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ABSTRACT

The effect of Canadian praírie temperatures on residue degradation

and residue translocation of malathion and fenitrothion in stored wheat

has been studied. l"lethods for the siroultaneous FPD/GLC analysis of each

insecticide and íts netabolÍtes have been developed and were employed to

quantify major rnetabolites found ín treated wheaË samples.

Malathion and fenitroÈhion (EC) were applied as l¡rater-based emulsions

aË 0.8 rnI,/kg to provide a deposiÈ of I ppn (AI) on hard red spríng

wheaÈ. The treated grain hTas srored ín the dark at -35, -20, -5, 5, 10,

20, and 27 C. Very little (( 3%) breakdown of both insecticides occur-

red on wheat that had been stored at -35 and -2O C for 72 weeks. Insec-

ticide residues decreased generally ¡¿ith increase of temperature and du-

ration of storage. AË the end of the storage period,74,59,26,5, and

41i of. the íniÈial deposít of nalathion reuained on wheaÈ stored at -5,

5, LO, 20, and 27 C, respectively. Corresponding values for feniËrothion

wer'e: 82,651 44, LO, and 4%. Fenitrothion appeared to be somewhat more

persisÈent on r¿heat. than malathion parËicularly at 1ow temperatures.

In a second study, r^7ater-based emulsions of nalathion and fenitro-

thion were applied aË 8 and 12 ppn to wheat of L2.5% moísture content Èo

compare residue dlsËribution ín fractions mi11ed from wheat samples

sÈored at -5, 10 and 20 C over a period of L2 months. High levels of in-

secticide residues were conÈained in Ëhe bran and niddlings. Less mala-

Èhion than fenitroÈhion r¿as found in the bran after 12 months of storage
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of wheat aË the three Èemperatures Ëested. Comparatively smaller amounts

of insecticide residues were found in Ëhe flour than ln the bran or níd-

dlings. Less fenitrothion than malathion r¡Ias present in Ëhe flour. In-

secticíde residues recovered from ¡oi11ed fractíons decreased generally,

r.7ith increase of storage temperature and the duration of sÈorage period.

On r¡ho1e grain, fenitroËhion degraded at a relatively slower rate than

nalat.híon parËicularly at lower storage Èemperatures. Residues recovered

from fractions of wheat stored at 20 C were conparatlvely lower than

residues found at 10 or -5 C.

Simple and rapíd meËhods for the simultaneous quantitative analysís

of roalathíon and fenitrothion and their rnajor meLabolites in stored

wheat were developed. Analysís of the extracË was conducted using

FPD/GLC (526 nm) after derivatization with diazomethane or dÍazoethane.

Recoveries of both compounds and their rnetabolites from forËified wheat

\4rere greater than 902. These developed ¡nethods were used to quantita-

tively determine major netabolites found Ín wheat treated r¿Íth nalathion

or fenitrothion and stored at 20 C for 12 months. Dimethyl phosphorodi-

thíoic acid, ¡oalathion monoacfd, and nalathi-on díacid were the najor me-

tabolites of nalathion . Major netabolites of fenitrothÍon were deue-

thyl fenitrothion, 3-nethyl-4-nitrophenol, and dimethyl phosphorothioic

acid. Confirmation of Èhese netabolites r,rlas carried out by chemical der-

ivaËization plus FPD/GLC and by thin-layer chromatography.
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ChaPter I

INTRODUCTION

Millions of tons of cereal are wasted each year through spoilage of

various sorts. Yet hunger ís wídespread, and populations increase ever

nore rapidly. Protection of food supplies through sound practices is

thus a matter of the roost vital importance.

Insect pesËs have demonstrated amazírrg abilities to overcome man-s

best effort Ëo control then; storage of grain and graÍn products has al-

ways ínvolved risk of infestation. It is Èherefore clear that conËinued

research on the control of ínsect pests encountered during storage of

grain and grain products is essential to ensure abundant supplies of

high quality food for the expanding population of the world.

Anong the numerous insect pests ¡,¡hich cause losses and deterioration

to stored food grains and cereal products are the rusty grain beetle,

CrypËlls€JSe ferruglneus (Stephens) and the red flour beetle, Triboliun

castaneum (Herbst). These two species are ¡vell known in the Canadian

grain industry as major biotic factors responsible for graln heatÍng,

spoilage, and grade losses (Sinha, L97L). These pest species can, if

left unchecked, cause a substanËial loss of food grains during storage'

Although thorough sanitaËion pracËices are essential in rnaintaining

quality and abundance of sÈored grai.n and grain products' Prestorage

treatpenÈ of grain and granaries with contact insecticides is generally

Ëhe uosË effective management meÈhod available to reduce lnsect popula-
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2

tion Èo tolerable 1eve1s. Malathion is the major conËact insecÈicide

used on grain and in grai-n sEorage facilities because of íËs hígh toxic-

iËy to several stored-product insects and its low mammalian toxicity

(oral LD5O rat= 2800 rng/kg body weight) (Ilartin and l,iorthing, L977).

The continued and repeated use of this conpound has been accompanied

in many areas by the rise in populations of resistant strains of T. cas-

taneum ,e.8., in Nigeria (Hayward, L962; Parkin eÈ al., 1969), the

U.S.A. (Spiers er al., L967i Zettler, L974, L975), AusËra1ia (Charop and

Carnpbell-Brown, 1970), and the United Kingdon (Dyte and Blackman, 1970).

Resistant stains are now being furËher spread Ëhrough inËernational

trade (Dyte and Blackrnan, L97O). There is, thus, a need for alternative

insecticides that will control a variety of insecËs that aËtack stored

grain and grain products. FenitroÈhion may be used as a grain proÈectant

and it is a possíble alternative to malathion.

' Scope and Objectives of StudY

Treatment of stored grain with contact insectÍcides, in many instanc-

es, has been used effecËively to confer long-tern protectíon against in-

sect infestation. PersístenÈ residues of contact insecticídes on the

grain may be useful from the sËandpoint of insect pest control although

increasing consumer demands have necessítated the setting of tolerances

for pesÈicide resídues and their netabolites in stored products. There-

fore tolerance levels r{ere established by Lnternational committees

(FA0/I{HO , L967, 1968 a,b, 1969 a,b, 1973 a,b, ) and accepted by national

regulatory agencies, ê.g., Agriculture Canada (Anon. ' L977).

Thus, Ëhe need for detailed checks on persistence of insecticides and

the bioaccumulation of their toxic rnetabolites in stored products after



treatment and,

tressed.

partÍcular1y,

3

prior to consumption cannot be overs-

In temperate regions such as the prairie provinces of Canada, infest-

ed grain nay be treated r¿ith an ínsecticide to control insects prior Ëo

being offered for sale. Treated grain nay pass inËo comrnerclal narketing

channels or it roay be stored under a wide range of envÍronmenËal condi-

tions. The facË that increased grain moísÈure ín stored grain ín general

shortens persistence of insectlcides residues is well known (ltlatters,

1959; Strong and Sbur, 1960). However, the ínfluence of widely varying

temperatures, such as those experienced ín tlestern Canada, on residue

degradation and distrÍbution of malaËhion and fenitrothion has not been

studied.

Following application of nalaÈhion or fenítrothion to stored grain,

residues rnay be degraded into various metabolites. Many of these metabo-

lites pose a toxicologicaL hazard to mammals (Kovacicova et al. L973;

Bender and l^lestman, L976; Rainsford, I97B; Talcott eÈ al . 1979). It is

therefore imporÈant to quantify the rnajor metabolites that may be found

in stored treated grain. Rapid, sensitive, and reliable methods are

therefore requíred to enable analysis of both ínsecticides and their ma-

jor breakdown products ln studies of their persistence and fate in

stored grain. Sínce most laboratories rely on gas-liquid chromatography

(GLC) for routine pesËicide analysÍs, it ís desirable Èo develop sensi-

tive GLC nethods for malathlon and fenitrothion and their meÈabolites.

The objectlves of the studies reported hereÍn may be dlvided ínto the

following four main areas:
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1" To study the influence of Canadían prairie temperatures on the

rate of malathion and fenitrothion degradation in stored wheat.

2. To study the translocation and residue distributíon of both ín-

secticides in grain stored at various temPeratures.

3. To develop suiËable analytical methodology for t.he accurate and

precise deËermination of nalathion and fenítrothion and their me-

tabolites in wheaÈ.

4. To quantify residue levels of metabolites for both conpounds in

sËored grain.



Chapter II

LITERATURE REVIEW

2"L ROLE OF C}IEMICALS IN REDUCING STORAGE LOSSES

The use of chemicals to protect stored grain from the attack of in-

sects has increased steadily since about 1890 (Deong, 1948). There was

occasional mentíon of chemical control prior to that date; through the

eighteenth cent.ury, such early attempts $7ere sPoradic. An example of

early use of insecticide was Ëhe burning of sulfur to check insect in-

festation of stored products, and as a disinfectant (Deong' 1948).

An inportant means of ninfnizing gtain losses during storage is the

control of insect pesËs by application of pesÈicides to the storage

premises or fumigation of the grain bu1k. Techniques for the protection

of stored grain have been developed to a high degree. Grain protectants

consist of formulations of chenicals having toxic and repellenÈ action,

or both, for grain damaging insecËs. Generally, they are applied to

prevent lnfestation, but they may be applied to destroy existing infes-

tation (Donald, 1958). Since grain Protectants are applied directly to

the grain, they must have low ÈoxiciÈy Èo Ean and higher animals. The

insecticídes approved for use on stored grain are limíted because of

possible toxic effects on vertebrates. The mode of action for many of

these compounds such as Ehe organophosphates, and carbamates ís the dis-

ruption of neural transmisslon by inhibiting the enzyme (acetylcholi-

nesterase) that returns the synapse between nerve ce1ls to normal polar-

-5-



6

ity afËer a stimulus has passed through (0-Brien, L976). Unfortunately,

the nervous systems of other organisms function in nuch the same r4ray

roaking it difficult to find selective insecticides (0-Brien, L976).

MalaËhíon, because of íËs effectiveness against stored grain insects

and its 1ow toxicity to mammals, has been approved for use on grain.

Canada, U.S.A., BrazíL, France, Ita1y., and the U.K. are anong the coun-

tries which allow residues of malathion in grain up to a lirniÈ of 8 ppro

(FAo/llHO, 1969 a,b). Kenya has a tolerance level of L2.5 ppr. The JoÍnt

FAO/I,IHO Food standard program, Codex Alimentarius Commission, has recon-

mended an international tolerance of 8 pprn rnalathion in stored grain

(FAO/WHO, I973 a,b).

2"2 RESISTANCE OF STORED-PRODUCT INSECTS TO MALATEION

Although malathion appears to be r,¡e1l suited for use as a graín pro-

tectant in most situations, there is evidence that some strains of in-

sect pests are developing resistance Èo it. The problem of malaËhion re-

sistance in sËored product pesÈs is complicated by the fact Èhat it is

being spread from country to country Ín shÍps through international

Èrade. Even countries which have noÈ yet taken.to large scale and ex-

tensive use of insecticides have to contend with malathion resistant

strains of insect (Pasalu et al . L974). I'Ialathion resistant strains of

red flour beetle, T. castaneum, have been report.ed in numerous locat.ions

around the world (Spiers and Zettler, L969; Champ and Carnpbell, L97O

a,b; Dyte and Blackman, 1970, L972; Chanp and Girish, 1974, Pietere and

SchuÈen, L974; Zettler, 1975; Charap and DyÈe, L976). DyÈe and Blackman

(1965) found a sËrain of T. casÈaneum fron Nigeria with resistance as
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high as 200-fold to malathion after selecËion pressure. Parkin and For-

ster (L962) reported T. castaneum, collected from stored Peanuts in Ni-

geria had resistance as hígh as 52-fold to roalathion. Bhatia et al.

(197L) cornpared Ëv¡o straíns of T. casÈaneum for resistance to malathion.

One strain had been maintained in the laboratory \,rithout exposure to in-

secticides. The other was collected from rice bags ín a storage !¡are-

house thaÈ had received repeated surface treatments wíth malathion. Re-

sults indicated a definite resistance to malathion of the beetles

collected from Èhe warehouse. Chaup and Dyte (I976) reported that

strains resistant to inseeticides are novl known in 1 nite, 5 moths, and

11 beetles which attack stored produets. At leasË 10 species have devel-

oped resisËance to malathion and 5 to pyrethroids. They also indicated

that rnalathion resistance has been encountered in T. castaneum in at

least 70 countries and the confused flour beetle, Tríbolium confusum (du

Val), and the lesser grain borer, RhyzoPertha domínica (F.), ín 25 coun-

tries.

2.3 PROTECÎANTS FOR STORED PRODUCTS

The nalathion resistance ín T. castaneum and other stored product in-

secÈs is becomíng widespread and severe and may lead to control failure

if the use of ¡nalathion is continued (Dyte, L970i Zettl.et, L975). Con-

sequently, ner¡r insecËícides as grain protectants are needed. FeniËro-

thion, 0,9-diroerhyl-Q-(3-methyl-4-nitrophenyl)phosphorothioate, a con-

tact insecticide and sÈomach poíson ¡shich exhibits practically no vapor

actíon, is considered a relaEively safe, broad-specÈrum insecticide.

Half-1ife in an alkaline solution (pH 12) ís 272 min at 30 C and 123 nin
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at 40 C (Níshizawa, L976), and ernulsifiable concentrates are stable un-

der normal storage conditions.

Fenitrothion has been shom to be more effecËive than malathion

against sone stored-product insects. Lemon (L967) found thaÈ fenitro-

thion tras more effective than bromophos or malathion v¡hen applied topi-

cally to ten species of stored-product beeËles. He also found that feni-

troÈhion was the most effective of the three compounds as a Protectant

on Írheat agaínst Èhe granary weevil, Sítophilus granarius (L')' In labo-

ratory experimenÈs fenitrothion was more toxic than malathion to T' cas-

taneum on wheaË (Strong and Sbur, 1965). Under practical conditions, 2

ppn fenitrothion on ¡¡heat or barley provided protection against the

saw-toothed grain beetle, Oryzaephilus surinamensis (L. ) equal to thaË

of 10 ppn malathion (Green and Tyler, L966; Tyler and Green' 1968).

