in aFror 'l 5 'lo.,o 
.t-,,r ¡t ^rHI¡LI4r I4Y EI UI LIIE 5LL IJ AA-Y S DUE TNE

residue was only 0.88 ppm one inonth after dustinE.

Cereals in contact with surfaces treated r¿ith lindane and methoxv-

chlor vary in the rates of insecticide uptake according to the type

of cereal, type and formulation of insecticide applíed and the

type of surface (I^latters and Grussendorf , Lg69). Their study

over a 24-week period showed that the uptake of lindane

into cereals stored on concrete, wood and metal surfaces r¿as

hiøher f h¡n th:f nf mot- hnvrznhl nr Tha rrnr c1,a nF 'l .'-l--^ l^,. L^-!!f Þ!(ç! qr¡'r¡ Lr¡@s y urrrv.f . rng uPEaKe or rrrruorre uy uarley

was higher than by wheat or oats and also lindane applied to

surfaces as dispersible powders tended to move rapidlv and in

great.er amounts into cereals than from lindane applied as oil solu-

tion. More methoxychlor was also recovered from barley and oats

than wheat. There r¡ras a sj¡nilarity in the rates of uptake of lindane

by wheat sEored on wood and metal, whereas greater amounts of methoxy-

chlor were t.aken up by wheat stored on metal surfaces than on v¡ood.

and concrete.

rn a símilar study, watters (L976) examined the rate of upcake
ainto r¿heat of ualathi-on EC and bromophos I^.rp appried at 1.0 g/m'to

hardwood floor surfaces in a farm granary. The rates of uptake of

insecticide residues \^7ere determined by analysis of core wheat

samples B-cm deep and weighing 125 g, The results of the srudy

over a period oî. 40 \,¡eeks indícate an increase in the uptake of

bromophos from 0.28 ppm after l8-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 B-cm layer of wheat

wich the treated surface. There rvas however, negligible

bromophos or malaEhion by wheat beyond. the B-cm layer of

{TT LUIl L4L L

trnl-¡Þo nF9r Eg¡\v vl

6r4lrl.

roduc t sFactors affecti ersistence of residues in storecl

ano on surïaces

The persistence and toxi-city of insecticide residues in stored

products and of the deposits on structural surfaces are qoverned

by many factors such as storage cemperature, moisture, nature of

the surface, type of forrnulation,and method and. rate of application.

Higher moisture and storage temperatures generally result in
more rapid breakdown of graín protectants, particularly organo-

phosphorus compounds, rargery by sti:nulatíon of enzltne activiEy
(Rowlands, L967) in r"¡hich the major mode of degradarion is hydrolysis
(0rth and l"Iinett, Lg75). watrers (1959) found rhar malathion rn

wheat lost its insectícidal properties more quickly when the grain

moisture content exceeded 13.5 percent. Malathíon applied to wheat

of 13.5 percent moisture content at 2 ppm, r^ras as effectÍve as

malathion applied at 16 ppm to wheat of 15.5 percent moisture content

âoâinaf f- Farr.

;^ï:-'.:'--ï:ï*; 

malathion rüas inerrectj-ve when applied at

'ru p.pur LU w¡.reaL at 18.0 percenl moisture contenË. This is thoueht

Èo be due to the more rapid decomposition of malathion under condítions

^€ 1^.'^L^- '.^r ^+-ur rrrgner morscure conterit (Malathj_çin panel , 1960).

Strong and Sbur (1960) working on the effect of moisture content.

storage temperature and Ehe interrelati-on of moisture and d.osage

on the effectiveness of malathion in protecting stored wheat against

s. granarius, s. oryzae and T. confusum observed that the resid.ual

effectiveness of malathion was much reduced by high grain moisture
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and storage temperature. They reported that the resid.uar effective*
ness of malathion applied to r^/heat at r0 ppm !¡as higher at 10"c

Èhan at 50oc, and it would remain effective against insect j-nfesta-

tions for at least 12 months when storage temperature r^/as not hisher
than 15'6oc and moisture coritent of wheat did not exceed 14.0 percent

at this initial dosage. Koivistoinen (rg61) ar-so nored thaÈ the

tenperature of storage had a marked effect on marathion d.isappear_

ance' with greater losses occurring at about 20oc than at about

4'0'c when apples and beans r,Iere treated with malathíon after harvest.
Godavarj- Bai (1964) in his studies on the persistence of malathion

residues on treated food grains under different cond.itions of scorage

and processing found that both high teurperature and relative humidity
result in loss of malathj-on on the grains and milled materials d.urins

storage. The resurts also revealed that moisture content of the
-materials 

play a major role in the d.ecomposition of malathion.

Tests carried out in France on the effect of grain hunidity on the

control of s. granarius afforded by sprays of malathion applied at
n Qn ^ Ê^,.-'^^-âv.ou g Loxr-canc per quintal to wheat stored with moisture contents

of 13'5,14.0, 15.6 or 17.1 percent, revealed that the rapidity
with r.rhich malathion spray lost irs effectiveness during a l3-week
period was in direct relation to the moisture content of the grain,
and that artifícial drying of damp grain improved the persistence

of the chemical (Coulon, Lg66).

using data frorn chemical assay, Minett et a1. (196g) d.emonstrated

tenûperature and moisture dependence of malathion breakdor,rn on wheat.

They showed fron residue analysis the critical moisture coritent for
malathion breakdown on wheat of about 11.5 - 12.0 percent, above

which the loss of malathi.on increased more rapidly with increasinq
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moisture content. Ar increasing storage temperature, degradation of

malathion was found Ëo Íncrease, partieularly at high moisture

levels. Storage of treated wheat at low temperature and low moisture

levels, on Lhe other hand, resulted in conservation of the mal-athion

^--.r -'^r -'ì Drof tcf ¡nf ¡nd r-aìnqêõlrênf l r¡ inqêaf drmroa ,.rr.4PPtrcu éJ Br dIIÀ y! arru vv!¡vv

limited. Orth and Minett (f975) also observed that when increased

storage temperature and moisture were simultaneously involved their

effects on malathion breakdor,¡n were additive.

chanp et al. (1969) ín their comparative studies of four organo-

phosphorus insecticides for control of S. oryzae and R. dominíca in

wheat reported that an increase of temperature f.rom 25 to 30oC effected

a 1.5 potency increase for malathion at graJ-n moisture contents from

11 to 13 percent. Biological assessment of the residual activity

of malathion using s. oryzae showed malathion residues dropping to

lowest 1eve1s v¡ith a marked and uniform rate of depletion of the

toxicant v¡ith increase in Eime, temperature and. moist.ure content.

Higher storage teüperature and increased moisture content causing

a rapid breakdov¡n of malathion residues in grain sorghum has also

been reported by Kadoum and LaHue (1969).

Bromophos, although less frequently used than marathion as an

admixture for protection of stored grain, is relatively stable on

damp grain (Ror,¿lands, L967). At 16.5 percent moisture content,

the residual life of bromophos is longer Lhan that of malathion

and fenitrothion. Green et al. (1970)also assessed the influence

of moisture conteni of the grain on persistence of bromophos and

mal-athion by comparing their effectiveness when applíed at l0 and

20 ppm to varm moist. grain in the laboratory against O. surinamensis.

Applied to i,rheat of 18.5 percent moisture content and stored at 30'C.
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bromophos lost effectj-veness after six weeks to the same extent as

malathion after tr,¡o weeks. The high dosage rate did not give longer

ñy^&^^t-.^.--j.La..¡}'a-.^-.^''.J.EÍch1er¿nd|{nn11(1o1/'\y!vLsLLru!¡ wrLrl c!LtleL uUttrPUurlu. .ûJ-(-II-LCt all(l I\IIUII Ll.y/ ¿+/, l-Il. SLU(l.VIng

the degradation of bromophos in stored wheat, observed that the type

of formulation and the degree of moist.ure content of the stored

grain have no significant influence on Ëhe degradation of the conpound.

t¡hen the treated r¿heat was stored at an average temperature of 15.0'C.

However, by increasing the storage teinperature t.o 26.0oc, the rate of

decompositj-on is significantly increased.

rn l-aboratory studies, liilkin et al. (1973) eompared the periods

of effectiveness of malathion and íodofenphos at 10 ppm on English

wheat, with initial moisture contents of. 14, 16 or 18 percent, and

sÈored at 17.5o,30o or 35oC. The results of the experj¡rent over

a 2O-week period shor¿ed that iodofenphos applied to the wheat has

a longer effective life than malathion against O. surinamensis even

orl r¡7arm moist grain. In comparison with malathi-on, residual eff ective-

ness of iodofenphos orl wheat of 16 and 18 percent moisture content

stored at 30"C was 9 and 7 weeks respectively, as againsL 4 and 2

weeks for malathion under the same condítíons. The authors explaíned

that the longer persistence of iodofenphos Ís assocíated with much

slower rate of breakdov¡n of the compound.

Analytical studies have shor+n that residues of pirimiphos-methyl

n- "ì-.^^F ñÉ-;-- -Éô ,1 a¡--Å^,1 -nzl J^+^.'.'Ê.'^J L.. 1rr,,1e^1 .,^,: ^ ^a rLurr wrtcdL Brd.rrrs a!e ueË[dLreu d.rru (leLUXrr]e.cr Dy lrvurol-_vsIS oI Ene

phosphorus ester side chaj¡r (Anon., L974a). It was observed from

such studies that at a gíven temperature, the rate of breakdor^¡n of

the insecticide depended on the moísture contenÈ of the grains.

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

of the chernical was hydrolyzed in eíght mont.hs, while at 18.0 percenÈ
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moisture the extent of deeradation ¡^¡as 70 - B0 percent.

When treated grain v/as stored at 95% relatíve hrimídity for two

weeks, resulting ín a moisture content 16 - 20 percent ín the grain,

malathion \../as unstable and consequently inef f ective against S.

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

the same storage conditions pirimiphos-methyl showed effectiveness

against these species after two weeks r,/ith its activity beginning

to decline after four weeks (Anon., L974a). In Ereated grain stored

at a relative humidity of 557" or more, pirimiphos-methyl was again

found ro be. effective against Sitophilus spp., S. cerealella and

llodia ilterpunctella over 8-rveek storage period. Ilalathion at 20

þsm fa-í'i ed f6 ¡¡nrrn1 11'a QitnnL.-i1"- --^ ** ^:aín StOred fOr ejehtüÐ¡{ !orruu Lv svrrLrv! 
"..= jjj!!]1ja]1Þ Þuu. al! Y!d!!! ÞLU!çu ru! L*_..*

rueeks at the same relative humidity.

The rate at which insecticj-des penetrate into stored grain can

affect the ultinate persistence of their residues. The moisture

contenÈ of the grain ís one of the factors díscussed by

Rowlands (L967) affectíng penetration of insecticide ínto stored

grain. Il.e observed that malathion tends to enter more rapidly

into sEored grain with moisture content exceedíng 14.0 percent,

whereas brouophos is taken up faster below this level.

Temperature has a significanÈ effect on the usefulness of many

llllìeuLIçIUçÞ 46dr!roL uvoL oyLLruo v! oLvruu p!v\

influence of temperature on insecticide toxicity was determined on

impregnated fÍ1ter papers by Iordanou and Watters (1969). AL

femperature l-evels or ¿6. /-, I).)- and IU.u-u lrve sPecaes or

coflrmon stored-product beetles v/ere 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 saûe temperature. Malathion and bromophos showed

positive temperature coefficients against all the species. Mal-athion

was the most effective insecticide at all the three temperatures

used. Bromophos exhibited minímum activity at 10.0'C; acEivity

increased at 15.5oc level and reached the maximum at the hieher

temPerature. The toxicity-temperature gradient of the insecticíde

parallelled the biologicar activities of the insects. At lo\^7 tem-

peratures, the toxicity of bromophos on Tríbolium spp. decreased more

than on C. ferrugineus and 0. mercator.

Okwelogu (1968) attributed the loss of toxicity of malarhion

on concrete to high pH. To assess further the extent of alkalinity

on t.he effectiveness of insecticide deposits. the rate of breakdown

of malathion and bromophos on concrete surfaces that had various

OH I eWe-l S ürâS flp,tefminefi hv hio¡^-^r' ,,-'È1- n c^rrttoinorrc çn.]Htr !evç!r woù usLç!urrrres uy urudÞùéy wILtl u. LcLLUE lLlÉU.ì arrU

T. castaneum exposed f.or 24-hour periods (Anon., 1975). Iühen applíed

to concrete with a pH 7.0 or 8.5, effectiveness of bromophos !,Ip

persisted for 32 days against C. ferrugineus but only for four

days against T. castaneum. Bromophos EC r¡as less effect.ive than

the i.lP forrnulatÍon and persisted for only four days against
)C. ferrugineus. Application of malathion EC at 2.5 gfm' was

)
superior to applicatÍon rate of 1.0 g/*- but the effects lasted

for only two days at pH 8.5 and one day at pH 10.0 when test.ed

âsãinqf I Çarrtt- _, _ __ - *gl_neus.
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CHAPTER III

MATERIALS AND }ETHODS

The investigaLion on the persi-stence and translocation of

malathion, brornophos, iodofenphos and pirÍmiphos-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 Manit.oba, Winnipeg.

MATERIALS

(_1) Test Ínsects: The test insects used for the biological assay

of tfie study \./ere adults of susceptible rusty graín beetle, Cryptolestes

ferrugíneus (Stephens) (Coleoptera; Cucujidae) and susceptible and.

malathíon-resistant strains of red flour beetle. Tribolium castaneum

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

Source and culturing of ínsàcts: The Lest insects r,rere obtained

from standard laboratory cultures of the Cereal Crop Protectíon

Sect.ion of the Canada Agriculture Research Station, I'Iinnipeg.

These stock cultures have been maintained at the Research Stati-on

for more than three years and as far as is known, none of the sus-

ceptíble strains of insects had any history of exposure to insectí-

cides. The malathion-resístant strain was established from T.

castaneum collected from an enpty bulk carríer cargo ship during an

inspection at the port of vancouver, B.c. on Noverober 19. 1975.

The resisËance and susceptibility of the test insects were confirmed

by discriminatíon dose tesrs according eo the FAO (1970) merhods.

The insect cultures \^7ere raised fn temperature controlled cabinets

¡saintai.ned aL 27.5oc and in which the relative humidity of 63 - 75"Á

was maintaíned by introducing an open try filled with \n/ater.
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For c. ferrugineus, the breeding medium consisted of wheat

grai-ns (L6,02 moisture content) fortif ied wíth 5 percent rvheat gern.

For breeding, 300 adult beetles (no sexlng) were introduced into

rhe breeding rnedium contaj-ned ín 2.6 liter (r2g fl . oz. ) jars

and sealed with whatman No. 3 filter paper (9 crn diameter) and

paraff in ril-ax to prevent cross infestation from mites and other

insects. The beetles T¡¡ere removed by sifting after 7 d.ays from the

cr.rlture medium and the culture allowed to stand until adults of

ne\,J progeny emerged. successive cultures \¡¡ere raised from the ne¡,¡

stock and these were used as Lhe test insects.

T. castaneum r.¡as cultured in whole wheat flour under the same

conditions used for the rusty grain beetle. cultures of 200 beetles

(no sexine) Der c ulture med.ium \d-ere sef un ¡nrl af ter 7 dews of\¡¡v ve+¡+¡!b/ L uP orru

egg laying the beeËles were sífted from the medium and the culture

a1lor¿ed to stand until new adult beeÈles had emerged. Similar ner,z

cultures were raise<i from the ner¿ stock for the study.

A sumrnary of rhe culturing media, tenperature and adult age at

test for the two test species is given in Table l.

Groups of 500 adults of each test insect r./ere mai-ntained in

culture media until they were about 3 - 5 weeks old at which ase

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. Detai-ls of insecticides used.

l'nmnn"-l 
^ 

1 +.u LernAtive Chemical Type of

formulat ion

Source of

availabilir

Bromophos

name ( s

Brof ene

Cela S-1942

Nexion

designati-on

0- (4-bromo-

2,5-dichloro-
^L^---1 \ ^ ^YLLSLL)'L) U:U-

d ime.t- hr¡-l

phosphoro-

thíoate

ll-l / ì-

d ichloro-
4-iodophenyl)

0,0-dÍnethyl
phosphoro-

thioate

0,0-dimethyl
q-l )

di (ethoxy-

carbonyl)

ethyl
phosphoro-

dithioate

g- t2- (die.thy1-

amino) -6-neÈhyl-
...

a yJL lurs!rr)!l

0, 0-diruethyl
pho sphorothioate

(a) 40% w/v
emulsifiable
concent.rate

(E. c. )
(b) 25"Á w/w

weËtable

powder (W.P. )

Green Cross

Insec tic i_des ,

r.l.í*--'.-^^
Yr !lrr¡ !P sË

Iodofenphos Alfacron

c-949L

Nuvanol N

USDA ENT

27 408

Malathion ChemaËhion

1'r¡Èh.'^-vJ Lrrrv!r

Pirimiphos- Acrellic 7E

methyl PP 511

207" w/v E.C. Ciba-Geigy

Canada Ltd.
Montreal

(a) 83.67" w/v Cyanamid of
E. C. Canada Ltd. ,

(b) 25% w/v Monrreal
IJÞ

of

t

84"/" tt/v ICI UníÈed States
Tnn

Goldsboro,

North Carolina
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(2) Test insecticides: The insecricides given in Table 2 were

evaluated for their persistence and translocation on structural

surfaces and in stored grain.

The formulations were díluted with dístilled !¡ater t,o provide

the required initial deposit (g active ingredient) of the insecticide

per square meter when applied to test surfaces at the raÊe of 0.05
.,

J-itrefm'or rvhen applied directly to the grain as an admixture treatmenÈ.

Some chemical and loxicologlcaï rties of the insecticides

Bromophos

chemj-cal name: 9-(4-brouo-2,S-dichlorophenyl) 0,q-dimerhyl phosphoro-

thioate.

Structural f orrnula:

ôH30\ f
)?- Õ

CH¡0-

Solubílity; Soluble in most organj.c solvents;

room temperature.

in water 40 ppm ac

Acute toxicity: Acute oral LD56 rats = 3750

Acute dermal LD'O rabbit =

Relatively harnless to fish

Bees have some tolerance.

chronic toxicity: No clinical symptoms (except cholinesterase

inhibition) up ro 350 mg/kg /day on raLs, and up

to 87.5 ne/ke/day on dogs.

Tolerance in cereals: 10 ppn (Rowlands, Lg75; FAO/WHO,._L976a).

Formulations: EC - 25, 35 and 4O'/" A.l. Dusrs _ 2.37, 
^.I.

\W - Z5T" A.l" Granules _ 5î! A.L.

- 7700 mg/ke body weight;

2I8L ng/kg body weight;

and aquatic life;
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Iodofenphos:

Chernical name: q- (2, 5-dichloro-4-íodophenyl) O, O_dimerhyl

phosphoro thioate.

Structural fornula:
CHs 0, $

)ö_- o
CHsC

CL
solubility: soluble in methyrene chlorid.e, benzene and acetone;

slightly solubr-e in hexane an. isopropanol; its solu-
bility in water is less than 2 ppm.

stability: Relatively stable in neutral or weakly acidic or alkaline
nedia; unstable to strong acids or aIkalies.

Acute toxicity: Acute oral LD'O rats = 2100 ng/kg body weight;
Acure derroal LD'O rats = 2000 lrL1/kg body weight;
Low toxicity to birds but toxÍc Èo bees.

chronic toxicity; To hens, applications of 20ao o,g/kg twice ac

intervals of 3 weeks caused no neuroti.c sympcous.
Tolerance Ín cereals: 10 pprn (Rowlands, 1975).

Formulatíons: EC - 2OZ A.L.

I^IP _ 5, 50Z" A.T.

Dusrs _ 5Z A.I.

Others _ 20"Á 
^.T-. 

dip concenrrate, IZ A.I. kerosine
sPray.

Malathion

Chenical nrme: O,O-dimethyl_S_1,2 di(ethoxycarbonyl) ethyl
phosphorodithioare.

ll
I
¡
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Structural formulat rtt ^ 
SLn3u\ ll

>P- S_. C H-
ôHg O' I

tl

It
f^ /\- rt
U -. UUE N5

f\
JI

CHz-C- CCz Hs
Solubility: Miscible with most organic solvents and highly aromatic

conrms¡girl 0Í1s; of 1Ímited solubility in petroleum

oils; solubility in r+ater 145 ppm at 25"C.

stability: Ilighly unstable in aqueous sorution at pH above 7.0.

Acute toxi.city: Acute oral LD5O rats = 2g00 mg/kg body weight;

Acute oral LD'O chickens = 200 - 400 tg/kg body weight;

Acute dermal LD'O rars = ) ++OO m1/kg body weight.

chronic toxicity; No cholinesterase inhibition up to 100 ppn in

diets of rats.

Tolerance in cereals: 8 ppn

FornulaÈion: EC - 50, 83.6 and 95"/" A.l.

hrP _ 25, 502 A.r.

Dusrs - 4, 5"Á A.T.

Aerosols - 952 A.I.

ì4any additional fornulations.

Piriniphos-meÈhy1

chemic a1 naEe : :0,- [ 2l (d {erhylamlno ) - 6-ne rhyl-  -pyr Jmtdf.ayl J o, 0*
I dirnethyl'.pho sphorothi-oar e

StrucËural formulat 
Sl/-tr- ^ ll n.,,tH3\4,'o:- 
å<-UUH3I l¡ \0cHE

NN
Y

r{ (C¿ Hg)t
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sorubílity: Miscible with most organic solvents; solubílity ín

\,r'ater approximately 5 ppn at 30oC.

Stability: Hydrotysed by strong acid or base.

Acute toxicity: Acute oral LD.,'.,, rats = 2050 mg/kg body weight;)U

Acute dermal LD.., rats = 2000 mg/kg body weÍght.)U
l'lrrnn'í ¡ f-nvr'¡ -í t¡¡. Crn^È^-^ ^E * -uIIrurlrc toxrcrEy: Þ).rnPEoms or por-sonrng are typical of cholinesterase

inhib it ion .

No toxic effects observed r¿hen fed to hens

¿ ^^- ''.- +L^ Ji ^f cnJ ñ-íft^^-^ ,ln 1-ñ 5 nnmT yl/ru rlr LrtE u!sL, d.!I(.[ plggons LF ty*

diet for 28 days.

Tolerance in cereals: 4 ppro (Anon., L974a; Rowlands, Lg75)

Formulatj-ons: EC - 25, 50 and B4T" A.I.

Dusts - 2"/. A.I.

Others * smoke generator, diluent-free formulations.

(3) Experimental surfaces

(i) wood panels: Fir pryrvood sheets, originaL 2.44m x 1.42m

x 0.6cm (8'x 4'x 1"), good one side, were obtained from a locar-

source. The sheets $/ere cut into square panels which measured. 12.2

xL2.2 x 0.6 cm providing a top surface area of L4B.B4cm2.

Cii) concrete slabs: concrete slabs of approxiurately sj.milar

dimensíons \üere c-ast in n'l ¡st-ie ¡¡¡sulds from a 3:1 mixture of coarse

sand and Normal Portland cemerit. The initial pH of concrete slabs

after preparatj-on was 11.2 to 11 .3 and this pH r,¡as lowered. to Ehe

average pH 8.26 (range pH 8.20 to 9.30) at resr ro simulare aged

concrele in granaries. The pH 8.26 was attained by soaking the

sl-abs in 2 percenË glacial acetic acid soluËion for 20 hours

f ollowed by washing under running tap \^rater f or 18 hours, and leavins

rìn1-n

in the
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co dry overnight. Batches of two concrete slabs r,¡ere soaked. in
1.4 lítre of distílled water for two hours and the pH of the res_
ultant solutíon determined with corning rufoder 610A Expand portable
pll ueter' whenever Ehe pH of the concretes r,'as found be10w B,

Èhese were further washed und.er running tap v¡ater and the pH again
determined by the same procedure. concrete slabs which were above
pH 8.5 v¡ere soaked further in 0.5 percent gracial acetic acÍd solu_
tion for lB hours, washed under running tap r¡/ater 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 ND2o3 variety. The moisture conEenr
of each test grain variety \^7as tempered either by aeration or by
addition of calculated volume of distilled vTater and tumbled on a

Norton roËary mixer for one hour and then reft for Ehree days to
equilibrate to the desired moisture contenc for tests. The moiscure
content was determined at room tempeïature with Moisture Master 101 A

(CAE Industrj-es Lrd., Canada) \../ith a precision of * 0 .05"/..

(5) Copper and glass rings of dÍmensions

respective.ly, rvith open ends were used to

tesË insects on the treated surfaces.

5 x 2.5cm and I x 4em _

confine the grains and

(6) Apparatus, solvents and reagents for resid.ue ana]ysj.s:
(f) Extractíon apparatus: 50m1 round_botËom stainless steel

centrifuge tubes (rnternational Equipment co. No. 613), staÍnless
steer caps fitted r¿ith Teflon*O-ríng gaskeËs, stainress steel barls
of approximarely 1. 75cn diamerer (Fig. 3) . , ,l.i¡i,,,., 

,
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(ii) Reciprocating shaker capable of delivering a stroke of

at least 7cm at 350 cycles/nin (Fig. 4),

(iii) Rotary grinder - GS rona high speed coffee grind.er, Model

CG8 (General Signal Appliances Ltd., Canada).

(iv) Erlenmeyer flasks - Graduated 250¡rl, with 241¿+O ground

j oint.

(v) Vacuum flasks - 250m1 (Hysl Reg., England).

(vi) Filter funnels - 7cm short stem, 6Om1 capacity, medium

porosity friEted disk (ASTM, 10-15M).

(vii) Repipets - l, 5, 10, 20 and 30rn1, with reservoirs.

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

(-rêênrIl ttê ttt ì

(ix) Dispopipets (Fisher Scientific Co., pitrsburgh, pa.).

(x) Gas chromatographic equipment and operating conditions:

Tracor Micro-Tek 220 gas chromarograph equipped with Melpar flame

photometric detector (Tracor, Inc., Austin, Texas) operated with

jnterference filter for speccral isolation of phosphorus emj_ssion

at 526nm was used.

Operating conditions - 60cm x 4mm o.d. silanized pyrex glass column

packed with 32 0V-17 on Chromosorb inl HP, S0/100 raesh (Chromatographic

specialÍties, Brockville, Ont., canada). The column was conditioned

overni-ght at 245oC before use.

Temoer¡frrre: Cnlrrmn l-êñnêrrt-rrrê l'ienr'ham¡'l\ ?nrìcn Åõr,ñõr^r FoLu!e. uuaaurr \lovL¡rLr¡ua!/f ¿rJU U, C..gEeCEOf EempgT-

ature 2L0"C, inlet tenperature 220"C.

1^^ Ê1 /ml /min'\' IJìf rnoen (onrrier orq\ tr^^ ^-^'ôôñ ?nsdÐ rruw !dLËÞ \url urrrr/ D t\rLtub__- -_- o__) OUr O)fyÇell ¿U, A1-f

1ôrì L,,J-^^^- .¿0,rvvt r¡Jurvósr¡ ru
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FIGURE 3. - Assembly of the ball-ruilling extracrion apparatus.



/, C,

FIGURE 4. - The reciprocating (wrist-action) shaker'
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Chart speed - 3mm/¡ain.

A 10.2cm long removable glass sleeve liner contaíning about 2.Scm

silane-treaÈed glass wool (Applied science Laboratories rnc.. srate

college,Penna.) was inserted in the injection port of the column.

Thiq olacc qloorrg lfngf \¡IaS ChanSed oeriofiir.:'1 l\, ,!ê,,-l1-,.F¡^-wso srrorråLu ps! !vu!Ldrry, uSuaJ_l-y aI Lejr

12 - 30 injections of the sample extract. Before reuse, it was

thoroughly rinsed with acetone followed by hexane and dried under

a stream of nitroeen.

(xí) soxhler exrraction apparatus (FÍsher scientific co.)

(xii) Solvents and reagents: acetone, chloroform, ethyl

hexane, isopropanol, methanol (pesticide quality and distí1led

glass; Caledon Laboratories Ltd., Georgetovrn, Ont. , Canada).

el-hor

in

(xiii) Test insecticide standards were analytj-cal grade samples

kíndly supplied by the nanufacEurers.