AnongagrouPoforganophosphoruscompoundsabouÈequalEoorsafer

than malathion, strong and sbur (1968) found feniËrothion had potentfal

for use as a commodity protectant' as a direct spray application, and as

a residual surface treaËDent in tests lrith adults of stored insect

pesÈs. chanp er al. (1969) and Kashi (L972) reported higher effective-

ness of fenitrothion over diazinon and rnalathion against the rice lveev-

i1, sitophilus oryzae (L.), and the lesser grain borer, Rhyzopertha dou-

ínlca (F. ). Dyte and Blackman (L972) found that a nalathion-resistant

strain of T. castaneum with a 260-fol:d leveI of resistance to nalathion

r{as cross-resistant to nalaoxon (X 19), and fenthoate (X 25) but not to

mevinphos nor to five of the organophosphorus insecticides including

feniÈrothion. They concluded that T. castaneum does not develop cross-

resistance to insectícides uhich lack carboxyesters in Èhe leaving
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group. hreaving (1975) reported Ëhat a dose of 8 ppt fenitrothion on

corn was much more effective than an equal dose of nalathion in control-

ling the meize weevil. LaHue and Dicke (L976, L977 a,b) reported that

fenitroËhion was more effective than malathion, and that a dose of 8 ppm

fenitrothion gave good protettion to r'¡heat, shelled corn' and sorghum

for L2 months against rice weevils, lesser grain borers, and confused

and red flour beetles. Ardley and Sticka (L977) showed ÈhaÈ fenitro-

thion at one half the applicatlon raLe of nalathíon appeared to gíve

equÍvalenÈ proËecËion against the deËerioration of stored wheat caused

by attack from stored product Ínsect pests '

In laboratory studies, ín which doses of 2.5,5.0, 7.5, and 10 ppm of

fenitrothion and malathion were applied to wheat, Hyari et al ' (L977)

indicated thaÈ after the grain had been stored for 12 months, fenitro-

Ëhion was consistantly more effective than malathion against S' oruyzae,

R. dominica, T. castaneum, and T. confusum. Reeently, Lallue and Kadoum

(Lg7g) applied fenitrothion and malathion to plywood surfaces to deter-

mine their toxicity against the above mentioned insecË pests' They found

that fenitrothion !¡as more effective than malathion and concluded that

fenitrothion is a promising grain protectant'

2 "r+ DEGRADATION OF INSECTICIDES IN STORED GRAIN

Because stored graln may be used at any tirne for human consumption,

the level of pesticide residues must be kept aÈ a minimum for the safety

of the consumer. The insecticide ls applled eiÈher as a dusÈ or as a

liquid spray formulation and its subsequent absorption and metabolism

are affected by the time and mode of applícation. The rate of degrada-
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ofÈion is influenced bY PhYsical

tine the resídues on Ëhe grain

enzymic factors, and bY the length

exposed to t.hese condítions.

and

are

2"4"L Tenperature

Temperature has urarked effects on the velocity of enzyme-catalyzed

reactions, and., j-Í. enzyluic activity is plotted as a function of temPera-

Eure, a curve is obtained (Figure 1) wherein the stimulating and dena-

turing effect of increased temperature are offset' Sínce denaturation

has a disÈinctly high Ëemperature coefficient, a rise in temperature re-

sults in a progressively smaller increase of activity unËil the apex of

the curve is reached at the optimum tenperature' DenaturaËion predoni-

nates beyond this polnt (Devlin' 1969) '

Thus it can be seen that high teroperatures in sËored grain can have

profound effecËs on Ëhe rate of metabolis¡n of ínsecticídes applied di-

rectly to Ëhe grain or absorbed from Lreated sacks and storage sËruc-

Èures.

strong and sbur (1960) showed by bioassay that a decrease

effectiveness of ¡nalaÈhion applied at l0 ppm in wheat at

in

LO7

residual

moisture

contenË (rnc) occurred wit.h íncrease of storage Èemperature from 10 to 50

C and that tenperatures in the region of 50 C so liniÈed the effective

life of this insecticide in ¡n'heaÈ that the moisture conÈent of the graÍn

could be discounted, although increases in the uoisture content also in-

creased the breakdown rate. They showed similar effects, in varying de-

grees, wl-th Dibroro, DDVP, ronnel, GuËhion, and diazinon (SÈrong and

Sbur, Lg64). Koívistionen (1961) also noted that Ëhe temperature of

sÈorage had a marked effect on malathion disapPearance, wiEh greater

losses occuring at about 20 C than at about 4 C when apples and beans
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\^/ere Ereated with nalathion after harvest. Godavari Bai (L964), in his

studies on Ëhe persistence of malathion on ËreaÈed food grains under

different condiËions of storage and processing, found that high tenpera-

ture results in loss of malathion on the grains and roilled maÈerials

during storage.

Using data from chenical analysis, l"linetË et al. (1968) demonstrated

texoperature and moisËure dependence of malathion breakdown on wheat. At

íncreasing storage temperature, degradation of nalaËhion was found to

increase, particularly at high moisture levels.

Eichler and Knoll (I974), in studing the degradation of bromophos in

stored ¡¿heat, observed ËhaË the type of for¡oulation and the degree of

moisture conÈent of the stored grain have no significant influence on

the degradation of the compound when the treated r¿heat $las stored at 15

C. However, by increasing Ëhe storage tenperaËure to 26 C, the rate of

decomposiËion was significantly inereased.

In laboratory studies, I,Iilkin et al. (L973) compared Ëhe periods of

effecÈiveness of rnalathion and iodofenphos aË 10 ppn on Englísh wheat

sËored at L7, 30, or 35 C. The results of the experimenÈ over a 20 week

period showed that lodofenphos has a longer effective life than mala-

thion against O. Surinamensís , even on wantr grain. The authors ex-

plained that the longer persisËence of iodofenphos is associated wiÈh

much slower rate of breakdor¡n of the compound.

I{arrers and Mensah (1979) studied the stability of malathion applied

to wheat sÈored for 9 months at 10, 20, and 30 C. Residue analysis

showed a gradually increasing raEe of breakdown of the insecticÍde froro

10-30c.
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2"t*"2 Mol-sture content

Metabolic acEiviÈy in the grain increases rapidly at moisture con-

tents above 14 ro 152 whÍch KretoviËch (1945) terms the "critical" 1ev-

el"

The v¡heat grain when absorbing water, holds part of it ín Ëhe inters-

tices by capillary force while the rest is nore firnly bound as a thin

film on all the surfaces. Such absorbed water has low vapor pressure'

slíghtly hÍgher density, and a different dielectric constanÈ from pure

rì7ater; moreover, iÈ ls not free to flow and cannot serve as a solvent

and medium in which biochemical changes can occur in the living ceIl

(Rowlands , Lg67). The increase in roetabolic acÈivity above Ëhe critical

1evel is explaÍned by the appearance of f ree Ì^7ater in the cells ' a nec-

essary prerequisite for enzyme activity. Kretovitch (L945) showed Ëhat

the essential enzymic activity catalyzíng oxidation-reduction and hydro-

lytÍc reactions in stored wheat increased slowly rvÍth increase of mois-

ture content from 11 to 14% a¡ð, then sharply above 15% and up to 2O%'

I^IaÈËers (1959) found that ¡oalathion ln wheat lost its ínsecticidal

properties more quíck1y when the grain moisture content exceeded L3'5%'

Malathion applied at 2 Ppu to wheat of 13.5% moisËure content was more

effective than nâlathion applied at 16 ppn to wheat of 15.52 noisture

contenË against the rusty grain beetle, Cryptolestes ferrugíneus Ma-

lathion was lneffective when applied at 16 ppn to wheat at L8"/" moisture

conËent.

Strong and sbur (1960) applied rnalaËhion to wheat with moisture con-

tent.s ranging from 10 to 2O%. They found a reducÈion in nortalities of

granary r.¡eevil, rice weevil, and red flour beetle with an increase in



T4

moísture content. They found that nalathion remained effective for a

considerable time on wheat with a L2"/" moisture content' but Ëhat the

toxÍcity decreased very rapidly at moisture leve1s above 14%, whích they

considered to be the critical level of moisture in stored wheat'

Coulon (1966) carried out tests to study Èhe effect of graín humidity

on the control of granary weevild afforded by nalaËhion applied to

stored wheat wíth uoisture content.s of 13.5, 14, 15.6, L7'L"Á' Results

revealed that the rapidÍty with r¿hich malaÈhion lost iEs effectiveness

duríng a l3-week period was in direct relation to the moisture content

of the grain, and that artificial drying of damp grain ímproved the per-

síst,ence of the collPound.

Kadoum and LaHue (1969) reported that increase in moisture content

caused a rapid breakdown of malathion residues in grain sorghuu' Green

et aI. (1970) also assessed Èhe influence of moisture conÈent of the

grain on the persistence of bromophos and nalathion by comparing theÍr

effectiveness rllhen applied at l0 and 20 ppn Èo warn moísË grain against

saw-toothed grain beeÈ1es. Applied Èo wheat of L8.5"/" moisture coritent

stored at 30 C, bromophos lost effectiveness after six ü¡eeks to the same

ext.ent as ualathion. The high dosage rate díd not give longer protection

with either conpound.

Kadotrn and LaHue (1975) determíned that rnalaÈhion degraded rapidly

the first 28 days after Èreatment of wheaÈ at I5"A moisture content' and

that 377! of the applied malathlon (10 ppm) remafned aË thaË tirne'
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2"&"3 Víability of Èhe graia

Kadoum and LaHue (L972), in a study of the effecÈ of viable and ster-

íLizeð. sorghum grain on malathion degradation during 9 months storage'

found that higher residues were retained by sterilízed than by live

sorghum grain. Rowlands (L964) found higher malaËhion degradation rates

on live wheaË than on autoclaved wheat. Tyler et a1. (1966) reporÈed

that malathion degradation I¡Ias higher on freshly harvested wheat and

barley than that on grain which had been sÈored for some time after har-

ve sË.

Locations and Ëypes of enzymes concerned in metabolism of insecti-

cides in stored wheaË wíll be discussed in Section 2'6'L'

2"4.4 Baking and processing

Allessandrini (1965) reported 84 to 92% Ioss of malaËhion residues

when flour is made ÍnËo bread. He also found that 89 to 90% loss of the

insecticide when flour "." .on.r.rted Ëo pasta, and that cooking pasta

resulted in degradation of the insecËicide beyond Èhe point of detecËa-

bility.

Acton and Hertel (1966) observed thaÈ no malathion residues occurred

above the detecËion lirnit of 0.3 ppt in bread baked fron flour milled

from wheat treated r¿ith malaËhÍon aÈ 26 ppm, but found over 1 ppm nala-

thion fn bread baked fro¡n whole wheat flour that had been nilled fron

r,¡hole wheat treated wiiÈh I PPrn.

Bengston et al. (L974) deternlned 95 to 97% loss of fenitrothion res-

idues when flour, rnilled frorn wheat treated at 4 ppro, I'¡as made inËo

bread. Lockwood et al. (L974) applied fenltroËhion at 2 to 16 ppm, and
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rnalathion or teËrachlorvinphos (each at 10 to 80 ppm) to paddy (rough)

rice, wheat, and sorghum. Preparation involving boiling or sÈeaming (wet

cooking) resulted in complete degradaÈion of residues of all Èhree pro-

tecËants so far as detectable rvith nethods sensitive to less than 0'1

ppn. Dry cooking methods, used in preparing chapatties from wheat and

sorghum, resulted in average losses of 43 to 75% of resldues.

2.5 PENETRATION OF INSECTICIDES INTO STORED GR.A'IN

The rate at r,¡hich insecticides PenetraÈe ínto stored grain affecËs

their int.ernediaEe if noÈ ultimaÈe metabolíc fate, and also the persis-

Ëence of theír residues.

Penetration is affected by many factors other than the naEure of

insecÈicide: the moisture content, age, variety, and viability of

grain itself, whether the insecÈicide is applied as a dust or sPray,

whether the spray is a suspension, emulsion, or solution.

2.5.I Measuring Penetration

The only reliable nethods for determining internal and external dis-

Èribution of ínsecticides applied to grain are those dependent on me-

chanical separaËion of Èhe grain components before extracting the insec-

tícide, i.e., industrial or lab-scale milling, or alternaÈively,

dissection of the dry grain by hand (Rowlands , L967) '

the

the

and
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2"5"2 Effect of siÈe of apPlication on Penetration

The region of the grain surface that actually receive the insectici-

dal dose can affect the rate of peneËration. When uniform, undamaged

grains r¡rere treated by toplcal application of bromophos to the attach-

ment region, brush area, center of the crease (ventral side), oE center

of the dorsal side (Figure 2), dissection and analysis of the intact

bromophos showed thaË more rapid penetration occured via the attachment

region than from the crease area; absorptÍon from back or brush areas

was relatively slow (Rowlands , L966 a) '

2.5.3 Nature of the ínsecticide

The electronic properÈies of the insecticide mo1ecule, particularly

as they determine its water-solubiliËy, affect. Ëhe penetration of insec-

ticide into graín above the critical moisture level' The rnore l^7ater so-

lub1e the compound, e.g., diroeÈhoate (3-4%), the more readily it pene-

trates lnto the grain (Rowlands ,I97L). In grain below the critical

uoisture conten¡, however, the leSs water soluble compounds, ê'8', bro-

mophos (water solubility is 40 pprn) and nalaËhion (145 ppn) stilI Pene-

trate more slowly Ëhan dimethoate, but their respecËíve rates are the

r.r"r"u of those in danp grain; e.8., bromophos penetraÈes more rapídly

into dry grain than malaËhion (Rowlands , I97L> '

As mentioned prevíously, the rnoisture content of the grain affects

the persistence of applied Ínsecticide. Generally speaking, the higher

the internal moísture content' the slor¡er the penetration of water-inso-

lub1e conpounds. This is connected with the appearance of free waËer in

grain above the "critical" level (Rowlands , L967). Penetration rates for
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the individual coupounds do noÈ appear to vary much ínside the tno rang-

es l0 to 14 and 15 to 20"/. moisture contenË.

2"5.4 Type of fornulation

Contact insecticídes are usually applied as aqueous suspensions of

!¡aËer dispersible powders, as aqueous sprays of emulsÍon concenÈrates'

or as dry dusËs, either t.he powdered ínsecticides or the insecticíde di-

luÈed with an inert carríer.

Rowlands and Horler (1967) attempted Ëo measure the uptake by graín,

at two moisture levels, of malathion applied either as an emulsion sPray

or as a dry dust. ResulÈs indicated more rapid penetration of malathíon,

applied as a spray than when it was applied in dust formulations into

the dry grain. This could be due either to the greaÈer affinity of dry

grain for the aqueous emulsion or to the fact that non-hydrophilic sub-

stances, ê.g., the oil deposited frorn the euusion and, perhaps, the pes-

ticide, penetrate more easily into dry grain (Rowlands and Horler,

1967 ) .

Uptake of the less water-soluble compounds frorn dust or \,{ater-disper-

sible suspensions is achieved chiefly by the unprotected geru' via the

atÈachment region.

2"5"5 Location of residues wit.hin the grain kernels

Schesser eÈ al. (1958) nilled samples of wheaÈ of unknown tempera-

ture and moisture content that had been treated lyith malathion, methox-

ychlor, or lindane residues. They reported that the highest residues

r¿ere ín Ëhe bran and shorts, with very litt1e insecticide contaíned in

the flour.
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Strong et a1. (f961) sprayed wheat of 10 and 13% moisture content at

5 ppm r¿ith nalaËhion formulaËed as an emulsion, suspension' or solution,

and stored the treated grain for Ëhree months aÈ 32 C- Very little res-

ídua1 nalathion was detected in the flour: 0.2 pPrn from emulsion treat-

ment, 0.1 ppm from the suspension, and 0.01 ppn from the solution.

Roan and Srl-vastava (1965) sËored wheat Ln open containers after

spraying wíth diazinon emulsion. A stable 1evel of penetration úlas.

reached r¿ithin 45 days. Milling of samples taken after 24 hours revealed

57% of. the residue in the bran, 26"/" in the shorts, and 17% in Èhe flour.

Rowlands and Horler (1967) concluded from experiments in which mala-

thion was applied topícally in hexane to indiviual grains that, even in

grain of moisËure content as low as 7%, there Ís an effective transport

systen movíng the insecticide frorn one tissue to anoËher. McGaughey

(Lg7I, :rg72) ínvestigated the amounts of insecticide Present in the

¡oilled fractions of three varieËies of rnalathion Èreated rice. He found

that treating levels betrveen 10 and 20 ppro caused excessively high resi-

dues in the bran, and that Ëhese high residues persisted through 7 to 11

months of storage.

Kadoum and LaHue (L972) nade a useful study of the Penetration of ma-

laËhion emulsf-on inÈo sorghuu when applied at 10 ppm Èo both viable and

sÈerilized grains. One day after treatment, 13.8% of the dose was ínside

(i.e. in Èhe endospern) the live kernels and 2L.4"/" in the sterile; resi-

dues on the outside (i.e. fn the bran fracËion) of the graín accounÈed

for 86.2% atð, 78.6"/. of the dose, respectively. After one month the cor-

responding values were 20.7"/" of initial dose in the live and 34.1"Á in

the sterile grains, with recoveríes of 51.4 and 48.3"Á ftom the outer

surfaces.
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Kadouu and LaHue (1974) measured Ëhe amounts of nalathion that

penetrated the kernels of corn, sorghum , and wheaË sÈored at 26 C.