I{ETHODS

Application of insecticides to test surfaces

The test insectj-cides were prepared as \^iater-base emulsions iust

before use at various dosage levels. A Paasche Type H airbrush sprayer

fitted with a No. 5 nozzLe (?aasche Airbrush Co., Chícago, I1l.;
TñÉ^ñl-^ ñnf a--^,{-\ ^*^-^ri-rur-urlLU, ufiL., uafÌaua/, operaEtng aË a constant pressure of 0.70

.))kglcm- (10 rb/in'; r+as used to apply each dosage level of the prepared

insecticide 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 actíon on

eompression. The prepared insecticide solutions were applied to the
Itest surfaces at the rate of 0.05 :-ítrefm'. At this rate of applicaËJ_on,

a
the initial insecricíde deposit was 19 AT/m'.
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Scattering of spray drop.lets 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 t.arget during application of

various types of insecticide formurations have been est.j_mated by

Parkin (r966), Lemon (L967), and t^IarEers and Grussendorf (1969).

I^Iatters and Grussendorf (1969) using Shell Ri-sella oil, found

that the amount of oil applied onto whatman No. 1 filter paper

rrrûêfq çrirlr P¡asche airbrush was 92 * 1 percent of the total

amourit íntended for deposition. Thus, t.o coupensaÈe for the loss

through drift of spray droplets, it is necessary to adjust the amourit

of insecticide deposited on the targeË by increasing the volume of

spray applied from 0.046 litr 
"/^2 to 0.05 1itr./*2.

control surfaces r.¡ere sprayed with distilled water prior to

the insecticide Lreatuents.

After treatino ]-he crrrf:ccg, the r¿Ood panelS and cOncrete

slabs were held on horizontal shelves in a room at 2ro - z5"c and

40 - 60"Á relat.ive humidíty for seven days af ter which the surfaces

were used for Ëhe teqrs ¡f nre-rletermined intervals. The control

surfaces were stored apart frou the treated surfaces.

concrete and wood surfaces was delermined by bioassay of the cereals

exposed to treated surfaces 1, 21 4,8,16 and 32 weeks after treat-

rûent. Ttr-irty grams of hard red spring wheat, Fergus barley and

hybrid corn at 14.0 percent moisture content \{ere stored on each

surface in three open-end copper rings, 5crn high ar.d 2.5cm diameter

Pêrsistence of i¡scc¡¿cl4es applíed to concrete and wood surfaces

The persistence of bromophos, iodofenphos and malathíon on
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(Fig. 5), and left on the treated surfaces for seven days. In this

way, Lhe insecticide would be more likely to be absorbed into the

grain and therefore r¿ou1d correspond more closely to a treatment

of a storage structure for posËharvest protection against infestation.

After seven days t.he cereals \,¿ere removed ínto 221mL (8 fl . oz.)

mason jars and two 30g portions were used for bioassay. Each in-

secticide Ereatment and control was set up ín triplicate.

The test insects, C, ferrugineus and susceptibte T. castaneum

after collection from the culture medium e¡ere grouped together and

roixed 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 tesL insects were then released randomly onto the

grains contained. in mason jars closed with cheesecloth secured with

a rubber band. The grain samples thus infested wilh insects were

stored at 27.5oC and 60 - 707" relative humídity for another seven days.

Following exposure, the beetles \^¡ere separated from the grain

kernels with a 2.4tw sieve. For assessine the toxic effects of the

insecticides and hence theír persistence on the conc.rete and wood

surfaces, Ehe t.est insects \.rere classified as dead or alíve by the method

used by Hev¡lett C1947) . Those insects that \,/ere not able to roore spon-

taneously or respond to reflex action from a slight mechanical pressure

or heat stimulation for three minutes \A/ere considered as dead.

Percent Eortality was corrected by Abbottts (1925) forurula.

After recording the response, the kernels were returned to the

mason jars for progeny assessment. The jars \^/ere kept in temperature

controlled cabineËs mai-ntai-ned at 27.5"C and 65 - 707" relative
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FIGIIRI 5. - Exposure of wheat, barley, and corn, confined by

open ends of copper rí.ngs to trealed. concrete

and. r¡ood. surfaces.



huroídity. Estimates of prqgeny qere b.ased 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 splít-plot 1n tjme.

2. The translocation of bromophos, íodofenphos and malathion into

t.;Lraaf l-ô-1 
^" --J ^^--w!rç4 L . u4! !sf__jj19__!lljf1

The chemical residue analysis to measure the translocation

of bromophos, iodofenphos. and malathion into grain samples stored on

treated and controlled surfaces r¿as conducted through a 4-step method:

Ca) Selection of extraction solvent.

(b) Recovery efficiency of the insecticides by batl-mílIing method.

lnl Evfrrniinn ^çF: ^ .i ^-^..\.-I -*--- E!!ILrC¡¡ç).

(d) Chemical resídue analysis of the grain samples stored on test

-,,-€^^^^

Selection of extraction solvent

The first step in the preparation of a sample, whether from

crop maEeríal, animal tissue, soil, water, food producE or other

envíronmental compartment for pesticíde residue analysis is to

exi.'racf fhe nest.icide into a Sujtahle- rel¡fir¡e1 ^^r--^-¡sÃLraLL Lrrç yçÐL¿Lruç !r¡Lv o ùurLsu!s, rulaL!vçIy yu!c ÞUIVEllL.

The choice of solvent for extracting pesticide from any type of

sample ís therefore critícal especially in the hands of workers

á^+ ^1-^^-t-- 
g^-i1i^- --i+L 1^L^-^r^--- 

-^¡L ^)^ c^-r¡uL dr!çesj/ le¡lrrliar with laboratory methods found in the literature.

A revier.v of the líterature shows reference to many extraction

procedures used for determining organophosphorus pesticide residues

j-n 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, L969; Grussendorf et al., f970). Other

exÈraction techniques describe the use of other extraction solvents

for stripping organophosphorus insecticide residues from crop materials
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(l^Iatts and s torherr, 1g65; Thornburg, Lg65; Thornton and And.erson,

1968; American cyanamid co., 1973). Acetone has been d.escrÍbed. as

the best and most suitable solvent for the extraction of bromophos

ãnd bromophos-ethyr from ar1 crops having a 1ow fat content (Leber
and Deckers, Lg67). However, crops containing rarge quantities of
fat are better extracted. with acetonitri-le or methanol. crisp and

Tarrant (197r) reported methanor as the best sor_vent for extractíng
malathion and dichlorvos from wheat for gas-liquid chromatographic
determinatj.on. They found that betr¿een concentrations of 0,25 and

10 ppm, both nalathion and dichlorvos T¡/ere recovered from spiked
r"¡heat samples v¡ith bet\,zeen g7 and 99 percent efficÍ_ency. The mala_
thíon Panel (1973) Ín Eheir investigation on the choice of solvenr
for the extraction of malathion and dichrorvos residues for gas-
liquid chromatographic d.eEermination found that ethyr acetate, ace_
tonitrile, dichloromethane-\,/ater and acetone .!,/ere not as effecti_ve
as methanol without clean-up. Levi and Nowicki (rg74) also reported
a good recovery of marathion from ground wheat by ball-milling ex_

tracËion technlque with ethyl ether - hexane (3:g7) mi.xture as

exËractant without cleanup.

Ilexane, ethyl ether-hexane (3:97), and. methanol were therefore
Ëested as to their suitability for extraction of uralathÍon, bromophos

and iodofenphos residues in wheat using Soxhlet apparatus.

Fifty grams of uncontaminated. hard red. spring wheat of 13. g

percent moisture content v/ere ground for 30 seconds in an Iona hieh_

speed coffee grinder and was fortified with insecticíde-acet.one sËand.ard
solution at a 1eve1 of 4 ppm. The solvent r¡/ä.s evaporated in a fume

hood by a gentle stream of air for one hour, and subsequently left
to stand for 24 hours after which Èhe insecticide residues r¿ere
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extracted \^/ith the test solvents using Soxhlet extraction apparatus.

Ten-gram a1íquots of fortified wheat sample were weighed and trans-

ferred to Soxhle-r fhimh.l es :nrì ¡sppsd wíth suall plugs of glass

woo1. The extraction thirobles were then inserted. into the Soxhlet

apparatus .and the wheat exhaustlvely extracted with 20ùn1 of each

test solvent for six hours under r,¡ater ¡eflux. The soxhl_et

solvent cycled six times per hour at 65'c. The extracts r^/ere

concentrated in a Rinco rotavapor evaporator to about 4ùu1 and the

final volume adjusted to 50rnl with each solvent. The ext.racts

were then analyzed by inj ect.ing 5p1 into the gas-liquid chromato-

graph wi-rh flame photometric detector. Duplicate samples of fortí-

f ied wheat r,¡ere prepared for each solvent tested.

The average of four determinations for recovery of the insecti-

cide residues from fortífied wheat with Èhe test solvents are shou¡n

in Table 3.

TA3LE 3. Comparison of solvents for extraction of malathicn.

bromophos and iodofenphos residues from fortífied

wheat using Soxhlet extractíon method.

Solvent Percent recoveryo

Malathion Bromophos Iodof enpho s

Hexane

Ethyl ether-hexane

Methanol

O1 /,1 -L 1 (l
Jt.al I L.JL

OO OQ J- 1 nQ
J J. JV I !. VJ

97.84 + 1.05

96.L2 + 1.36

lnn -L n ec.

) I . I J ¡ ¿ . VI

84.84 + 4 .69

94.74 + L.7L

9L.23 + I.57

* standard deviation
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Ar-1 Lhe solvents tested were suitable for the removal 0f 
'nsect_icide residues from fortified ground. wheat. Methanor was chosen.

hor¿ever, as the extraction solvent because of its relative cheapness
and its reported suitability for the extraction of pesticid.e residues
from cereals containing high noisture content and lipids.

The recover'y efficiency of the ball-mi1ling method of extracti-on
using methanol as an extractant rn/as determined for recovery of
malathion from ground r,¡heat analyzed 24 hours after fortification.

Fifty-grams of uncon'aminated wheatr,/ere ground and 10g portions
were weighed into four clean plastic vlals. using malathíon_acetone
standard solurion, each 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 a gentle stream of
air for one hour to alrow the solvent to evaporate. The vials were
then stoppered, agitated by hand for five minutes, and stored. 1n
a deep-freeze (-25"c) for 24 hours after which the malathion resid.ue
i,ras extracted rqith methanol.

The fortified wheat \^ras transferred to an extraction tube and.

t'/¡o stainless steel balls added. using a 5om1 repípet, 30n1 methanol
was added' The caP \^/as sealed. in place and the extractÍon tube mounted
horizontally on a srrist.-acti-on shaker and agítated. for one hour.
using a partial vacuum, the extract r¡/as fil tered through a medium

porosity fritted disk filter funnel and. collected in 250n1 vacuun
flask. The extraction tube was washed. three.ti_mes with 2m1 nethanor.
filtering the washing on each occasion. Five ml of the filLrate was

Ëhen transferred to a 5m1 volume'ri_c flask. Four sampres were prepared
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for the residue analysis. paralleltests of analysis of unfortified
samples tüere run alongside the recovery test.

The residue analysis determined by injecting 5¡r1 of the methanolic
extract into the glc column connected to flaue photometric dececcor.
showed an average percent recovery of 99 .L7 by the ball-roilline
method of extractÍon, with a standard deviation of. 0,452.

Extraction efficiency

Extraction efficíency of the balr-milling extraction technique
using methanor \^zas compared with effíciency of soxhlet extraction
with methanol-chloroform (10:90) as extractant. sets of 50g un_

contaminated ground wheat (r2.5% nc) sampres were weighed ínto 125m1

Erlenmeyer flasks. Each wheat sampre was fortified with malathion,
bromophos, iodofenphos and pirimiphos-methyl at levels of r.00 and

5'00 ppm, using insecticide-acetone standard. solutions. The acecone

Iùas evaPorated under a gentle s.rean of air j.n a f ume hood. The

flasks were stoppered, agitated by hand, and stored in a dark room

for seven days before analysis, Triplicate sauples of each residue
level- were analyzed. by both exËraction methods. Ten-gram ariquots
of each fortified wheat sample were used for the extïaction. The

details of the extraction procedures and residue analysis by grc
r¡rere as described previously.

The results of the residue analysÍs for the recovery of the cest
insecticídes are shov¡n in Table 4.

The mean of triplicate determinations for the recovery of the
test insecËicides by the ball-nillÍ.ng method appeared. to be as

efficient as the Soxhlet extraction uethod. The ball_milling
extraction has an added advantage of being rapid and thereby
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TABLE 4. Mc¡n norcên1- rên--__-- r - --overy

and Soxhlet extraction

of insecticídes by ball-rnil1ing

methods

Insect.ic ide Residue

Level

,
Pern pn I ra¡nr¡orrr*

Malathion

Bromophos

Iodofenphos

Pirimiphos-methvl

m)

1.00

5. 00

r. 00

5. 00

l. 00

5. 00

1. 00

5. 00

Ball-mi11in

99.04 + 3.47

oq ?? J- ?. O./,

1r'ìn Áe -L e Q7

a9. A, -L 2. /, 
^

85.73 + 4.30

91.60 + 3.69

96.00 + 2.64

96.rL + 2.58

Soxhlet

97.84 + r.55

97.75 + 1.21

96.02 + 3.90

oo /,/, -L 1 1.)
J J .1- | L . I L

QO O? -L ,/, rìrì9J.JJ ¡ T.VV

o1 ÁQ -L ? ¿q

o'\ /,/, -L , ?^
JJ. -A I L. JV

95.43 + 1. 87

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

As a further check on the extraction efficiency of the ball-mílling
technique, a sample of uncontaminated ground. wheat was spÍked with
raalathion-acetone sËandard sorutlon to r.00 ppm and kept in a dark
room for seven days after r¿hích the insecËicide residue vras extracted
with 3ùnl methanol by the ball-milring method. Forrowing the barl_
milling ext.raction, the filter cake was exhaustively extracted with
10om1 methanol-chloroform (10;90) in a soxhlet apparatus for 10

hours. Two ml of isopropanol r¿as added as a keeper and the extract
\¡/as concenÈrated to about rml , and the final vorume adjusted to 5n1

wÍth rnethanol-chloroform. The samples for glc deÈermination in boËh

extraction procedures 
',¡ere 

prepared in quadruprÍ_cates, and anaryzed

by injecring 5.¡rl into rhe glc.

The mean percent malathion residue recovered. by the ball_milr_ins
method was 99.10 (range gg.85 to 100.g7). No ualathi.on resídue was

recovered from the soxhlet extraction method., indicating either an

almost complete rernoval of the insecticide resi-due by the ball-milling
procedure or a resi-due that was below the lí,oit of detecti.on of the
glc method used.

Thirty g of hard red spring wheat, Fergus barley, and hybrid
corn stored for seven days on test surfaces 1, 2, 4r g, L6 and 32

weeks after treatment rvere removed. and. ground for 20 second.s in an

rona hígh-speed coffee grinder, The ground. grain was t.horoughry

rnixed and 10g portíons were wei-ghed into exËraction tubes, and the
insecticide residues extracted by the ball-nilling meEhod usins

te and wood surfaces
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nethanol. Twelve tubes could be mounted on the wrist-action shaker

ci-"-1 È¡nan"ol r¡ (E: 
^ Á.\ ^^Å +L,^-^ ^i r^ È^rÞruu¿L.rrcuuÞry \rró. vl dlLu Ltlsre ws!s dËrLo"=* for one hour.

The analytical determinations of the methanolic extracts \,/ere

conducted by injecting 2p1 and 5p1 of extracts from cereals stored

on r./ood and concrete surfaces, respectively, into the gas chromatograph

equipped with Me1par flaroe photometríc deteclor, and operated in

the phosphorus mode at 526nm. The amounts of insecticíde residue

in all the analytÍca1 determínati-ons were obtaÍned by means of

standard calibratíon curves. The data were statj-stically analysed.

Pron¡r¡iinn nf Standard calibrati6n CuIVeS¡ 
-eFs&l¿r+v!. vr !

Standard calibration curves for test insect.icides were prepared

from analytical grade chemicals kindly supplíed by rhe manufacturers.

rn preparing the standard calibratiorì. curves 99.3 - 99.6 percent Ar

of analytical insecticides were diluted with methanol to provide a

range of standard concentrations for each insecticid.e. The standard.

calibratíon curve obtained for each insecticide r.¡as a straight line,

as shown in Fig. 7. rt is seen from al-l the test insecticides t.hat

the curve does not pass through the origin, bLlE slightly above it,

intersectinø rhe- ordinate at ooints reDrêsentinq approximatelv thev^!¡¡a LE¿j

limits of detection for the insecticídes (Table 5).
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FIGURE 6. - Tr¡elve sets of extraction tubes mounted símultaneouslv

on reciprocating (wríst-action) sharer.
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FIGIIRE 7. The standard calibration curves for glc analysis of

malathion, bromophos, iodofenphos, and pirimiphos-methy1.
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TABLE 5. Retention time

standards of

and lirnit of

insecti-cides

àcf or'l.¡hi l i frz nF ¡nel r¡*in¡'lv! 4t¡4rj LlLdI

Ín methanol.

Ins ec t ic ide Retention ti-me

(nín. )

Linit of detectability
, 'I(nq )

Mal-athion

Rrnmonhn c

Torìofennhne

P ir Ínipho s-me thyl

2.52

2.78

/, qo

4.05

0. 05

0. 04

0. 01

0. 0s

| -v
116 - rw Ë.

Field tests with bromophos 252 WP as a residual protectant

against rusty graj-n beet.le infestations

Bromophos has been approved in Canada for use against insect

infestations in stored grain. FollowÍng its promising effectiveness

in comparision with malathion and iodofenphos on concrete surfaces

for the control of

further evaluatíori.

C. ferrrrsinerrs- field studies were conducËed for

An empty galvanized steel bin with

4.27m (14 ft) diameter and 2.44rn (B ft)

study at the Ciba-GeigyIs Research Farm

La Prairie. One-half of the floor area
)

25"/" WP at lg toxicant/m as water-based

half was left untreated as ¿ cont.rol .

nnncr.ê'i-o f-1 onr fnll R ll\v. v/ ,

high was selected for the

at the Elm River, Portage

\^ras treated with bromophos

solufion- and rhe other

One v¿eek after treatment, the treated and control areas were

enclosed by a plywood box 25 x 35cm and 25cm high, open at the top

and bottom, and fil1ed wirh 15.3kg of hard red spri_ng whear of L2.6

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

The v¡heat was sampled 1, 2, 4 and B weeks after storage from

randomized locations in each box by ínserting an open copper cylinder

25 x 5cn Í.d. into the r¿heat surface to the concrete floor. Three

equal layers of wheat, L34g each, r'rere 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 bj-oassav

with adults of'C. ferrugineus and for insectícide residue analysis.

The bioassay was det.ermined by exposing 20 adult beetl-es on 50g

wheat for seven days in 227nr (B fl. oz. ) glass jars covered wíth a

cheesecloth. 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 F, adulr beerles. The
I

resÍdue analysis r¿as conducted as previously described for the trans-

location of insecÈícides into wheat from treated structural surfaces.

At each sampling period, temperature and relatlve humídity of

the bin, and temperature and moísture content of the stored whear

were recorded (Table 59).

In another field test, a galvanized steel bin of dimensions 4.27m

(14 ft) diameter and 2.44m (8fr) high wirh concrere floor of pH 8.0

\,/as sprayed j-n míd August, L91 6, with broinophos 257" Wp at the rat.e
.)

of 1g Arlm'at the cÍba-Geigy's Elm River Research Farm. About 14

days after treatment, the treated bin was filled with 1093 bushels

of hard red spring wheat, Neepava variety, (m,c. L2.47") as ir came

from the fie1d. The bin was then closed and left undisturbed unt.il

unloading in míd March, L977, Control sample of grain was stored

in an area separate from the t.reated bin.

As the grain was being augered from the bin at the end of rhe



qinrâoê nêrr'^.a ô^ññ'l ^^ ^çys!rvu> ÞduP!ç5 uI

wiËhdrav,¡n at the followíng

grain weíghing

intervals:

approximately 500s rüere

Sample No.

1

¿

4

5

7

8

9

10

11

Control

During the unloading of the grain,

bin at the bottom, thereby ensuring

grain ran down into the auger.

Bushels removed from bin when sample

was taken

150

300

450

600

7s0

8t5

950

1000

1050

107 5

1090 Íncludíng swept grain

the auger was pushed into the

ñi--'-^ ^ç ^-^i-r[_Lrx.-Lut ot gra]-n strata as the

Bioassay and residue analysis of the grain samples stored i-n

the treated and control bins were determined as in Ëhe prevíous

experiment. F., adult beetles resulEing from infestation of the

grarn \¡It_En u. terrugineus r¡ere a_l-so assessed.
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4. The effect of moisture content on uptake of malathion and

L-^-^^L^^ ç-om wood surfaces into r¿heat.U!UUVPLIUò ! !

,)

Fir plywood panels, 30 x 30cm (surface area 900 cm-), \^7ere

sprayed wíth malathion and bromophos as water-based solutions of

emulsifiable concentrate at Èhe rate of tg el/m2. Control wood

^"-ç^^ ^rr¡wed wifh disrílled t/ater. Treated wood surfacesÞulI4Lgù werç ùy!d)eu wlurr u!ÞL-

were then stored for one r¿eek on shelves ín a room maintained at

2l.0oc and 70% RH, after which they were used for the tests of

insecticide uptake into wheat.

Wheat bf Neepawa variety rnras tempered to a moísture content of

12, L4 and L6%. Three 3O-gsamples of grain r'rere exposed to the

treated wood surface in copper rings for seven days. Four repli-

cates viere set for each insecticide and moisture content treatmenl.

The treatments were held in temperature and humidíty controlled

cabinets (Table 6).

TASLE 6. Conditions under which grains

surfaces to maintain moisture

Storage temp. Relative humiditv

were stored on treated

content.

M. C. before

ôvñ^<t1fêg¿\Pvvs!v/ o.\ l'o/ \\ u_/ \/o/

M. C. after

exposure

10 0

1a o

/,o

65

75

L2.0

14.0

16. 0

11. 9

14. 0

15.8

After seven days of continuous exposure to

grains \^rere removed into 22lml (B ff . oz.) glass

grain samples was used for bioassay with adults

and T. castaneum. Mortality was assessed seven

treated surfaces, the

:--- ^ñ^ ^^+ OfJdr5. VllE ùeL

of C- ferrrsinerts

d,avq ¡ffer confi.nuous
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êYn^ctrrê ôf l-hê inqo¡l-q rô iho o*..- ;rar_n.

Residue analysis !{as condLrcted on the other

to determine the amounts of insecticíde picked up hv

aF ore in qamnl aq

the kernels.

5. The distrj-bution of malathion residues ín layers of grain kernels

stored on wood surfaces

This exoeriment lras conducted to determine wheÈher insecticides

^^-f -'^J ^¡^-.¡ûê ql-rrìal.rrrêq :rc ¡hl ê '|- ô mñ\rê n2qi- r qinol a I qaPPlreo Lo sEoraÞ - -*yer

of kernels.

0íl Red 0 dye and llethylene Blue dye solutions were prepared

by díssolving 0.10g of dye ín 20ml acetone and methanol, respectively.

Five rnl of each prepared dye solutionwere sprayed onto 3509 of

n-ìoqnorì rrninfocfõ,1 ln-T,1 ?âÅ -nrj¡a '.'l-'a-r (12. Aø/ ^ ^ \ '.'jfL.LrLorrLu, utr!¡rrLoLsu rrdLu Lsu ùyr!rr5 wllsdL \rJ.alo LLI"L. ) w!Llt d

Paasche airbrush. AnoEher 3509 sarnple of wheat was left r:nsprayed.

Prelimj-narv studies on the trse of fhese riwe solutions on wheat

grain showed no adverse effects on adults of T. castaneumand produced

no interference with glc deËerminations of the extracted dyes from

the sprayed wheat.

The coloredkernels r^Iere set in single layers up to three layers

deen- eneloserì hv onen pl ess rincs- 8cm hiøh nnd 4cm diameEer on \^rood

^.,-E^^^^ +-^^r^) 
')

surralces LreaLeu at 1g AI/n- (Fig. 8). Each layer of kernels was

3mn deep and weighed approximately 10g.

The Eranslocation of malathion j-nto the various layers of grain

l-^-- ^1 -^^-ssed ¡if er I - i ^-.r ,- )^--^ ^-r I and 2 rnOnths OfNg!lIEaJ Wéè 4ÞÞeoouu a! t J d!¡U / Uéyt, dtlu

continuous exposure to the treated surfaces by bioassay with sus-

ceptible adults of T. castaneum and also by chernical residue analysis.

The experiment \^zas replicated four tj-mes for each exposure period.

Controls consisting of four replícates r./ere also prepared.
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FIGURE B. - Set-up of three single layers of wheat enclosed by

open glass rings on treated wood surface.
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6. Effect of physical dísruption on the persistence of Ínsecticide

residues on structural surfaces

Dt,^.,^^.J ñ--^1 ^ 11., a -. 11 .^*\ 
I

trJwwwu yarrels (L2.2 x L2.2cm) were treated at 25orng Ar/n' with

malathion, bromophos (EC and VIP) 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 6009 of cleaned wheat to simulate

Ëhe abrasion of surfaces caused by thg pouring of grain into a

treated bin or granary.

Th.e effect of the physical disruptíon of the treated surfaces

on the persistence of insecticÍde resdiues was determined by bioassay

with adults of T. castaneum I day and 1, 3, 6, L2 and 24 weeks afEer

treatment. Twenty susceptible beetles were exposed on the

surface for 5 hours and then removed and placed in plastic viars,

5cm high ¡nri 2 -Lem di.ameter- r.ôni¡inino rhnrrt- 2o aÇ ¡rrra1-'a.l '.'1-_- Lg ur clusoeG wneaË.

The vials r,rere stored in a cabinel at 27.5oC and 65 - 702 RII for

three days after which mortality was assessed. T¡Iood surfaces

treated with insectícides v/ere prepared as checks to compare by

bioassay the Ímpact on the persistence of the insecticides on

surfaces that r¿ere disturbed by physical disruption.

7, Persistence of malathion, bromophos, iodofenphos and pírÍmiphos-

methyl residues in dry and damp stored wheat

Hard red spring wheat, Neepawa variety, stored in a temporary

r¡ooden bÍn for three months was collected ínto 27.Zkg capacÍty jute

bags and stored under cold conditions (-16" to -23'C) f.or 2\ v¡eeks

to kil1 any existing Ínsect infestatíons. Following this cold treat-

ment the wheat rüas thoroughly cleaned of weeds and other foreign
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materials vrith a Clipper M-28 (4.T. Ferrel and Co., Saginaw, Ifichigan)

to give unÍform grainkernels, and divided into 10kg lot samples.

These cleaned, uninfested wheaL samples were then ternpered to 12 and

16 percent moisture content by addíng a calculated volume of distilled

T¡/ater and then mechanically tumbled for one hour on a rotating

machine. The t.empered wheat loEs were kept in tied polythene bags

for seven days to equilÍbrate before the application of insecticides.

Prior to the insecticide treatments. the moisLure content of each

sample lot (12.0 + 0.L7. and 16.0 + 0.12) was determined wíth MoÍsture

Master 1014.

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 r,rere diluted

with distilled vrater as necessary to obtain the amount of insecticide

(AI) needed in 8ml- of spray for che desired deposit of residue (Table

7) when applied Eo the 10kg sanples of wheat.

TABLE 7. Insectic,ide dosages applied to the wheat.

Insecticide Formulation Aimad dnqroo

Malathion

Bromophos

Iodofenphos

Piriniphos-methyl

83.6% EC

407" EC

20% EC

847" EC.

R nnm

10 pprn

l0 ppm

T YPU

nnå I ? nnm

^-J 1 q 
^^-dr¡u rJ P Pru

--J 1<. --*o!¡s !J PP¡U

nnrl 6 nnm

À'lO-m1 o-1 :qq qwrinøc-
oåeus

cnd nf i-ha ¡rroor , vlas

The roËating screw at

at a sufficj-ent speed

1.ral.l ¡nnrnv.ím¡fplr¡ ¡1- 'l 5nm frnmr¡efu 4PU!VÀfuréLurJ aL !Jsru !!vui

used to dispense the insecticide

the bottom of the filling hopper

to allow a uniform flor.¡ of graj-n

the open-

spray.

turned

from
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fhe snouf to eor'-ncj-de with the aooijc¡f ion of fhe qnr:w. 'fhp t.-^^ts^,rLrrs olrvuL LÀr Llte qHI,4rLo Lt¡s ÞytdJ. Mc Lle4Lçu

\dheat \,ras collected in plastic pails and r,7as then mÍxed thoroughly

for about three minutes with a clean metal rod. Samples weighing

50g were drav¡n from each lot of treated wheat into 0.45kg (1-1b)

capacity polythene bags and kept in a deep-freeze at -25oC for the

estimation of the applied ínsecticíde dosage. The remaining lots

of treated wheat v/ere put into 27.Zkg (60-1b) jute bags, tied and

stored on horizontal shelves in humiditv controlled rooms to main-

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

.-^-^ '-^^^^r tL-^..-L 'L^ ^..^^- --i thout heinc f reated and were storeciwcrc udùùeu LrMuórr LLrs duËer wrulrvqL

under similar conditions. Three replicates \^rere af located for each

insecticide dosage and control and for each moisture content.

At intervals of l, 3, 6, 12 and 24 weeks after treatment,

samoles of 100e were dravrn from five different locations from each

1'.c rrj ¡1-' ¡ '1 Q (n¡ 'l 6¡e )em Å i:metpr nñnnêr q¡r^l ina on¿nr ¡-JDag \^/atn a IÕ.JC.- *-,-o -*.[Prrng SPear ano COm-

nosi red into ¿ 5o0s I of of srair mL_^^ (^_ ^..1-_^_^-1 ^_ ..^_^ ,,^edyvrt Les Jvv6 !v L vr 5! olrrr IIIL sç JVó ùUUÐdUrPf E> WEL ç Uù

for bioassay and chemical analysis of residues. The test insects

\.{ere susceptÍble and malathíon-resístant

(Table 1). Fifty g samples of whear were

(8 fl. az.) glass jars and infested with

transferred into 227mL

.^ ^r-.r ^.^^ of sus_¿v 4uurL ùPçL!Eù

^Fç^4-.^ ^t T
JLIdIIIÞ U! L. L d> Ldr!çuril

ceptíble and resistant strains of T. castaneum. The insects were

he'ld in the iars hv coverinq rhe latter with cheesecloth secured with

a rubber band and stored aL 27.5oC and 65 - 702 R]I for seven days.

After the desíred period of exposure to the wheat, mortality counts

r,/ere recordedas descrÍbed in the Drevious exDeriments. Percent

ñ^eÈ^1-iÈ-, .,^ È^l 1--, 1LL^r' t /r ^^-\ 'r!¡v! LG!!Ljl w@r LvL !sLLsu u)t duuvut's (f 925) f ormul-a.

After recording the response to the toxicants, the insects

\,üere dÍscarded and the grains returned to the glass jars. About
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f ive oercenf of the treated wheat \râs grol¡n r1 an,f eå,AaÅ, f n f la ¡Llrs Lr cdLcu wil.coL vurru arrCI aGGgG E'O Eng gf al_nS

in the jars. The jars containing the treated kernels ü/ere then stored

aL 2l.5oc and 60 - 707" RH for a further 42 days to assess the F. adult
I

beetres produced from oviposition during the 7-day exposure period.

The chemical analysis of insecticide residues \^/as based on the

method previously described for determinatíon of pesticide resídues

in r¿heat, barley and corn stored on treated concrete and v¡ood surfaces.

At intervals of l, 3 and 6 months after treatment 20g \uThear

\^/ere dra\.nn l¡ith the sampling spear from f ive different locations

^-I --'L ^f -'nin 1ôôo 'l nf q n+- a¡-^t ^- 1.}'^^^ --*-ldlru LUU¡yvÞILËu I..ç- !vvö -- -v -L t)d.IIlpIe5. IIle!te siamPIgS \a7gf e

nilled into bran, middlings and flour for determination of insectí-

cide residues in the milled fracLions. Residues in whole qrain

(ground grain) were also determined.

At weekly intervals and at any time of sampling, temperature

and relatj-ve humidity of the storage rooms r¡/ere recorded as well

as the temperature and moisture content of the stored wheat (Table

69) . Samples that could noC be analyzed immediately \.,/ere srored ín a

rìoan-fraa?è af -)q"C in ô á51¿o n-ñ4^; ts,. -^1..+L^ñ^ 1,¡n^ ,,-+-i 1 tsL'¿r u LLL u. +Jng caPa(.:rLy Pol_JvLoene Dags LlnElI Eney

were analyzed.
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CHAPTER IV

R.ESULTS

Persistence of Ínsectícides applied to concrete and wood surfaces

The persistence of malathion, bromophos (EC and I^Ip), and

iodofenphos (EC) on wood and concrete surfaces r^/as d.etermined

at 1, 2,4, B, 16 and 32 weeks after treatment by bioassay of wheat,

h¡rl ar¡ ¡nrl nnrn r.ri¡L, -,'o¡anf ¡'!,-lolru sv!!r wrL!r ouÐLcyururê strai_ns of C. ferrugineus and

T. castaneum after the cereals had been removed from contact for

one week with treated surfaces.

Bioassay of cereals - The statistj-cal analysÍs of the data showed

that insect mortality was ínfluenced 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

interactÍons betr¿een these factors (Tables g-25 and Figs. 9 and 10).

significanrly higher mortalitÍes (p<0.01) of c. ferrusineus tu-ere

obtaÍned on al1 grains stored on treated r¿ood surfaces than on those

grains stored on treated concrete surfaces at each period of assess-

ment (Tables 8,10, 11,13 and 16). Regardless of rhe type and

formulation of insectj-cide used, more than 80 percent mortality was

obtained on grains stored on treated wood surfaces (Tables B and l0).

There were significant differences (p<0,01) between the

insecEicide treatments on Ehe two Ëypes of structural surfaces

(Tables 8-10, 13 and 16). Generally, higher morralities r,rere

obtained from bromophos-treated surfaces than from malathíon- and.

iodofenphos-treated surfaces (Tables B and l0) but on wood surfaces,

malathion EC persisted longer and Lherefore provided betEer control

of c. ferrugineus on the stored grains (Tabres 8, 10,13 and 16).



7L

0n concrete surfaces, bromophos L^rp appeared to be more persistent

than the other insecticide treatments (Tables l0 and 13). rt

Ofowided mnrp fh¡n 6O nprcêni- ñ^rf- 1 j ¡-, ^- ..L^.uru! e Llrs¡ u-!rL urortallEy On T¡/neat and barley f Or

eight weeks, and on corn for two v¡eeks (Table 16). rodofenphos

deposits on concrete surfaces persisted significantly longer

(Pz-0.05) than eirher of rhe malarhion formularions (Table 13).

comparing the insect mortality on the grains stored on concrete

surfaces for all insecticíde treatments, the order of increasine

persistence \^/as bromophos WP2bromophos EC Þiodof enphos ECPmalathion

EC = malathion I^|P.

There \^/ere nô sionif inrnr díf f erenCeS in mortality between

wheat and barley stored on treated structural surfaces (p>0.05)

but there were significant differences betrveen the two tvpes of

grain and corn (P< 0.01) . significantly lower mortalÍties were

obtained on corn stored ori t.reated structural surfaces at each

assessment period (Tables 9, 10, 14 and 15). ori treated wood

êr,t€.^^^ L^-,^..^- ÊL^ ^f -'^L! ):ct^--^--^- 1 ,-surraces 1 tlo\^I€ve r , L!rç ÞrrËlrL *if f erences betrveen corn and the

two cereal grains (ruhear and barley) became signif icanr (p<0.05)

either at 16 or 32 weeks after tïeatment,whereas on treated concrete

surfaces the differences v/ere apparent either at one week or t\,ùo

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 nereenl- mÕrfrl-í¡rz ní l- ferrlløin.attq ôn or¡inc cfnraJ n.LeltL ruv! Lar!LJ VI U_. rsr!uó!t¡euÞ Vtl O_ -_-_* _n

treated struct.ural surfaces generally decreased with age of insect.i-

cide deposit (Tables 1r-r3, 15 and t6). The persisrence of insecri-

cide deposits on both surfaces declined sharply after 16 r¿eeks for
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TABLE B Mean percent mortality of C. ferrugineus adults

for one v¡eek on grains removed after contact for

on wood and concrete surfaces treated with insec
.?

4L !.W ó ô!/Ur .

ovnnqorl

^- ^ ,-^^l-

ticides

Insec ti-c ide I^Iood surface Concrete surface Insecticide means

Malathion EC

Malathion WP

!r vr¡rvytlvÞ !u

Bromophos l{P

Tnrìnfannhnc Ë'l-

Q7q

89. 0

88 .3

92. O

82"3

16. B

L4 .7

41. 3

51. 0

28.I

5t.L

ql o

64 .8

7L.5

55.2

Srrrfncê l.\¡ñê 89. B 30. 4 60. 1

L.S.D. bet¡¿een

(i) rueans of type of surface

(fi) any two mearrs of insecticide treaËment

(iii) any tr,ro means of surfaces for the same

insecticide or vice versa

q, o/

2.3

q?

1"/

J. ¿

ìl

'7 '.)
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TABLE 9. Mann ncrnênf mnrt¡1 i¡rzLd!!L)

f or one \^reek on v¡heat,

contact for one vreek on

côncrefe) frâ,ared \^/ith

aF I €ôrr"ñ1'ñô"q r/rrl tq ewnnqojv! þ. rcr!UËIlreur csurLJ eÃl/vreù

h¡rl ev enrì eorn removed after

structural surfaces (wood and

.)insecticides at 1.0 g AI/n-.

Insec t ic id e Wheat R:rl ev Corn Insec tic ide

Malathion EC

Malathion WP

Bromophos EC

Bromophos tr{P

Iodofenphos EC

58. 6

56.3

70.7

75.8

59. 3

6r. 0

53. B

7L. 4

78.6

63.2

5r.B

4s.6

52.4

60. I

43 .2

57 ',l

ql 0

64 .8

11 q

64.r 6s .6 50. 6 60.1

L. S " D. bet!/een any

/ì\ r"n ma¡¡¡ n€ qforoj orrin\-r1 LwU lttEdlLÞ 9L ó! arr¿

f í i'\ fr.7n mêrnq 6F n-n iñ rÌ'ñô\.!!,/ Lwv rrruur!o v! è;! érlr L)/ Pç

same insecticíde or vice

-J r-

for the

veïsa.

)/"

'1 R

'l o/

¿.)



TASLE 10. Mean percent mortality of c. ferrugineus adurts exposed

for one r¡eek on ¡¿heat, barrey and. corn removed. af ter

contact for one rveek on wood and concrete surfaces

treated wirh insecricides at l. O g At/n2.

Ins ec tic ide trrrheat R ¡ r'l or¡ Corn Insect ic ide

mêrnq

Malathion EC

Malathion hP

Bromophos EC

Bromophos LrP

Iodofenphos EC

Malathion EC

Malathi-on WP

Bromophos EC

Bromophos I^IP

Iodofenphos EC

oo /,

90.6

93.3

96.L

85.0

17. B

2I.9

48. 1

55.6

33. 6

i^Iood

oo /,

90. 6

92"5

o? '1

87 .2

Concrete

22.5

'tÁ o

s0. 3

64.2

4L .7

vJ. o

85. B

79.2

86. 9

77.2

10. 0

5.3

25 .6

JJ. J

9.2

475

qo rl

88.3

92 .0

82.3

16. B

L4.7

4L.3

51. 0

28 .I

Grain means 64.L 65.6 50. 6 60. I

L. S . D. between any tvro

insecticide/grain type

means of surface

interac tion.

q"/ 1'/

7.4
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TABLE 13. l"fean percent mortalÍty of c. f errugineus adurts exposed

for one r^¡eek on grains removed after contact for one week

on treated wood and concrete surfaces at different ages

of insecticíde deposit.

Insectic ide

Age on Ínsecticide deposit

L248

(weeks)

1aIO Jl
Insecticide

Wood

Malathion EC

Malathíon WP

Bromophos EC

Bromophos I{P

Iodofenphos EC

r"lalatnl_on trU

Malathion WP

Bromophos EC

Bromophos WP

Iodofenphos EC

r00

100

10CI

100

oo /,

49 .4

/, 1 A

88.3

87. B

55.6

100

100

100

100

r00

23 .3

,^ 1

80.0

82.2

.+¿.1

100

100

100

r00

oo /,

100

100

98.9

100

97 .B

96. L

85.0

I00

86.7

I.7

0.6

L.7

"t ? o

6.7

BB. 3

37 .8

46.L

52.2

10. 6

L"7

0

0

0

0

97.5

89.0

,qR ?

92.0

82.3

16.8

L4.7

+L. J

51.0

28.7

Concrete

lq Á R o

5q Á 1'> ')

/õ ^ JJ. )

36.1 28.3

Age of

ins ect ic ide

deposít means

82.4 Áq1 61. 3 48. 9 23 .7 60.1

L.S.D. between

insecticide/ age

any

of

two means of surface typel

insecticide deposit interacEion.

c,o/

6.2

1"/

gl
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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 r,¡eek on treated

. structural surfaces (wood and concrete) at

dífferent ages of insecticide deposic.

Age of insecricÍde deposit (weeks)
Grain Grain
tYPeL24Bl-632means

I^Iheat

Dd! rsy

Corn

87.2 BI.2 7L.0 63.8 52.7 2g.o 64.L

87.8 80.7 76.8 67.0 54.2 27.0 65.6

72.0 64.3 59.3 53.2 39.8 15.0 s0.6

Age of

insecticíde 82.4 15.4 69.L 61.3 48.9 23.7 60.1

deposit neans

L.S.D. between any 5Z y/"

(i) two means of srored grain type l.B 2"3

(ii) two means of age of insecricide deposit L.g 2.6

(Íii) tr¡ro means of stored grain type for the same 3.4 4,5

age of insecticide deposit or vi.ce veïsa



TABLE 15. Maen narnonf

for one week

for one week

at different

79

r 
" 

Ê-- ^r ^ f errrrsineus ,adrrl i-q ovnncoâurvr L4rrL) u! :. !LL L UólrrsUÞ dUU_ __

on \rheat, barley arid corn removed af ter contact

on treated structural surfaces (wood and concrete)

ages of insecticide deposit.

Ins ec tic ide

Aoø ¡F inco¡tiniãa ãann--'¡¡¡6ç vr lrrÐsLL!Lrss uçlJuò!L

L248
\wcsNÐ,f

1aIO J¿
Insecticide

neans

Malathion EC

Malathíon l,IP

Bromophos EC

Bromophos WP

Tndnfennhnc Ë'l-v¡ÀrLÀvv !v

Malathion EC

Malathion WP

..Krômñntì^c kl

Bromophos trüP

Iodofenphos EC

MalaËhion EC

Mal-athion \^IP

P?^-^^L^^ Dnu! vurvyt¡vù !v

Rrnmnnhnc T^fP

| ñd^1ôñnh^c k Ie!¡rr¿vv !v

13 .3 67 .5

82.5 70. B

r00 97 .5

100 95.0

80.0 7s.0

19.2 62.5

70.8 65.0

oq?aA1

100 97.5

90. 0 8L.7

7I.7

60. B

ÕJ. J

81. 7

62.5

55.0

53. 3

75.8

BO. B

56 .7

tr^Iheat

58.3 52.5

60.0 52.5

78.3 66.7

84.2 80.8

-ltL+.¿ oo. /

Barley

62.5 60.0

o¿.) )L. /

BB .3 65. 8

95.8 85.0

75.0 72.5

Corn

50. B

oo. /

54 .2

50. 8

50. 8

49 .2

65. 0

50. 0

50. I

50. 0

5L.7

56.7

54.2

57.7

50. 8

50. 0

64 .2

\/, )

45. 0

44 .2

28. 3

50. 0

3L.7

49 .2

2I "7

30. 0

?R?

5.8

50. 0

2L.7

28 .3

29.2

5.8

?q .q

1a a

10. 8

10. 8

4.2

58. 6

56.3

10 .7

75.8

59.3

61. 0

53. B

7r.4

78.6

63.2

51 .8

52.4

60. 1

L+J. ¿

Age of

insecticide
deposit aeans

1c, /, 69.L 61. 3 48 .9 23.7 60. I

L.S.D. betr,¡een

insectici de/ age

two means of

insec ticide

qforori or:in i-rrno/

deposit interaction.

any

of

1"/

r0. 0
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TABLE 16. Mean percent mortaliÈy ^ç t1 ç^--.-- -'-^--q ¡drr-l tq ovnncol": ". 
!cL!u5rl¡Ëu_

barley and corn renoved afterfor one ü/eek on wheat.

contact for one week on wood and concrete surfaces

treated with insecricid.es ar l.O g AI/m2.

Wood Concrete
Insectic ide Time

Malathion EC 1

L

4

8

T6

32

r00

100

100

100

100

r00

100

100

r00

r00

100

100

100

r00

90

7L.1

44 .9

35.0

13. 9

L.7

L.1

57 .6
,( n

L4.2

0

'1 R

42 .4
a/,
qn

L.7

0

0

Malathion WP 1

2

4

B

I6

32

100

100

100

r00

r00
/,'! ').

100

100

r00

100

100

4L.4

100

100

100

100

BB.3

26.7

63. B

4L.7

L7 .4

0

0

40.5

30. 0

23 .6

r.B
0

0

20.3

L.7

L.7

0

0

Bromophos EC 1

2

4

B

L6

J¿

100

r00

r00

100

r00

60. 0

100

100

100

r00
oRl

100

100

100

96.6

2L.7

100
qq n

55 .5

32.3

3.3

0

98. 3

a??

76.2

26.7

0

0

66 .0

51. 0

33. 3

0

0

0

Bromophos tr{P I
2

4

B

L6

J¿

100

100

r00

r00

100

76.1

100

100

100

100

100

56. 8

100

100

100

100

100

2L.7

100

90. 0

67 .4

61. 0

13. 3

0

100

95. 0

9L .4

66 .7

25 .3

0

62.6

6r.3
45.0

28 .5

0

0

Iodofenphos EC 1

2

4

B

L6

32

100

100

100

100

98.3

Il-.7

r00

100

oa?

100

98.3

8.7 8.3

70 ?

OJ. J

50 .4

4L.4
5?

0

25.3

11. 9

6.7

0

0

98.3 58.8

100 50. 0

100 46.8
o? I 1.'.) /,

63. 3 10. 0

L.S.D.
or:in

L^r--^^-UçLWgETI. | ^-^EypeJ dËc

ôñtr l--^aLL)t L wU IUCdILÞ

of insectÍcide
of surface type/insectícíde/
deposit interaction

\"/
L0.7

1"/
L4.7
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FTGURE 9. - Persistence of insecticides taken up in wheat, barley,

and corn stored for one v¡eek on surfaces treated. at r.0
I

g AI/m- against C. ferrugineus.
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r,7ood surfaces and two weeks for concrete surfaces (Tables 13 and 16)

Bromophos iIP appeared to have lonqer oersjsfenne on structural

surfaces but its effectíveness declined sharply after 32 v¡eeks

(26.I"/") whilst more than 40 percent mortal-ity rùas obtained on grains

stored on malarhion EC-treated surfaces after 32 weeks (Table 12).

By contrast there r.ras no signif icant difference (p > o.05) in per-

sistence between the malathion formuJ_ations until 32 weeks after

treatment whereas ¿ significant difference (p<0.05) was apparent

between the bromophos formulations on structural surfaces after
F^,,- ,-^^r-^ /-^tr.e 12).!vu! wceNÞ \aduf,

Percent mortality of T. castaneum exposed on cereals in contact

wit.h treated wood and conerete surfaces

and Fig. 10. These results are similar

oinorrq_Þ::::::'

ñr^^^-È^J -'- T^L1^^PrsÞç!rLEu t_ll Id.uIeS

Fhnqo ronnrfol Far î!el/vr Lçu !u! u.

LS 11 1CLI-L)

ferru-to

whilst malathlon EC and trnIP forrnulations and bromophos

Rrnmnnhnq

of T. castaneum

(89-1002) against T.

qllrlraêc I lrhlê /\l
\¡!¡vlv ÊJl.

their effectiveness against T.

surfaces after one week. More

EC and iodofenphos produced 67 percent

for eight weeks on all grains stored

or more mortality

on rvood surfaces

trnIP were eff ective

stored on woodcaslaneum for L6 weeks on

The malathÍon formulatíons and iodofenphos lost

atqr2nê1rñ ôñ grar_ns stored on concrete

obtained

bromophos

Bromophos

two weeks on

¡h:n Rfl ñôr-ôñI ñ^r¡.1iF",,^- LLrlor¡ uv pE!uEllL tItUL LAIIty V/aS, nO\^IeVef ,

rvheat and barley sÈored on concrete surfaces treated with

for t'ri/o rùeeks but on corn ít was ineffectÍve (Table 25).EC

llP gave 50 percent or more mortality

v¡heat stored on concrete surfaces

of T. castaneum for

barley and corn.

and for one week on
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TABLE 17. Mêân nornant-

for one week

\.{eek on wood

ins ectic ides

ñ^'Fô1-'Ê-. ^c mmorEarl_Ey oilI . castaneun adults exposed

on grains removed after contact for one

and concrete surfaces treated with
tat 1.0 g AIln-.

Ins ect ic i_d e trnlood surface Concrete surface
Insect ic ide

Malathion EC

Malathion WP

Bromophos EC

Bromophos trrIP

Iodofenphos EC

94.0

86.9

'7? '7

Rq /,

66.5

1')

\t^

26 .8

19 .9

7 "7

50.4

46 .3

qn ?

52.7

37. r

Srrrfnne l-r¡no"J tsg Rl ? 13. 4 47 .4

L.S.D. between

(i) Means of type of surface

(ii) Any trro means of insecticicie

(iii) Any two means of surfaces for the same

insecticide or vice versa.

\"/

)1

4.6

1"/

4.5



84

TA3LE 18. lfean nerecnt mnri:'l i rr¡r.rvr çsrrLJ

for one \,/eek on \rheat,

contact for one week on

concrete) treated with

of T. cast.aneum. adults exposed

barley, and corn removed after

structural surfaces (wood and

insecticides at 1.0 g el/r.Z.

Insec t ic i-de Barl e
Insect ic ide

rlrçdtlò

Malathion EC

rvraJ_atnr on wP

Bromophos EC

Bromophos ldP

Iodofenphos EC

50.4

47 .4

54.6

40.6

q? e

/,1 1

56. 0

53.8

47 .6

44 .2

37 .L

49 .6

32 .2

50. 6

46.3

50.3

52.7

37 .I

Grain means 50. 1 /,o a 42.r 47 .4

L.S.D. between any

(i) Two means of stored

raa ì Tr.a -a^*^ ^f or¡in\!r,,/ !wu rlrséll> u_ o_ ___-

insecticide or vice

ôYa a'ñ ts....^
órar!r L)ys

Ê"^^ ç^- FL^LyPe ror tne same

\ù/

L.2

2.7

1"/

1/

J.O
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TABLE 19. Mê:n nornôñf ñ^arruq* ys!ucrlL ururtality of T. castaneum adults exposed.

for one \.veek on \^rheat, barley, and corn removed after
contact for one week on r¿ood and concrete surfaces treated
wj-th insecticides ar l. O g AI/nz.

Insecticide

Malathion EC

Malathion I,,IP

Bromophos EC

Bromophos hIP

Iodofenphos EC

Ilalathion EC

Malathion tr'IP

Bromophos EC

Bromophos tr{P

Iodofenphos EC

a5 Á

85. B

77.8

85.6

72.8

RO

[.Iood

88. I

76.4

86. I

6s .6

Concret e

L2.2

6.L

35.5

2L.4

LL,4

o1 1

Õo. /

84. 4

66.r

Insectícide
mêrn q

94 .0

86. 9

73.7

85.4

66.5

7.2

5.6

26 .8

L9 .9

7.7

4.2

L.7

7.2

L4.7

Grain means 50. I 49 .8 42.I 47 .4

L. S. D. between any trv-o

insecticide/grain type

means of surface

interaction.

i-r¡na / <o/') Yvt Jlo 1q/
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TAßLE 22. Mean percent mortality of T. castaneum adults exposed

for one week on grai-ns removed after contact for one

week on treated wood and concrete surfaces at d.ifferent
ages of insecticide deposit.

Age of insecticide deposit weeks)

I6
Insec t ic id e

-^;--. ^lllg4ltS
Insec tic ide

32

Malathion EC

Malathion WP

Bromophos EC.

Bromophos Wp

Iodofenphos EC

Malathion EC

Malathion I^lP

Bromophos EC

Bromophos tr{P

Iodofenphos EC

100

100

100

100

oo /,

r00

100

100

100

100

28.3 6.1

18.9 6.7

70.0 62.8

58.3 37 .2

L9.4 10.6

I^Iood

100

100

100

100

aa /,

Concrete

3.3

5.6

25 .6

1? ?

10. 6

100

r00

9.O /,

r00

80. 0

J..]

a,

')a

10. 6

96 .7

oo /,

52.2

100

17 .8

1.1

0

0

0

0

6'7 ) o/, 
^Ja . V

2L.7 86 .9

0.6 73.7

1) ) Qq ¿vJ . a

¿.¿ bb.5

l'l-71
l.L

0 5.6

^ ^. ^U ZO.ö

0 19.9

0 7.7

Age of
insecticide
deposit means

ov. J 62. 4 55.8 49 .4 r0.5 47.4

L.S.D. between any two means of surface type/ 5y"

insecticide/age of insecticide deposi.t interaction. 6.I

1"/

Q1
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TABLE 23. Mean oercenf m.)rf.âl ity of T. castaneum adults exposed

for one week on r¡heat, barley, and corn removed after

contact for one week on treated structural surfaces (wood

and concrete) at different ages of ínsecticide deposit.

Age of insecticide deposit (weeks)

Wheat

uo! rsJ

Corn

7 3.3

7 4.8

60.2

66.5

6s.7

54 .8

57 .3

t1 c

52 .5

52 "2

51.3

44 .5

c7 ,c

11. 3

LL.7

R5

50. I
/,o I

42.I

Aoe nf

insecticide
ñên^c1 f hq \ o ¿.4 55.8 49 .4 36.7 10. 5 47 .4

L. S. D. betrueen any t\.,7o means of

for the same age of insectj_cide

v E! Þd .

stored srejn fwne

rlpnnqil- nr rrina

q,s/ 1"/

4.4
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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 ínsecticide

deposit.

Ins ec tic ide

^ ^^ ^E

I

1r^¡e al¿ c I

l6
Insect icid e

means

insecl-jcjde rlenngi¡

32

Malathíon EC

Malathion WP

Krôñ^ñh^c ts {'

Bromophos WP

| ôñ^1ôññhôc k ¡

Malathion EC

Malathion I¡IP

Bromophos EC

Bromophos WP

Iodofenphos EC

Malathion EC

Malathion WP

Krôñôñh^c ts I

Bromophos WP

Iodofenphos EC

Wheat

52 .5 5L.7

55.0 53.3

93.3 68.3

76.7 57.5

55.0 55. B

Barl ey

54.2 55.0

93.3 67 .5

69.2 57 .5

57 .5 55. B

Corn

52. 5

qnR

57 .5

60. 0

s3. 3

5L.7

50. 0

52 .5

5q ô

53. 3

58. 3

66 .7

100

80. 8

60. 8

7 6.7

57 .5

93. 3

81. 7

65.0

57 .5

c,/, ')

75.0

52.5

qt 1

50. B

q5 c

s0. B

52.5

5L.7

52.5

55.8

44.2

50. B

50. 0

34.2

33. 3

50. 0

49 .2

50. 0

L7 .5

50. 0

)o )

qrì n

0.J

45. 0

50. 0

]s.B

s0. 0

nq

?4 1

R?

0

50.4

47 .4

57 .6

54 .6

40.6

53.8

47 "L

56.0

53.8

38 .5

47 .6

44. Z

37 .L

49 .6

32.2

35.8

L4.2

0

0

28.3

10.0

0.8

0

Age of
insec tic ide
l^*^^-'uçPvò!L utg4!¡Ð

62.4 55.8 /,o /, 36 .7 10.5 47 .4

L.S.D. between any
insectjcide /açe of

E\^¡o means of stored grain type/
insecticíde deposit ínteraction

\"/
7q

1"/

9.9
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TABLE 25. Mean percent mortality of T. castaneum adults exposed. for

^- ^ --^ ^l-VIIE WEgA

for one

Time

on wheat, barley, and corn removed after contact

r!-eek on wood and concrete surfaces treated with

insecticides at I.0 g r{tlr'Z.
[^Iood Concrete

Ins ecticide Wheat Barle
|raJ_atnlon bu 1

a
L

4

B

16

32

100

100

100

r00

r00

72.5

100

100

100

100

r00

69.8

100

r00

100

100

89.3

56 .2

tq 1

qñ

1Q

n

n

s3. 3
qn

1.8
qô

0

0

'1 < 
^

qn

L.7

0

0

l{alathion WP 1

2

4

L6

J¿

100

r00

100

100

100

23.7

100

10.0

100

100

100
-t R ?