They found Èhat all three grains shor¿ed more residues inside the kernels

one month after treatment than they did at 24 hours, 3, and 6 months.

They concluded that Ëhe type of grain did not affect the movement of ma-

lathion residues into the kernel.

Rowlands and Bramhall (1977) studied the insecticide behavior within

t.he grain by a series of experiments at roon temperature using

14C-r lrrhion. They showed that r¡heaË graíns absorbed nalathion, giving

high concentraEion in the aleurone layer of the seed coat and in the

scutellum of the germ (Figure 2). 0n1y very snall amounts were found in

the starchy endosperm. Sinilar findings ÍIere reported for nalathion

(Kadoun and LaHue, L977) and methyl phoxim (Alnaji and Kadourn, L979)

when the Ëreated v¡heaË stored at 26 C for 12 ¡nonths.

Mensah et al. (1979) deternined residue levels of malathion, bromop-

hos, iodofenphos, and priniphos-methyl in fractions from treated wheat

sÈored at 23 C for 6 months. They showed that high levels of residues

were present in the bran and niddlings. Less rnalathion than bromophos,

lodofenphos, or primíphos-methyl, was found in Ëhe bran and rniddlings

afÉer 6 rnonths of storage. Couparatively smaller amounts of insecticide

residues were found in the flour (0.3 - 2.2 ppn) Èhan in the bran or

n:iddlings (6.9 - 2L.3 or 5.9 - 17.0 ppm, respecÈively).
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2"6 INSECTICIDE METABOLISM IN STORED GRAIN

Once on or in the grain, organic insecticides are subject to metabo-

lisn by a variety of enzymes. Depending on their chemical structuresrËhe

compounds nay be oxidized, hydrolyzed, decarboxylated, dehalogenated, or

dealkylated.

2"6"I LocatÍons of euz)rmes involved in metabolism

Figure 2 suggests how enzymic reactÍons in the uain area of netabolic

activity in the wheat grain may aÈËack ínsecticide molecules and it

seems thaË eompounds ¡^rhich are slow to penetrate the seed coat and reach

the gern and endosperm will have greaÈer opportunity to be oxidized than

those penetrating rapidly (Rowlands, L967).

2.6.L.L OxidaËlon

The phenoloxidase type enzymes are located in the seed coat of fresh-

ly harvested wheat and harie been shown to oxídize phosphorothionates to

phosphorothiolate and phosphate (P=S to P=O), and substituted (chlori-

nated) cresols to di- and trihydroxy compounds i-n vivo (Rowlands, L966

b, 1968, L97O a). Rowlands (1966) showed also thaÈ the oxidaËive activi-

ty in the seed coats was apparent for three to four weeks fn grain

treated ínmediately after harvesÈ but Ëhat the activity had practically

ceased 1n grain treated more Èhan two t.o eight weeks after harvest.

Ror,¡lands (1966 b) observed slight phosphorothÍoate oxidation in the

gerrn tissues of freshly harvested ¡vheat grains. He found Èhat the fat-

peroxide systems, usfng eíther a rt¡heaË germ lipoxidase or commercial

catalase or perioxidase, would concurrently oxÍdíze P=S Èo P=0.



22

Oxidation
Hydrolysis
DecarboxYlation
Dechlorination
Dealkylation

Aleurone laYer:

Eydrolysis
Some decarboxYlaËion

Germ:

S1Íght oxidaËion
Pronounced hYdolYsis
DecarboxYlatíon

Figure 2: The wheat graln: Sections
insecticide roetabolisn A
(Rowlands , L97L)

Seed coot

Aleurone
( sub-oleurone)
loyers

endosperm

Nucellor

slrond

Nucellor loyer

Vosculo¡

Creose

through grain showing reglons of
= above crease, and B = aÈ germ

Endosperm:

Storage
cre sols

of phenol'
, etc.



23

2"6 "I "2 Hydrolysls

Enzymes in stored grain that catalyze the hydrolysis of ester sub-

strates (i.e., esterases) and which Eay atËack insecticidal ester sub-

straËes are of ttlo types, the lipases, which eatalyze the hydrolysis of

sirnple derivaÈíves of organic carboxylic acids, and the phosphatases,

which split phosphorlc and thiophosphorÍc esters. These enzymes have

been reported to occur in wheat, in the aleurone layers of the endosperm

and in Ëhe scutellum of the germ (Engel,L947, L948, Singer 1948, Row-

lands 1966 b)

The age of the wheaË grain aft.er harvest had no effect on hydrolytic

acËivity towards differing substrates, both insectÍcidal and non-insec-

ticidal, and the lower levels of hydrolase actívity showed no variaÈíon

ín grain of moisÈure content ranging fro¡n 10 to L4%; activity íncreased

at moisture levels above the "critical level" (Rowlands , L97L).

From the data available on Èhe locaËion of hydrolytic activiËy, in-

secËicides ¡^rould be liab1e to hydrolytic attack regardless of where they

penetrate to inside the grain as they will be in contact ltliEh the en-

zymes.

2.6.L.3 Decarboxylation

Decarboxylation normally plays a role in the later degradaÈíon of in-

secticide netabolites produced in and on grain, rather than in initial

deÈoxificaËion. Thus, dimeËhoate carboxylic acid, malathion mono- and

dicarboxylic acids could be further degraded to assirnilable or non-toxic

products. Most of the decarboxylase activity determined in the grain has

been assoclated with the germ (Harary et al., 1953; Cheng et a1., 1958)

and in Ëhe aleurone layer of the endosperm (Rowlands ' L966 b).
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2"6.L"4 Dehalogenatfon

Rowlands (1968) found very slight dehydrochlorinatlon of DDT to DDE

in sËored wheat under aeroblc conditlons but once the J-ntergranular air

eras consumed and anaerobfc conditlons prevalled, reductive dechlorina-

tion to DDD took pJ-ace. These reactions were localfzed ln the aleurone

layer of the endosPerrn.

2"6"1"5 DealkY1ation

o-Dealkylation has frequently been ldentifled as a degradaÈfon path-

wayoflnsecticideslnmammals,insects,plants,andmicroorganisms

(Aharoni and o-BrLen, 1968). There ls sometlmes clear specfficity of at-

tack lftnlted to nethyl, rather than ethyl phosphate esters' Dealkyla-

tion has been shor¿n to take place in the aleurone layer and in Ëhe gern

of the wheat grain (Rowlands, 1971)'

It has been reported Èhat S-dealkylaÈion, whlch night be a possible

degradatlon pathway of certain minor insecÈiclde producÈs such as !-a1-

kyl lsomers, is much less lfkely to occur (Rowlands ' l97L)'

lnsectlcldes in stored grafn

organophosphorus insecÈicfdes are netabolized more rapidly

by grain than most other lnsectlcldes. Phosphorothloates or dlthioates

of low toxiclty roay be oxidlzed Èo more fnsecËicfda1ly active compounds'

orthelrphosphateandphosphorothlolateanalogs;thloethersmaybecon-

verËed to sulfoxide or sulfone derlvatives as follows:

RO : RO.?
'Ë-oc -P-oR'

RO' RO'

Phosphorothbote PhosPhote



RO_l
P-SR

RO,

Ros
P- SR

RO,
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Phosphorodithioqte Phosphorothiobte

Thioether Sulfoxide Sulfone

Cornpared to the organochlorine compounds, organophosphorus lnsectl-

cides are generally of relatively shorÈ persfstence and are easfly hy-

drolyzed to innocuous products t.hat can be absorbed into the normal met-

abollc systen of organisms fnvolved.

2.6.2 "L PhosphaÈes

Consideratlon of the enz¡rroology of grain suggests hydrolyrlc attack

as the nain netabolfc pathway of phosphates in stored graln (Rowlands,

1971). Trlphenyl phosphare was degraded to dt- and monophenyl phosphates

by Btored wheat (Rowlands, L965 b) and dimethyl dlchlorobronophenyl

phosphate, the phosphate analogue of bromophos, was sfnilarly converted

to dfunethyl phosphate and dichlorobrornophenol (Rowlands, 1966 b); presu-

nably, ultfmate degradatlon to inorganlc phosphaÈe occurred. The lfkely

degradaÈtve pathways for PhosPhates are the fol-lowing:

Ro3
P-OH

oo'l

Rof
P- OH

HO'l

HoÍ
P- OH

rÐ'

Ros
P- OR

*o'I

RO-?
P -OR

lÐ"

I

Ho.?
P- OR

tÐ'
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Rowlands (1970 b) has shown that DDVP breaks down rapidly on wheat

grain to give roainly dlnethyl phosphate phosphorylated protein deriva-

tLves. Lesser amounts of demethyl-DDVP, Eonomethyl phosphate, and phos-

phoric acid rsere found. Investigation of these phosphorylated proteins,

after Sephadex gel fractionatlons, suggested that there was little no-

lecular wefght difference between Ëhe extractlves of DDVP treated and

untreated wheaÈ, and that DDVP probably åirnethyl-phosphorylated avalia-

ble hydroxy groups of the Protein molecule, €'8',

o
il rocH3

PROTEIN - O- P.-ocHt

This cornplex underwent rapld demethylation during storage to give a

uore sËable forrn:

o
ll - OCHa

PROTEIN -O- tio* \)

Digests of couplexes extracted fron treaËed wheat were shown to yield

¡¡o11o- and dimethyi- phosphoryl derivatives of amino acids which was slow-

ly attacked by acld phosphaÈase to yteld mono- and dinethyl phosphates '

the overall degradatLon paÈhway fs shor¡n tn Figure 3 '

2.6"2.2 Phosphorothloates and phosphorodithioates

The phosphorothioates undergo Ër{o najor uetabollc reacÈions in grain:

oxidatlon and hydrolysis. Although compounds with a side chaln Èhat can

be hydrolyzed to glve carboxyl-ic aclds, ê.8., malathlon and dlmethoate

(Rowlands , Lg67 ), Eay be furËher degraded by decarboxylaÈfon, the ulti-
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e H3O-?
P-Õ-eF{ =eClz

h{Õ'

Demethyl DDVP

\
\

CHsO.p

CHsO'

HÕS
P-OH

t-{o

Phosphoric qcid

Í
/

/

Monomethyl phosphote Ðimethyl phosphoric ocid

P-Õ-eþ{= eClz

DDVP

c!{3os
P-OH

h{0'

\

\

ch{30.3
P- OH

e F{30'

Flgure 3: I'letabolisn of DDVP in wheat grain (Rowlands, 1970 b).
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nate product of meËabolism is inorganic phosphate or thiophosphate (Fig-

ure 4) "

Compounds with aryloxy-(or arylthio-) phosphate side chains:

In the few cases r.rhere the metabolism of such compounds in

stored grain has been determined, e.8.r bronophos and fenitro-

t.hion, the results, based on hydrolytie rather than oxidative

degradation, have shown that demeÈhy1 derivatives are the main

products. Rowlands (1966 a) found ËhaË bromophos Iì¡as metabolized

by wheat at L27! moisture content and stored at 20 C to yíe1d

deroethyl bromophos, traces of dimethyl phosphorothioaËe and di-

chlorobromophenol, and small amounts of the phosphate analog of

bromophos (Figure 5). Ultinately the denethyl bronophos was de-

graded to nonomethyl phosphorothioaÈe, thiophosphoric acid, and

di brorno chlo rophenol .

Compounds with alkoxy- (or alkylthio-) phosphate side chains:

The relevant compounds ln this catagory are, for instancer ÛÌa-

lathion and dimethoate. These have the possibility of esterase or

amidase catalyzed hydrolysis ín additlon to phosphatase degrada-

tion and this alternative site of attack seems to account for

their pronounced selective toxicity betl,Teen insects and nammals

(O-Brien, 1961). Thus the thÍolo-side chain may be degraded to

carboxlyíc derívatives (Figures 6r7).

Rowlands (1964) studied the meÈabolisn of rnalathion in stored

øaíze and wheaË. Products identified qualitatively by thin-layer

chroroatography were dÍmethyl phosphorodithioic acid and nalathion

diacid after 6 months of sÈorage. No malaoxon was found, but 1n

t.

,
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HO?-P-oH

Ho'+

I

HO-?
P- Sr-l

*o'l

ROs 
,
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----r-þ
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cH3O_l
P-S-CH- C -OH

CH3O' é6,-C-OH
o

P-S-CH-C-OH
CH3O' êtrr-c - oCzHs

o
lt

cH3o.; o
lt

ll
o

MMAMDA

cH3o.l
P-OH

CHso'

ÞMPTA

cH3orl o
lt

P-S-CH-C-OC2H5
CH3O' é*- C - OCz Hs

o

Molothion

cn.o.l
P- SH

cH3o'

DMPDTA

Figure 6: Metabolism of malathion fn rsheat (Rowlands, 1964) .
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later work, Ror¿lands (1965 a,b) showed that when freshly harvest-

ed wheat \,ras treated with malathion, production of malaoxon rllas

inítíal1y rapid and continued for three to four r'reeks. A sample

froru the sane \"Iheat bulk treated after túIo Èo eight weeks from

harvest shov¡ed almost no oxidative activity.

Dimethoate lras found to degrade rapidly in stored grain and

sorghum (Rowlands , L966 c) . The rapid degradation l¡¡as ín part aË-

tributable to the speed with ¡¡hich dirnethoate enters Ehe grains,

possible due to lts relatively higher water solubility. 0n1y

slight oxidation was detected during the first seven days of

storage in both wheat and sorghum. On the other hand, hydrolysís

of dimethoate v¡as very marked and demethyl dimethoaËe, Èhe deme-

thyl derivative of dirnethoate carboxylic acid, and dimethyl phos-

phorodithioic acid vTere found in both commodities (Figure 7).

Later Rowlands (L966 c) showed that dinethoate carboxylic acid

v/as slow1y degraded Èo trimethyl phosphorodiËhioate, i.ê., decar-

boxylated, by enzymes of the germ and aleurone layer of wheat'

2.7 ANALYTICAL METHODOLOGY FOR MALATHION AND FENITROTHION AND

METABOLITES IN STORED GRAIN

2"7 "L Analysls of parenË couPounds

Several methods for the deternination of nalathion and fenitrothion

in stored grain have been reporÈed ln the literature. Levi and Nowiciki

(Ig74) have modified a method for the screening of organochlorine pesti-

cides in wheat to permlÈ rapíd, simultaneous screening for ¡ualathion,

fenitrothion, and other common organophosphorus residues. The sample is

extracÈed in a ball-ni11 with eÈhyl ether and hexane and the extract ís



anaLyzed by gas-liquid chromatography (GLC)

zation detector (A¡'ID) .
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using an alkali flame ioni-

Varca et a1. (1975) reported a method for the analysis of malathion

and dichlorvos in stored grain. The method involves extraction by shak-

ing with benzene, Florisil column cleanup, and GLC detennination using

elecrron capture detection (ECD) or AFID. Desmarchelier eÈ al' (L977)

described a method for the analysis of fenitrothion in stored wheat'

Using methanol or acetone as the extraction solvent, samples were either

macerated or Soxhlet extracted for 36 or 6 hours, respectively. The ex-

tract was then ana1-yzed by AFID-GLC '

Kadoum and LaHue (L977 and 1979) exÈracted malathion from wheat and

corn by shaking wíth acetonitrile saturated with hexane. The extract

was cleaned up on a Kontes Chromflex column and analyzed by EC4LC'

2"7 "2 Analysis of metabolites

No method has been reported Èo date for Èhe exËraction and determina-

t.ion of fenitroÈhion and íts uetabolítes which may be found ín stored

wheaÈ. The only published method for the analysÍs of roalathion carbox-

ylic acids in fortified grain was reported by Kadourn (1969). Ir in-

volves a Some\,¡hat lengthy extraction Process, meËhylation r¡ith

BFr-rnethanol, column cleanup, and G$c determination of the derivatized

metabolites by ECD or phosphorus thermÍonic detector.

shafik er al. (1969, Lg7L, Lg73) and Lores and Bradway (1977) have

reported roethods for the simultaneous GLC analysis of six dialkyl metab-

olites, corDmon to Dany organophosphorus pesticides, in hunan blood and

urine using the flame photometrlc detector (FPD) and the derivatization
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procedure described by Stanley (L966). Two of these compounds, namely,

dimeEhyl phosphorodíthioate and diuethyl phosphorothioate, have been re-

ported as Eetabolites of malathion (both compounds) or fenitrothion (the

latter conpound).

Greenhalgh (Lg74) developed a Eethod for the simulÈaneous analysis of

fenitrothion (F) and its degradation products' atino fenitrothion (AF) 
'

fenitrooxon (FO), and S-methyl fenitrothion (SMF) from water. The anal-

ysis of the extract was conducted using AFID-GLC. Greenhalgh et al'

(1980) described a procedure for F, AF, SMF, and de-s-methyl fenitro-

thíon (DSMF) in natural aquatíc sysÈems. Samples I'lere extracted with

ethyl acetate prior to and after acidification to pH 1. The first ex-

tract conÈained F and AF, and Èhe second, DMF and DSMF. Analyses of the

extracts I^rere performed by AFID-GLC'

Recently, Volpe and MalleÈ (f980) developed a roethod for the simulta-

neous analysis of feni¡rothíon and five of its metabolites, AF, SMF'

fornyl fenitrothion (FF), and hydroxynethyl fenitrothion (HMF) from wa-

ter. Saroples r¡/ere passed through either XAD-4 or 7 resins and the com-

pounds were eluted r¿ith an organic solvent such as ethyl acetate or me-

t.hylene chloride. Extracts \,Iere then analyzed by FPD-GLC.

The use of high pressure liquid gþ¡snato$raphy (HPLC) for the analy-

sls of fenltrothion and rnetabolítes has been reported' Abe et al' (L979)

developed a procedure for Èhe simultaneous analysis of F, FO, DMF, and

3-rneÈhy1-4-nitrophenol (MNP) using HPLC eoupled to an ultraviolet detec-

tor (lIV) at 260 nrn. Cochrane et a1. (1979) reported an analytical meth-

od for Ëhe quantitation of conËaminanÈs in technical grade fenitrothion

usíng uv254-HPLC. The chromaÈographic system used, gave good separaËion

of F, FO, SlnlF, l"lNP and carboxy fenitrothion'
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EXPERIMENTA],

3.1 EFFECT OF STORAGE TEMPERATI.]RE

MALATÌTION AND FENITROTHION IN
ON TEE RATE OF

sronno t¿tr¡er-
DEGRADATION OF

3.1.1 Reagents

1. Solvents: all rÀrere pestícíde grade- caledon co., Ontario.

2. fnsecticide analytical sÈandards: Malathion

(o,o-dinerhyl-s-1,2-ð.í( ethoxycarbonyl)ethy1 phosphorodithioate)

\,Ias supplied by American Cyanamid, U.S.A.; FenitroÈhion

(o , o-dine Èhy1-0- ( 3-methyl-4-nitrophenyl ) phosphoro Èhioate ) wa s

provided by Stauffer Chemícal Co' U'S'A'

3. Insecticíde formulaÈions: Idalathíon 83.6% (w/v) enulsifiable con-

centrate (EC) was supplied by Cyananíd of Canada Ltd.' Montreal;

FenitroËhion 95.8% (w/v) EC was provided by sËauffer chernícal

Co., U.S.A.

Chromosorb W HP, 80/100 rnesh

cialties ,Ontario.

and OV-101: (ChrouatograPhic SPe-

5. Graín: Hard red spring wheat, Neepawa varíety, was used' The

uoisture content of the grain was Ëempered either by aeration or

by addítion of calculated volumes of distilled water and tumbled

on a Norton roÈary mixer for one hour and then left for seven

days to equillbrate to the desired moisture content (12.57!). The

moÍsture content r¿as deËernined aË room temperature wíth a Mois-

4.

-36-



ture MasËer 101 A (CAE

of + 0.51("

Industries LÈd., Canada)
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r'rith a precision

3"I"2 Apparatus

1. RoËary grinder: GS lona high speed coffee grínder- Model cG8

(General Signal Appliances Ltd., Canada).

2. Extraction apparatus: 50 nL round bottom staínless steel centri-

fuge tubes (InÈernational Equipment Co., No. 613), stainless

steel caps fitted wiÈh Teflon "O" ring gaskets, stainless steel

bal1s of approximately 1.75 cn diameter.

3. Paasche Type H airbrush sprayer fiÈted with a No. 5 nozzLe

( Paasche Airbrush Co . , U. S . A. ) .

4. Gas liquid chromatograph: Tracor ìlicro Tek 220 equipped with Mel-

par flame photomeËric detector (Tracor Inc', U'S'A')'

3.1.3 Methodology

3"1.3.1 Adjusting moisture conÈent

Hard red spring r¡heat, Neepawa variety, stored in a temporary wooden

bin for three months was collected inÈo 27.2 kg capacity juÈe bags' The

grain was Èhoroughly cleaned of weed seeds and other foreígn materials

r¿iËh a Clipper M-28 (4.T. Ferrel and Co., U.S.A.) to give unlform grain

kernels, and divided into 10 kg 1oÈ sanples. These cleaned wheat samples

hrere teEpered Èo 12.5 percent moísËure conÈent by adding a calculated

volume of distilled water and mechanically tumblÍng for one hour' The

tempered wheat was kept in tied polyethylene bags for seven days to

equilibrate before Ëhe application of insecticides. Prior to the lnsec-



ticl-de Ëreatments '
O.Li() was determined

vided furËher into 2
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Ëhe moisture content of each sarnple lot (L2'5% +

with a Moisture MasËer 101 A and the graín was dí-

kg lots.

3"I"3"2 Insecticide treatment

Enulsifiable concenÈrates containing rnalathion 83-6% active ingredi-

enÈ (AI) and fenitrothion 95.87" AI were diluted Lrith distílled l,rater to

obtain desired concentraÈions that when applied at 0.8 nl/kg wheat

would provide a deposit of B ppn AI. The moisture conËenÈ of the wheaË

was increased by less than 0.1% during insecticide appllcation' The in-

secticide euulsion (1.6 x0r) was applied to the wheat (2 ke lots) spread

thinly in a galvanlzed iron tray 81 x 41 cm, with sides 4 cro high. The

l-nsecticide was sprayed evenly over the gral-n surface wl-th a Paasche

airbrush sprayer at a constant Pressure of O.52 kg/cmz, the nozzle being

held about 20 cn above the grain surface during application' Each lot

of Èreated. wheat was mixed for five minutes with a small metal shovel'

The treated lots were thoroughly roixed together to ensure ínitial uni-

fornity of residue levels, and samples r¡ere taken for insecticide deter-

mination. The remainder was Èransferred Ëo screl"T cap jars (240 uL) and

sÈored in the dark at -35, -20, -5r 5, 10, 20, and 27 C. Control wheat

samples were transferred into the jars without being treated and vrere

stored under similar conditions.

3"1.3.3 Sanpling for residue analysis

Four jars of treated r¿heat and an untreated control ¡¡ere selecÈed

randomly at 1, 3, 6, L2,24,36, 48, and 72 weeks after l-nsecticide ap-

plication from each storage temperature for residue deÈermination'
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3"n.3"4 Extraction Procedure

1. ExtracÈion efficiencY studies:

Two extraction procedures using different solvents were inves-

Èigated to extract nalathion and fenitrothion residues from for-

tified wheat.

a) The ball-ni11 extraction method:

Fifty-gram samples of uncontaroinated hard red spring wheat

of 12.5% noisture content were placed in flasks and fortified

at concentrations of 0.05, 1.0, and 5.0 ppm (w/w) with acetone

soluÈions of malaÈhion and fenitroËhion (1 nL). The flasks

ï^Iere stoppered, agitated by hand, and stored in a deepfreeze

(-35 C) for 24 hours after which the sarnples \¡¡ere ground for

30 seconds in a coffee grinder'

Ten-gram aliquots of fortified wheat r.¡ere transferred into

extraction Èubes and one stainless steel ball added to each'

Thirty mL of hexane, ethyl ether-hexane (3:97, v/v) or meÈha-

nol r¿ere added, the caps l¡/ere sealed in place and the extrac-

tion tubes mounted horizonLally on a wrist-action shaker and

agitated for one hour. The tubes were centrifuged for five

minutes and alíquoËs of the extract were transferred into

small via1s"

b) Soxhlet extraction method:

Ten'gram samples of wheat fortified at 0'05, 1'0, or 5'0

ppn !¡ere welghed into soxhlet thimbles and toPped with snall

plugs of glass r.,oo1. The extractíon thimbles were Èhen in-

serËed inËo the Soxhlet apparatus and the wheaË exhaustively
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extracËed \,ríth 200 nL of hexane, eÈhy1 ether-hexane (3297 ,

v/v), or methanol for 6 hours. the extracts were concentrated

in a Bucchi Rotovapor evaPorator to about 20 nL and final vo1-

ume adjusted to 25 nL r^¡ith each solvent'

Triplicate samples of fortified wheat were prepared for

each solvent used and for each extractíon nethod investi-gated'

Parallel tests of extraction of unfortifÍed samples were run

with the extraction effíciency tests'

Extraction of residues from stored grain:

Results frorn the above investigation, to be discussed later,

showed that the use of methanol and the ball-milling extraction

technique was efficient, rapid and economical, and was the method

of choice Èo extract residues of nalaËhíon or fenitrothion from

rvheaÈ treated at 8 ppm and stored at various Ëemperatures for up

lo 72 weeks.

The conËents of each jar was well mixed and a 50 g subsample

hras ground for 30 seconds in a coffee grinder. After thorough

urixing of Èhe ground subsample, a 10 g aliquot I¡/as weíghed into

an extraction Èube and extracted wiÈh methanol (30 mL) as de-

scribed above. Aliquots (1-5 uL) of the nethanolic extract Ûtere

injected into the gas liquid chromatograph without furËher clean-

up.

3.1.3"5 Gas-liquid chrosatographfc anal-ysis

A Tracor l"ficro-Tek 220 gas ehronatograph equipped wíËh a Melpar flame

photometric detecÈor, operaËed in the phosphorus mode at 526 nm, ü7as

2.
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used Ëo ana¡yze the insecÈicide residues. The operating conditions \^¡ere

as follows: 0.6 n X 4 nn id silanized Pyrex glass column packed witlr. 5%

OV-l01 on Chromosorb I,l HP, BO/1OO mesh; column temperature (isothermal)

190 C, detector tenperature 220 C, inlet temperaËure 210 C; gas flow

rates, nitrogen (carrier gas) 70 nl/nin; hydrogen 200 nl/¡rin; air 90

rnl/nin; oxygen 20 ml/nin; chart speed 3 nro/nin. A 10 cm long glass

sleeve liner containing about 2.5 cm silane treated glass wool was Ín-

serted ín the injection port of the column. This was performed in order

to trap any coextractives present in the samples onto the glass woo1,

thus avoíding any alteration of the column perfornance and consequently

prolonging its efficíency and reproducibilty. The glass sleeve liner

rÁras changed periodically, usually after 25 - 30 injections of the sample

extract. Before reuse, it was Ëhoroughly rinsed wiËh acetone followed by

hexane and Èhen dried under a strean of nitrogen'

Sanple injections were alternated with injections of standards' The

exÈernal standard meÈhod of quantitation' using linear regression equa-

tions, was performed to calculate amounts of nalathion and fenitrothion

residues in stored grain.

3.1. 3. 6 l.Iheat gerrninaÈfon test

Samples of hard red spring wheat were taken before and 1, 6, and 12

months after treatment r¿ith nalathion and fenitrothion for germination

test according Èo Seitz et al. (1975). Two hundred kernels were placed

beËween moist paper towels in an aluminum foil folder and held at roorn

temperature (25 C) for 6 days. Germinated seeds úlere then counted'
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3.2 TRANSL0CATIoN oF MALATHION AND FENITROTHION IN KERNELS OF IIIHEAT

3"2"I Reagents

1. Solvents: all r.lere pesËicide grade- caledon co., ontario.

2. Insecticide analytical standards and forroulations: Same as de-

scríbed in Section 3.1'1'

3. Grain: Hard red spring wheat, Neepawa variety'

3"2.2 Apparatus

1. Ottawa l"ticro ni11: Agriculture Canada, Engineering Research ser-

vices, Ontario.

2.PaascheTypeHairbrushsprayerfittedwithaNo.5nozzle

(Paasche Aírbrush Co., U'S'A')'

3. Gas-liquid ChromaÈography: Tracor Micro Tek 220 equipped with

Melpar flame phoËornetric detector'

3.2.3 Methodology

3.2.3"1 Insecticide treatnenÈ

Hard red sprÍng wheaÈ (L2.5"/" trLc) \{as treated with emulsifiable con-

centrates of rnalathion and fenitrothion at concentrations of 8 and 12

ppm as descríbed in Section 3.1.3.2. Inmediately after treatment' sam-

ples (1OO g) were taken for nilling with an ottawa Micro Mill into bran,

rniddlings, and flour for ínitial ínsecticide deÈermination fn the milled

fractions. Residues 1n r¿hole ground grain also were determined' The re-

mainder r.7as transferred fnto screw-capped jars (240 nL) and stored in

the dark at -5, 10, and 20 C.
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Four jars were taken randornly' aË 1, 3, 6, and L2 uonths after treat-

ment from each storage temperature for residue determination in both

roilled fractions and r¿ho1e ground wheat'

3 "2.3.2 Extraction Procedure

The ball-nill extraction meÈhod described in section 3.1.3.3 was fo1-

lowed. Residues of nalathion and fenítrothíon I'7ere extracted from ali-

quots of r,rheaÈ (ground, 10 g) and nilled fractions (10 g flour and 5 g

bran and niddlings) with 30 nL methanol. Aliquots (1 uL) of methanolic

extracts from ground wheat, bran, and rniddlings and 5 uL fron flour were

injected ínto the gas ehromatograph withouÈ further cleanup.

3.2.3.3 Gas-liquid chromaËographic analysis

Residue analysis of ¡nalathion and fenitrothion was conducted by in-

jecting aliquots of methanolic extracts' alËernated with injections of

standards, ínÈo the GLC. GLC operating condÍtions and the rnethod of

quantitation of residues were identical Èo that outlined in Section

3.1.3.4.

3"2.3.4 Determination of ash content iu l¿heaÈ fl0ur

To examLne whet,her or not t.he flour fraction ¡^ras contaminated with

the bran fractlon during milling of wheat, the approved method of the

American AssociaÈion of Cerea1 Cheroists (L976) was follorved' Five g of

flour of a well-mixed sample was weighed into Èhe ashing dish, and

placed in a nuffle furnace at 150 C ; the temperature was gradually in-

creased to 350 C, The flour r¿as lefË to íncinerate until lfght gray ash
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was obÈained or to a consÈanÈ treigh¡" The dish was cooled in a desicea-

tor and welghed soon after room tenPerature I¡Ias attalned. Percentage ash

content in the flour sample was then determined. This Procedure was

replicaÈed five tl-mes.

3"3 ANALYTICAL I'fETHODS DEVELOPMENT AND QUAMITATIVE
THETR METASOLITES

DETERMINATION OF

ffi
3"3.1 Reagents

1. Solvents: all were pesÈiclde grade- caledon co., ontarlo.

2. Analytical standards: See Table I for details'

3. PoÈassium carbonate (32, t¡/v): Three g of anhydrous potassium

carbonaÈe (llacco Reagent A.C.S.) were díssolved l-n I00 nL dis-

t11led rsater.