32.2

10. 0

6.7
'ìR

0

0

15. 0

\n
\)
L.7

0

0

,q?

L.7

0

0

0

0

r00

100

100

100

98"2

15.2

Bromophos EC 1

2

4

B

L6

32

100

100

100

100

64 .2

0

100

100

100

100

54 .6

0

100

100

100

68 .3

?q ?

L.7

100

86.7

36.7

0

0

0

86.7

84 .6

3L. 6

5.0

0

0

¿J. J

l_5.0

5n
0

0

0

Bromophos tr{P I
2

4

r6

32

r00

r00

100

100

100

r1. B

100

100

100

100

100

10. 4

100

r00

r00

r00

100

5n

?5 q

10. 5

aì

n

61. 0

53. 3

15. 0

91

0

0

50.0

20.0

10. 0

a/,

0

0

Iodofenphos EC I
2

4

B

16

32

100

100

100

94.7

30. r
qn

r00

100

98. r
78.2
qn

0

100

r00

66.7

L,7

0

20 .3

10. 0

LL.7

0

0

30. 0

11. 9

B.B
q't

0

0

6.7

6.7

6.7

0

0

0
L. S.D. between
gräin typel age

any t\.,lo means of surface type/insecticide
of insecticide deposit inEeraction.

\"/
L0.6

1"/

L4.0



FIGURE 10. - Persistence of insectÍcides taken up in vrheat, barley,

and corn stored for- one week on surfaces treaËed aE

1.0 g gt/nz against T, castaneum.
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¡r--prq€eny. - Tables 26-43 show the mean number of F, adults produced
by 20 adurts exposed. for seven days in the grains previously stored
for one week on untreated. and treated wood and conerete surfaces
at dífferent times after trearment.

Significantly fewer progeny (p<0.01) were produced in grains
stored on wood surfaces than in grains stored on concrete surfaces
with both c' ferrugineus and T. castaneum; also, the number of Fa
beetles resulting from graÍ-ns stored on untreated sLructural surfaces
was significantly greater than the number obtained from grains stored.
on treated structural surfaces (Tables 26-2g, 3L, 34*37, 40, an.
43). There was, generally, no significanr difference (-P> 0.05)
i-n the number of F, ad.ults produced Ín graÍns stored on untreated
wood and concrete surfaces with both test insects (Tabres 2g, 33, 34.
37, 42, and 43).

The differences in the number of F, ad.ult c. ferrugineus prod.uced
in gral-ns stored on treated struct.ural surfaces \.{ere not significant
at the 5 percenr level 0f probability (Tables 26-2g and 32), but
f or T' castaneum, there rvere signif icant dif f erences (p <0,0r) in
Ëhe numbers of F, beetles produced in the differenr grains stored.
on malathion Lrrp-treated structufal surfaces (Tables 35_37 and 41).
The insecticide d.eposits nearly prevented reproduci'on of both test
beetles in grains stored on wood. surfaces (Tables 33 and 42), and
6n malathion EC-treated wood surfaces, there 

'vas 
no progeny prod.uction

by either species throughout the experimental perioci (Tables 34 a.,d 43).
Tn 

^^-F-^^!!r¿ LvrrL!d-L, bromophos EC applied Eo concrete surfaces prevented
reproduction of test beetres on graíns for tr,¡o weeks, and. bromophos
wP gave zero progeny of c. ferrugineus for four weeks (Tables
33 and 42) ' The i-nsecticide deposits transferred to



o/,

stored graj-ns from treated concrete surfaces

of adults in the grains at one or üore weeks

(Tables 34 and 43).

Ínhibited reproduction

after treatment

.comparíng insect reproducti-on 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 on both untreated and treated concrete

surfaces despite a high percentage of survivors (Tables 34 and 43).

There v¡as no significanr difference (p>0.05) in the number of F,

adult c. ferrugineus produced. in wheat and corn stored on treated
strucEural surfaces (Tables 27 and 28), but the number of F, adurt

T. castaneum produced in corn was signÍficantry greater (p40.01)

than the nurnber obtained in wheat (Tables 36 and 37). on borh

treated wood and coricrete surfaces, corn appeared to be the least
protected against C. ferrugineus and T. castarì.eum apparently

because of the relatively lower mortality obtained orr corrr

(Tables 34 and 43).

The emergence of adult beetles in stored grain r¿as d.irectly
related to the age of insecticide deposiLs on the structurar
surfaces; as rvith the increase in age of ínsecticide deposit there
r,oas a corresponding increase ín emergence (Tables 29-36 and 38_43) .

The maxímum adult beetle emergence i-n wheat and corn took prace

at 32 -¿eeks after trenr-mpnr /T.bles 30-33 and, 39-42).
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TA3LE 26. Mean number of C. le¡rugineus F,
a

after one week of infestatÍon of

for one week on r,¡ood and concrete

insecticides at 1.0 g 1\tlr*2.

adul-ts produced in grains

grain previously stored

surfaces treated viith

Insecticide trnlood Concrete
Ins ecticide

Lllg dtl Þ

Control

Malathion EC

Malathion WP

Bromophos EC

Bromophos WP

roqolenpnos EU

L4 .2

0.0

0.2

L.7

L.2

2"2

't? 
1

'7 1

+.J

4.3

13. 7

3.0

3.7

2.7

)9

Srrrfrne l.rzna 4.8

L.S.D. betr,¡een

fi) lleans of rvne of surface-.t I

(ii) Any two means of insecticide

/ ì ,' i \ 
^'... 

å--^ 
-^\rrr/ rrny Er./o means of surface type

for the same insecticíde or

vice versa-

\"/

0.4

0.7

10/

0" 6

1.0

r.0 r.4
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LTI,DLL ¿/. Mean number of C. ferrugineus F, adults produced in
wheat, barley, and. corn after one week of infestation
of grain previousry stored for one week on structurar sur-
faces (wood and concrete) treated with insecticides at

)1.0g AIlm-.

Insec t ic ide Tn can ¡ i ^ .í,¡ ^qrLauc

ursdtlS

Control

Malathion EC

Malathion llp

Bromophos EC

Bromophos tr{p

Iodofenphos EC

))a

3.4

)/,

0.2

0

0.1

0

0

0

L7 .7

4.6

4.6

qo

5.8'

1a t

?n

)1

)p.

J.J

Grain means 7.L 0.1 -7 1 4"8

L.S.D. between any

(i) Two means of stored grain type

(fi) Two means of stored grain type for

the same insecticide or vice versa.

\o/

n<

1a

1"/

0.7

L.7
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TASLE 28. Mean number of C.

barley, and corn

previously stored

surfaces treated

ferrugineus F, adults produced in wheat,1

after one r¿eek of infestation of grai-n

for one week on wood and concrete

with insecticides ar 1.0g ef/m2.

InsecticÍde Barle
Insecticide

Control

Malathion EC

Malathion lfP

Bromophos EC

Bromophos T,^IP

Iodofenphos EC

Control

Malathion EC

Malathion tr^IP

Rrnmonlrnc I'r'-

Bromophos tr{P

Iodofenphos EC

Wood

n?

0

0

0

0

0

Concrete

0.1

0

4.2

0

0

0

24 .6

0

0

2.7

1.0

3.0

2L.3

8.6

LL.4

4.2

?c

/,o

L7 .6

0

0.7

2.6

2.7

1-7 a

Q')

a1

6.6

qn

R'l

14 .2

0

0.2

7.7

L.2

2.2

't? 
1

11

4.3

4.3

Grain means 7.I 0.1 /,4

L. S. D. between any tr¡/o

tvoe/ insecf i eide / ora i n
ó! 4!t¡

aeans of surface

type interaction.

\"/

1e

1"/

2.4
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TA3LE 29. Mean number of C. ferrugineus F, 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.

1

insecticide deposit (*eeks)
SurfaceSurface t 2481632 type means

i^Iood

Concrete

2.7

2.3

2.2

)a

t^ 2.4 ¿.ó /.5

9.7 12.9 6.4

Age of insecticide
d'eposit means

2.5 )9. 4.6 6.2 L0.2 4.E

L. S . D. be tr,/een any

(i) Two means of age of insecticide d.eposit

("ii) Two means of age of insecticide deposit

for the same surface type or vlce versa.

\"/

0.6

no

1

0.8

L.2
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TABLE 30' Mean number of c. ferrugineus F, 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 d.ifferent
ages of insecticide deposit.

Age of i.tsecticí@

9! é llt r ^ Grainr 2 4 8 1^ t.J¿ means

Lrhea t

R¡rl orr

Corn

4.8 4.L 4.2 6.9 8.3 I4.4 7.r
0.1 0 o.r 0.1 0 0 0.1
2.7 3.6 4.2 6.9 10.4 16.1 7.3

Age of
insec ticÍde 2.5 2. 6 Z.g 4 . 6 6.2 LO .2 4 . 8deposit means

L.S.D. between any two means of stored grain 5"/. IT"

type for the same age of insecticide deposit l.l L.4
or 'vice versa.



TARTT' 'I 1 Mean number of C. ferrugineus

r,¡heat, barley, and corn af ter

of grain previously stored for

wood and concrete surfaces at

insecticide deposit.

100

F, aduJ_Ès produced in

one ireek of infestation

one week on treated

different ages of

Age of insecticiaõ dennci r
-vrvers

B

(weeks)

I6
Grain
mêtn q

Grain
32

T.rh^^ r
vY rrcé L

R¡r'l o-t

Corn

tr{heat

R:rl a.t

Corn

qÁ

0.1

2.6

4.6

0.1

2.r

Wood

n1

11

n

/, -7

10. 5

0

L2.0

nl

4.5

4.I

0.1

2.7

10. 3

0.1

r0.2

12.8

0.1

L6.2

18. 4

0.1

20.1_

9.0

0.1

10. l_

Concrete

3.6 4"9

0O

^)
Age of
insec ticide
deposit means

2.6 4.6 L0.2 4.8

L.S.D. between

grai_n type/age

any E\.ÌO means

of i-nsecËicide

of surface type/

deposit j_nteraction.

\"/

1.5

1"/

2.0



TA3LE 32.

101

Mean number of C. ferrugineus F., adults produced in

grains affer one week of infestation of srein nrevionqlwv! ór s v +vurt j/

stored for one week on treated structural surfaces (wood

and concrete) at different ages of ínsecticide deposit.

Aoe nf inco¡tini¡la zlan^-i Ê /"^^l.-\rtrrsL Lrçruç ucPvÞ!L \wËcñÞ /

Insec t ic ide 8 16 J¿
Insecticide

Control

IvÌalaEn1on HU

Malathion L^IP

Krññ^ñh^c ts l

Bromophos WP

Iodofenphos EC

0

nq

0

0

0

L2.5

0.8

0.9

0

0

1.1

L2 .3

l.B

na

0.8

0

r.2

r3. B

?q

q7

1.9

0.7

2.r

1q ô

4.8

13.6

6.9

R?

aÁ

10. 8

11. 9

13. 7

3.0

2.7

2.8

Äoo nf

insec t i-c ide
deposit means

)9. 4.6 L0 .2 4.8

L. S. D. between any tr¡¡o means of

for the sârre âse of insecÈicide

vice versa.

insec ticide

ripnnqí f nr

\"/

1q

1"/

2.0



TABLE 33. Mean number of C. ferrugíneus F, adults
grains after one week of infestatÍon of
stored for one week on treated rvood and

at dífferent ages of insecticide deposit.

L02

produced in

gr:in nror¡in,,-t,,o__+-¡ I/!gv rvuù¿y

r-ônnrêl-ô ^,,-Ê^^^çLc SUrIaCgS

Age of insecticiae-Gpããir- (weet s)

Insec t i_cide Insectici-de
mêîn c16 32

Wood

Control

Malathíon EC

Malathion tr{p

Bromophos EC

Bromophos hp

Iodofenphcs EC

1t /,

0

0

0

0

0

0

0

0

0

0

11.8

0

0

0

0

0

J-+. J

0

0

0

0

0

15.0 74.2

00

0 1.4

1.3 9.I

0 7.4

0.4 L2.7

L4 .2

0

0.2

T,7

I.2

2.2

Control

Malathion EC

Malathion I^IP

Bromophos EC

Bromophos Wp

Iodofenphos EC

L2.B

0

1.0

0

0

0

LL.7

I.7
'lo

0

0

2.r

15. 0

v. o

II.2

o. u

10. 1

o. ¿

't ? o

'l? e

10. 0

L4.I
'I'l r

l't 1

11

4.3

4.3

Concrete

L2,B L3.2

3.6 7.0

1. 9 IL.4

L.7 3. 9

0 1.3

)')./,. a.L

Age of
insecticÍde
deposit means

)9. 4.6 6.2 L0 .2 4.8

L.S.D. between any

insecticj,de/ age of

t\.,zo means of surface type/

insecticide deposit interactíon.

\"/

2.2

11

2.8
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TABLE 34. Mean number of c. fer_rrgige-q F, adults produced in wheat,
-L

barley, and corn after one r¿eek of infestation of grain

previously stored for one l¡eek on wood and concrete

surfaces rreated with insectj-cides at 1. Og r!.t/nt2.

tr^Iood Concrete

Insec t Íc ide

Control 1

2

4

8

L6

32

n?

U. J

ta

n

rì

n

ô?

tt <

0

0

0

0

27 .3

2L.0

2r.0
2I .7

23 .3

15 .7

12.3

13. 0

22 .0

23.0

19.3

24.7

20.3
)/, ?

L9 .7

21.0

Lt .7

13. 3

14.7

L4 .0

20 .0

24.0

2L.0
L'ia1atn10n EU t

2

4

B

16

J¿

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1.3

L2.3

L6 .7

L7 .7

0

7 .0

8.7

L2.0

23.7
L'laIatnl_on W,H 0

0

0

1

2

4

L6

32

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

4.3

0

0

L.7

L9.7

L6.l
30.3

^1
n?

U.J

?n

r6. 3

1C 
^

Bromophos EC 1

2

4

I
76

32

0

0

0

0

n?

L5 .7

0

0

0

0

2, 1

LL.1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

qô

16.0

<aì

1.7

13. 0

14. 0
Bromophos i{P 0

0

0

0

0

0

0

0

1

2

4

B

L6

0

0

0

0

0

6.0

1a

'lrl n

11 ?

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2.7

20.3

31. 0
/^
\ vvrr L lllucu /

r6. 3



104

TABLE 34 (Continued)
I^/ood Conerete

Time
weeksInsectic ide I^Ineat Barle

Iodofenphos EC 0

0

0

0

0

0

0

0

0

0

0

0

1

2

4

8

1600
rB. 0

J'

?^^

0

0

0

4.7

7 .7

L7 .3

0

7"0

8.0

11. 0

16. 0

0

0

0

0

0

0
J¿

L.S.D. between any tr^¡o means of surface type/

i-nsecticide/grain type/age of insecticide

deposit inreracrion (0.05) = 3.7

(0.01) = 4.9



TABLE 35 Mean number of

after one week

for one week on

insecticides at

T. castaneum F_ adults produced
1 

***'LÐ yrvuuscu afl

of infestation of grain previously

wood and concrete surfaces treated
.21 

^^ ^T 
I^-f .wÉ ö!/ilt .

105

orr i n q

s tor ed

wÍth

Insec ticide I^/ood Concrete
Insectic ide

mearrs

Control

Malathion EC

Malathion trIP

Kr^m^nhñc k l

Bromophos LIP

Iodofenphos EC

16.8

ô

n1

n5

nq

lo 
^

RO

qÁ

\^

5.8

17 0

4.-f

3.1

3.1

4.0

Srrrf:nÞ l-\¡ñô aR, 6.6

L.S.D. between

l-i ) ìvfean s of f vne of surf ace\--l "J y

(ii) Any two means of insecticide

(iii) Any two means of surface type

for the same insecticide or

V!Uç VEIÞé.

\"/

0.6

1.1

1^ 2.2

1"/

nq



TABLE 36.
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Mean number of T. castaneum F, 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. \.'ith insecticides
at 1. 0g AT/n2.

Insec ticide Þ--1^ Insec tic id e

Con trol

Malathion EC

Malathion 
.tr{p

Bromophos EC

Bromophos Wp

L6.4

J.Y

5.6

2.8

.J

0.2

0

0

0

0

0

?7 1

'1 ( 
^

6.4

17 0

4.5

3.1

3.1

4.0
Iodofenphos EC

GraÍn means 5.8 0 13. 8 6.6
L.S.

La,)

L].a.)

D. between any

Tr.¡o means of stored grain type

Two means of stored grain type for
the same insecticide or vice versa.

ñ'7

'lÊ

10/

1.0

2.4
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TABLE 37. Mean number of T. castaneum F. adults produced. in whear,I

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

viously stored for one week on wood and concrete surfaces treateci
ô

with insecticícies at 1.0g AI/m'.

Insecticide
Ins ec t íc ide

means

Wood

Control

l'lal.aEnron Ìru

Malathion I^IP

Bromophos EC

Bromophos hrP

rooorenpnos tru

Control

Malathion EC

Malathíon WP

Rrnmnnlrnc I'l'

Bromophos I^IP

Iodofenphos EC

^)
0

0

0

0

0

Concrete

0.3

0

0

0

0

0

L2.9

0

0.1

0.6

0.1

'1 0

'to o

LL.2

5A

5.4

4.4

n

0.2

1.1

1.3

5.0

]R o

,o a

"t 1 1

t't /,

t/ q

16. 8

0

0.1

ôq

0.5

2.3

10 n

RO

L3.6

5R

Grain neans 13. 8 6.6

L.S.D. between any two

inqoc¡in jda /oraiñ fr?ñ^u!LruL/ ór@rtl LypC

means of surface type/ 57"

interaction. 2.5

1"/
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TABLE 38. Mean number of T. castaneum F., adults prod.uced 1n

after one week of ínfestation of grain previouslv
for one rveek on treated rvood. and. concrete surfaces
different ages of insecticide deposit.

Age of it-tsecti@
Ç,,rF.^^ Fr,ñ^ Surfaceùurracerype L Z L. g 11 e means

órorllÞ

stored

Wood

Concrete

3.1 2.9 3.9 2.5 2.8 s.0

4.4 4.L 8.6 11.5 L4.7 15.3 oa

Age of insecticide
deposit means

J. / 7.0 8.8 r0 .2 6.6

L. S . D. betrueen any

(,i) Trvo means of age of insecticide deposit

(Íi) Tr¡o means of age of insecticide d.eposit

for the same surface type or vice versa.

\"/

la

)1

't "/



TABLE 39.
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Mean number of T. castaneum Fa adults produceci in wheat,

barley, and corn after one week of infestation of grain
previ-ously stored for one izeek on treated structurar,

surfaces (rvood and concrete) at different ages of
insecticide deposit.

Age of insecticide deposit

8

(weeks)

I6
Grain
ruc4!!Þ

u!dIl!
32

tr^Iheat

Þ^-1^-,uaL Lcy

Corn

n't

6.6

al

1C, /,

n

L4.6

ó.1

0

L7 .6

n

?ô o

5e

0

13. 8

2.5

0.r

79

Age of
insec ticide
deposÍt means

7.0 8.8 70 .2 6.6

L " S . D. between any t\^/o means of

for the same age of insecËicide

stored grain type

deposit or vj.ce versa.

q,o/ 1"/

4.4
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TABLE 40. Mean number of T. F adrr I t s nrndr,- ed in- 1 -***u4Þ Ld!!culu

çr a'í nbarley, and corn af ter one r.ieek of infestation of

previously stored for one week on treated. wood and

concrete surf aces at dif f erent aces of inqer-rí n¡'t^

deposit.

Aqp insec t ic ide

J¿

of

2

dannqi t

B L6
Grain
mêâneUL dIII

Wheat

Barley

Corn

l¡Jheat

u4! !çy

Corn

rì 1

2.4

rl1

2.5

0

9.4

r.7

0

6.7

¿+.)

0

r0. 5

14 .7

0

rì

Wood

1a1-1L.L L.l

00
9.4 s.9

Concrete

6.0

0

7.2

4.4

0

2r.4

11.3

0

23.2

L5 .1

0

28.5

o"l

0

20 .2

Age of
ins ec t ic ide
deposit means

3.5 7.0 B.B L0.2 6.6

L.S.D. bet\^/een

ñr4.í- F-.^^ / ^^^ór4!!¡ L)Ps/ dËc

any f\,Jo means

of insecticide

of qrrrf ¡¡a l.r¡na /-'l Yet

deposit interactíon.

\"/

4.6

1"/

hl
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TABLE 41. Mean number of T. castaneum F., adults produced in

grains after one week of infestation of grain previously

stored fof one week on treated structural surfaces (wood

and concrete) at different ages of insecticide deposit.

Âoo of

2

inqeef icide rlannci t lr^¡oo1¿c\
\.!Y ve!!J 

/

4 B 16 32
T-.^^^r-'^-'J^!!tÞgL L!LruË

Insecticide
Ittgéll ù

Control

Malathion EC

Malathion WP

Bromophos EC

Bromophos WP

t^ñ^1êññh^ê kt'

2L.L

0.8

0

0

0

0.6

L6.4

no

2.4

0

0.1

na

24.L

10

50

1.1

)a

I"4

L5.7

1.0

8.8

4.3

4.2

2.7

L7 .4

8.0

10. 8

57

4.8

qo

1,) Q

R1

1? 
'

1? t

'1 7 a

al

Age of
insecticide
J^^^^-í Ê -^^-^uËPvÞrL llrsélrÞ

7.0 8.8 L0.2

L.S.D. betr^¡een any tt'7o means of

^^ ^ç -i^^^^r:^:Å^ J^^^^-'rÞéurE d6E u! JrlÞcs L_Ls_Lue ucpuS_L L

insecticide for the

^- ,,.iv! v Àuç v gI Þd.

qdJ

/,^

1"/
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TAßLE 42. Mean number of

after one week

for one week on

different ages

T. castaneum F. adults produced in
-L

of infestatj_on of grain previously

treated wood and concrete surfaces

of insecticíde deposit.

s tored

Age of insecticide deposii-(r"..kr)

Insectic ide I6
Ins ec t ic ide

mêañ c32

Wood

Control

Malathion EC

Malathion tr^IP

Bromophos EC

Bromophos !.IP

Iodofenphos EC

Control

Malathion EC

Malathion I^IP

Bromophos EC

Bromophos WP

Iodofenphos EC

18. 4

0

0

0

0

0

L7 .3

0

0

0

0

0

23.I

0

0

0

0

0

15. 0

0

0

0

0

0.2

r6. B

0

0.1

nç

0.5

Concrete
/).u L6.4

3.9 14.0

1'l o 1-7 .LL. ¿ Lt . O

2.L 8.7

5. I 8.3

2.9 4.0

14.9 L2.0

00

0 0.4

0.4 2 .B

0 2.8

r.6 12.0

19.9 13. 6

16. 0 16. I

2L.7 25.9

ln o la ,)
LV. ¿ LL. L

q1 0a

L0.2 74.4

23.7

1a

0

0

0

L.2

15. 6

ta

4.9

0

0.2

1.8

to n

RO

13. 6

\^

qÁ

qa

Age of
Ínsecticide
deposit means

3.7 6.2 7.0 8.8 10. 2 6.6

L.S.D. between

Ínsecticide/ age

any

of

trro means of surface type/

insecticide <ieposit interaction.

5% L",¿

6.5 8.6
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TABLE 43. Mean number of T. castaneum F, adults produced i-n wheat,

barley, and corn after one r,¡eek of infestatíon of grain

previously stored for one week on wood and concrete sur-

faces treated with ínsecticides at 1. 0g At/mz.

Wood Concrete

Insec tic ide

Control I
2

4

I
16

)¿

0"7

0.3

0

0

0

0

32 .7

14.0

L7 .3

L7.3

2L.3

13. 3

0.3
fa

0

0

0

0

34 .7

¿+J. J

57.7

32.0

38. 3

27 .3

18. 0

14 .7

13. 0

10. 3

10. 3

11. 3

36.7

37 .0

34.7

34 .3

24 .7
Malathion EC I

2

4

I
L6

32

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1.0

1) 2

14. 3

4.7

8.0

29.7

32.7

34 .0
Malathion l,trp 1

2

4

8

L6

J¿

0

0

0

0

0

n?

0

0

0

0

0

1.0

l?
'to 7

¿+. /

)1 ?

0

L4.7

34 .3

33. 0

40.3

0

0

0

0

0

0

0

0

0

0

0

0

0

0
Bromophos EC ,1

2

4

8

I6

32

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

la

5.0

0

0

0

0

0

0

0

0

0

0

0

11. 0

11.3
'1 1 

^

15. 0

?1 ?

21, 1

Bromophos tr{p 1

2

4

I
\6

32

0

0

0

0

0

0.1

0

0

0

0

0

7.7

11 1

1^ 1

0

0.7
ln I

18. 3

17 .3

18.7

0

0

0

0

0

0

0

0

0

0

0

0

0

0
I l:ôn rf nltê¡ ì
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TABLE 43 (Continued)

Ins ec t ic ide
Tlme

rueeks

Iodofenphos EC 1

a

4

B

L6

32

Wood Conc re t e

I{heat lînr- I.i-^-+ D^-1^vvL!r tttlcd.L DdlIg Corn
0

0

0

0

0

11.3

0

0.3

0.7
a7

a1

5?

,q?

1r. 3

2L.0

27 .7

0

0

0

0

0

0

0

0

0"7

4.7

0

0

0

0

0

L.S.D. between any tv/o

type/ age of insecricide

means of surface type/insecÊÍcid.e/grain

deposit interaction (0.05) = 1r.3

(0.01) = L4.9
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The translocation of bromopEos, iodofenphos and malathion

deposits into luheat, barley, and corn

The statistical analysis of the daËa from the chemicar assav

performed at 1, 2, 4,8, L6, and 32 weeks after treatment on 30 g

of stored grain also showed a sígnificant difference between the t\^/o

structural surfaces in the amount of toxic material pÍcked up by the

cereal grains. Signifícantly more Ínsecticide residues (p< 0.01)

were recovered from all grain samples stored on treated wood surfaces

than from grain samples stored on treated concrete surfaces (Tables

44, 46, 47, 49, and 52). The mean insectícide residue recovered

trom grains stored on wood surfaces during the 32- week period of the

study ranged from 4.46 ppm for iod.ofenphos EC ro l14.g5 ppm for brom-

ophos EC, in contra.st Eo 0.38 ppm iodofenphos to 1.21 ppm bromophos

EC on concrete surfaces (Table 44).

The translocation of the i-nsecticides into stored grains from

treated surfaces vzas found to be dependent upon the type and formu-

lat.ion of insecticide, the kínd of grain in contact with the treated
surfaces, the age of ínsecticid.e deposit and. the j-nteractions between

these factors. Significantly higher amounts of insecticide residues
(P<0.01) were recovered from the bromophos EC treaEment (Table 44)

but the insecticide transferred to the stored grain samples d.ecreased

sharply after eight weeks on both structural surfaces (Tables 4g, 49,

and 52). Although less iodofenphos r./as 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 comparison of the EC and irrp

formulati-ons of malathion and bromophos shovied higher residue recov-

eries from the EC on both structural surfaces than from the l,,rp
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formulation (Tabres 44 and, 46) but wirh age of insecrícid.e deposit,
bromophos wp persisted longer than its EC formuration r'hereas the
reverse was true for the malathion treatments (Tables 4g and 52).

According to the residual amounts of insecticide recovered from the
grain samples stored on structural surfaces, malathion formulations
\^/ere generally more stable on rvood surfaces than bromophos and iodo-
fenphos (Tab1e 52). on concrete surfaces, however, both insecticide
treatments had shorter persistence but bromophos EC was recovered

in relatívely higher amounts in stored. grain sampres for four weeks

(Table 52).