4. Thalliurn (III) chloride (I%, w/v): One g of TlCIyaH2O (Alfo

divísion, u.s.A.) was dissolved fn 100 nL distflled water.

5. 2r6-Dibromo-N-chloro-p-benzoquinoneirnine (0'52, w/v): 0'5 g of

Ëhe spray reagent (Eastnan Kodak Co., U.S.A.) was dl-ssolved in

100 nL ethanol.

Anhydrous sodium sulfate: Reagent grade- Fisher Scientiflc'

p-N,N-dirnethylaroinocinnamaldehyde: (Signa Chera' Co', U'S'A' )-0'52

(w/v) in ethanol-acetfc acid (1:1,v/v).

8. Diazomethane and dfazoethane: generated froro N-methyl-N--nftro-N-

nltrosoquanldine and N-ethyl-N--nttro-N-nltrosoquanidine, resPec-

tively (Aldrich chen.co. ) (caution-potentlal carclnogen' uutagen;

irrltanÈ) according to the rneÈhod of Stanley (1966)'

g" slIica gel: 60-200 nesh Grade 950, Ffsher scientlflc co.

10. Hydrochloric acld: 4 N saturaÈed with sodLun chlorlde.

6"

7.
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11. Glass wool: Silanized (Applied Science Laboratories Inc.).

12. Chromosorb I^I HP, 80/f00 mesh and 0V-101 , OV'225 and Carbowax 20

M: (Chroroatographic SpecialÈies, Ontarío).
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Details for analytical

TABLE 1

standards of nalathion and fenitrothion and
metabolites used

Compound Chemical name

MalathÍon*
(M)

Iulalaoxon
(M0)

Malathion monoacid
(IßfA)

Malathion diacid
(r"DA)

DMPDTA

DMPTA

Fenitrothion**
(F)

Fenitooxon
(F0 )

S-Methyl fenitrothion
(sMF)

O-Denethyl fenitroÈhlon
(DMF)

MNP

p-Denethyl S-rnethyl fenitrothion
(Dr"fsMF)

!, O-dirnethyl S-( L,2-díearbethoxy )
ethyl phosphorodithioate

Q,Q-dirnethyl Ê-( 1, 2-dicarbethoxy)
ethyl phosphorothiola te

O, Q-dirne thyl Å- ( 1-e Èhoxycarbonyl-2-
carboxy) ethyl phosphorodithioaÈe

Q,Q-dinethyl S-( 1, 2-dicarboxy) ethyl
pho spho rodi thioate

Q,Q-dirnethyl phosphorodithioic acid

O,O-dinethyl phosphorothioic acid

O, Q-dirne thyl Q-( 3-ne thyl-4-ni tro-
phenyl) phosphorothioate

O, O-dinethyl Q- ( 3-nethyl-4-nitro-
phenyl) phosphate

O, S-dine thyl q-(3-nethyl-4-niËro-
phenyl) phosphate

O-rne thyl L- ( 3-nethyl-4-ni trophenyl)
phosphorothioate

3-me t hyt-4-ni t ropheno 1

S--me thyl Q- ( 3-ne thyl-4-ni trophenyl )
phosphate

Analytical standards
supplied by American
Analytical standards
provided by Stauffer

of malat.hion and its
Cynamid, U. S.A.
of fenitrothion and
Chemical Co., U.S.A.

meÈabolites ÍIere

its metaboliÈes were¿¿
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3 "3"2 Apparatus

1. Gas liquid chromatographs: varlan model 2440, equipped with a

tritiuu foil electron capËure (EC) detecËor and a Tracor Micro

Tek 22O equipped with Melpar flaroe photouetric detector.

2. Rotary grínder: GS Iona model cGB (General Signal Appliances

3.

4.

and standards.

TLC sillca gel (G) plates: precoaÈed TLC wiEh silica gel (0.25

and 0.5 mm thickness) Brinknan Instrueents' U'S'A'

Ltd. , Canada).

Glassware: TreaËed Prior to use

toluene), a silanizing reagent'

with Drí-fihn (SP 5800, L57" ín

to prevenË adsorPtion of residues

were for-

(w/w) with

malaÈhion

and dirne-

The forÈi-

hour after

3.3"3 Methodology

3.3.3.1 Analytlcal method developnent for malathion and its
netabolites in wheat

1. Fortification of wheaÈ:

FiftygramsaDplesofgrain(L2.5%moisturecontent')

tified at concentrations of 5'0, 1'0, 0'5, and 0'1 ppra

amixtureofnalathion(M),malathionmonoacld(MMA)'

díacid(}DA),dírnethylphosphorodithioicacid(DMPDTA)'

Èhyl phosphoroÈhloic acid (Dl'lPTA) in acetone (1 ¡nL)'

fied wheat samples were allowed Ëo equilibrate for 1

whlch Èhey were ground for 30 sec in a coffee grinder'
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Extraction of malat.hion and metaboliÈes:

Two extraction procedures I¡Iere investigated. The first proce-

dure (Figure 8) utilizes a one step extraction process and may be

used for malathion and its metaboliÈes, excludíng rnalaoxon (M0)

which has the same GLC retention time as rnalathion monoacid

(MMA). However, Ëhe second technique, which involves seParation

of neuÈral compounds froro acidic netabolites (Figure 9), could be

used Èo anaLyze roalathion and all oÈher metabolites'

a) One step extraction Process:

An aliquot (25 g) of fortified wheat was weighed inËo a

centrifuge boÈtle (250 rn],). One hundred nL of acidífied ace-

tone (0.5 to I nI of 2N HCl) were added, and the bottle was

stoppered and shaken on a Dechanical shaker for I hour. The

acetone exËract was filtered and transferred quantitatively to

a 5OO mL round botton flask and concenËrated to 2 ' 3 mL under

vacuum at 40 C. T'he extract l{as then transferred to a 15 ¡nL

eentrifuge Ëube to aI^iaít derivatízation for ¡nalathion meÈabo-

lites present in the samPle'

b) Extraction plus separation of the acidic metabolítes:

Inlhear (25 Ð fortified lrith M, MMA, MDA, DIIPDTA, DMPTA, and

nalaoxon (MO) at the concentration of 1.0 ppt I¡Ias extracted

r+rith acidified acetone (1oo nL) as described above. The ace-

tone extract vIaS concentrated Èo 2-3 mL and Ëransferred quan-

tiËaÈively into a 150 mL beaker containl-ng 100 mL water' The

aqueous soluËion was adjusËed Èo pH 8.5 wíth 32 potassium car-

bonate and transferred to a 250 rnIJ seParatory funnel. Mala-
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Ground ¡¡heat (25 Ð fortífied with rnalathion and netabolites

I

t
Extract with acidlfied acetone (100 mL) by shaking for t hour

I

I

t

Concentrate extract to ca. 2 - 3 EL

I
I

,t

Derivatize soluÈion wíth diazomethane

I
I

,1,

Fílter quantiÈatíve1y ínto a round bottom flask

I
I

,1.

Inject inÈo the gas ehromaËograPh

Fígure 8: Scherne for the extraction of malathion and

netabolites from forÈifíed wheat
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thion and malaoxon were removed by extracting the aqueous so-

1uËion rì7ith t\.ro 30 ¡aL portíons of rneËhylene chloride. The ne-

thylene chloride extracts uTere dried over anhydrous sodium

sulfate and the combined extracts concentrated in a waËer bath

(45 C) for determination of malathion and malaoxon using a

stream of nitrogen.

The aqueous solution !üas transferred to a 150 mL beaker and

adjusted to pH 2 with 6N HCI saturated wíth sodium chloríde

and then returned to the separatory funnel. MMA and MDA were

removed by extracting the aqueous solution with ethyl acetate

(2 X 50 nL). DMPDTA, and DMPTA, \{ere removed from the aqueous

solution by exËracting with ether (2 x 30 mL). The ethyl ace-

tate extract was dried over sodium sulfate as before and con-

centrated to 2-3 mL under vacuum aE 40 C. The ether was dried,

concentrated under a gentle sÈream of nit.rogen to approximate-

ly 1 nL, and then Èransferred inÈo a 15 nL centrifuge tube.

Derivatization of nalathion metabolites:

Malathion metabolites present in acetone, ethyl actate, or

ether extracts' resulting from procedure (a) and (b), respective-

Ly, were uethylaÈed with diazomethane (2-3 rol). The tubes were

left to stand for 30 min ín a well-venËilated hood. The solution

was concentrated, under a gentle stream of nitrogen, as required

for determination of malathion and metabolites'

Cleanup procedure:

The meÈhylated extract roay be ínjected into the gas chromato-

graph withouË further cleanup. However, the following cleanup

4.
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and metaboliËesConcentrated acetone exLract

Add
Ad jus t

ExËracÈ with

oiganic layer

Malathion
Malaoxon

Organic layer

Malathion monoacíd
Malathion diacid

Organíc layer

Dirnethyl phosphorodithioíc
acíd
Dinethyl phosphorothioic acld

Aqueous layer

Reacidify to pH 2 with HCI
saturated wíÈh NaC1.
ExtracË with ethyl acetate
(2 X 50 nL)

Aqueous layer

Extract ¡¡ith ether (2 X 30
nL).

100 nL
pII to

nethyle

containing nalathion
I
I

I
distilled r¡7ater
8.5 r¿ith 3% K'CO
ne chlori¿e (á x3¡o mL)

Aqueous layer

Dis card

Scheme for the extraction
malathfon and metabolites

and isolation of
from fortífied wheaË

Figure 9:
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procedure could be used for extracts obtained frorn exËraction

procedure (a). This was found necessary when consecutive injec-

tions of the concentrated samples, which contain lipids, would

alter the performance of the GLC column.

A silica gel chromatographic micro-coluun was prepared by

packing a plug of glass wool loosely inËo a disposable Pasteur

pipet,23 cm in lengÈh, having a tip opening ca' 1 mm, and top

opening 5 rnm inside diameter. One and half grans of silica ge1

were added, followed by 1 gran of anhydrous sodium sulfate. The

column vras tapped to obtain good packing and then washed wiÈh 5

mL hexane.

Prior to colurnn chromatography, the nethylaÈed exEracted v¡as

evaporated to ca. 0.5 rnl. in a water bath maintained at 40 C, us-

lng a gentle streag of nitrogen. Distílled Ìsa¡er (9 mf), benzene

(5 nL), and sodium chloride (5 g) were added and the contents

mixed on a Vortex mixer for 1 min and the layers allowed to sepa-

rate. I^Iith Ëhe aid of a disposable pipet, the benzene extract vlas

transferred quantitatívely to the prewashed chromaÈography column

and the eluate was immediately collected in a 25 mL cenÈrifuge

tube. The aqueous layer vlas extracted r¿ith an additional 5 nL

benzene, and the benzene exËracÈ transferred to the coluun just

as the previous extract reached the sodium sulfate layer. The

sides of Èhe columns IÂIere rinsed with 3 nL benzene. The elution

of the column \,üas contínued with 10 rnl, of LO% (v/v) ethyl ace-

tate in benzene. The eluate was then concentrated to 0.5 - 5 lDI

ín a !¡ater bath at 40 C, using a gentle slreaE of nitrogen.
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Gas-liquid chromatographic analysis:

A Tracor lvticro Tek 220 gas chromatograph equipped wíth a Me1-

par flame photometric detector, operated in the phosphorus mode

at 526 nm, was eroployed. The operating condiËions l¡¡ere as fol-

lows: 1.5 m X 4 rnn (id) silanized Pyrex glass columns packed

wirh either 5Z OV-IOI or 3"/" OV-225 on Chromosorb W HP, 80/100

mesh; column temperaÈure (isotherroal) 80, L2O, or 175 C, detecÈor

temperature 220 C, inlet temperature 210 C; gas flow rates, ni-

Èrogen (carrier) 50 nl/nin; hydrogen 180 rnl,/min; air 100 rol/rnin;

oxygen 20 rol/nin; chart speed 3 nn/nin

New colunns r¡rere condítioned by placÍng a srnall piece of si-

lanized glass r¿oo1 in the inlet end of the column and addíng ap-

proximately 10 cn of lO% Carbowax on Chromosorb Inl, acíd washed

BO/100 mesh. The colunn I¡ras heated overnighÈ at 240 C with a ni-

Èrogen flor¿ of 20 rnl/uin. During the conditioning period, the

column r^ras not connected Èo the detector. The Carbowax and the

glass wool separator plug were replaced with eÍthet 57" OV-101 or

3"Á OV-225, the carrier flow was adjusted to 50 ml/min, and the

column I^Ias conditÍoned an additional hour at 240 C. This condi-

tioning procedure Þ/as repeated when sensitivity and efficiency of

the column became unacceptable because of peak Èailing, lack of

peak separation, or Èhe lack of reproducibility.
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3"3.3,2 Analytical nethod development for fenltrothion and its
metabolites ín wheaË

1. Fortification of tlheat:

An acetone standard solutíon (1 mL) containing fenitroÈhion

(F), fenitrooxon (FO), S-nethyl fenitrothion (sMF)' O-denethyl

feniÈrothion (DMF), O-demethyl s-methyl fenitrothion (DMSMF) 
'

3-nethyl-4-nitrophenol (MJP), and dirnethyl phosphorothioic acid

(DMPTA) was used to fortify wheat sauples (50 g, L2.5% mc) at

concentrations of 5.0, 1.0, O'5, and 0'1 Ppm' The fortified

wheat samples were allowed to equilibrate for t hour after which

Ëhey were ground for 30 sec in a coffee grinder'

2. ExÈraction of fenitrothion and metabolites:

T\¿o extractíon procedures were employed, the first to analyze

all compounds when fenitrothion residue level I^Ias Present in

snal1 amounls. If the latter vJas Present in high concentration,

this would alter the separation and, consequently, the quanËita-

tion of dernethyl fenitrothíon (to be discussed in detail later)'

Such a problem could be overcome by isolating neutral from acidic

compounds (Figure 10).

a) Shaking with a solvenÈ:

Fenitrothlon and rnetabolites \cere extracted from wheat (25

g) by shaklng with acidífied acetone or methanol (100 nL) for

I hour. The extract was filtered quanËitatively inÈo a 250 nL

round bot.tom flask, concentraÈed to 2 to 3 mL under vacuum at

40 C, and transferred into a 15 nL centrifuge Ëube to awaiÈ

derivaËization of fenitrothion metaboliËes'
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b) Extraction plus separation of Ëhe acidÍc metabolites:

wheat (25 s) f ortified r¿ith F, F0, DMF, SMF, Dl"tsl'fF' lulNP'

and DMPTA úIas extracted r¿ith acídified acetone which was con-

centraËed to 2 to 3 mL as described above. The acetone ex-

tract \'las Ëransferred into a 150 mL beaker containing 100 nL

distilled water. The aqueous layer was adjusÈed to PH 8.5 with

3% potassium carbonate and F, FO, and SMF were removed with

meÈhylene chloride as previously described for roalathion and

malaoxon t(3.3.3.1) 2.b1. The aqueous layer was readjusted Ëo

pH 2 with 6 N HCl saturated with sodium chloride and DMF'

DMSMF, MI,IP, and DMPTA were isolated with ethyl acetate and

ether as mentioned earlier for acidic malathion metabolites

l(3.3.3.1) 2.b1.

Derivatization of fenitrothion metabolites:

Diazoethane (2 - 3 nL) \7as used to ethylate fenitrothion me-

tabolites presenË in acetone, ethyl acetate, or ether extracts'

The centrifuge tube was lefÈ to stand for 30 uin in a well-venti-

lated hood. The solution r¡as concentrated, under a gentle stream

of nitrogen as required for determination of fenitrothíon and me-

tabolites.