The kind of cereal grain in contact with treated surface also
ínfluenced the amount of Ínsecticide transferred to the stored

gral-n. Lower amounts of inssq¡icides (p < 0.01) luere transferred.

to corn stored on treated structural surfaces than to wheat and

barley (Tables 45, 49, and 50) and the differences r,,/ere more apparenE

in grain samples stored on treated ¡.¡ood surfaces (Tables 46 and 52).

There \üas generally no significant difference (p > 0.05) in rhe uptake

of insecticides by wheat and barr-ey stored on treated structurar
surfaces (Tables 45, 46, 50, and 5r). The uptake of iodofenphos

by wheat from treated wood. surfaces significantly (p> 0.05) exceeded

that of barley only at two weeks after treatment (Table 52).

Generally, the translocation of insectlcides into stored grain
from wood and concrete surfaces decreased progressively with age of
the insecricide deposir (Tables 47-52). rnitiarry, the insecticide
residues recovered from stored wheat and barley in direct ccntact

t¿ith wood surfaces were hÍgh but when they were mixed with the upper

layers of grain the residues decreased sharply to withín tolerable
lirnirs (FAO/WHO , I973a, L976a) ,



TABLE 44 Mean

week

uptake sf insecticides (ppm) by grains

on wood and concrete surfaces treated

lr7

stored for one

?at 1. 0S AIlm-.

Insec t ic ide tr^Jood Concrete
Insecticide

ulç4rt Þ

Malathion EC

Malathion I^IP

ñrômôñh^c k-l

Bromophos WP

Iodofenphos EC

L2.29

10. 65

L4 .95

8.44

4 .46

0. 91

0.86

I.2L

0.72

0. 38

6 .60

5.7 6

8. 0B

4. sB

2 .42

Srrrf¡¡ê i.\7ñô-) Yç
means r0. 16 0 .82 q /,o

L.S.D. betrveen

(i) lleans of ivne of surface-.1 Y

/fi \ 
^-,, 

f,,^ 
-^^\_!¿1 ,*L.t çwv urcafIS. of insecticide

(iii) Any two means of surface type

for the same insecticide or vice

r7êrqa

\"/

0. 33

n q?

0.7 5

1"/

0 .45

0.7 2

r.02
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Mean uptake of insecticid.es (ppm) by wheat, barley, and

corn stored for one week on structural surfaces (wood and

concrere) treared at I. Og At/r'z.

Insectícide InsectÍeide

Malathion EC

Malathion I.^IP

Bromophos EC

Bromophos Idp

Iodofenphos EC

7 1.1

6.76

10. rB

6 .07

3. 38

B. 40

1 aa

10. 03

4.09

? ,a

/, 
^.)

2.16

J-. JJ

6. 60

s.76

8. 08

4. )ö

¿.+¿

Grain means 6.74 6.7 4 ? a,c 5.49

L.S.D. between any

(i) Two means of stored

(ii) Two means of stored

same insecticide or

ór 4lrl

orrin fnr 1L^
Ò+$*rr !vr Ltle

vice versa.

q"/

0 .37

0.82

1"/

0.49

1.10



TABLE 46. Mprn lrnf¡1¡o nF

and corn stored

fraai,aÅ at 1 na

insectieidcc lnnml lrr¡vJ

for one week on r,/ood

,-, 2
AI/M

1r9

\^/heat, barley,

and concrete surfaces

Insec tic Íde
Insecticide

tltcdrtò

Malathion EC

Malathion WP

Rrnmnnhnc I'f"

Bromophos WP

rocor efipnos tsu

Malathion EC

Malathion WP

Bromophos EC

Bromophos tr'IP

Tnrìnfonnhn< Ë'l'vr.trrvu gv

L3.75

12.38

18.68

II.22

0. 88

1. 13

L. 69

0. 93

0.45

I^Iood

15.60

L3.46

18.69

10. l0

4 .65

Concrete

L.2T

0. 98

r.37

0. 91

0.45

7 .53

6. 11

7 .48

3 .99

2.41

0. 65

0. 4B

0.57

0. 33

0.24

L2.29

r0.65

L4.95

8.44

4 .46

0. 91

0. 86

t.2I

0.7 2

0. 38

Grain means 6.7 4 6.74 2 .98 5 .49

L. S . D. between any/ tT.^/o

r<t¡a /iñô^^ r-; ^-i Å^ /*-^:^çJ Pçt rrrÞËs LrL_LLrs/ B! d.l_lI

means of surface

i.r¡no 'ínfôr.^'l-i^ñ r. 16

1"/

r_. 55
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TABLE 47 ' Mean uptake of insecricides (ppm) by grains srored for
one week on treated wood and concrete surfaces at d.ifferent
ages of insecticide d.eposit.

Age of j.nsecricide dàiõir(lv..kÐ
Surfac e

Surface

Wood

Concrete

L7.4L 75.62 12.39 8.9s 5.09 I.47 10.16

2.02 r.29 0. 96 o. 50 0. 10 0. 04 0.82

Age of
insecticide 9.7L 8.45 6.68 4.72 Z.5g 0.76 5.4gdeposit means

L. S . D. between any 5Z f/"
(i) Tr¿o means of age of insecricide deposir 0.34 0.45
(fi) Two means of age of insecricide deposÍt O.4B 0.64

for Èhe same surface type or vice versa.
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TABLE 50.

12j
Mean uptake of insectici-des (ppo,) by r,zheat, barley, and

corn stored for one week on treated structural surfaces
(vood and concrete) at different ages of insecticide deposit.

Grain

Ãés ul

2

insec tic ide

4

rìennqi r_-rvvrL

8

(weeks)

L6
Graín
means32

tr^Iheat

Barley

Corn

I1 A?

L7.7 4

5 .47

L0.46

10.60

4.30

8.39

7 .84

3.80

5.82

5 0q

2 .47

o. /+

6.74

?oç

3. 00 0.

3.37 0.

L.4L 0.

84

95

4B

Age of
insecticide
deposit means

Q 7'l 8.45 o. oö 4.72 a c^ 0.76 q /,o

L. S . D . between any t\.,/o means of

same age of insecticide deposit

stored grain for the

or vice versa.

\'/ 1 c/
L/õ

0. 59 0. 78
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? Field tests with bromophos 252 \^tp as a res idual rôtê.fâñr

tion s

The data in Tables 53-56 give the experimental conditions
during storage of rvheat on the treated, concrete f100r of a granary,
the percent mortality of c. ferrugineus exposed for seven days on
wheat stored previously on the treated f1oor, Fr progeny development,
and residues (ppm) recovered from the stored wheat.

There I'{as an unusually high insecL mortality in r.¡heat stored
on the control surface, especially on the bottom g.3-cm layer of
stored wheat (Table 54). Bromophos taken up by the bottom layer of
wheat províded complete control 0f c. ferrugineus for eight weeks.

whereas the residues on the middle and Lop t¿ys¡s gave very low or
no mortality of c. ferrugineus. The residues in the bottom layer
completery prevented reproduction of c. ferrugineus i_n contrast
Ëo the middle and rop layers (Tab1e 55). Significanrly higher (p<0.01)
numbers of F, adult beetles were prod.uced in the middle layer of
stored wheat compared with the bottom layer but there was símilar (p>0.01)
devel0pment of Fa progeny on layers of wheat from the control surface.

Signif icantly higher amounts of bromophos residues (p<0.01)
r'ì/ere recovered in the bottom layers of stored wheat j_n contact with
the treated froor (Table 56). The insecticide transferred to the
bottom rayer of wheat increased. from 0.62 ppm after one week to
0'68 ppm after two weeks and then decreased to 0.32 ppm eigh. weeks
nF|.a- fÉ^^¡-^-!a!Lçr Lrcacmenr. There T¡/as very litt1e uptake of bromophos by the
middle and top rayers of the stored wheat. No bromophos residues
r¿ere found in the layers of rvheat stored on the control surface.

rn studi-es conducted to determine bromophos residues in grain
sLored in a granary whose structural surfaces were treated r,¡i_th
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TABLE 54. Mean percent mortality of C.

one week on wheat previously

a farm granary treated with

Column

ferrugineus

stored on a

bromophos hIP

adults exposed

corLcrete floor

at 1. Og AT/n2.

for

of

Time after

2

(weeks )

¿t

Treatmen t layer*

Control Top

Míddle

Bottom

Top

Middle

Bottom

Bromophos L{p

17

11

18. 3

I rì rì

0.7

0

0

10. 0

I.7

100

0.7

r.7

LL.7

0

0

10. 0

I.7

r.7

100

rì

100

aEach layer l¿as 8.3cm deep.



TABLE 55. Mean number of C.

wheat after seveÐ

20 adult beecles.

ferrugineus F. adults
1

days of infestation of

131

produced in 50g

the grain with

Column

taver

Time

I

^F+^-

,'

treatment (weeks) Column
ra-y çrTreatment

Control

Bromophos tr{P

Top

Middle

Bottom

Top

Middle

Bottom

36.0

4). /

39.0

38 .7

44 .0

0

51. 0

55.0

50. 0

35 .7

47.7

0

?q ?

ql-.J

/, 1 1

55.7

n

JJ. J

?rì n

4L.5

46.2

40.1

36.0

47 .0

0

27 .0

40.7

0

Time means 33. 9 39.9 ?7q ?q ? 35 .2

-Each layer was 8.3cm deep

L.S.D. between any

(i) Two column layer means

(.ií) Túro post-treatment period mearì.s

(iii) Tr¿o column layer means for the

same post-treatment period or

vlce versa-

q"/

1a

5q

1"/

70

1/, q 1A /,



TABLE 56. Uprake of

floor of a

LJ¿

frnm " ô^ñ^?^¡^evrrLt c Lc
bromophos h? into stored wheat

farm granarya.

Time after ir.ãtnent
Column 1a

Top

l"liddle

Bo t tom

(week)

4

0. 08

0. 05

0.62

2

0 .07

<0.04

0. 68

0. 04

(0. 04

0.52

0. 09

0. 04

0.32

t-Ìfean residue (pp*) of 3 replicares

h-Each layer was R. ?nm Àoo^

"s. E. + o. 05
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bromophos wP at 1.og Ar/rnz ptiot to storage of wheat, the following

results r+ere obtained. Table 57 shows the mean bromophos resid.ue

recovered from r,¡heat, the percent mortality of C. f errugineus, and

the F.', Progeny produced in rvheat samples taken at diff erent levels

(bushels) during unloading of the grain from the treated. bin.

No bromophos residues v/ere detected in the upper 450 bushels

of r¿heat stored in the treated bin. There ruas negligible uptake

of bromophôs at the 600-bushel leve1. The uptake of bromophos by

wheat was found to increase consíderably as the bin was emptied.

The greatest amount of bromophos resídue (0.68 ppm) was recovered

in wheat close to the treated walls and floor.

There v/as a close rel_ationship betl.reen Ehe bromophos residues

detected at the,various bushel levels of wheat, percent mortality,

and development of c. ferrugineus in the r,¡heat samples taken at these

levels. complete control of c. ferrugj-neus rvas obtained on wheat

sampJ-es wíth 0.51 ppm or higher, and these residue levels Drevented

reproduction of c. ferrugineus. Although 0.29 and 0.38 ppm bromophos

gave 87.5 and 95.3 percent mortality, respectively, F. ad.ult beetles

were able to develop at t.hese concentration levels.



TASLE 57. Mean residue (pp*)

C. ferrugineus F,

with bromophos Wp

, percent mortality, and

adults in rvheat stored in
?Lat 1.0 g AI/m-.

134

numbers of

a bin treated

Bushel leve1 at v¡hich
was taken

Residue
sample (ppro

0

0

0

0

0. 07

0. 09

0. 10

0.16

n ?o

0. 38

0. 51

0. 68

mortalit Progeny

Control

150

300

450

600

750

875

950

1000

1050

L07 s

1090 + sü/ept grain

0

0

0

0

0

2.3

18.4

87 .5

q5 ?

100. 0

100. 0

R5 ?

9r.7

88. 3

BL,7

70.0

54.1

42 .7

45 .0

R?

4.3

0

0

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

bromophos from wood surface into wheat.

Bioassay of the grain with adults of c. ferrugineus and T.

castaneum exposed for one week shor¿ed 100 percent mortar-ity in
both insecticide treatments.

Significantly more bromophos residues (p40.01) were recovered

from wheat than malathion (Table 5g). The mean bromophos residue

recovered. from the grain stored on the wood surface \^/as 34.06 ppm

whereas the mean mar-athion residue v¡as rB.z2 ppm (Tab1e 58). However.

with each insecticide treatment, there \^ras no signÍficant difference
(P>0.05) bet'çveen the various moisture contents on the uptake of
lnsecticide into the grain from the treated surface.- The uptake of
insecticide from treated surfaces into stored. grain appeared to be

independent of the moísture content of the grain.

TA3LE 58 uP L@Ns

Ê'^^+^J

content

of malathj_on and bromophos (EC) from

at 1.0g ef/m2 into wheat of varying

stored for one r""k. I

v¡ood surface

mois ture

Moistur'e Contenr (%)

Insecticide L6L2 L4
Insecticide

means

Malathion

Bromophos

18. 33

33. B8

L7 .48

33. 16

18.84

35.15

18 .22

34.06

M. C. mearrs 26, II 25 .32 27.00

I-Mean reqidrrp l'n--\ nF /, -^^1 -i ^^*^^\yYLLL) v! .|PII(-aLe]S.
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q

in layers of rain kernels
stored on wood surfaces.

The results of this experiment conducted. to determine whether the
ínca¡t-i ^+llrÀÞsLLlur(re moves up past a single layer of kernels are shov¡n in
Tabl-es 59 and 60, and Fig. 11.

TABLE 59 Up take

w¿¡çd L

of malathion by each of three

stored on wood surfaces treated

single layers of

at l-. Og et/n2 .

Residues (@
Column u4Jt õ Months Column

1 avø-

ure dIl 5

Top

Middle

Bo ttom

0.25

n 70

3

0. 4r

3. 06

13. 0B

r.56

5 .22

18. 21

6. 30

L7.73

47.49

on7

21 qa

4¿.óJ

?

q

24.

52

.68

54

Qr^-^^^u Lvr aÈic
nar i n'l

mê2n c
2.70 2T. 84 24 .50

aEach layer was 3mm deep

L.S.D. between any

(i) Two column layer means

(ii¡ Two storage period means

(iii) Two column layer means for

same sÈorage period or vice

\"/

1 -7'1

t 1^

? R'

1"/

) 1A

5 tnthe

v E! òd.
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significantly (p<0.01) more malathion transrocated to the
bottom layer of wheat than to the middle or top layers. The mar_
athion picked up by the bortom layer ranged from 7.05 ppm, after
a day of storage of the grain on the treated. surface , to 42. g5 ppm

after tr¿o months of storage (Table 59). At the end of the storage
period, malathion transferred to the middle and top layers were

27.59 and 9.07 ppm, respectively.

The amount of malathion transferred. to the layers of wheat
increased progressively with the duration of storage. There r¿as

a marked increase in the uptake of insectícíde into the layers
between the first and the fourth week of storage (table 5g and Fig.
11)' A significanE difference (p<0.05) in the amount of malarhion
residue recovered from the top layer occurred after one month of
storage whereasin the middle an. bottom layers, the d.ifferences
v/ere apparent after the seventh and the first day of storage,
r espec t ively .

The results of the bioassay of the layers of wheat stored on

the treated surfaces showed a pattern similar to the results obtai_ned
for the residue analysis of the grain. Complete mortality of T.
ca s taneum was obtained on the bottom layer of r¿heat at each assess_
ment period in comparision wi.th complete mortality which occurred
on Ëhe rniddle and top layers of graín after seven days and one month

of storage' respectively (Table 60 and Fig. 11). There \,/as a progressive
lncrease in mortality with the duration of storage of the top and niddle
layers of grain on the Èreated. surface. The mortality of T. castaneum

on the layers of wheat reflects the amount of toxicant that \.{as Èrans-
ferred to the layers from the Èreated. surface.



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.

Column

Percent mortality after

Days Months

138

Column

Top

Middle

Bot tom

nar

1n^

58. B

tnn

7.6

100

r00

100

100

t00

100

100

100

42.0

73.0

100. 0

1 ^..^-!dy er

Ç tnr: oo
nar i nâ

tltc d !¿ Þ

s3.B 69 .2 100 100

Each layer vlas 3mm deep

L.S.D. between any

(í) Two column layer means

/ii\ .I.r.rn ¡fnv¡^^ ncrjnrì mo:nq\!r,,,, Iwv ùLU!dËE r

/-í,'i \ rF..^ 
^.-t,,-- 1 -,,^- -^^--^ r^-\rrrl rwv Lv!urr.r¡ ro) sr r*c.!¡Ð rwr' thg samg

storage period or vice versa.

c,o/

/,o

8.6 LL.4

1"/

5.0
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FIGURE 11. Mean malathion residue (pp.) recovered from layers of
wheat, and percent rnortality of T. castaneum on the

layers of wheat stored. on wood surface treated at 1.0
)g AI/m-.
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6. 

ricide

The effect of physical disturbances on the persistence of
malathion, bromophos (EC and ldp), and iodofenphos (EC) on wood

surfaces as determined by bioassay of the treated surfaces with
adul-ts of T. castaneun exposed for five hours are shor¿n i-n Tables
6I-63 and Fig. i-2.

There were signif icant d.Ífferences (p<0.01) between the
treated surfaces that were variously disturbed., the type of
insecticide, the age of insecticide deposit, and thej-r interactions.

The type of physÍcal disruption used on the treated surfaces
significanLly (P<0.01) affected the persisrence of insecticioe
deposit. The mean percent mortality obtai-ned on surfaces that were
s\^lepr was signif icantly higher (p<0.01) than the mean percent mortar_-
ity on undisturbed surfaces and on the surfaces subjected to mechanical
shaking with l'¡heat (Table 61). Generally,more than 50 percent rnortality
was obtained, at each assessment period., on the surfaces that were
swept 12 weeks af ter treatment (Table 61) . There r¡/as a complete
mortalÍty of T. castaneun for L2 weeks on malathion- and iodofenphos_
treated surfaces that r,iere s\^iept (table 63 and Fig. LZ). The type
of physical dlsturbance on the effectiveness of insectici.d.e deposit
I,'as more aPparent on the surfaces that r¿ere mechanically shaken with
whear (table 63 and Fig. L2) - rn the iodofen.phbs-rreated surfaces,
about 29 percent mortality iras obtained. one d.ay after treatment in
contrast to 99 percent mortality from oEher disturbed surfaces treated.
with the same insecticide.

Generally, the effecti-veness of the insecticid.es decreased lvith
ûhe age of the deposlt after the disturbance of the treated. surfaces



t-4I
(Tables 6L and 62). The effectiveness of the insecticid.e deposit

with age \^/as greatly affected on surfaces that were disturbed bv

abrasion (mechanical shaking) ruirh wheat (Tab1e 63 and Fig. L2).

There rvere si sni f r'e:n r- rl j f f erences in ef f ectiveness of the

insecticide deposits on the various disturbed surfaces. Signif-
ícantly higher (P<0.01) mortality was obtained on rnalathion-treated

surfaces (Table 62), and according to the order of increasing effec_

tÍveness at the 5"/. reveL of probability malathion EC = malathion wp

) iodof enphos EC > bromophos EC > bromophos ,t^Ip.
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TABLE 62. Mean percent mortality of T. castaneum adults exposed

for 5 hours to dÍsturbed insecticide deposits on wood

surfaces at different times after treatment.

Time after treatmenE

udy I,Ieeks

Insec ticide
means

lfalathion EC 95.4 9B.B 86.3 73.3 56.3 10.0 70.0
Malathion tr{p 9B.B 99.6 83.3 68.8 50.8 L.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 L2.5 0.0 46.3

Iodofenphos EC 75.4 75.0 72.I 70.4 64.2 B.B 61.0

Age of
ínsecticide 9L.4 90.0 72.g 57 .6 3t .3 4.2 58.9deposit means

L. S. D. between any 5"/. I"/"

(i) Two means of insecticide deposir 3.4 4.L
(ii) Two means of insectícide deposit

for the same age or vice versa. B. 4 IO.z
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FIGURE 12. Physical disturbances on persistence of

and iodofenphos on wood surface agaj-nst
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malathion, bromophos,

T. castaneum.
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7. odofenphos, and.

pirjmiphos-rnethyl res idues in dly_Cnq_uc::gh_glglqd whear.

storage conditions - The conditions under which the treated
wheat grains v/ere stored are presented in Table 64. At the ter_
mination of the study, r¿heat of L2.0 and 16.0 percen¡ moisture content
has dropped to 11.0 and 14.0 percent, respectivery. The slight
variaËions in Eemperature of bagged rvheat were found. to be cl0ser_y

dependent upon the temperature of the storage rooms. The hÍghest
temperature in both storage rooms and i_n bagged wheat occurred in
July' Cold temperatures r¡¡ere recorded. in the 12.0 percent moiscure

contenf treatments in November.

Bj-oassay of the treated l¡heat - The biological effectiveness to
determine the persistence of marathion, bromophos, ì-odofenphos,

and pirimíphos-merhyl on dry (12.02 mc) and¡6sgþ (16.02 mc) srored

wheat was done,by bloassay wíth susceptible and malathion_resisranc

strains of T. castaneum exposed continuously for seven days on

treated wheat at 1, 3, 6, 12, and 24 weeks. percent mortari-tv was

corrected by Abbotr's (1925) formula.

Tables 65 and 67, and Fíg. 13 show that significanrry hi-gher

(P<0'01) mortalities of susceptible and malathion-res.istant strains
of T. castaneum were obtai-ned on treated d.ry wheat than on treaLed

tough wheat. Percent mortality with both strains increased signif_
icantly (P<0.05) r,rith increasing d.ose of each insecricide applied.
However, in Lhe pirimiphos-methyl treatments, both dosage rates
applied to wheat gave 100 percent mortality of susceptibre T.

castaneum (Table 65). rn dry and ¡sughwheat treated at 4.0 and 6.0

pprn with pirimiphos-methyl, complete mortalíty of susceptible
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T' castaneum was obrained for 24 weeks (Table 66) whilst 6. o ppm

was required to give complete mortality of the resistant strain
for the same 24-week period (Tabte 68). pirimiphos-merhyl aL 4.0
ppm produced 93.3 and 78.3 percent mortality of the resistanr
T' castaneum on dry andtough wheat, respectively, 24 weeks after
l-rêâ l.môñ |

under the conditions of storage of the treated wheat (Tabte

64) , the effectiveness of malathion at g. O *ppm on dry and tough

wheat against susceptible T. castaneum rasted for six weeks, but

at 12.0 ppm it was effecrive (g5z mortality) for 24 r,¡eeks on dry
wheat and 12 weeks on toughr,vheat (Table 66). The ineffectiveness
of malathion at the dosages iested against resistant r. castarLeum

i-s shown in Tabre 68. only 52 percent mortality was obtained with
12'0 ppm malathion on dry wheat one week after rreacmenr.

Bromophos and iodofenphos at the dosages applied to \^/heat

\"'ere equally effective (p>0.05) on both dry and toughwheat against
susceptible T. castaneum (Table 65) buL as the age of the insecticide
deposit increased, iodofenphos treatments persisted ronger on wheat

at the dosages resred (Tabre 66). rodofenphos ar 10.0 ppn on dry
wheat gave equal protection against susceptible T. castaneum as

malathion at L2.0 ppm (Tables 65 and 66). Against resistant T.

castaneum, bromophos treatmefits on d.ry and tough wheat provided.

significantly berter (p<0.0r) protecrion rhan the iodofenphos

treatments (Tabres 67 and 68) . Dry and tough wheat treated at 15.0

ppm with bromophos gave 100 percent mortality of resistanË T.

castaneum for 12 weeks whereas. iodofenphos at equivalent dosage

produced 100 percent mortality for three weeks (Table 6g).
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TABLE 64a. storage conditions of treated wheat of ]12.02 moisture

content during the experimental period.

Month of rhe
ear (I917

Stolagu .oorol Bagged wheatl

April

May

June

July

Årrolrci

Çonl-omhor

0c tober

November

20.7 + 2.L

23 .0 + 2.5

26.0 + I.9

21 .2 + 0.6

?q n -L 1 1

22 .B + 0.5

¿¿.ö + 4. /

LI.4 + 7.2

ìt¡ < + | \

51 n J- .ì a

\^/,-L1/, I L.+

qôq-Lôq
Jv. J I V. J

qôfì-L1rì
I I. U

47 .5 + 2.9

-L.J I L.J

/,1 
^ 

f 1 
^r!.v r !.u

18.8 + 0.7

2L.4 + I.6

25 .9 + 2.0

26.8 + 1.0

24.7 + I.9

20.9 + 0.4

L9.7 + 0.4

LO.z + 7 .4

Moisture Content

12.0 + 0.1

12.0 + 0.1

11.9 + 0.2

1l.B + 0.3

I1.8 + 0.1

11.6 + 0.1

-l'i ) ¿- 
^ 

/,

11.0 + 0.4

I * Standard deviation



TABLE 64b.

Anri I

May

JUne

July

Al1ûrrqf

Storage conditions

content durÍng the

Storage room

??n-!ro¡ r.O

),Q-L11 | -. L

Ô4¿/.1 t L,4

1a¿J.O 'r U. I

aa ô ¡

78.4 + 3.3

78.0 + 2.1

78.9 + 7.9

78.0 + 8.5

76.0 + 7.5

a//o. t -f J.)

80.0 + 6.5

78.2 + 2. 6

2I.4 + 0.7

20.0 + I.2

21.3 + l.B

24.0 + 0.6

23 .3 + 0.7

20.2 + 0.7

23.6 + 2.4

11 a ' ô aL!.L -T ¿.L

16.0 + 0.1

16.1+ 0.2

16.0 + 0.2

lq o -L rì ,/,

15.8 + 0.2

15.6 + 0.6

15.3 + 0.3

14.0 t 0.3

14q

of treated wheat of 16.02 moisture

experimental period.

Bagged wÞeatr

Month of the Moisture conEenc

September 20.9 + 0.9

October 23.7 + 2.3

November 22. 7 + 3. O

I + St"rrdard deviation



TA3LE 65. Mean percent mortality of suscepti-ble T.

adults exposed for seven days on treated
of different moisture contents.

150

castaneum

stored ruheat

Tn c o ¡ È i ^ -' J ^L rL !UC

Malathion

Bromophos

Iodophenphos

PÍrimiphos-
methyl

Tl^^^^^uvÞdBc
applied Wheat moisture conLent (Z) Tnqa^¡;^;.r^ç!Lauc

treatment(PPm) t''o 16.0

8.0

L2 .0

10. 0

15. 0

10. 0

15.0

4.0

6.0

/o.J

97 .0

q?n

100

97 .0

100

100

100

ol. /

80. 7

78.0

89.0

80. 3

q? 7

100

100

72.

88.

85.

Q/,

88.

100

l_00

,0

9

5

5

7

9

Yoiq'l-rrro ^^-*^'.*r¿v!oLuLE LULrLerrL means Q\ /, 86.2 90. BL.S.D. betrveen

(i) Any two means of insecticide treatment
(ii) Means of wheat moísture content

(iii) Any two means of moisture conrent

for the same j.nsecticide dosage

applied or vi-ce versa.

1"/

4.3

2.2

q"/

3.3

4.7



TABLE 66. Mean percent mortality

exposed for seven days

(16.02 mc) srored. r¡hear

of susceptible T.

on treated dry (L2

at various times

151

castaneum adults

.07. nc) and tough

after application

Treatment Weeks after treatment

Applied

24

Mala thion

Bromophos

Iodofenphos

Þi*¡'*i^L^^! !! ruttPtIUÞ-

methyl

Malathion

Bromophos

Iodofenphos

Di-.'-.'*L^-¡ ¡t rurlPtluS-
methyl

8.0

12.0

10. 0

15.0

10. 0

15. 0

4.0

6.0

100

100

100

100

100

100

100

100

100

100

100

r00

100

100

100

100

L6.0% nc

100 100

100 r00

100 100

100 100

100 100

100 100

100 100

r00 100

L2.0% nc

r00 56.7

100 100

100 1C0

100 100

100 100

r00 100

100 100

100 100

38.3

100

83.3

100

70.0

100

100

r00

25.0

85.0

65. 0

100

Bs.0

100

100

10û

8.0

L2 .0

10. 0

15.0

10.0

15. 0

4.0

6.0

100

100

100

100

100

r00

100

r00

0

6.7

45. 0

3L.7

68.3

100

100

L. S. D. betrueen any

content/ ti_me af ter

t\ùo means of insecticide

insecticide application

treatment /mo isture

interacrion (0. 05) 10 .4

13. B(0. 01)
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TABLE 67. ùlean percent mortality of malathion-resistant T. castaneum

.J,,1 ¡- ^-^^^^J F^- ^^.-^- .) ^-,^ ^-êuu!LÞ e^yvÞEu rv! ¡LvçL¡ uay> wrl trgatgd stored whgat

of dif f erent moistur.e contents.