The extract was injected inÈo t,he gas chromatograph wiÈhout

further cleanup, or the cleanup rnet.hod described earlier l{as em-

ployed, particularly when a large number of samples r^Iere to be

anaLyzed. This was found ,r""""".iy to avoid saËuration of the

GLC colurqn wiËh lipids thaÈ would alter iËs separation perforlD-

ance.
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and metabolitesConcentrated aceËone extract

Add
Adjust

íxtracÈ hrith

Organic layer

Fenitrothion
Fenitrooxon

S-nethyl feniErothion

Organic layer

O-denethyl fenítrothion
O-demethyl S-methyl f enitrothion

Organic layer

Dinethyl phosphorothioic acíd

Aqueous layer

Reacidify to pH 2 with HCl
saturated with NaCl.
Extract with ethYl acetate
(2 X 50 rnl,)

Aqueous layer

Extract with ether
lol, )

(2x30

Aqueous layer

Dis card

containing
!
t
I
w

disLilled
8.5 with 3
ne chlorid

100 uI
pH Ëo

Dethyle

water
7. K'CO"
e (f x'30 rnf )

Figure 10: Flow chart for the extraction and isolation of
fenitrothion and metaboliÈes frou fortífied ¡,¡heat
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4. Gas-liquid chromatographic analysis:

A Varian model 2440, equipped with trítiun foil electron-cap-

ture detector was used to analyze MNP by injeetÍng aliquots of

the acetone exÈract obtained fron method (a) The operatÍng condi-

tions were: 1.5 ¡n X 2 mm silanized Pyrex glass column packed

with 3Z OV-101 on Chromosorb W AI^i Dl'tCS, 80/100 mesh; column temp-

eraËure 140 C, injector teuperature 180 C; deÈecËor temperaÈure

190 C; niËrogen carrier-gas flow rate 40 mI-/uin, chart speed 3

nra/rnin

3.3"3.3 Quantitative deterrnination of nalathion and feniÈrothion and
DetaboliËes in stored wheat

1. Insecticide treatmenË:

Hard red spring wheat (L2.5% nc) was treated with water-based

emulsions containing either ualathion or fenit.rothion at Èhe lev-

e1 of 12 ppm. After thorough nixing of the sprayed wheat, samples

were taken for initial insecticide determination. The remainder

r,Jas transferred ínto screw-capped jars and stored in the dark at

20 c.

Phosphorus containing compounds

erating conditions were sinilar Ëo

except. ÈhaÈ the coluun temperaÈure

c.

Four jars were taken randomly at 1, 3,

treatnent for quantitaÈive deÈernination

trothion and their metabolltes.

were analyzed by FPD/GLC. 0p-

those described in 3.3.3.i(5)

used was 160 C insÈead of L75

and 12 months after

malathion and feni-

6,

of
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2. ResÍdue analysis:

Analytical methods developed and described above were used t.o

anal-yze residue levels of both insecticides and their metabo-

lites. Sanple injections lrere alternaËed wlth injections of stan-

dard roixtures. The external standard method of quantitation, us-

ing linear regressíon equations, rtas perfornoed to calculate

amounts of malathion and fenitroËhion and theír meÈabolites in

the stored grain.

3.3"3"4 Confírmation tests

lwo different techniques were employed to identify and confirm mala-

Ëhion and fenltrothion rnetabolites found in stored wheat.

1. Chernical derivatization:

Stored ¡sheat samples treated \.¡ith either malaËhíon or fenitro-

thion r¡rere extracted according to procedure (b). Ethyl acetate

fractions, conÈaÍnlng malathion monoacid and malathion diacid or

dernethyl fenitroËhion were concenÈrated to about 2 nL and deriva-

tized with diazoethane or diazomethane' respectively. These re-

actions converÈ the metabolites to their Parent compounds. Ali-

quots of the alkylated extracts were Ínjected along r¿ith

injections of parent compound st.andards into the FPD/GLC" Reten-

tion Èimes for the resulting peaks were t.hen compared.

Thin-layer chromatographY :

a) Malathion and metabolítes:

Stored grain (50 g) was extracted with acidified acetone,

which was cleaned up as previously descrÍbed. The exËract ldas

2"
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concentrated to about 0.5 mL, using a gentle streaE of nitro-

gen. sÈandard solutíons of M, MO, Ml'fA, MDA, DMPTA, DMPDTA and

their mixLureS, wheat extract, and extract from control (un-

treated r¿heat) were spotted with ¡oicroPipets (varying betrveen

5 to 50 uI) on the chromatoplaÈe. The plate was developed

È¡^rice in benzene:acetlc aeid (4: 1, v /v) or once in benzene:

diethyl ether:aceÈic acid (8:2:1, v/v/v) to the scored line

(15 crn) in a rectangular chrornaËographic charnber lined with

filter paper. The plate was allowed Ëo dry at room teDperature

and sprayed r^tiÈh an ethanolic solution of

2,6-dibrorno-N-chloro-p-benzoquinoneimine (0.52 wt/v). The

plate was then placed in an oven (110 C) for 5 minutes. The

R. values of the separaÈed components calculaÈed for roalathion
f

and metabolites found in stored wheat r¡/ere compared with Ëhose

calculated for the sÈandards.

b) Fenitrothion and metabolítes

stored treated wheat (50 g) was extracted with acidified

acetone which was cleaned up as before and then concentrated

to 0.5 nL. Standard solutions of F, FO, DMF, MNP, SMF and

their mixtures., grain extracÈ, and extract fron the control

were spotted on the chromaÈoplate. The plate r¿as developed in

ether:isooctane (7:3, v/v) to the scored line (10 en). The

p1aÈe was allowed Ëo dry aÈ room Ëemperature and sprayed first

with aqueous soluÈion of Ëhalliurn chloride (l%, wt/v) followed

by a 0.57" soluËion of J-j,x-dimethylaninocinnamaldehyde 
in

ethanol:acetíc acid (L:L, v/v). The R, values of the separaÈed
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components found in stored grain were calculated and conpared

w-ith those obtained for the standards.



Chapter IV

RESULTS AND DISCUSSION

4.L EFFECT OF STORAGE TEMPERATURE ON THE

trm,arnrol¡ allo rnnrtnornror,l m sroRED
RATE OF DEGRADATION

wgEAr-
OF

4"L"I Extraction efficiency studies

Table 2 shows the averages of three deterroinations for recovery of

malathion and fenítrot.hÍon residues from fortified wheat using the

ball-uilling and Soxhlet techniques. Both techniques were found to be

efficient using the Ëhree solvent sysÈems tested' The ball-mi1ling ex-

Ëraction has an added advantage of being rapid and thereby enabling a

large number of sanples to be handled economically, both in terrns of

solvent (30 DI per sample Ln cornparl-sion to 200 rnl for the Soxhlet meth-

od) and tiroe (1 hour in comparison to 4 hours for the Soxhlet nethod) '

Although all solvents t.ested were generally suitable for the removal of

malathion and fenitrothion residues from fortified wheaË, methanol was

chosen as Ëhe extraction solvent because of its relative eheapness and

íts reported consistency for the extraction of Pesticide residues frorn

foodstuffs (crisp and Tarrant, L97L; The Malathion Panel, L973; Des-

narchlier , L977).

-61-
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TABLE 2

Percent recovery of malathion and fenitrothion by
Soxhlet extraction methods using differenÈ

ball-ioil1ing and
solvents

Solvent. Fortification
leve1 (ppn)

% Recovery*

Malathion Fenitrothion

Ball-n-l-11ing Soxhlet Ball-ni1ling Soxhlet

Hexane

Methanol

0. 05

1.00

5.00

0.05

I .00

5.00

0.05

1.00

5.00

97 .5+2.5

98. 2+1 . 1

97.8+1. 3

97.7+2.3

99.8+1.0

98. 7+1 . 9

99.3+0.8

99. 1 +1. 5

99 .3+1. 8

97 .8a1 . 5

97 .7+L.2

98. 3+1 . 4

96.O+2.6

e7.311.0

97 .4+2.L

98. 1+1. 7

97. 3+1. 5

97 .5+2.r

96.7+2.3

e7.1!.4

98. 0+2. 5

96 .2+L.4

97.4+t.9

97.6+2.3

99 . 6+0. B

99 .4+0.7

99.7+{.7

97.L+2.0

97.9+L.9

98.L+2.2

96. i+3. 1

98. 111 . s

98.3+1.5

gg.r+1.1

98.3+r.4

98.6+1. 7

*

¿¿

Average of 3 determinations

Ethyl ether: hexane (3297, v/v)
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4"L"2 Standard calibration curves

Standard calibration curves for malathion and fenitrothion are shown

in Figure 11. These compounds gave linear FPD-GLC responses over the

range of 0.2 to 9.5 ng. Freshly prepared standarad solutions were used

for quantification of insecËicide resÍdues at each sampling period' Ta-

b1e 3 shorvs the reÈenÈion Ëirne and lirnit of detectability of rnalathion

and fenitrothion.

TABLE 3

Retention time and limit of detectability of roalaËhion and fenitrothion

Insecticide Retention tiue Detection linits
(min) (ng)

Malathion 2.I2 0.01

Fenitrothion 2.6L 0.05
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Figure tl: FPD-GLC llnearity response to nalaÈhfon and feniËrothion
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4"L"3 Analysis of residues in wheat stored at various tenperaËure

Tab[es 4 and 5 list residues of nalathion and fenitrothion, respec-

tively, found on wheat during tlne 72-week study. Samples I¡rere analyzed

innediately after sanpling except for those Eaken aË 1, 3, and 6 weeks

in whfch case they were analyzed within a week after storage at -35 C.

GLC analysis immediately after Ëreatuent showed that 7.61 + 0.14 ppm ma-

lathÍon and 7.56 + 0.12 ppn fenitrothion ¡,¡ere initially deposited on

wheat. Very little (< 37() breakdown of both insecÈicide residues occur-

red on wheat thaË had been stored at -35 and -2O C f.or 72 weeks. Insec-

ticide residues decreased wiËh increase of temperature and duration of

storage. After 72 weeks, 74, 59, 26, 5 and 4"/" of. Ëhe initial deposit of

nalathion rem¡íned on wheaË sËored at -5, 5, 10, 20 and 27 C, respec-

tively. Corresponding values for fenitrothion were 82, 65, 44, 10 and

4%. The data show the storage temperature is an important factor influ-

encing the persistence of insecticide residues on grain. In general, the

results obtained at 20 and 27 C agreed closely with those obtained by

Hyari et a1 " (1977) and Mensah and Watters (1979) for malathion and

HyarÍ et al. (L977 ) and LaHue and Dicke (1977 ) for fenitrothion.

Figure 12 compares percentage residue degradation of boËh insecti-

cides. There r^rere no apparent differences in the percentage residue

levels of both insecticides on ¡¿heat stored at -35 or -20 C. As the

temperature increased, fenitrothion rvas nore persistent than rqalathíon

at each period of assessmenÈ, particularly at lor¿er temperatures. At the

end of rhe srorage period (504 days),26,4L, 74% of the initial appli-

cation of nalathion had degraded from wheat sËored at -5, 5, and 10 C.

Corresponding values for fenitrothion were 18, 35, 562-
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TABLE 4

MalarhÍon residues* + SD (ppm) on wheat (L2.57! r,c) after a7.6L+O.14 ppm

applièãtion of a roalathion ernulsion spray

Sanpling
Period
(weeks ) -20 -5

Storage teûperature (C)

-35 272010

T2

24

36

48

72

7 .66
f .12

7 .58

10.0i

7 .53

l!.i6
7 .5L

a0. i0

7.54
lp.06

7 .25

19.13

7 .55
jp.i1

7.s3
Ð.10

7 .6r
10.09

7 .58

10.10

7 .4s
1p.10

7 .34
a0.21

7 .49
lp.0e

7 .50
19.13

7 .4s
10. 12

7 .48

1p.07

7 .59
a0. 11

7 .4s
10.11

7 .37

l!.10
7 .L5

10.08

6.9s
{-0. 12

6. 83

19.i0
6.63

1p.14

s.66
+o.24

7 .53
10. i3

7 .24

10. ls

6. 90

10.21

6.39
f .23

s.7 4

l0.rB
5.26

10.20

4.99
ao. 15

4.48
f -26

7 .50

10.11

6.7 5
a0.09

5.60
10. 19

5.2L
r0.12

4.05
f -22

2.86
19.13

2.L4
10.25

2.OL
+0. 11

7.08 6.62

10.16 1p.12

5.53 5.19

10.14 fl .26

4.92 2.7 4

f .22 10.18

3.11 1.88
10.12 a0.11

2.L3 1. 20

]p.16 !0.2s

1. 31 0. 75

19.20 lp.rs
0. 96 0.53

19.13 19.14

0.41 0.32
1p.11 19.10

* Average of four replÍcaËions
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TABLE 5

Fenitrothion residues* + SD (pprn) on wheaE (I2.5% mc) after a 7 '56aÐ'L2
ppn applicãtion of fenitrothion emulsion spray

Storage teroperature (C)Sanpling
Period
(weeks) -35 -20 tr-) 272010

L2

24

36

4B

72

7 .63
19.08

7 .6L
1p .06

7.s3
19.04

7 .39

lp.14

7 .48
l!.r1

7.7L
l9 .03

7 ,4t
19.08

7 .4s
l!.06

7 .5L

19.10

7 .58
10.04

7 .55
19.11

7 .48
19.07

7 .50
1p.13

7 .62
jp .03

7 .46
-r-9. 12

7 .46
Ð .01

7 .6L
a0.04

7 .50
a0.09

7 .42
19.12

7 .LO

9.22
6.87

lp .0e

6.6L
r0. 11

6. 49

1p.13

6.2L
1{-.24

7 .50

19.0e

7 .40
l9 .07

7 .L5
i9.0s

6.66
f .r2

5.89
19 .08

5 .54
!.23

5. 19

19.14

4.89
l!. 18

7 .4L
10.0e

7 .0r
!.23

5. 85

!.26
5.25

i9.31

4.35
19.17

3.9s
lp.le

3.61
19.0e

3.34
+0. 21

7 .22 6.84
1p.18 19.0s

6.25 5 .L4

lp.Oe !.2r
4.66 3.01

l!.16 19.2s

3. 10 2.O4

f .26 f .2o

2.25 1.37
Ip.14 19.18

L.66 0.94
!.20 10.06

1.06 0.46
fl.21 jp.16

0.7 6 0.27

lp.07 19.07

* Average of four rePlications
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Values in Table 6 (calculated by summ¡tion of % ínsecticide remaining

at each sanpling period and dividÍng by total saropling intervals,i.e. 8)

conpare percent insecËicide residues recovered from wheat during tlre 72

week study. Ihe data confirm Ëhe above findings that fenitrothion per-

sisted longer than malathion during the study period'

The presented data can be used as a guide to determine optimium raEes

of application of malathion and fenitroÈhion Ëo grain harvested and

stored at various ÈemperaÈures. The data also indicate that fenitrothion

may be considered as an alternative Ëo ualathion for the protection of

stored grain from ínsect infesËation provided its use has been approved

for this purpose.
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TABLE 6

Mean* percent insectj-cide residues recovered from wheat (I2.5% r.c)
stored at various tenperarures during 72 weeks

Insecticide
Storage temperature

(c) Malathion FeniÈrothion

-35

-20

Ê-)
5

10

20

27

99.2

98. 3

91.3

79.6

59.4

40. r

31 .5

99.6

99. 3

92.2

82.9

67 .4

43.7

33.2

* Mean of four replicaÈes
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&.L.4 Rate of degradation of insecÈicides in stored wheat

I^Ihíle presenÈ studies r¿ere underway, Desmarchelier (1978) reported

that. the loss of fenitrothion from treated stored ¡¿heat held at fixed

temperatures and moisture conËents ís an apparent first-order reaction.

The study was conducted under typical tropícal storage Èemperature con-

dítions (i.e., 20 C and higher). It was therefore desirable Èo examine

Ëhe data obtained for roalathion and fenitrothion from treated wheat

sËored under typtcal Canadian praÍrie storage temperatures (Tables 4 and

5) which are some!ühat lower.