Treatment Wheat moisture conient (7")

Applied
-l-'.^^^ts-'^iJ^
rTIùEL L AL IUC

Insecticide

Malathion

Bromophos

Iodofenphos

Piriminhnc-

methyl

rìoq:sp (

8.0

12 .0

10. 0

15. 0

10. 0

15.0

4.0

6.0

L2. 0 16. 0

r0. 0

18. 3

58 .7

81. 3

40 .7

63. 3

aq n

100

t,q

27.

66.

95.

q7

t4.

98.

r-00

3

3

3

7

7

7

0

14 .2

22.8

62 .5

88.5

49.2

69.0

96.5

100

Moisture content means 67 .3 58.4 62.9

L.S.D. between

aiì Â¡r, +.,^ -^^-\-r1 ,*LJ e wv urçaus o f insecticide treatment

(ii) Means of wheat moisture cont.ent

f-'-ii\ 
^'^-- 

È--^ *^\.!rrrf ru) uwv rueêIIS of moistufe cont.ent fof

the same insecticide dosage applied or vice

\"/

?n

t5

/, ,)

vçtÞd

1"/

4.0

2.0

\^



TABLE 68. Mean percent mortality of malathiorrresistant

adults exposed for seven days on treated dry

tough (16.02 mc) stored wheat at various times

153

T, castaneum

(12.02 mc) and

after applicatíon.

TreaLment Weeks after treatment

Insecticide

Malathíon

Bromophos

Iodofenphos

Di--i--'^L^^l. !UIP!!Uõ-
moi-hr¡1

lfalathion

Bromopho s

Iodofenphos

Piriminhnc-
mp f hr¡-1

8.0

12.0

10. 0

15. 0

10. 0

15. 0

4.0

6.0

5r .7

100

100

82.2

r00

100

100

18. 3

4r .7

100

56 .7

53.3

96.7

100

r.7

6.7

20.0

78.3

2L.7

38. 3

q? ?

100

12.0% me

30. 0 13.3

4r.1 18. 3

98.3 71.7

100 100

oo. Õ )). y

100 8r.4

100 100

r00 100

16.0Z mc

0

¡t

7L.I

100

/,o ,

67 .7

100

100

8.0

L2.0

10. 0

15. 0

10. 0

15. 0

4.0

6.0

29 .3

36. 1

r00

100

84. 3

100

r00

r00

9.2

20.2

94.r

100

s9,3

100

r00

100

0

R?

)\ r\

100

5.0

36.7

96.7

100

1.7

0

LI.]

78.3

100

0

0

L. S . D. between any tr^;o

ti-me after insecti"cide

means of insecticide f rêrfmêñf /'no-j_Sture content/

application inreracrion (0. 05) = 9.5

(0.01) = L2.5
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FIGURI 13. - Percent mortality of susceptible and malathion-resístant

straíns of T. castaneum adults exposed for seven days

ro rreared dry (L2% fJ:c) and tough (162 mc) stored r¡heat.
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From the treated means of the d.osages applied, the order of
persistence of insecticide treatments on dry wheat:

- (i) against susceptible T. castaneum) \,/as pirimiphos-methyr =

iodofenphos = bromophos)malarhion; (p = 0.05).

(ri) against malathion-resistant T. castaneum, the order of per-
slstence was pirimiphos-methyl ) bromophos ) iodofenphos ) malathÍon
(P = 0.01); and on roughwhear

(i) against susceptible T. castaneum, the order of persistence

was pirimiphos-methyr ) Íodofenphos ) bromophos ) malarhion (p = 0.05)
(Íi) against ma]athion-resístant T. castaneum, the order of per-

sisLence was pirimiphos-methyl ) bromophos ) iodofenphos ) malathion
(P = 0.01).

f F., progeny _ The

data (Tables 69 and 70) show the persistence of the test insecticides on

dry and tough wheat as determined by F, progeny production after incu-
bation of treatld whear samples at 27.5oc and. 60-10 RH for 42 ð,ays.

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

Pirimiphos-methyl at 4.0 and 6.0 ppur completely prevented repro-
ductíon of both strains of T. ceslcncum in dry and ¡esgþ wheat throughout

the 24-week period of rhe study.

0n tough wheat treated at 8.0 ppr with malathion, 14 adult suscepti-
ble T. castaneum emerged after 24 weeks and 13 adults of the resistant
strain were produced after six weeks. rn dry wheat, marathion at g.0

ppm Prevented reproduction of the susceptible stïain but six beetl_es of
the resistant strain emerged 24 weeks aft.er treatment.



TABLE 69. Mean number of susceptÍble

in dry (12.02 mc) and rough

Å^-,^ ^ç -'*r^^a^¡uo)ù u! lrrrcsuouion of the

insecticide application.

T. castaneum F_
I

(L6.02 mc) r,/hear

grain at various

756

nrnrìrt¡a.l

SCVEN

after

adul ts

^ç+^-.

t imes

Treatment

Applied
I^Ieeks after treatment

/ a^a IlInsec t ic ide

Control

Malathion

Bromopho s

Iodofenphos

Pi rimi nhnq-
mai-hr¡l

Control

Malathion

Bromophos

lodof enphos

Piríminhne-
mothr¡l

dosase

0

8.0

L2 .0

r0. 0

15. 0

10. 0

15.0

4.0

6.0

s6

0

0

0

0

0

0

0

0

/,4

0

0

0

0

0

0

0

0

39

0

0

0

0

0

0

0

0

r07

0

0

0

0

.0

0

0

0

97

L4

0

J

0

3

30

0

0

L2.0% mc

73

0

0

0

0

0

0

0

0

16.07" mc

19

0

0

0

0

0

0

0

0

0

8.0

12.0

10. 0

15. 0

10. 0

1C 
^

4.0

6.0

50

0

0

0

0

0

0

0

0

<, /,

0

0

0

0

0

0

0

0

62

0

0

0

0

0

0

0

0



TABLE 70. Mean number

nrn.lrtno.l in

-€r^-dr Lçt Þçvç!l

times after

of malathion-resistant T. castaneum

dry (L2.07" mc) and tough(f6.02 mc)

days of infestation of the grain at

insecf icide aonl icati_on.

L57

F, adults
I

wheat

various

Treatment
Weeks after trearmenr

Insec ticÍde
Applied

dnq:oa lnnm) 24L2

Control
Malathion

Bromopho s

Iodofenphos

Piriminhnq-
mofl¡r¡l

Control

Malathion

Bromophos

Iodofenphos

Pí rimi nhnq-
ma f hr¡ l

0

8.0

L2.0

10. 0

15. 0

10. 0

15.0

4.0

6.0

0

8.0

L2 .0

10. 0

15.0

10. 0

1-\ n

4.0

6.0

40

0

0

0

0

0

0

0

0

5B

0

0

0

0

0

0

0

0

34

0

0

0

0

0

0

0

0

B1

0

0

0

0

0

0

0

0

L2.07" mc

44

0

0

0

0

0

0

0

0

16.0% mc

48

13

1

0

0

0

0

0

0

35

0

0

0

0

0

0

0

0

54

0

0

0

0

0

0

0

0

/,o

l8

0

0

0

0

0

0

/,o

22

L2

I

0

30

2T

0

0
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No susceptible st.rain of T. castaneum was produced in the dry and.

tougnwheat treated aL 12.0 ppm with malathion. Horvever, progeny of

the resistant strain started to emerge from thetough wheat treated

with an equivalent dose af -eer six weeks.

Bromophos at 10.0 pp* on dry wheat inhibited reproduction of

both strains of T. castaneum but on toughwheat there was prod.uction

of progeny of both strains after 24 weeks. Fifteen ppm of bromophos

on dry and tough wheat prevented reproduction of both T. castaneum

strains fhrnnohnlli t-he qi¡rrlr¡

Nn nrnoens n€ e"o^an;il-. 1a 'F ^-^F^ñ^''- ^-^rCed in rlrv r.¡he:.¡u! ÐuùçcyLrUrc I. !4Þ LélLgUut ËIUE! óus r!r u! J !v!luo

Ereated at 10.C or 15.0 ppm w-ith iodofenphos but on tough wheat

treated at the same concentrations, progeny emerged 24 weeks

after treatment. similarly, emergence of the resistenE 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 insectÍcides

were close to the dosages intended for application except for bromophos

and iodofenphos at 10.0 and 15.0 ppm, respecrively (Table 72). The

data (Tables 7r and 73, and Fig. 14) showed rhat generally rhe rate

of breakdown of the insecticides was sígnificantly greater (p<0.0r)

on toughwheat (16.02 urc) rhan on dry wheat (r2.0"/" nc). There was.

however, no signj.fj-cant difference (P70.05) in the rate of breakd.ou¡n

of pirimiphos-methyl apptied ro the dry and.rouqh whear (Tables 7l and

72).

A significant difference (.P< 0.05) in the amounr of malarhion

resídue recovered from dry and ¡osgþwheat occurred after three weeks

nf atnr-n^ -^Å F^r tsr^-^-1.^^ -i¡ -- j j -.^^1-^ f T.or sE.orage, and ror DromopflOS âluer !¿ wçENÞ rrable 72). The residue
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of iodofenphos recovered from the dry wheat treated at 10.0 ppm was

significantly greater (P< 0.05) than the resi-due from the toush wheat

after six weeks whilst the differences j-n the recovery of iodofenphos

residues from the dry and toughwheat treated at l_5.0 ppm were signif-

icant (P<0.01) three weeks after the insecticide application.

Tables 73 and 74, and Fig. 14 show the mean percent resid.ue

J^^-^)^F:^- ^r *.1-f1^;^* L-^-fnhOS_ jndnf pnnhne an¿l niriminl-rusårdudLl9tr uL utd:L<1 LLrl-ullr DtotttLH..--, rvuvrLr!Hr¡L-, *-*,..,F..os-

-^+L--1 ^--1j^r Pa År., ^-,1 ts^,,^tr-Wheaf - pirimjnhoq_mefhrzl r.r.<urcLrryr dpprrcu LrJ uly atlu LUugIl _ ---__,-r

comparatively more stable on both dry and toughwheaE under the same

conditions of storage, and iodofenphos degraded faster among the

test Ínsecticídes. The rate of breakcìor,¡n of iodofenphos and pirimi-

ohos-mefhvl rcqjdttes on rlrw :nrl t-nrrol'r.rha¡r r.r-ô nôi- ¿enan¡añ1- ,r.Errsus- vlr s! J élru LUUËrl wlrcd. L wa5 _-_ _ _ _r *pOn

the level of insecticide concentrarion (p> 0.05) but the lower

concentrations of mai-athion and bromophos degraded at a faster rate

(P<0.01) than rhe higher concentrarions (Table 73). However. at

the termination of the study (24 weeks) the differences in the percent

degradation of insecticide resj-dues between the concentrations \../ere

not significanr ar rhe 5 percenr level of probabílity (Table 74).

There \.^/as very little dif f erence in the persistence of malathion 8.0

ppm and iodofenphos 10.0 ppm on dry and roughwheat.

The percent degradation of insecticj_de residues on dry and

toughwheat increased with age of insecticide deposit, wi-th marked

percent degradation in residual amounts of malathion, bromophos,

and pirimiphos-methyl occurring at 12 weeks afcer rreatment, and

ç^- -i^l^ç^-.'.L^^ruL rooorenpnos at six rveeks af.Ler treatment (Table 74).



TABLE 71 Mean insecticide residues (pp*) recovered from

rvheat of diff erent moisture contents d.urins 24

160

stored

rveeks.

Treatment

ann I r ôñ
htLeat moisture

12.0

cont ent

16. 0

("a)

Insecticide

llalathion

Bromopho s

Iodofenphos

Pi riminhn.-
methyl

dqsage
Treatment

mêrn c

RN

L2.0

10. 0

15.0

10. 0

15.0

4.0

6.0

4 .97

8. 60

q oR

10. 96

7 .62

3. 11

4 .68

5. 36

9 .67

4 .3r

6. 50

3. 03

L65

+.J/

5 .67

L0 .32

4.78

7 .06

? n7

4 .67

Moisture content means 6.40 5.53 q a7

L. S.D. between

(.i) Means of moisture content

(ií) Any t\^7o means of moisture

for the same ínsecticíde

nônrêñf

dosage applied

\"/

0.L2

0. 33

't o/

0. 15

0.43



TþßLE 72. Mean insecticide residues (ppm)

and tough (16.02 mc) srored whear

:nnl icel.inn

161

recovered from dry (f2.0% mc)

at various times after

Treatment

Insecticide dosage (ppm) 0

I'leeks af t er treacmenr

136
Aimed

8.0

L2.0

10. 0

I).U

10. 0

15.0

4.0

6.0

8.0

L2,0

10. 0

15.0

10. 0

15.0

4.0

6.0

7 01

11.81

B. 31

13.99

B .97

13. 14

? 5Á

5 .47

7.76

LI.62

8.65

L4.26

8. 8B

r3. 03

1 /, 1

5.51

6.57

LL.62

7.86

13.70

8.51

L2 .47

3. 4B

s .32

5.73

LL,37

7.84

L3.32

7 .95

LT. B7

5 .11

/4L2

Malathíon

Bromopho s

Iodofenphos

P i ri m r-nhn c-
mal-hr¡1

Malathion

Bromophos

Iodofenphos

Pi riminhac-
mofhr¡1

L2.0"/" mc

6.4L 6.06

10. BB 9. 30

7 .44 6. 08

13.10 12.02

7 .I8 5.L2

11.51 6.32

3.35 3.22

5.01 4.85

16.02 mc

5.64 4.30

9. 85 1 .64

7 .07 6.00

l? Ro 1r 'ro

6.6L 3.30

9.59 4.87

3.30 3. rB

5.06 4.78

3.19 2.62

o.)y 4.)¿

+.lo J.to

9.02 6_99

3. 20 2 .L7

+. ¿ö J. ))

2.92 2.54

4.54 3.66

I q7 r "r o

- . J I I.lJ

3.79 2.12

6.69 4 .06

2.37 L.34

3. 60 2.54

3.04 2.26

4.44 3.86

1* 0 week resid.ue is the

jnseef jc jrle :nn1-iq¿lign

L. S. D. betrveen any tr^ro

t.ime af ter insecticide

actual applied dosage determined immediately after

to the wheat.

means of insecticide treatmenc/moisture contenc/

application interaction (0.05) = 0.73

(0.01) = 0.9s



TABLE 73. Mean percent residue degradatÍon of

iodofenphos, and pirimiphos-nrethyl

different moisture contents during

r62

malathion, bromophos,

in stored wheat of

2 4 rveeks .

Treatment

Dosage
applied

Insecticide (pp*)

i^Iheat moisture conrent ("/")

Treatment
12 .0 r6. 0 means

Malathion

Bromophos

Iodofenphos

Piriminhne-
moihr¡-l

8.0

12.0

10. 0

15. 0

10. 0

15.0

4.0

AA

37.r5

)9 
^2.

28.08

2L.56

41. 58

41. 9B

L2.58

14 .46

5r. 48

40.29

?7 .CO

32 "L4

5r. 35

50 ,2L

L2.56

15.61

44.32

34 .46

32 .99

26.85

46.47

46.r0

L2 .57

r5.03

Moisture content means 28 .25 36.44 J¿. J)

L.S.D. between

(i) Any t\^ro means of insecticide treatment

(ii) Means of moisture content

(iíi) Any two mearrs of moisture content for

the same insecticide dosage applied or

v !Lç v E! Þ4.

<s/

2 .27

L. T4

3.2r

10/

3.0

1. 50

4 .24



TABLE 74.

163

Mean percent residue degradation d.uring 24_week period

of storage of dry (12.02 mc) and ¡ssgþ (16.02 l¡Lc) wheat

treated with malathion, bromophos, iodofenphos, and

pirimiphos-methyl, rvith reference to initial deposits.

Treatment

Dosage
Weeks

3

after treatment

Insecticide

Malathion

Bromopho s

Iodofenphos

Di-i*Ì'.L^^r rr rrtrIPlIU 5-

ne thyl

Malathíon

Bromophos

Iodofenphos

Pi rimi nhn<-
me thyl

lied

8.0

L2.0

10. 0

15.0

r0. 0

15. 0

4.0

6.0

8.0

12.0

10. 0

1q ô

10. 0

15.0

4.0

6.0

25 .3r

)^o

9 .34

6. 53

r0. 53

2.10

7 .26

16.88 rB.97

r.J4 14.ó/

).¿¿ Lt.l)/

2 ,L0 6.42

5.08 L9.86

( T1 1ô t^
J. J./. L!. L+J

2.14 5.99

^ /õ¿. oö ð. Jb

o

12.02 mc

23.3s

20. 84

26. B0

14 .06

42.83

5't o/,

9 .57

lI.29

L2

59.66 66.81

4¿+.J-) oL. / /

42 .6t 54 .63

35.27 49 .95

/l04.J/ />. /6

67.41 72.99

16 .42 28 .7 6

16.90 33.06

L6.0% mc

28 .26 44 .63 7 4 .58 84 .64

15. 65 34 .64 60. 86 87 .60

18.26 30.53 55.85 75.49

9. 38 20.24 s2.97 71.58

25.35 62.74 13.36 84.79

26.36 62.55 72.36 80.48

4.90 B. 36 72.2r 34.64

8.17 13.19 19.48 29.94

L. S . D. betrveen any t\üo

^^ñ+^ñç /^*^-^^^conLenE/ Strorage period

means of insecticide

interaction (0.05)

treatment/mo Ísture

7.LB

9 .48(0.01) =



L64

FTGURE 14. - Percent residue degradation of malathion, bromophos,

iodofenphos, and pÍrimiphos-merhyl applied to dry

(1)"/ 
^¡\ a-.1 rn,,a1-, f1A"/ ^^\',,1-^^¡\!¿/o utu/, or¡u LVUó!I \f U,/o illur, WllgaL.
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Table 75 shows the estimated period during r¿hich 50 percent-

(ha1f-1ife, t\ ) of the applied insecricide is lost under rhe con-

ditions of storage of the treated r,vheat. These half-lif e values

\^/ere estimated from the regression of the l0garithm of percent

residue degradation on time after treatment. The half-rife of the

insecticide deposits \^/as generally longer on dry wheat than on

toughwheat, and pirimiphos-methyr treatments, by extrapolation,

had the longesr half-life. The half-life of the insecricides
i-^-^^^^l ---'sL ^rrrcreaseo rùrEn an increase in concentration level except iodofenphos

treatments on dry r,¡heat. Also, high concentrations did not increase

che half-1ife of bromophos and iodofenphos on toughwhear,

The milfing of the dry wheat yierded percent by weight 16.5

percent bran, 12.5 percent middlings, and 71.0 percent f10urr the

toughwheat 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 Tabre

76' The highest resíciues \,/ere found in the bran and middlings. There

were slight differences in residual amounts of insecticide recovered

from the bran and middrings. very srnall amounts of resid.ue \,/ere

found in the flour. Insecticide residues recovered from the milled
fracti-ons decreased wi.th age of insecticide deposits. The residues

recovered from mil1ed fracti-ons of toughwheat r,7ere generarry slightly
lower than the residues recovered from dry r¿heat fractions.



L66

TABLE 75. Hatrf -tif e (t-Z) of malarhion, bromophos, iodof enphos,

and pirimÍphos-methyl in stored rvheat expressed as

time (weeks) required for disappearance of 502 of

the actual amount applied.

Treatment

Aimed
Time

L2.07" mc

't

\wsçN5/

Insecticide

Malathion

Bromophos

Iodofenphos

Piríminhnc-

methyl

dosage

8.0

12.0

10.0

15.0

10. 0

15. 0

4.0

6.0

r0. 9

16. 5

20.4

22.L

7.6

Êtl

37.8

42.4

16.07" mc

q.q

11. 6

11. 7

q?

43.4

1-öaseq on mean of 3 replicates of the acrual dosage applied
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CHAPTER V

DIS CUS S ION

L. Persistence of í"¡SSÈSédgr applied ro concrere and wood surfaces

The results of persistence of malathion, bromophos

I^lP), and iodof enphos (-EC) on wood and concrete surfaces

by bioassay with c. ferrugineus and T. castaneum adults

(EC and

determined

of knov¡n

age on r"rheat, barley, and corn stored for seven d.ays on structural
surfaces are presented in Tables g-25 ancr Figs. 9 and 10.

There were siønif i r-anr Åi f f erene aq (p ./ 
^ 

ltL) 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,

anci corn infested for seven days wíth adults of c. ferrugineus

and T. castaneum. Significanrly higher (p<0.01) mortaliries

of c. ferrugineus and T. castarÌeum were obtained on all grains

stored on treated wood surfaces than on grains stored on treated

concrete surfaces (Tables B, 16, L7, and 25). The high mortality

counts on graÍns 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, L966; Erakay

and Ozar, L975; warrers, Lg76). parkín (L966) found rhar malarhion

applied as an aqueous suspension of trdp at 0.43 gl^' persi,sted for

up to four months on r,/ood and sacking against T. castaneum but was

very unstable on cement, whitewash and tile. I^Iatters (L976) also

recorded complete control of T. castaneum with 40- and l8-week old

deposits of malathion and. bromophos, respectively, at 1.0g ÃT/n¿

on r¡ood surfaces. Bromophos rvas effecÈive on concrete surfaces for
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four weeks and mal-athi-on for one week. Ar-kaline surfaces are knov¿n

to hydrolyse and detoxify insecticides (.Lemon, L967; okr+erogu , L968;
Anon., r9r5). The low rnortalities of c. ferrugineus and T. castaneuÏn

observed on grains stored on Lreated concrete surfaces therefore
i-ndicate the rapid breakdown or strong adsorption of the insecticides
on this type of structural surface.

Significant differences (p ( O. 01) were observed betrveen the
insecticide treatments on the two types of structurar_ surfaces.
Most granaries are constructed of ei-ther r¡ood 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 B and 15). However, on rvood

surfaces, malathion EC provided a better contror (p<,0.0r) of
c. ferrugineus on stored grains for 32 weeks (Table 16). Malat.hion

wP, bromophos formulations, and iodofenphos EC produced equivalent
control of c. ferrugineus on grains stored on wood surfaces for t6
r¿eeks. fn conrrast with this stud.y, Tauthong (r975) recorded to0
percent mortality with a 52-week o1d deposit of malathion EC at

)L.0 g/^' against c. ferrugi-neus exposed for 24 hours. TauËhong and

I^/atters (r978) also reported complete control of c. ferrugineus ar
an exposure period of 24 hours on r¿ood. surfaces treated. at the rate

)of 1.0 g/^'with emulsions of bromophos and lodofenphos BO weeks

after treatment. The difference in persistence of insecticide
deposits on wood surfaces observed in Ehe present investigation
and those reported by Tauthong (Lg75), and Tauthong and I.^/aÈters

(1978) is probably due to the methods of bioassay used for the
determination of insecEícide persistence. In this study. the
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persistence \,/as determined by the protection afforded by the insecti_
cide resídues transferred to food. grainsstored on treated surfaces.
0n concrete surfaces, bromophos Inrp was the most persistent chemicar_

(Tables 10 and 13), providing more than 60 percenr mortality of
c' ferrugineus on r¿heat and barrey for eight weeks and on corn

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

trrrP on concrete surfaces against c. ferrugineus and Tribolium spp.

have also been reported by other workers (Lemon , Lg67; Anon., rg75;
I^Iatters, 7976). pinniger (r975) nored rhar rhe physÍcar narure

of rvettable powder makes the insecticide more read.iry available
on porous surfaces and therefore wp formulati-ons tend to be more

persistent than EC formulations. rodofenphos deposit on concrete

surfaces persisted signif icantly (-p <0.05) longer than malathion

formulations against c. ferrugineus (Tab1e 13). This result is in
agreement with the studies of Girish et al. (rg7o) who showed thac

the efficacy and residuar toxicity of iodofenphos at 1.0 g/^2 on

concrete slabs and jute bags agai-nst adults of S. oryzae) I. Sggf_
aneum' R. domi-nica, and larvae of T. granarium were comparativeJ_y

better than malathion deposits on the same surfaces.

The persistence of the insectici-de treatments on wood and

concrete surfaces against T. castaneum on grains stored on these

structural surfaces are summarized in Tables 22 and. 25. Complete

on wood
mortality of T. castaneum \.ùas obtained on grains stored

surfaces treated with bromophos hp for 16 r,¡eeks but effectiveness
decreased sharply (s-rr.BZ mortality) after 3? weeks (Tables 22 and.

25) ' The malathion formulations also prod.uced almost comprete control
for 16 rveeks, with Èhe EC formulation giving 50 percent mortaliry



or more of T.

for 32 weeks.

castaneum on

Ll2

test grains stored on treated wood surfaces

Bromophos EC and iodofenphos gave more than 67

percent mortarity on all grains stored on r¡ood surface for eight
weeks. This result is confirmed by the data on bioassay of treated
qrrrf¡ca< r.rit.l¡ 'l.wrL!! r. 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 obtaj_ned in this
study is further confirmed by the faboratory studies conducted.

by Lemon (L966) that bromophos ís less toxic than mar_athion asainst
T. castaneum. The shorter persistence of iodofenphos deposjt on

--^ ^ Iwood' Surfaces iS rather

and In/atters (1978) that

contrary to the findings recorded by Tauthong

97 percent mortality of T. castaneum l/as

obtained with an 8O-week old iodofenphos deposit

difference is probably due to the procedure used

persistence of iodofenphos deposit on this type

surface.

The rnalathion formgl¿¡fe¡1s and

ineffective against T. castaneum on

)or 1. U g/* The

to deÈermine the

of structural

iodof enphos r..rere completely

grains stored on concrete

surfaces one r.¡eek after tïeatment whereas more than B0 percent mor_

tality was obtained on wheat and. barley stored on concrete surfaces
treated with bromophos EC for two r¿eeks (Tab1e 25). Bromophos rrtrp,

on the other hand, gave 50 percent rnortali-ty 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, L966; Lemon, Lg67; Girish er a1., L970;

watters, r976), Holuever, evidence presented from bioassay tests has



173
sno\'^ that concrete surfaces that become less alkaline with age
or wasþing of the surfaces, and the accumulation of dust and other
debrís tend to stabilizemalathion and prolong the effectiveness
of the deposirs (Okivelogu, 1968; Watrers , I97O). Slominskj- and
Gojmerac (L972) also demonstrated by bioassay \.iith larvae of A.
megatoma that mar-athion remains toxic for a month or t\^/o on painted.

. concrete surfaces or'those treated with talc or calcium carbonare.
The 10ss of effectíveness of iodofenphos on grains stored on

concrete surfaces demonstrates the rapid breakdor,rn of the compound
on alkaline surfaces. This fact is supported by the resurts of
the residue analysis of the graÍns stored. on wood and concrete
surfaces (Table 52) as i,¡ell as by the results of bioassay of sur_
faces obtained by Brackman (1969), Grad.i-dge er al. (1970), and Girísh
et al' (1970). Blackman (1969) found that iodofenphos r./as more
toxic to adurts of T. castaneum than malathi-on. Gradidge et ar. (1970)
also showed from field tests that Íodofenphos applied as an emursion

,)

at 0'8g Ar/m'to the structural surfaces of a granary was generally
more effectj-ve than malathion deposíts of 1.29 A./n2 when the surfaces
\'{ere compared by bioassay against r. castaneum at 10 and 28 days after
treatment. The srudies by Girish et al. (1970) also indicated rhat
iodofenphos appried at 1'0g Ar/m2 w-as conparativery more persisrenr
on concrete slabs than marathi.on when the surfaces \^/ere tested against
T. castaneum.

Lemon (1967) reported. that bromophos tr^rp applied to concrete ar
the rate of 0.75 g/^2 provided. complete protectlon against r. con-
fusum adults exposed for six days on the treated. surfaces for 16 weeks.
The rather shorter persisEence of bromophos treaEments on concrete
surfaces obtained in this study in contrast wiÉh the resur-ts renorrorl
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toxicant available on the surfaces of test materials to the test

insects as well as the dj-fferences in t-nwinirrr sf the insect species

used for the studies.

comparison of insect mortality on grains stored on concrete

surfaces for all insecti-cide treatments showed that signifieantly

lower (P<0.01) urortality of c. ferrugÍneus was obtained. on corn

than on wheat or ,barley eight weeks after treatment for bromophos

and iodofenphos and tv¡o to four r^¡eeks for the malathion formulations
(Table 16). However, against T. castaneum the differences i-n mor-

tality between the stored grains were only apparent Ín the bromophos

formulations at t\,¡o to four r¿eeks after treatmenr (Table 25).

0n r¿ood surfaces, significantly io*.r (pe0.05) mortalities of
I ç ^--,, -u. rerruglneus and T. castaneum obtained on corn than on wheat or

barley were apparent with age of insecticíde deposít (Tables 16

and 25). The 1ow mortality obtained on corn nay be due to a

smaller surface area of the kerners in cont.act rvith the treated

surface in comparison v¡ith that of r¡heat or barley, but it may also

be due to the fact that there is i-ess 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 gerreralry decreased

with age of insecricide deposi-t (Tables 16 and 25). The persisrence

of deposi-ts on r,¡ood surfaces against both beetles declined sharplv

after 16 weeks except c. ferrugineus on r¡heat and barley stored. on

malathion EC-treated wood surfaces whÍch provi.ded about 97 percent

mortality after 32 weeks (Table 16). on concrete surfaces Èhere

h/as a sharp decline in persi-stence of the insecticíde deposits

againsË the beetles one to two weeks after treatment (Tables 16 and

? 5\ P:n*^^L.^^LJJ. Ðruuropnos trIP, however, appeared Èo have a slightly l0nger
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persistence agaínst c. ferrugineus. rts 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 = malarhion trrp = bromophos EC)iodofenphos EC (p = 0.05);

(ii) concrete surface - bromophos wp) bromophos EC)iodofenphos EC)

malathion EC = malathion i^rP (p = 0.05). T. castaneum on srains

stored on (í) rvood surface - malathÍon EC ) malathion WP = bromoohos

t¡iP)brornophos EC)iodofenphos EC (p = 0.05); (ii) concrere surface -

bromophos EC)bromophos W?) iodofenphos EC = malathion EC = malathion

hr (P = 0.05).

F- plogenv - In assessinø fhe nrndrrni-inn nf tr' aå,,1 r lroor-l
-L

the grains whÍch had been previously stored on wood and concrete

surfaces, only adult counts were made because sinha encì Mrrir (1jll)

have shov,¡n that assessment of eggs and first instar larvae usually

introduce unacceptable levels of errors.

The effectiveness of insecticides transferred to the srains

from wood and concrete surfaces on the emergence of F, ad.ults of

c. ferrugíneus and T. castaneum are summarízed. in Tables 34 and 43.

signíficantly fewer (P(0.01) progeny were produced ín grains srored

on treated structural surfaces than in grains stored on untreated

surfaces for both c. Íerrugineus and T. castaneum. There \"7as no

eionificrnr.lif€erence (P>0.01) in the number of F. adult beetles\L I v.vL/ rrr Lr¡ç truuuE! , 
-

produced in grains stored on untreated wood and concrete surfaces

in both test insects. rt is, horvever, interesting to note that
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the number of progeny produced in the grains stored on untreated
structurar surfaces 

'ere 10r¿er 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 3o"c and 70 percent relative
hunridity ranged from 1g.g to 33.7. The author again suggested.

Ëhat c. ferrugineus developed faster in finery divided food medium
such as whole ruheat flour than i-n sliced wheat kerners, and thar
it could breed under a wide range of physical conditions when food
is finely divided. park and Frank (196g) observed rhar the rate
of oviposition per female T. castaneum in a whole r¿heat flour-yeast
culture medium at 2goc and 75 percent rerative humidity \^'as 17 eggs

per day' The roruernumber of F, ad.ult beetles produced in grains stored
on untreated structural surfaces in comparison l.¡ith the numbers reported
by earlier workers might possibly be due to physical differences
in food rnedia as welr as to low moisture content (r4.oi:) of the
grains used for the study. Smith (1962) recorded lorv ovipositÍon
rates of C. ferrugíneus on moist wheat kernels (1g _ 207(, nc) j-n com_

paríson with cracked dry kerners rvhi-ch had larger numbers of ovi_
positíon sites' The zero progeny or very 10w number of F, beetles
1n barley stored on untreated. and treated structural surfaces seemed

to be due to lack of kerners of sufficiently high moisture contenr,
and the absence of finely divided food partÍcles or suitable cracks
and crevices for oviposition.

Significantly higher (p<0.01) numbers of F, adult beerles
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 ínsects in grains stored on

concrete surfaces. rnsecticides transferred to grain samples
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stored on !7ood surfaces nearly prevented reprod.Lrction of the beeti_es,
and there rùas zero progeny in all grains stored. on wood surfaces
treated with mararhion EC (Tables 34 and 43). Mosr of rhe insecricide
deposits on concrete s.urfaces v¡ere able to impart suffÍcient residues
to the stored grain samples that Ínhibited reprod.uction of the
beetles for one or more weeks even though the percentage of survivors
of the test beetles were quite high (Tables 34 and

There v¡as no signif icanr dj-fference (p >0.05)
of Ft adult c. ferrugineus in wheat and corn stored on treated
structural surfaces. However, the number of T. casrq.neum adur ts
produced in corn was slightly greater than the number obtaj_ned

in wheat with increase j-n age of insecticicie
This might probably be due to rhe relarively
on corn.

The mean number of adult beetles from r,¡heat an. corn samples
stored on untreated structurar surfaces is, however, an indication
of the potential population levels that could have emerged from the
grain samples if the insecticide deposits \.^7ere not effective in
killing the insects or ínhibiting reproduction.

From the present stud.y, it can be inferred that application of
insectici-des on the interior surfaces of store nouses coupled with
storage of grain of adequately low moisture content can retard
the reproduction of the beet,-es and so preserve the quality of food
grains.

43) .

in the reproduction

deposi.r (Table 43).

lower mortality obtained
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2. The translocation of bromophos, iodofenphos and malathion

.

The analytical procedure for the determination of
iodofenphos, malathion, and piri-mÍphos_rnethyl residues

bromophos,

on stored
grains was based on recoveries from fortified wheat samples aged

one to seven days. The accuracy and reprod.ucibitity of the ball_
milling extraction with methanor and anarysis by g1c equipped with
flame photometric detector without clean-up gave satisfactory
recoveries for the four organophosphorus compouncls used for the study.
The residue recoveries rvere estimated entirery on the parent compound.s

of the i_nsec tic ides .

The translocation of insecticide into stored grain from structural_
surfaces r,¡as chemically assayed on 30 g grain 1, 2, 4, g, 16, and

32 weeks af ter ageing of the insecticide deposit. There \^7as a

signif icant difference bet\^zeen wood and concrete surfaces on the
amount of Ínsecticides that \^/ês picked up by grain samples stored
on rhe surfaces. Significantly higher (p<-0.01) levels of in-
secticideresidue r,zere transferred to ar1 grain sampres stored on

wood surfaces than grain samples stored on concrete surfaces (Tables
44 and 52). The insecricide residue recovered from grains stored
on rvood surfaces ranged from 0.0g ppm after 32 weeks to 40.50 ppm

after one week of storage in concrast to zero ppm after 32 weeks

to 4'93 ppm after initial st.orage of grain sampres on concrete
surfaces (Table 52). Alkaline surfaces have been known to hydrolyse
and detoxify insecticides (okwe10gu, 1968) bur rhe stabiliry of
bromophos on concrete surfaces has been reported by Immel and Geist_
hardt ('L964) and Lemon (Lg67). The physical differences berr^¡een rhe
tr'/o structurar surfaces such as pH and porosity probably influenced
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Èhe persistence of Ínsecticide deposits, whi-ch therefore accounted

-for the difference in uptake of toxic materiar-s in grain in contact
r'¡ith the surfaces. The rorv amounts of residue recovered from graÌ-n
samples stored on concrete surfaces may be partly due to the more
porous nature of the concrete which resur_ted in a 10wer actuar_
concentration of the insecticide per unit surface area than that
obtained for the r¿ood surface. Furthermore, the alkatinity of the
concrete may have caused more rapid breakdor^¡n of the insecticide
than did the neutral surface such as wood. A result obtained by
tr^Jatters and Grussendorf (7969) on lindane a'. methoxychlor in wheat,
barley, and oats in conEact with treated wood and concrete surfaces
afso indicated a greater upt.ake of, insecticÍdes into stored. cerears
from v¡ood than concrete.

The rate of uptake of the inseclicldes into stored grai-n sampres
from treated surfaces varied with the type and formuration of rn*
secticide, ihe kind of grain in contact with the treated surfaces,
the age of insecticide deposit, and the interactions betv¡een these

.f actors ' Signíf icantry higher (p<0. 01) insecticide residues were
recovered from the bromophos EC treatment but the uptake of the
insecti-cide decreased. sharply after eight weeks on both structural
surfaces (Table 52). The residual amounts of iodofenphos recovered
from grai-n samples stored on wood and concrete surfaces r^zere rc¡wer
than residues recovered from malathion and. bromophos formulations
on the structural surfaces. Ror¡lands (1967) observed. that rnalathion
Èends to enter more rapidly into stored. grain with moisture content
exceeding 14.0 percenÈ, whereas bromophos is taken up faster bel0w
this level. This phenomenon probably accounts for the initially
high recovery of bromophos residues in Ëhe stored grain. There is
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no similar explanatj-on for low recoveries of iodofenphos r,øhich is
i^J^ ^_-1-^-.- ^É L..^_drr ruuu-drrd._LUBtJË ur uL(JLIl.u-rJuos. uuntparaLl.vel.y

recoveries v/ere obtained from grains stored on surfaces treated

with EC formulations of malathion and bromophos than from the W?

trêtfñêñr-c anÅ the malathion f OfmUlatiOnS \^7ere sener¡l lv more g¡¿þlg
.ttrv 

L ç

on r^/ood surf aces than bromophos and iodof enphos (Table 52).

The translocation of insecticides into the grains varied with

the kind of cereal grain in contact r¿ith the treated surfaces.

Significantly less (P< 0.01) insecticide resj-dues \^rere recovered

from corn stored on treated structural surfaces than from ruheat and

barley, the differences being more pronounced in the grain samples

that were stored on treated wood sllrf aces. There r^/as no sienif Ícant

difference (P>0.05) in the rates of uptake of ínsecticide in wheat

and barley stored on treated surfaces. Watters and Grussendorf

(19.69) also obsgrved differences in the rates of uptake of insecticide

in cereals in contact r¿ith surfaces Lreated with lindane and methoxy-
2

chlor at l-.0g AI/m-. The low residues recovered from corn in compar-

ison with residues from wheat or barley agree with the results of

the bioassay of the grain samples.

The persistence of the insecticides on wood surfaces is useful

from t.he standpoint of control of stored-grain insects. Tolerance

levels of 8 ppm for malathion and l0 ppm for bromophos in raw cereals

have been set by the Joínt FAO/hT{O Commj-ttee on Insecticide Residues

(L973a, L976a), and 10 ppm has been suggested for iodofenphos (Rowlands

L975). From the Ínitial insecticide deposits on woocì surfaces, a

tolerance l-imit was reached for the malathion treatments and bromophos

EC in corn eight weeks after treatment. The Eolerance limit. was

reached for wheat and barley in contact with malathion-ireated
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surfaces generally after 32 weeks, and for grain samples stored

on surfaces treated i¡ith bromophos after eight to 16 weeks. rodo_

fenphos resídues recovered from barley and corn r¡rere \.,71thin the

tolerance 1eve1 one week after treatment, and four weeks after
treatment for wheat in contact rvith the treated surface. rnsecti_

cides that translocated into stored grains from treated concrete

surfaces never exceeded the tolerance 1imÍts (Table 52). This ob:=

servatíon was consistent with the lour 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 is thoroughry mixed with other

layers of grar'n 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 strrrcrrrreq fnr

the control of Ínsect infestations in stored. grains or the amount

of insecticide deposit on concrete surfaces will have to be increased.

to give better contTol of infestations during grain storage. Another

approach to overcome the shortcomj-ng 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 t.o health hazard.s show that both compounds are good

alternatives to malathion as residuar grain-proËectants,
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s a residual fôfên1-en'-

.

The data (Table 54) shorved high insect mortality on the bottom

layer of r'¡heat ín contact w-ith the contror surface. This may possibly
be due to abrasion caused by pieces of broken concrete which.\^/ere

sampled together r+Íth the bottom layer of the wheat kernels slnce
it was found later that when samples of the bottom layer of v¡heat

were sieved to eliminate these foreign materials there was minimal

or zero mortality. complete mortarity 
'as obtai_ned on samples

from the bottom layer of wheat in contact wíth the treated surface
when infested for seven days with adults of c. ferrugineus at each

assessment period. fn contrast, wheat samples from the top and the
middle layers provided negligible control of c. ferrugineus. rt
has been reported that 0.25 ppm bromophos is the m.nimum effective
dose required ro give complete mortality of c. ferrugineus exposed

continuously for seven days to treated wheat of 13.5 pereent moisture
content (Anon., I974a). The resid.ues recovered from the bottom layer
at each period of assessment (Table 56) ivere above the level of the
minímum effective dose (0.25 ppm) and, as expected, provided complete

control of c. ferrugineus exposed for seven days on the wheat sampres.

No F, adult progeny were prod.uced. in the bottom layer of rvheat in
contact with the treaLed surface after samples had been incubated.

for 42 days ar 27.5'c and 60-702 RH (Tabre 55). Ferv F, adulr progeny

developed in the top and middle layers of core samples from the

treated surface despite the high rate of insect survival. The low

Ft adult counts recorded were in contrast to observatj_ons made bv

smith (1965), probably because of the row moisture content of the

wheat (72,6-L2.8"/.). This indicates the porentiar revel of insecr
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infestation that can easily .evelop in layers of grain far from the
treated surfaces.

Bromophos residues recovered from the core sampres were signif_
icanrly higher (p<0.0r) in rhe bortorn 8.3-cm rayer of srored wheat
(Table 56). The highest residue recovery was o.6g ppm after rwo
weeks' decreasing to 0.32 ppm after eight. There ïvas very lit.le
uptake of bromophos by the middle and top layers of wheat. Simil_ar
rates of uptake of bromophos by wheat stored oa maple hardwood floor
of a granary treared ar 1'0g Ar/m' n^o been reported by 

'{arters 
(rg76\.

Though the residue level in the bottom 8.3-cm layer of wheat
in contact \"/ith the treated surface provided complete control r¡f
c' ferrugineus for the eight weeks of study, it is doubtful that
these residues can sufficientry form a toxic barrier to c. ferrugineus
Eo prevent insects from reaching the inner layers of the bulk grain,
and thus preventing them from building up a high population rever.

rn the whole bin treatment, no bromophos residues \^/ere detected

in Lhe upper 450 bushels of wheat nor in Lhe r,zheat stored Ín the

control bin. The highest residue (0,68 ppm) \^¡as recovered ín the

layer of wheat close to the treated warr-s and froor, and this de-

creased considerabry in the grain bulk toward.s the grain surÍace

Lrabre 5/).

complete control of c. ferrugi-neus was achieved. on wheat sampres

with doses of 0.5r pprn or higher, and which prevented. reproduction

of c. ferrugineus. Bromophos resi-dues of 0.29 and 0.3g ppm providec

88 and 95 percent rnortality, respectívely, but few F, adult counts

\^/ere recorded at these concentration 1evels. F, adult beetles
produced in the wheat samples decreased with Íncrease in bromophos

residue' lfore than BO ad.urt beetles per sample \.,/ere produced in
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\,iheat taken at the upper 450 bushels.

This study indicates that it is only a smarr_ portÍon 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 outsÍde 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.

The effecr of n and. bromophos

from wood surface into wheat.

At the prevailing temperature and relative humidity under which
grains \'vere stored on treated surfaces, no appreciable moisture
losses occurred (Tab1e 6).

There lvas a complete mortality of C. ferrugineus and T.

on grain samples stored on rvood surfaces treated at 1.0g Ar/m

malathion and bromophos.

castaneum

2 with

Signif icantly more (P<0.01) bromophos resid.ues v/ere translocated.
into r¡heat at each moisture content than malathion. However, with
each insecticide treatment, t.here \,Jas no slgnif icant diff erence (p> 0.05)
between the grain moisEure contents on the rate of uptake of insecticide
into the grain from treated surfaces. This is contrary to the
observation made by Rowlands (l,96r) that marathion moves rapidly
into stored grain with the moísture content above 14.0 percent
ruhilst bromophos enters the grain at a faster rate below 14.0 percent
moisture. rt appears that factors other than moisture content ar-so

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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c ontac t

hor¿ever

rates of uptake of malathion and bromophos into
with treated surfaces. Thorough study on this

, is required for a firm conclusion to be drawn.
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grain in

pos s ib í1 i ty,

The distribution of malathion residues in layers of raÍn kernels

significant differences were observed on the rates of uptake
of the insecticide by the layers of grai'kernels in contact \^/ith
the treated surface, betr¿een the duration of storage of the grain
on the treated surface, and their interaction.

Iufalathion transferred to the botÈom layer of rvheat was sign'f_
icantly grearer (p<0.01) rhan rhe amounrs picked up by the middle
and Lop layers- The marathion residue recovered from the bottom
layer of wheat in contact ruith the treated surface increased from
7'05 ppm after the first day of storage of grain Lo 42.85 ppm after
Er¿o months. fn contrast, malathion residues in the middle and top
layers increased' respectively, from 0.7g to 2r.59 ppm and 0.25 to
9.07 ppm duri_ng 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 marathíon by the layers occurred
after one month of storage but there !/as no significant increase
CP>O.05) in rhe bortom and top layers afrer two months.

The detection of marathion in layers of grain kernels not
directly in contact with the treated. surface may be due to diffusron
in the vapour phase of the insecticid.e from the wood surface which then
became adsorbed on the kerner-s in the middre and Ëop rayers, waccers
(]976) deÈecred abour 0.02 to 0.03 ppm malathion in a rayer of wheat

stored on wood surface
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24 cm from a maple hardwood froor of a granary treated at 1.0g Ar/m2.
Evidence also exists indicating that pesticides can become airborne
as a vapour or adsorbed onto dust partíc1es and transl0cated far
from the rreared ar.ea (Hindin , Lg67). cohen and pinkerron (1966)
reported that on several occasions rain water collected in cincinnati,
Ohio, contained large amounts of chlorÍnated hydrocarbon insecticides
and an organophosphate (ronnel). The work of Acree et al. (1963)

revealed that DDT "co-di-stils" with \,.7ater at ambient temperatures
frorn the soil surface, an. it was shov¡n graphicalry that the co-
distillation rate of DDT below LOO ¡tg/l at three different temperacuïes
is a straight line function of the 1og of DDT per gram of r^'ater
vaporized when plotted against the log concentration of DDT in
soÌution. rt is probable that some amount of malathion deposi-t
evaporated through volatilization aÈ the ambient temperature of the
storage room (23 + z"c) and therefore accounted for the movemenE

of the insecticide in the layers of kernels stored on the treated
surface' Much r,rork, however, remains to be done to deterrnine the
factors and the phenomenon involved in the movement of malathíon
through a grain bulk.

The bioassay of the layers of wheat sho¡^¡ed a pattern sÍ¡nirar
to the results obtaineci for the residue analysis of th.e grain.
A complete control of T. castaneum on the bottom layer of wheat
v¡as obtained at each storage period whilst a progressive increase
1n mortarity with the duration of storage of the grain rayers was

observed in the middle and top layers (lable 60 and Fig. 11).
The morrality of T. aâql-tnôrrñ ^ñ ÊL^r vrr LLtc layers of wheat depicts the

layers from the treated. wood
amount of toxicant picked

surface.

up by the
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The study demonstrates an extent of contamination of about

a l-cm layer of grain in contact \^/ith treated wood rvhen stored
for less than three months. However, this high resídue should

not pose any toxi-col0gi-car hazard to consumers if the peripheral
layer of grain is thoroughly mixed r.¿ith the rest of the grain in
storage.

A Effect of hysical disruption on the ersistence of insecticide

.

The type of physicar disturbance appried on the rreated. 
'zood

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

swept was significantly higher (p<0.01)

mortality on undisturbed surfaces and on

abraded by mechanical shaking with wheat

Malathion formulations and. iodofenohos F.C

on surfaces that were

than the mean percent

the surfaces that !ùere

for trvo hours (Table 61).

provided an al-most

castaneum, for L2 weeks on surfaces that were

12). In contrast, iodofenphos

T.

tr'i o

complete control of

sr,iept (Table 63 and

pletely ineffective

had.been subjected

after three weeks.

agaÍnst T. castaneun one day after

wé Þ c uLll-

the surfaces

to abrasion, and malathion lost its effectiveness

Bromophos deposits on surfaces abraded with
wheat failed to control T. castaneum after one r^real¿ htt¡ ti-'o ¡FF^^r;,-^L LIIç C!ICLLIVE-

ness persisted for about six weeks on surÍaces that r+ere swept. on

Ëreated surfaces prepared as checks to compare by bioassay the

impact on the persistence of the insecticidies on surfaces thaE \.,iere

disturbed, iodofenphos virtually provided complete control of T. casraneum
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for 12 weeks compared with malathion trrp and EC which provided 48
and 65 percent mortality for the same post-treatment period.
This agrees with rhe result obtained by Blackman (1969) rhat iodo_
fenphos rùas more toxic to T. castaneum adults than malathion.
Bromophos I{p and EC sharply declined in effectiveness on the un_
disturbed surfaces three and six weeks, respectivery, after treatment
probably because of the slow-acting nature of the insecticide to
contror stored-product insects which has been reported by Green et al.
(1970) 

' Taurhong and. warrers (1g7g); and also by the facr that
T' castaneum is more susceptible to malathion than bromophos (lemon.
L967; Iordanou and tr,ratters, 1969).

The short persistence of insectlci-des on surfaces disturbed
by abrasion røith ¡vheat compared r¿ith other treated surfaces indicates
lhat much of the insectÍcid.e resi-dues 

'rere removed. from the surfaces
by the abrasive action of the wheat kernels, and that measurable
amounts of insecticide residue would have been recovered if residue 

-analysis of the grain had been made. Smallman (194g) noted that the
use of a heavy, stiff-bristled broom for sweeping a warehouse treated
with a gaflrma benzene hexaehl0ride-oil solutíon for the control 0f
spl-der beetles, and the nuruber of times the shed was s\.üept reduced
the effectiveness of the treatment through abrasion in comparison
r¿ith other treated warehouses' The relatively 10ng persistence of
insecticides on surfaces Ehat r¿ere s\rept in contrast to observation
made by Smallman (r94s) was probably due to rhe use of soft_bristled
broom which caused .he residues to effroresce on the surfaces.
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_ The persistence of the insecticídes
on dry (12.02 mc) and ¡6ug¡ (16.oz mc) wheat shorved that significanrly
higher (P<0'01) mortal-ities of susceptible and malathion-reslstant
strains of T' castaneum occurred on dry wheat than ontough wheat
(Tables 65 and' 67, and Fig. 13). The percenr mortaÌity in both
strains increased significantly (p<0.05) witn increasing dose of
each insecticide applied.

piiimiphos_methyl admlxed \"rith dry and ¡e¿gþwheat at 4.0 and
6'0 ppm provided complete control of susceptible T. castaneum for
24 weeks (Tab1e 66) but 6.0 ppm was required to give complete mor-
tarity of the malathion-resistant straÍn for the same period (Table
68)' Pirimiphos-methyl applied at 4.0 pp* produced 93.3 and 78.3
percent mortality of the malathion-resistant T. castaneum on dry and.

toughrvheat, respectíve1y, 24 weeks after the insecticide application.
The demonstrated high toxicity and long residual effectiveness of
pirimiphos-methyl against stored-product insects under practical
storage condlti-ons have been shovm by various workers (Aaon., Lg74a;
cogburn, Lg76; Redlinger, rg76; LaHue, Lg77a; Kadoum et al., 1g7g).
Pirimiphos-met.hyr at 4.0 ppm provided good contror of T. castaneum
in wheat stored in smalr sacks in a building in whÍch severe in_
festation pressure was artificially sustained for six months (Anon.,
L974a) - cogburn (r976) reporred rhar pirimiphos-rnerhyl ar 10 and
15 ppm protected rÍce from infesLation by T. castaneum for L2months,
and Laliue (rg77a) shor¿ed that 4.0 ppm pirimiphos-merhyl applied. Lo

wheat containi-ng L2.5 percent moisture prod.uced complete contror of
T' castaneum for L2 months. The efficacy and reratively 10ng

7.
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persistence of pirimiphos-methyl 0n wheat agaínst strains of T.

castaneum r.,¡as also demonstrated in this study. The relati-ve effec-
tiveness of pirimlphos-methyl at 4.0 ppm on dry and tough wheat

agalnst both strains of T. castaneum correlated r^¡íth the residuar
amounts found in whole grain and milr-ed. fractions (Tables l2 anð. r6\
as r¿ell as its 1ow mar¡r¡narian toxicity I the acute oral LDro rats is
2050 mg/kg (Marrin and worrhj.ng, 1977) I amply jusrifies its porential
for use at this dosage rate to control T. castaneum in stored grain.

The effectiveness of malathion at 8.0 ppn applied to dry and

toughwheat agaÍ.nst susceptible T. castaneum lasted for six weeks,

but at 12'0 ppm, it gave effective control for 24 weeks on dry wheat

and 12 r¿eeks on tough wheat (Table 66) . rt was ineffective at the
dosages tested against the resistant strain (Table 68). Malathion
at L2.0 ppnt on dry wheat produced about 52 percent nortar_ity one

r,¡eek af ter treatment. Marathion is knor¿n to lose its biorogical
effectiveness against stored-product insects at higher moisture
and storage temperatr.lres (watters, Lg5g; Strong and sbur , Lg60;

Koivisroínen, rg6]*; Kadoum and LaHue , 7969). tr{arrers (1g5g) found

from bioassay with c. ferrugineus that marathi_on in wheat 1osË its
insecticidal properties more quickly when the grain moÍsture content
exceeced 13.5 percenE. similarly, strong and sbur (1960) reporred
that the residual eff ectiveness of malathion applÍed to r^/heat at
10 ppm to control s. granarius, s. oryzae, and T. confusum was much

reduced at 50oc than at looc, and it wourd remain effective against
insect infestations for at reast 12 months as long as the storage

temperature \^las not higher than 15.6"c an¿ the moisture content of
wheat did not exceed 14.0 percent at this initial d.osage. Koívistoinen
(1961) also observed that greater losses of malathion occurred at about
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¿w u LLIaTL aE îoc when apPles and beans r^/ere treated r.¡ith malathion
after harvest. The high storage temperature and grain moi-sture
content under which the treated wheat r¿as stored (Table 64) therefore
explains the rather short residual effectiveness of malathion against
T' castaneum' The result obtaj-ned Ín this investigation ís Eherefore
comparable with the observations reported. by the earlier workers
that malathion degrades faster under conditions of high storage
lemperature and relative humidity or hígh grain moisture content.
The resurt is further varidated by observaËions made by Quantanirra
et al. (l-970) rhar mar-arhion 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, Ít provided complete contror of
C. ferrugineus for eight months (l{atters, 1959). Lindgren et al.
(1954) also reported from laboratory experiments that malathion
applied to wheat containing 10 percent moisrure at g and 16 ppm

remained effective against s. granarius, s. oryzae, and R. dominica
for six to seven months. More than 20 ppm malathÍon is the mini_mum

effective dose requi-red to give compÌete rnortality of rnalathion-
resistant r. castaneum exposed for seven days on treated wheat of
13'5 percent moisture content (Anon. , Lg74a). rt \^/as therefore noE

surprising that malathion at the doses tested failed to controi
resistant T. castaneum.

Bromophos and iodofenphos applied to wheat at 10 and 15 ppm

r¡/ere a11 ef f ective (p > 0.05) on both dry and Eough wheat against
susceptÍb1e T. castaneum (Table 65) but \^'ith age of Ínsecticid.e
deposit, iodofenphos treatments provided better contror (p40.01)
of T' castaneum than bromophos (Table 66). rodofenphos at 10 ppm

T
on dry wheat gave equal protecti.on against susceptible . castâneum
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as 12 ppm malathion. The bromophos treatments on dry and tough
whear significantly (p < 0.0r) afforded berrer conrror of malathion_
resistant T. castaneum than the iodofenphos treat'ents. Bromophos

and iodofenphos, applied at the rate of 15 ppm to dry and tough
wheat, provided complete control of the resistant strain for rZ
and three weeks, respecLively.