In a first-order reactlon Ëhe rate of decay of ínsecticide per unit

time ís proportional Ëo its concenÈration, i.e.;

-dCldt = kC (1)

1n C/Co = -kt (2)

r.¡here C = insecticide residue at tine Ë

= Ínsecticide residue at t=0
o

t = time, in weeks, afÈer application

k = rate constant

Rearranging equation (2) gives:

lnc=lnCo-kt (3)

Therefore plotting ln C vs. t should give a straighË line with a

slope equal to - k.

Figures 13 and 14 show the semi-log plots for the degradation of ua-

lathion and fenitrothion, respectively, in wheat stored at different

temperatures. Straight lines were obtained for both compounds at -35,

-5 , 5, and 10 C and two sËraight inÈersectíng lines aÈ 20 and 27 C.
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In the latter cases, the degradaËlon of the lnsecticides proceeded in

two stages, the flrst rapld and the second slower. The second stages

observed for 20 anð. 27 C were found to be linear indicaÈlng that the

process at this sËage

Because the curves and 14 (for 20 and 27 C) appeared

resolved using a standard graphical

composed of two exponentials (sln-

is

Ln

first order

Figures 13

to be multi-exponential, theY were

resolution neËhod assuming they were

plest case). Thus,

rn(c-Ar"-kzt )=rr,(

=ln(

c = o1 "-klt * A, "-k2t (¿)

would represent the curves of 20 arrd 27 C in Figures 13 and L4. In

equaÈion (4), kt , kZ, Al , and A, are Constants. The values of kt and

k, are differenÈ. If the linear parts of Figures 13 and 14 (i.e., the

second slower stages of the 20 and 27 C curves) are assumed to be rePre-

sented by

c = o2.-k2t' (5)

then the values of A, and k, can be obtafned using semi-log llnear

curve fitÈing method. Thus Ín order to obtain the values of At and k1,

the calculated values of A, 
"-kzL 

are deducÈed frou the ob-

served values of C durlng the rapid first stages and the resulting va1-

ues are plotted as before. Accordlng to equation (4) and (5) such a

plot should be a straight line:

+At

At

-k- Èel

-k. re1

t, "-k2t - a, .-kzt )

= ln A, - klt (6)
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Figure 13: Senilogarithrnic plot of maLathion concentratfon vs. tirne
after application (dotted lines sho¡v resolved first
exponentía1 for 20 and 27 C at 0, 3, and 6 weeks)
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The values of A, and k, can easily be obtained from such a plot.

This relationship of equation (5) was plotted for both malathion and

fenitrothion; the resulting curves appear in Figures 13 and 14 as dotted

1ines. Tables 7 and B show rate constants and correlaËíon coefficients

for rate constants k for malathion and feniËroÈhíon, respectively. Cor-

relaÈion coefficienËs for Ëhe data on semi-1og plots were better than

0.930 except for degradation at -20 and -35 C.

The two sÈages of the reaction discussed above may be explained as

follows:

(a) In the first stage the insecticide molecules are in contact

with grain enz)¡mes which quickly cataLyze Èheir metabolism (Rowlands,

L966 a). The duration of this stage is rather short at 20 and 27 C (L2

weeks) and increases as the storage Èemperature decreases.

(b) In the second stage, due to the accr¡mulation of hydrolytic

metabolites ¡¡hich inhíbit the action of enzymes (for example, phospha-

tase) the insecticide molecules break down less rapidly. At blocked in-

dividual active sites, inhibiting netabolites must themselves break down

further to enable these enz)ntre sites Ëo catalyze the metabolisrn of pa-

rent compound molecules (Rowlands , 1966 a) '

Rowlands (L964) atËributed Ëhe degradation of nalathion in stored

wheat to chemical and enzyro-ic hydrolysis. He found that the insecÈicide

degraded in both living and autoclaved wheat. In the latter case, it

lsas assuned that no enzymic acÈíon could occur. Desmarchelier (1978)

suggested that the rate deterroining sÈep in Ëhe break dorrn of fenitro-

thÍon is a transport mechanism although the deÈails of the reaction are

not ful1y explaíned.
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Rate

TABLE 7

constants and correlation coefficients for loss of nalathion on
grarn

Temperature
(c)

RaËe Conptant
(week')

Correlation
Coefficient

27

20

10

5

-5

-20

-35

0.3637

0.1556

o.0256

0. 0069

0.0034

0. 0007

0.0014

0.964

0. 963

0. 993

0.97 4

0.972

0.355*

0.518*

The small values are probably due to the fact thaÈ

the reaction was not long enough and variation

betrueen poinËs was higher Ëhan variation due Ëo

degradation.
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Ra te

TABLE 8

constants and correlaËion coefficients
grain

for loss of fenitrothion on

Temperature
(c)

Rate Constant
-t(week ')

Correlation
Coeffícient

27

20

10

5

-5

-20

-35

0.3435

0. 183 1

0. 01 55

0.0064

0.0027

0. 0001

0. 0002

0.97 7

0.982

0.958

0. 968

0.97 5

0.213*

0.233*

The s¡nal1 values are probably due to Èhe fact Èhat

Èhe reaction was not long enough and variation

between points was higher than variation due to

degradaËion.
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Further elucidation of Ëhe degradation mechanisms for these

insecticides in sLored wheaË can best be carried out following more de-

tailed examination of Ëhe kinetics of these reactions'

4"L"5 Effect of temPerature on rate of degradation

The effect of temperature on the rate of decay of nalaEhion and fenÍ-

trothion fol1or¿ Èhe Arrhenius equation:

k=Aexp(-ErlRT)

Thus, if 1og k (reaction rate) were plotted vs. the reciprocal of ab-

solute Èepperature, a straight líne v¡ou1d resulË. Figure 15 shorvs plots

of raÈe constants vs. the reciprocal of absolute temperatures for mala-

thíon and fenitrothion. The plots of k vs. L/T for both compounds are

linear for Ëhe tenperature region -35 to 27 C. In the plots (Figure

13), k, values were selected for both 20 and 27 rather than k, because

k, values províded the best fit straight line with the k values obtained

for the lower t.rp.tat.rres. Regression analysis of the s1ope,

slope= -E al (2. 303 ) ( 1 .99)

yielded acrivation energy (E") equal Èo 13.37 and 16.18 kcal per rnole

for malathion and fenitroËhion, respecÈively. The latËer value \¡/as

closely similar to the actfvation energy value of 13.61 kcal per mole

reported by Desnarchelier (1978) for fenitrothion applied to wheat at 10

pPn.
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fxrds

Flgure 15: Arrhenius Plots of log k vs. recfprocal of absoluÈe sÈorage
teuperaÈures for malathion and fenltrothfon
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I*"1"6 llheaÈ germination tests

Table 9 shows Ëhere r,rere no measurable differences in germination

among the Ëreated sanples and the control during the test period. The

germination control was only tested prior Èo ínsecticide treatment. La-

Hue (1976) found that none of the four or.ganophosphorus insecticides

tested affected corn gennination during his 21-¡nonths study.

TABLE 9

Effect of nalathion and fenitrothion on r¿heaE gerrninaËion

"/. Germínation*
InËervals after
Èreatment (monËhs) Malathíon Fenitrothion

Before treaËmenÈ

1

6

L2

92.0

89. B

91.0

91 .5

92.0

91.6

89. 9

90. 9

* Average of four replicaËes
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4"2 TRANSLOCATION OF MALATHION AND FENITROTHION I"TIIHIN KERNELS OF

4.2"L Determination of ash conËent in wheat flour

The ash conÈent of flour samples was determined in order to examine

whether or not the flour fraction v/as contaminated wiÈh the bran frac-

Èion during roilling of the treated wheat. An average value of 0.39 +

O.OL"/. ash contenÈ was obtained. According to Martin and Leonard (1967)'

the maximiuu ash content present in uncont.aminated flour is 0.42%; a

hígher value is an indication of contamination with bran. This figure

shows that Èhe flour fracËion obtained from milled wheat

r.ras not contaminated.

in this study

4"2"2 Residues in nilled fractions of wheat stored at different
temperatures

l'Iilling of the wheat yielded on average, by weíght, 16.5% bran, L2-57"

middlings, and 7I.O"/. flour. The bran consists nainly of the outer layers

of grain (pericarp, seed coat, and aleurone layer) and rniddlings are

made up of shorts (fine parÈicles of bran), germ and coarse particles of

flour.

No insecticide resÍdues were found ín the control wheat samples or

their nilled fractions. Residue analysis of treated wheaÈ inmediately

after ínsecticide application shor¿ed thaÈ mosÈ of the intended dosages

qrere recovered; i.e., 98.8 - 98.9% fox malathion and 99.1 - 99.3% fot

fenitroËhion. Table 10 shows residue dísüribution in ¡nilled fractions

from wheat irnmediately treated wiËh malathion and fenitrothion at tlto

dosage rates
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TABLE 10

Mean* * SD rnalathion and fenitrothion residues (ppt) found on r¿heat and
nil1eã fractíons ímrnediately after treatment of wheaË at I and 12 ppn

Insecticide Dosage Whole** Bran Middlings" Flour
(PPn)

Malarhion B 7.91J{.06 26.6L+O.63 18.81'Ð.25 1.75r{.03

12 11.87{Ð.09 34.52+0.32 28.60+0-28 2.81+0.05

Fenirrorhion B 7.95Ð.09 29.33+{.64 15.69+0.26 1.45r{.06

L2 11.90+0.13 36.18{O.38 29.78+O.49 2.68Ð.11

* Mean of four replications

*?t Ground wheaÈ

" Shorts, urheaÈ gentr' and coarse parËicles of flour
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4"2"2"L Malathíon

Table 1l shows residue data of malathion found on whole wheat and in

nilled fractions. Residues on r¡heat samples stored at. 20 C before and

after rnilling were lower than Èhose on wheat stored at 10 C, which in

turn were lower than those at -5 C. After 12 months storage, 6.70,

4.52, and 1.16 ppn nalathion v¡ere recovered from wheat treated at 8 ppm

and stored at -5, 10, and 20 C, respectively. Corresponding residues at

the higher applicaÈíon rate were 8.81, 6.75, and 1.91 ppro. Residue data

on nilled fracËions showed higher concentrations of nalaÊhion in the

bran than in the niddlings or flour at each period of assessment and aË

each storage temperature tested except for malathion applied at I ppm on

wheat stored at 20 C (3.06 and 2.59 ppm in middlings and bran, resPec-

tively). The âmount of residues on bran were significanÈly higher than

on the other fracËions parÈicu1ar1y during the first 3 months of storage

and aÈ lower tenperatures. Malathion applied at 12 pprn resulted ín a

resídue of 2.81 ppn ín the flour fraction inmediately after treatment,

but this decreased to 2.10, L.96, and O.7B ppn after 12 rnonths of stor-

age at -5, 10, and 20 C, respectivelY.

4.2.2.2 Fenitrothíon

Residue degradation of fenitroÈhion on wheat and in milled fractions

(Tab1e 12) was similar to that observed for malathion. In fractions

¡oilled from wheat, high residues were found in the bran throughout 12

months of storage except for bran rnilled from wheat treated at I ppm and

stored at 20 C. As high as 35.31 ppm fenitrothion was found in the bran

ín contrast to 28.05 a¡d 2.65 pprn in the middlings and flour' respec-
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tively, immediaÈely after treatment; however, after 12 months, residues

rdere decreased to 28.05, 20.L7, and 6.44 ppm in the bran fractions

milled from wheat stored at -5, 10, and 20 C, respectively. Correspond-

ing residues reere 20.09, 17.07, and 5.55 ppn in the niddlings and 2.09,

L.65, and 0.81 ppm in the flour.

4.2"2.3 Comparison of Treatments

The percenÈage residue degradatíon of malathion and fenitrothion in

whole grain and milled fractíons during 12 months of storage of wheat

treated at B and 12 ppm and stored aÈ t.hree different temperaËures are

shown in Figures 16 and 17. In whole grain, fenitrothion was losË at a

slower rate than malaÈhion at each period of assessment and at each dos-

age rate and storage temperature tested, except for insecticide applied

at B ppn to wheat stored at -5 C. After 12 monËhs' residue analysis

showed nalathion and fenitrothion had degraded 15.2 and 23.L"4' respec-

tively. At the end of storage, less malathion than fenitroÈhion was

fo¡rnd in the bran raílled fron wheaÈ stored aË -5, 10, or 20 C. Higher

malathion residues than fenítrothion were present in the rniddlings and

flour nilled frora wheaË sËored at -5, or 10 C' but at 20 C, more fení-

trothion Èhan malathion r,las recovered l-n Èhe niddlings and flour.

Ihe results of other workers (Schesser et al. 1958; Strong et al.

1961; Eichler and Knoll, L974; Kadouro and LaHue, 1977; Kadoum et al.

L978; Mensah et al. 1979; Alnaj et al. 1979> were siuilar to Èhe presenË

study and have shown that the bran and middlings contain the largest in-

secËfcide resídues; very sroall amounts of resídues were found in Èhe

flour at various tfme intervals afËer insecticide applicatíon to wheaË

stored at 20 C or hfgher"
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Tn all insecticide treatments, higher residues \,lere recovered from

bran and rniddlings than from flour. Insecticide resídues found in

mi1led fractions decreased generally wÍth the increase of sËorage temp-

erature and duratíon of storage of treaÈed rvheaÈ. The greatest loss on

whole ¡vheat occurred, generally, during the first three months after

treaÈment. The largest amounts of insecÈicide contained in the milled

fractfons were found inmedíately and after one month-s storage, which

indicate a rapid penetration of the insecticides through the pericarp of

the grain.

Application of the insecticide at both dosage rates initially result-

ed in residue accumulation in the bran above the Èolerance level (20 ppm

of either insecticide) established by the joínt FAO/WHO CommitÈee on

Pesticide Residues (FAO/WHO 1974, L976 a,b). A1so, malathion applied at

12 pprn resulted in residues higher than the recommended residue limiËs

(2 ppm rnalarhion and 3 ppn fenitrothion) in white flour (FAO/WHO L974,

L976 a,b, 1980). However, the resÍdues progressively declined to within

tolerance liroiÈs afÈer 12 months storage except for bran and flour

rn:illed from wheat treated vriÈh nalathion at 12 pprn stored at -5 C'

Since bran and middlings conÈained higher insectícide residues Ëhan

flour, it is possible that foodstuffs and anímal feeds derived from

these fractions could pose a significant toxicological hazard if correc-

Èive measures are noË taken, e.8., cooking. However, bran is often míx-

ed with other ingredients for animal feeds thus reducing Lhe overall

concentrations that may be consumed; buË unprocessed bran, consumed by

humans, could contain excessive levels of residues'
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The presented data indfcates thaÈ fenítrothion resldues persisted in

and penetrated fnto wheat sÍmi1ar1y to roalathlon at any of the dosages

rates tested and at all sÈorage EeuPeratures used'

&"2"2.4 Insecticlde mass Peûetrated LnËo the endospern

The above discussion indicates that resídue leveIs of malathion and

fenitroÈhion in the flour fractfons *iff"¿ from ¡,¡heat sÈored aÈ -5, -10,

and 20 C were generally below the permiËted tolerance 1eve1 excePt at -5

C. proportional insecticlde distributlon ln the flour was calculated by

nulttplying insecticide residue 1eve1 in the flour fracÈion at a given

tine by the percentage yield of flour níl1ed from the wheat kernels

(i.e. 7l%). The percentage insecticlde present in the endosPern qTas

calculated by dividing the value obtained above by the total insecticide

resldue level deÈected ln whole grain, i.e';

% insectÍcide nass in the flour =

residue level in the flour X' 7LZ

resídue Ievel in whole graín

The above calculations were mrde for malathion and fenitrothion in

flour fractions rnilled from wheat treated at 8 and 12 ppu and stored at

-5, 10, and 20 C for 12 roonths (Tables 13 and 14)" The data indicate

thar 15.7 - L6.87" and L2"9 - L4"9"/" of the lnitial applled nalathion and

fenitroËhlon, respectively, Penetrated into the endosperm imroediately

after treatnent. AÈ the end of the storage perlod, there was a slight

increase of the percent insecticide nass in the flour nilled from wheaÈ

stored at -5 C. As the temperature increases' Percent fnsecticide mass

in the flour increased. As high as 34"Á and 29"/" malathfon and fenftro-

thion, respectlvely, were found in the flour after 12 nonths storage of
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wheat. This was probably due to higher degradation rate of the compound

in Èhe bran fraction (where enzymes exist) compared to much slower deg-

radation of the insecËicide in the flour.

calculations on percenÈ insectícide residues in Ëhe bran fraction

nilled from wheaË stored at 20 C revealed Ëhat as high as 56 and 54"/',

respeetívely, !¡ere found immediately after treatment. This was de-

creased to 36% for boÈh compounds after 12 rnonths storage.