The resur.ts of the rerative effectiveness of bromophos on

dry and tough wheat against ínsect infestatioe are in line with
those of Green et al' (lezo¡. The authors reporred that bromophos

applied as \'/ater-based emu'sion at B, L6, and 24 ppm to crean
bagged wheat and barle y of. 14.0 and 13.0 percent moisture contenE.
respectively, sharply declined. in biorogical effectiveness agarnst
o' surinamensis and s. granarius after 16 v¡eeks 1n the g ppm treat-
ment, and after 24 weeks in the 16 ppm treatment. The 24 ppm

Ereatment remained fully effective against O. surinamensis for 36

weeks and s. granarius for 24 weeks. The persistence of bromophos

i-s,.however, contrary to the findings of Joubert and De Beer (r96s)
who claimed that bromophos applied to maize at 5 and l0 ppm AI
afforded excelrent control against s. oryzae, T. castaneum, o. sur_
inamensis, and E. cautella over a storage period of 50 weeks und.er

the subtropical conditi-ons of south Africa. The d.Ífferences in the
persistence of bromophos might possibly be due to the use of different
types of formur-ation, type and physical conditions of the grains, and.

the environmental conditions under which the studies v¿ere made.

Green et al. (1 970) noted that bromophos, appried to inf ested r^¡heat

containing 15 percent moisture, at 9 ppm and. stored in bulk on the
farm during winter, remained effective against o. surinamensis for
up to 12 months. Malathion is more toxic to T, castaneum than
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bromophos (Lernon, Lg66; Iordanou and l{atters , Lg6g). In the present
study, bromophos at 10 ppn v¿as about equal in effectiveness as 12
ppm malathion (Table 65), which demonstrates that bromophos $/as more
stable on wheat under the conditions of the storage.

. The biological effectiveness of iodofenphos against susceptlbre
T' castaneum and i-ts rerative persistence on rvheat in comparison
with malathi-on are similar to those reported by other workers.
Adesuyi and Adeyemi (rg73) found that iod.ofenphos applied at 20 ppm
to stored maize to protect against Ínsect damage \,,ras as effective
for nine monrhs as malathion applied at 30 ppm. Bromophos at 20 ppm
r¿as effective for seven months. Kane et al. crg73) also reported that
iodofenphos at 10 ppm gave complete protection of bagged wheat and
barley for about 20 weeks against o. surinamensis and s. granarius,
and LaHue (L975) observed that 10 and 20 ppm iodofenphos gave excer-lent
protection to corn and wheat, respectively, for 12 months, I{ilkin
et al' (rg73) showed from laboratory studies rhat iodofenphos ar
10 ppm on Engrish wheat had longer effective life than an equivalent
dose of malathion against o. surinamensis on rfarm moist grain.

The effectiveness of pirimiphos-methyl and bromophos, and ro
some extent, iodofenphos against rnalathion-resistant r. castaneum
indicates the absence of any significant cross-tolerance to these
compounds, thus ensuring their potential as suitabre compound.s

against stored-prod.uct insects resistant to malåthion.

F. progenv - 'the r.

castaneum from incubated

than in the treated wheat

Pirimiphos-methyl ar

adult counts of the test strains of T.

samples viere higher in the untreated r¿heat

at each time interval after treaEment.

the rates of. 4.0 and 6.0 ppm prevented
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reproduction of both resistant and susceptíble strains of T. casraneum

in dry and tough wheat for 24 weeks. This was possibry due to the high
nortality rate.

There ú/as emergence of Fa adults of susceptible T, castaneum

and malathíon-resisLanE T. castaneum intough wheat treated wich

malathion at 8 ppm after 24 and six weeks, respectively. rn dry
v¡heat' malathion at 8 ppm prevented. reproduction of the susceptible
strain but F, adults of the resistant strain !ùere recovered 24

weeks after treatment. No susceptible T. castaneum *øereproduced.

in the dry and toughç¡heat treated with marathion ar the rate of 12

PPm, but the efficacy cntough r¡heat against the resistant strain
lasted for onry three weeks. Godavari Bai (l- 964) 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 malath-ion (2.62-4.52

ppm) \,/as recovered from the dry wheat.samples and. less than 2.0 ppm

(1.r9-1.45 ppm) from rhe roughwheat samples afrer 24 weeks (rable

l2). The high grai-n moisÈure and temperature, and 1ow rnalathion

concentration as welr as the high survivar rate of resistant T.

castaneum possibly contributed to the raËe of emergence of adult
beeÈles in the treated toughwheat.

Bromophos at 10 ppm on dry wheat prevented reproduction of
both strains of T. castaneum but ontough wheat emergence of both

strains occurred at 24 r,zeeks after treatment. Bromophos, appríed

to dry and ¡qugþrvheat at 15 ppm, inhibited breeding of both test
straíns fot 24 weeks.

No F' adul ts of eíther.L -----

treated with iodofenphos at

strain emerged. from the dry wheaÈ

10 and 15 ppm. In contrast, counts



of Fl adults from ¡sugh wheat

recorded af ter 24 r¿eeks.

Analysis of the residues _ At the prevaiÌing temperature and.
relative humidity at the time of tests, appreciable moisture _l_osses

during the 24-week storage period were confined to grain of 16.0
percent moisture content but these did not exceed t\../o perce,.L 24
r¿eeks after insecticide applications.

The chemical anarysis of the treated wheat for insecticide
residues immediately after treatment showed that the amoun.ts
applied were crose to the dosage rates intended for applicati_on
(Table 72)' As the tests progressed, resid.ues of each insecticid.e
showed a general rrend of degradarion (table 74 and Fig. 14) .

The oxygen-anal0gue of organophosphorus insecticides usualr_y
makes up only a sma11 fraction of the residue on crops (coffin,
1966; Ror¿lands, L966a; Anon. , L974a). It was therefore consid.ered.
adequate to measure only the parent compounds of the test insectr_
cides for assessing the residue burden of the stored grain. No
attempts r'/ere made to detect, identify or measure the hydrolytic
degradation prod.ucts of Ehe insecticides or their metabolites everi
though the possibility exists Èhat some metabor_ic products of the
originally applied insecticides uray be present. The analyticai
data presented in Tables 7r-'5 and Fig. 14 were based strictly on
resi.dues of the parent compounds.

General comparisons on the persistence of the insecticides
Dased on the residual amounts recovered from the treated wheat are
difficult because of widely differing concentraLion leve1s applied
to th^e r"¡heat. However, the rate of loss of the insecticides

195

Ereated at the same concentrations were
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generally v/as signifícantly greater (p<0.01) on toughwheat than
on dry r¿heat. There r,ras no signif icant difference (p20. 05) in
the rate of loss of pirimiphos_methyl applied ro dry and
toughwheat' The mean 10ss of pirimiphos-methyl applíed to dry
and ¡6g9þwheat at 4-0 ppm .ç,¡as about 2g and 35 percent, respectlvely,
^ç+^- ^tdrLcL ¿+ Ìüeeks; at 6'0 ppm on dry and toughwheat, the residue l0sses
rraro ?? ^-J .wç!c JJ anc. J0 percent, respectively, for the same duration of Storage.
This confirms the data obtained from the bioassay that pirimiphos_
methyl r'¡as comparatively the most stable compound among the in_
secticides tested. The resu_r_cs of this study agree v¡ith the f indings
of char^¡la and Bíndra (rg7r) who reporred that pirimiphos_merhyl
dissipated at a sl0r¿er rate on wheat than bromophos or iodofenphos.
RedlÍnger (rg7 6) also observed thar residues of pirirniphos_merhyl
degraded at a rate approximately 33 percent iess than malathion
over 12 monrhs. La'ue and Dicke (7977) and. LaHue (Lg77b) found
that after 12 monthsr storage about 50 and 83 percent of pirimi_phos_
methyl residues remained on sorghum grain and r¿heat, respectívelv.
when admixed with grai-ns ar B .4 and 7 . B ppm AI .

signif icantry higher (p<0.05) malathion resid.ues lrere recovered.
from the dry wheat treated. at both concentratÍon 1eve1s than from
the ¿sugþwheat after three weeks. About 67 percent malathion !7as
lost aftet 24 weeks in the B ppm treatment and, 62 percent in the
12 ppm treatment on dry wheat. rn contrast, the 10ss of malathion
on tough\^/heat was g5 percent in the g pp* treatment and gB percent
in the 12 ppm treatment, A si-milarity in the pattern of mar_athion
degradation on wheat of varyi-ng moisture content or relative humidity
and storage temperatures had been reported by La1 and Beri (1964).
Kadoum and LaHue (Lg6g.), and Minett er al. (f96g). There was no



significanr difference (p >

malathion at 8 and 12 ppm on

after trearmenr (Table 74).

1q7

0.05) in the percent rate of loss of

dry wheat and on tough wheat 24 weeks

Bromophos and iodofenphos l^/ere recovered in significant amounts
(P<0.01) from dry wheat than frornrough wheat afrer 12 and 3-6
rueeks' respectively. The percent rate of 10ss of i-odofenphos

on both dry and toughwhear was significantly grearer (p¿.0.01)

than the rate of 10ss of bromophos. Bromophos became more

stable on dry wheat than on toughwheat after 12 weeks, and for
iodofenphos, after six weeks. on dry wheat 50-55 percent bromophos

was lost 24 weeks after treatmenE in comparison to a loss of 72_75

percent of residue on toughwheat for the same duration of storage.
rn contrast, 73-76 and B0-85 percent Íodofenphos residue degraåed

on dry and toughwheat, respectively, after 24 weeks. on dry wheat,
iodof enphos \.¡as rost at a faster rate than marathion, bromophos

or pirimiphos-methyl but on tough wheat malathion and iodofenphos
broke down at almost equal rates. chawra and Bindra (r97r) observed
that loss of íodofenphos residue on wheat at an initial moisture
content of 8.6 percent, stored under a wi-de range of temperatures
and relative humidities, r./as similar to the rate of ross of malathion
residue. The rerative stability of bronophos residue on r,¡heat had.

also been demonsrrated by Eichrer and Knorl (rgr 4). The aurhors
showed from large-scal-e laboratory stu.ies on wheat treated at g

or 12 ppm that 40 to 50 percent of the residues r^ras degraded af ter
12 months under Eenperate conditions.

The present analytical sLudies indicate a very srow rate of
loss of pirimiphos-methyl residues on wheat compared with

bromophos, malathion, and iodof enphos resi-d.ues. rodofenphos was
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lost at a faster rate than bromophos, which also was lost at a
comparatlvely slower rate than malathion.

The insecticidal activity is determined by the residual life
of the chemical and the toxicity of any metabor_ites produced.
The estimated half-rife, L\ , 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 1eve1s of the same insecticide except when bromophos
or iodofenphos wereapplied to the ¡s¡gþwheat. Gunther et al. (195g)
observed that on wheat of. L2 percent moÍsture content, at storase
conditions of 23.9oc and 1ow relative humidity, marathion had an
average half-life of 5.6 months. The authors also noted variations
in half-1ife of malaLhion applied at different dosages; malathion
applied to v/heat at B and 16 ppm had residual half-rife values of
five and six months, respect.ively. Gunther and Jeppson (1960)

calcufated harf-1ife of malathion residues in stored wheat from
the investigations of severar r¡orkers as 150 to 190 days. Schesser
et al' (1958) also found half-life of malathion applied to r.¡hear

at a rate of 2'5 to 7.5 ppm as 5.5 months. The dara of Green et ar_.
(1970) indicated. that 50 percenr of bromophos was degraded in rhree
to four months on r^¡heaË stored at 24-25oc and under 50 percent rer_
ative humidity. The limited study made by Horler and crark (1970)
in which iodofenphos was applied to barley stored at a high moisture
content (L4-zzz") and under severe temperature conditions i_nciicated
that 50 percent of iodofenphos residues were lost in about two weeks.
chai¿la and Bind.ra (1971) noted rhar rhe half-rif e value of malarhi-on,
bromophos, and iodofenphos applied. to wheat of g.6 percenE initial
rnoisture content and stored und.er a wide range of environmental
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conditions (r-g'1-31'50c and 44 - 76.52 RH) was trvo to rhree monrhs.
and for pirimiphos_methyl three to four months.

The half-life of the insecticides \üas generally l0nger on d.ry
wheat than on toughrvheat. pirimiphos-rnethyl treatments had the
l0ngest residual half-'ife, rangi-ng from 33.3 to 43.4 weeks, and.
iodofenphos treatments had the shortest residual half_life of 5,2 co
7'6 weeks (Table 75). Bromophos, applied to r¿heat ar either grain
moi'sture content, showed a 10nger residual half_life than malathion.
The longer residual harf-life var-ue of pirimiphos_methyl on wheat
than malathÍon, bromophos, or iodofenphos agrees with the findings
reported by Chawla and Bindra (1971). The half_life of bromophos,
being rerativery more stable on tough wheaL than malathion, has also
been reported (-Rowlands , Lg67; Green et al ., l-970).

The effect of grain moi-sture content, storage temperature,
type of formulation, and the method and rate of application affecting

- persistence of insecticides have been shov,¡n by other workers. Minett
et al. (1968) demonstrated from chemical assay data rhe temperarure
and moisture dependence on malathion breakdown on wheat. Bromophos
and pÍrimiphos-methyl are relati-vely stable on damp grain (Rowlands,
1967; Anon., L974a) bur Eichler and Knorl (rg74) observed rhar rhe
rate of decomposition of bromophos was significantly increased when
the storage temperature of treated wheat was raised from r_50c ro
26"c' The differences in residual half-life values of the insecticides
estimated from the present investigation and those reported in the
lÍterature is due to Lhe wide range of environmenËal conditions
under lvhich the treated wheat used for individuar- studies was stored.
as ¡'¡e'l-l as the grain moi.sture content, which ei.ther enhanced. or
retarded the less of the insecËícides.
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stored. l¿heat

Table 76 shows the mean insecticide residues found. on whor_e

wheat just before milling, and residues recovered. from the milled
fractions of dry and ¡qLrgþwheat duri.ng the six monthsr storage of
the grain. High insecticide resid.ues \^/ere recovered from bran and
middlings (ruheat germ plus the finer parts of the bran) with very
slight differences in resid.ual amounts occurrlng betr¿een these
fractions. comparatively sma1l amounts of insecticide residue
r¿ere found in the f10ur. The insecticide residues iecovered from
the milled fractions decreased wi-th the duration of storage of the
treated grain' The largest amounts of insecticide residue contained

'n 
the mirled fractions rvere found after a month of storage, rvhich

indicate a rapid penetration of the insecticide deposits through
the pericarp of the graln, small amounts being carried over inco
the endosperm or aleurone layer. The penetration of insectÍcid.e
deposits through the pericarp into other tissues of stored grain
has already been d.escribed by Rowlands (f966b,c; 1961, LglO),
Horler and Ror¡rands (1968), and. confirmed by other v¡orkers (Eichler
and Knoll, rgi4). The resurts of other workers (Schesser et al.,
1958; srrong er al., 7g6L; Eichler and Knoll, rg74; Kadoum and LaHue,
1977; Kadoum et a1., 1g7g) were similar to the present study and
have shor^m that the bran and middlings contain the largest insecti_
cide residues; very small amounts of residues were found in the frour
at various time intervals after the insecticide appl'cation.

The insecticide resid.ues recovered from mirred fractions of
Èough wheat v/ere generally 10r¿er than the resid.ues f ound. in the dry
wheat fraetions. This observation indicates that the levels of
insecticide residue on wheat of 1ow moisture content can markedly
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be reduced when the molsture content of the grai-n is increased to
the required moisture 1evel prior to nilring of the treated whear.
Kadoum and LaHue (rg7r) arso found that there \^7as a marked reduction
of malathion resid.ues on wheat r¿hen the mois..ure content of the
treated wheat was raísed to 15 percent for milling.

The data presented in Table 76 (a and b) indicate chat the use
of malathion, bromophos, iodofenphos or pirimiphos-methyl at any
of the dosages tested present less of a residue probrem to consumers
who store treated grain for relativery 10ng perÍods. The bran and
middlings contain higher residues than flour. Therefore, there is
the possibility that animal feeds pose more of a toxicological hazard.
than human foods. However, bran is often mixed with other i-ngredients
for animal feeds, thus reducing the actuar concentraËioas consumed.
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CHAPTER VI

SIII,ßÍARY AND CONCLUS ION

Treatment of the interior surfaces of storage structures wlth
residual contact insecticides is a recommended farm practice to
protect stored grain an. cereal products from spoirage by insects.
Persistence of malathion, bromophos, and iodofenphos applied as
water-based emulsions (nc¡ or 

'ùerrable powders (r^rp) at 1. 0e Ar/m2
to wood and concrete (pH g.26) surfaces lvas therefore determined.
in the laboratory at various times after treatment by bioass ay 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 rùith the surfaces. Residue analysis using
glc was a-r-so carried. out to supplement the bioassay, and to compare
the residue levels with internationally approved tolerance r_imits.

SÍgnificantly hi_gher morralities (p<0.01) of C. ferrugineus
and T. castaneum v¡ere obtained. on cereals stored. on treated wood
surfaces than on cereals that rn/ere stored on treated concrete
surfaces. O'' wood surfaceq marathion EC provided better control 0f
the insects on stored grains f.or 32 weeks. Bromophos trrp gave
complete mortality of both beetles for 16 weeks but i_ts effecti_veness
agaj-nst T. castaneum declined sharply af ter 32 v¡eeks. Malathion !,Ip,
bromophos and iodofenphos (ec; were effecti.ve on stored. grains against
c' ferrugineus for 16 weeks but their residuar effectiveness against
T. castaneum varied from eight to 16 weeks after treatment. On con_
crete sr:rfaces, bromcphos hp provided. relatively good contror on gralns
against c' ferrugineus than other insec¡icide treatments. rod.ofenphos
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than the malathion formulations but it rqas less effective than bromophos
EC' rnsecticide deposits on concrete surfaces transferred. to stored
grains generally 10st their effectiveness against r. castaneum one
week after treatment. Significantly lower mortalities (p<0.01) rvere
obtained on corn stored on treated structurar surfaces than on wheat
or barley.

The mean number of F, adults produced by

exposed for one week on the grai.ns previously

on untreated structural surfaces was significantly greater (p<,0.01)
than the number recorded from grains stored on treated structurar_
surfaces' on treated structural surfaces, significantly fewer
progeny (p<0.0r) were produced in grains previously stored. on rvood
surfaces than in grains stored on concrete surfaces with both c.
ferru'lineus and T' castaneum. The reproduction of test beetles v¡as
nearly prevented in grain samples stored on treated wooci surfaces,
and no progeny of either species were produced in grains stored
on i^¡ood surfaces treated. with malathion EC. rnsecticides trans_
located into stored grains from concrete surfaces Ínhibited re_
production of the adult beetles in the grains at or'e or more weeks
after treatment' very few or no progeny r¡/ere produced in barley
stored on untreated or treated structural surfaces, corn samples
stored on treated structural surfaces ri/ere the least protected.
agaínst C. ferrugineus and T. castaneum infestations.

Resldue analysis showed that significantly more insecti.ci.e
(P< 0' 01) translocated into grain samples stored on treated wood.

surfaces than into gral-n samples stored on treated concrete surfaces.
rnsecticide residues recovered from grain sampres stored on treated
structural surfaces depend.ed on the type and. formulati_on of insecticide.

20 adult beer_l_es

stored for one week
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the kind of cereal grain in contact with the treated surfaces.
and the age of insecticide deposit. rnitiarly, more insecticide
residues rÁ/ere recovered from grai-ns stored on structural surfaces
treated rvith bromophos EC but the resid.ual amounts d.ecreased. sharplv
after eight i¿eeks. The marathion formulatioris v/ere generally more
stable on rvood surfaces than bromophos and iodofenphos. rodofenphos
resi-dues \.,/ere recovered in less amounts from grain samples stored
on wood and concrete surfaces. rnsecticides transl0cated into
stored grains from structural surfaces treated with marathíon or
bromophos EC were higher than the 

'p 
formulations but with age of

deposit bromophos wp shor¿ed ronger persístence than its EC formu_
lation' significantly, the uptake of insecticides into wheat and
barley r-'as greater than the rate of uptake into corn from treated
structural surfaces. A1so, with an increase in age of deposit,
less insecticide transl0cated into stored grain samples from the
surfaces

The 10w insect mortalities due to the 10w 1evels of insec.icides
that translocated inEo cereals stored on concrete surfaces indicate
that concrete structures will requi.re more frequent application of
insecÈicides than wooden structures to protect stored grain from
insect infestations. For 10ng-term protection of stored grain ín
wooden bins or granaries or storage surfaces that are near neutral-
against c' ferrugineus and T. castaneum Ínfestations, the use of
malathion EC is preferable. Bromophos Inlp is recommended for treatins
concrete f100rs and v¡alls. The appll-cation of lnsecticides to
concrete surfaces may also have to be supplemented 

'¡ith admixture of
approved insecticides r¿ith stored grain.
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The biorogical effectiveness of bromophos on both structural
surfaces and iodofenphos on v¡ood coupled with their relatively short
persistence in relation to health hazards shcw that both compounds

are promising alternatives to malathion as residual grain-protectants
Field resrs r¿ith bromophos r,^lp applied ar l.Og At/n2 ro the

concrete floor of a farm granary and to a galvanized steef bin l¡ith
a concrete f100r prior to storage of wheat \,/ere conducted to assess
persÍstence and effectiveness of the deposit as a resi-dual protçctant
against c. ferrugineus infestation. BÍoassay of rvheat samples

prevÍously stored on the treated, concrete f100r of the gfanary
showed 100 percent mortality of c. ferrugineus for eighi weeks on

bottom 8.3-crn layer of wheat. Bromophos taken up by the míddre and

top layers of stored wheat was ineffective, Significantly higher
(P¿0'01) numbers of c. ferrugi-neus F, adults were produced in the
middle and top layers of r,¡heat samples but the residues in the
bottom layer completely prevented reproductíon of c. ferrugineqg.
There was negligible uptake of bromophos beyond g.3 cm of stored
wheat. High bromophos residues r^7ere recovered in the bottom layers
of wheat, ranging from 0.62 ppm after one week to 0.32 ppm eight
r¡eeks after treatment.

rn the whole bin treatment, bromophos residues detected at the
various bushet 1evels of stored wheat d.etermined the percent mortal-ity
and development of c. ferrugineus in the wheat sampled at these revels.
Bromophos residues \.vere recovered in greatest amount in samples of
wheat close to the treated r¿al1s and. fl_oor, and the ¡ss1¿ue levels
of bromophos increased. as the bÍn was empti.ed. trJheat samples with
0'5 ppm or higher províd.ed 100 pereent mortarity and also prevented
reproduction of c. ferrugj-neus. Fl progeny developed in all wheat
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sâmpres with residues of 0.38 ppm or 1ess. This field study has
demonstrated that only the layers of grain store. in direct conract
with treated structural surfaces are ad.equately protected from insect
infestation' 

. The main bulk of the grain wirl be unprotected unress it is
admixed wtth ã suitable insecticide at the begínning of the scorage period"

hrreat of different moisture contents stored. for one week on
wood surfaces treated with malathion and bromophos (¡i) at 1.os
Arlur-, showed that moisture content of grain had no effect on the
uptake of these chemicals into stored v¡heat.

Residue recoveries from each of the three síngle layers of
graÍn kernels in contact with wood surfaces treated with malathion
at i'0g Ar/m'showed. that insectícide moved up past a single rayer
of grain kernels. The uptake of marathion by the layers of graÍn
kernels increased progressively with the duration of storage.
Bioassay 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 amounc of toxicant that translocated into the
three layers of grain kerners. The accumulation of residue in about
1 cm layer of grain in contact with the treated surface shor¿s the
extent of toxicol0gical contamination that can be expected from the
peripheral layers of grain bulk directly in conract with treated
wood surface.

The type of physical disturbance applied to treated surfaces
af fected the persistence of malathion, bromophos (EC and l^rp), and
íodofenphos CEC) applied at 25Orng lt/m2 on wood. surfaces when rhe
insecticide deposits were assessed with susceptibre T. castaneum
adults at exposure periods of fi-ve hours for 24 weeks. rnsecticide
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deposits on s-urfaces that \./ere s!,/ept persisted significantly 10nger
Èhan the deposits on undisturbed surfaces and surfaces disturbed
by abrasion caused by r.rheat kernels. Deposi-ts on surfaces disturbed
by abrasion with vzheat rost their effectiveness one day after trear_
ment for iodofenphos and after three weeks for malathion and bromo_
phos formulations. Malathion and iodofenphos deposits on surfaces
fhat \''Jere sr^7ePt were equally ef fective against T. castaneum but
bromophos 10st its effectiveness after 12 weeks. The study
indicates that the effectiveness and persistence of insecticlde
deposit on wood surface can be enhanced when treated surfaces are
slightly disturbed,but prol0nged, heavy abrasion of surfaces as to
be expected during loading of harvested grain into a treated bín
or granary can markedly reduce the biological effectj-veness of
insecticide deposi_ts on surfaces.

trrrhear of 12' 0 and 16.07" mc (dry and rough whear, respecrively)
were treated with malathion, bromophos, iodofenphos, and pirimiphbs_
rneihyl in liquid formulations at initial doses equivalent to their
tolerance 1eve1s and r.5 times these levels to examine the residual
effects on susceptlble and malathion-resistant strains of T. casraneum.
Mortality counts were examined over a 24-week period by placing 20

adulË beetles on 50 g samples of treated wheat for seven days, at
certain intervals after treatment. pirimiphos-methyl at dosages
tested provrded complete control of susceptible T. castaneum on

dry and toughwheat for 24 weeks but 6.0 ppm was require. to give 100
percent mortaliÈy of the resistant strain on dry and tough wheac 24

weeks after treatment. Malathion at the dosages applied to whear
\.¡as not effective against the resistant T. castaneum but the hÍgher
dosage on dry and ¡esgþwheat was quite effective against the susceptible
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strain. Bromophos and iodofenphos shorved equal effectiveness
on dry and toughwheat against susceptible T. castaneum but bromo_

phos was more effective than iodofenphos agaÍnst the resistant strain.
Effects of the treatments on the prod.uction of F, progeny in

wheat r,/ere examined by counting adult emergence 1n the wheat samores

42 days after each assessment period. No F., progeny of both strains
of T. castaneum were produced in wheat treated with pirimiphos_methyl.

Dry wheat treated with malathion, bromophos, and. iodofenphos prevented

reproduction of suscepti-ble T. castaneunì but F, adulr emergence r¡/as

observed in tough wheat treated with lower dosage rates of malathion
and bromophos and at both d.osages of iodofenphos. Fr adurt emergence

of the resistant T. castaneum occurred in the tough wheat treated
lv-ith 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 generarly the rate
of 10ss of the insecticides was sígnificanrly faster (p <0.01)
on toughwheat than on dry wheat, except pirimÍphos-methyl in whieh

the rate of loss was equal (p>0.05) on b.oth dry and tough wheat
At the dosages tested, pirimi-phos-methyl showed greater stability
followed by bromophos, malathion, and iodofenphos accord.ing to the

order of their percent residue degradation and the estimated hal_f-

life values on wheat.

The studies on the d.istribution of insecticide residues in
utilled fractions of wheat showed that high amounts of residue 

'.rere
concentrated in the bran and middlings. comparatively, very smal1

residues were detected in the f1our. rnsecticide resid.ue found i_n

the milled fractions decreased with age of deposit.
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The effÍcacy of bromophos and iodofenphos on wheat against both

strains of T. castaneum as werl as their relativery short persistence
and row mammalian toxicities indÍcated that these compound.s are good
alternatives Lo malathion as short-term residual grain_protectants
for use against malathion-resistant strains of stored-grai_n pests.
Pirimiphos-methyl would be a very usefur grain-protectant for long_
term storage. ft would also be usefur_ agaÍnst malathion_resistanr
strains and strains of stored-product Ínsects which have shown cross_
tolerance Eo bromophos and iodofenphos provided it is cleared. from
the point of v'er¿ cf health hazards and approved dosage rates are
established for use on stored products.
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