The data indicat.es that insecticide mass penetrating into the flour

is significant, alÈhough the overall residue level in the flour is well

below Èhe permitted tolerance 1eve1.
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Dose
( ppr)

TABLE 13

Percent re-nining malathion present in the flour milled frorn r¿heaÈ

stored at various tenPeratures

Storage Period
(ìlonths )

Storage Temperature (C)

2010-5

0

1

3

6

L2

t5.7

15.1

t5.9

16. 5

15.4

16.8

16.8

L7.6

18.2

L6.9

L5.7

r6.1

18. 3

19. 1

20.7

16. B

L6.7

19.0

20.0

20.6

15.7

L7 .9

22.O

29.7

34.3

16. I

L7 .9

20.8

25.2

28.9

T2 0

1

3

6

T2
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TABLE 14

Percent rernainíng fenitrothion present in the flour ¡nilled from wheat
stored aË various temPeratures

Storage Temperature (C)Dose
( ppn)

Storage Period
(Months )

2010-5

0

1

3

6

L2

12.9

12.5

L2.l

13 .3

14.4

L5.9

L5.9

16. 1

t6.4

16 .5

L2.9

13 .0

Ls.7

16.6

16.2

r5. 9

15 .4

16.6

16.3

17. 0

L2.9

13. 6

L9.4

26.6

23.6

15.9

16. 8

L9.7

20.6

24.5

I2 0

1

3

6

L2
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4.3 ANALYTICAL METHODS DEVELOPMENT AND QUANTITATIVE DETERMINATION OF

TI{EIR I'{ETASOLITES IN STORXD WIIEAT

4"3" I DerfvatlzatLon of nalathion
diatããffies

and fenftrothfon netabolites wlth

Most metabolites of rnalathion and fenitrothion (Figure 1B) are not

chronatographable under GLC conditions used for either ualathion or fen-

itrothfon because of thelr 1or¿ volatillty. This can be íncreased by con-

verting polar grouPs such as OH, SH, COOH' to theír ethers or esters '

Alkylation using dlazoalkanes is often enployed to esterify carboxylic

acids, (Quinon and Hobbs, 1958; Cook and Moore, L976), dialkyl phosphate

derfvatives (Stanely, L966;John and Lisk, 1968, Shafik and Enos' 1969)

and phenols (Hilgetag and Martinl, 1972; Khan, 1975) '

The reaction is quantitatlve and takes place under mild conditions in

an unreactive medium such as ether or alcohol (Hilgetag and Martini,

Lg72). The reaction mechanism involves protonation of the diazoalkane

carbon (Sníth, L937); Èhe alkylatfon reaction IBay be r,¡ritten for ð'lazo-

uethane as follows:

ñn- +

R-O-F{* e!4z-N=S -+
fr

!-{s- N = F{
fn

R-0*e
I

It
R-OeHg + î{e
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(4, 5, 6, and 7 ) that are
GLC

(L, 2, 3, and
not directly

4) and fenitrothion
chronatographable bY
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successfully employed in this study

malathion and fenitrothion.

4.3.2 for malathion and its metabolites

A rapid and simple method has been developed r¿hich enables simultane-

ous GLC analysis of rnalaËhion and its four major ¡netaboliÈes in wheat'

4.3.2.I Standard calibration curves

Figure 19 shows the linearity of the FPD/GLC response Èo Èhe methyl

esters of roalathion metabolites; namely, malathion monoacid (MMA), mala-

thion diacid (IDA), dirnethyl phosphorothioic acid (DMPTA), and dimeËhyl

phosphorodithioic acíd (DMPDTA). These compounds gave a linear response

over a range of 0.2 ng to 10 ng and quantification was based on interpo-

lation of sanple peak heights and linear regression equation within the

linear range of each comp'ound respectively'

4"3"2.2 Extraction efficiency studies

1. One steP extraction Process:

Table 15 presents results obtained froro acidified aceËone ex-

traction of three replicates of 25 gram samples of wheat forti-

fied with a mixture of M, MMA, I'IDA, DMPDTA' and DMPTA. Recoveries

for the five compounds vtere each greater than 90%'

The rapid and convenient extraction method' used in this

study, gave the highesÈ results l,/hen compared to hexane extrac-

Ëion of rnalaËhion (62 + 3.8%) and Soxhlet extracÈion which gave a

high recovery of rnalaÈhion but Ëook more time (Norris and Kuchar,

Aualytical method development
ín wheaÈ
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Recovery data for malathion
using Ëhe one

TABLE 15

and metabolites
step extraction

from fortified wheat
process

Compound Fortification
leve1 (ppm)

% Recovery*

Malathion

MalaÈhion monoacid

Malathion diacid

Dimethyl phosphorodithioic acid

Dinethyl phosphorothioic acid

5.0
1.0
0.5
0.1

5.0
1.0
0.5
0.1

5.0
1.0
0.5
0.1

5.0
1.0
0.5
0.1

5.0
1.0
0.5
0.1

99.L+O.7
98.8+1 . O

98. sã. 6

97 .9+L.9

96.6+2.3
96 .3+2 .8
9s. BT3 . O

95. O+3 . I

97 .2+2.4
96.8T2 .0
95.7+3.2
95.2+3.0

94.L+3 .L
93.9+3.2
94.212.8
93. B+3. 1

95 .6+2 .6
94.8+2.9
94.2+3 .O
93. 9T3. I

* Average of three determinations
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1959). The addition of 1 mL HCl to aeidify the acetone used for

extraction increased Ëhe percenÈage recovery for the acidíc ne-

tabolites only. Therefore, âs expected, it is not necessary Èo

acídify the acetone which will be used for extracting malathion

only.

The silica ge1 coh.un cleanup described previously was per-

formed only trhen a large number of samples ltere to be analyzed'

This was found necessary Ëo avoid saturaÈion of the GLC colurnn

rrrith lipids that would alter its separation Performance' Figure

20 shows typteal chromatograms for malathion and the derivatives

of its netabolites.

Extraction plus separation of the acidic metabolites (two step

procedure):

The above one step extraction Procedure may be used for mala-

thion and its metabolites excluding malaoxon which has Èhe same

GLC retention tine as does (¡0{A) (Fígure 21). However, Ëhe second

extraction nethod (tI,ro step) while lengChy, involves separation

of neutral compounds (e.g., malaoxon) from acidic metabolites

(e.g., ¡ßIA) (Figure 9), thus enabling the analysís of nalathion

and j.ts netabolites including malaoxon (Figure 21)" The recover-

ies obtained for Ëhese coüpounds using the two step extraction

method (Table 16) cornpare closely to those obÈained using the one

sËep exËraction Procedure.
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Recovery data using
malathion and lts

TABLE 16

the second (two
¡netabolites fron

L02

step) extraction* rnethod for
wheat fortified at 1.0 PPt

Compound Z Recovery**

llalathíon

Malaoxon

Malathion

l"lalathion

Diroethyl

Dinethyl

monoacid

diacid

phosphorodithioic acid

phosphorothioíc acid

98. 2+1 . 3

95.7+L.4

95.3+2.1

95. 6+3 . 1

92.O+2.0

91.8+1.9

ExÈracÈion incorporaÈing separation of the acidic rnetabolites

Average of three determinaËions

4"3"2.3 Gas-liqui.d chronatographic analysis

Most organophosphorus pesticides are analyzed at present by GLC using

a flame photometric deËector (FPD) which is very selective and sensiËive

to phosphorus containing compounds such as those studied here' In this

study, a GLC column containing Chronosorb W coated r¡ith eithet 3% OV-l01

or 5% OV-225 r¿as used for the separation of ualathion frorn iÈs deriva-

tízed met.abolites. Table 17 gives lirnits of detection and reÈention

times for a mixt.ure of malathion and five of íts netabolites"

Under the operating conditions ft r¿as possible to seParate all fíve com-

pounds by naking two injectl-ons inÈo the GLC fron the extract obtained

from Èhe first extraction uethod. One injecËion was made at B0 or 120 C

?t*
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TABLE 17

Ret.ention times and linits of detection of nalathion and its metabolites

Compound Retention time Limits of detection
(nin) (ne)

Malathíon

Malathion monoacid*

Malathion diacid*

Malaoxon

10. 0

7.2

5.3

7.2

0.05

0.20

0.20

0. 50

0. 20

0.30

Dimethyl phosphorothioic 9.4**
acid*

Dinethyl phosphorodithioic 11.2*:t
acid*

* Methylated compound
** 3"Å OV-225, Column ÈemperaÈure 120 C.
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on OV-1O1 ot OV-225, respectively Ëo resolve DMPTA, DMPDTA. The second

injecËion r¡as made at L75 C on OV-IOI to separate MMA, IÍDA, and M (Fig-

ure 20). ALternatively, one injection may be made to separate all five

compounds on OV-101 by enploying Èenperature programning (75 - 95 C' 2

C/nin; 95 - 180 C, 5 C/nin).

GLC analysÍs of exËracts (3 fractions) obtained fron Èhe second (two

sÈep) extraction procedure (i.e., separation of acidí-e (2 fractions) and

neutral compounds) was performed under the some operating conditions.

Injection of the ether fraction at 80 C resulted in separation of methy-

laËed Dl"tPTA and DMPDTA. Injection of the rnethylene chloride extract on

OV-IOI aE L75 C gave a good resoluËÍon of malathion and malaoxon while

injecting the ethyl acetate extract at the same temperaËure resulted in

separaÈion of rnethylated MMA and MDA (Figure 21 ). As seen malaoxon

has an identÍcal reËention time to that obtained for the nethylated MMA.

Therefore, the separation of neutral compounds from Ëhe acidic metabo-

lites by partitioning r¡ith solvents r{as, other than enabling determina-

tion of all ¡oetabolítes, investigated to confirn the identity (to be

discussed in detail laEer) of the peak at retention Èime of 7.2 min as

eiÈher malaoxon or MI'fA.

4.3"3 Analytf.cal rnethods development
netabolites in ¡¡heat

for fenitrothion and its

The rapld, simple and reliable nethod described

oped for Ëhe extractíon and simultaneous analysis

its major metabolites ín stored wheat.

below has been devel-

of fenitrothion and
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4.3"3"1 Standard calibration curves

Figure 22 shows the linearity of the FPD/GLC response to fenitrothion

metabolites; namely, fenítrooxon (F0), S-methyl fenitrothion (SMF), 9-

demethyl fenitrothion (DMF), Q-demethyl !-nethyl fenit,rothion (DMSMF) 
'

and dimethyl phosphorothioic acid (Dl"fPTA). These compounds gave linear

response over a range of 0.5 ng to 7 rg. The linear range of the elec-

tron capture (ECD/GLC) response to 3-nethyl-4-nitrophenol (I"INP) (Figure

22) vas 0.3 ng to 10 ng.

4.3.3.2 Extraction effÍciency studies

Table 1B shor.rs resulÈs obtained from acidified acetone extracËion of

three 25 g replicaÈes samples of r¿heat fortified with a mixture of F,

FO, SMF, DMF, DMSMF, DMPTA, and MNP. Average recovery for all compounds

ranged frorn 90.2 to 97.8'Á aÈ the four fortification levels tested.

This rapid and convenient extraction method roay be enployed if the

fenítrothion residue 1eve1 ís present in sma11 amount.s. If fenitrothion

is presenË in high concentraËions, this would alter Èhe separation (by

cochromatographing wiÈh DMF), and consequently, the quantification of

DMF (Figure 23). Dilution of the sample r¿ould result in an overall DMF

concenËration below íts detection limíÈ. Such a problem could be over-

cone by the use of the second (two step) meÈhod of extraction which is

based on separation of neutral compounds, e.g., fenitrothion from acidic

uetaboliÈes, e.g., NF, followed by making two injections into the GLC

to resolve each grouP separaËe1y (see below).
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Recovery data for

LO7

TABLE 18

fenitrothíon and its metabolites from fortífied wheat
samples

Compound Fortification
level (ppm)

Z Recovery*

FenítroËhion

Fenitrooxon

O-demethyl f enitrothion

S-nethyl fenitrothion

3-ne thyl- 4-ni t rophenol

O-deroethyl S-nethyl fenitrothion

5.0
1.0
0.5
0.1

5.0
1.0
0.5
0.1

5.0
1.0
0.5
0.1

5.0
1.0
0.5
0.1

5.0
1.0
0.5
0.1

5.0
1.0

97 .8+O. 9
97 .2+L.r
97. Ñ.8
96.7!2.2

96.9+2.r
96.5+2 .L
96. 1T1 . B
95.8+2.0

92. 4+r .8
92.f+2.o
91.8T1 . 9
91. Gt-2. 0

93.0+1 . 1
93.1T1 . 7
91. lFl . 6
90. 8+2 . B

92.6+2.3
9r. 7+1 . B
90. 9+O . 9
90.2+r . 3

93.3+1 .3
e3.1?.1

* Average of three determinaÈions
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4"3"3"3 Gas-líquid chromaEographf-c analysis

Figure 23 shows Ëypical FPD/GLC response to feniËrothion and four of

its metabolites using the column at 160 C packed with Chrornosorb I'i

coated with 52 OV-101. EC/GLC response Ëo MNP is also shor¿n in Figure 24

using the column aË I20 C packed with Chromosorb W coaÈed with 3"/'

OV-101. Table 19 presents detecËion linits and retenÈion times for fen-

itrothion and its rnetabolites-

GLC analysis of extracts obÈaÍned fron the second extraction Proce-

dure was perforned under the same oPerating conditions. Three peaks re-

sulËed when the rnethylene chloride extracÈ was injected' These peaks

were FO, F, and SMF. Injection of the nethylated eËhyl acetate extract

resulted in two peaks: Dl"fF and DMSMF (Fígure 25) '

such a separation of the Èwo groups of compounds (i.e., neutral and

acidtc) enables the quanEitation of Dl"lF if fenitrothion residue level is

present in high concentration.
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TABLE 19

ReËention times and 1iníts of deËection of fenitrothion and its
metabolites

compound Retention time Limits of detection
(nin) (ng)

O-demethyl fenitrothion* 20.0

Fenitrothíon

Fenitrooxon

S-nethyl fenitrothion

O-demethyl S-methyl
fenitrothion*

3-rne Ëhyl-4-ni tropheno 1

r5 .5

11.5

25.6

32.2

0.05

1.0

1.0

0.5

1.0

0.32. 6**

* Ethylated compound
x* 3"/. oV-101 , Column ËemPerature 140 C.
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t* "3.4 QuantitatLve deternination
metabolites in stored wheat

of nalaËion and fenitroÈhion and

4"3"t+.1 QuanËificaËíon of rnalathlon metabolites

Table 20 and Figure 26 show residues of nalathion metabolites found

on wheat stored at 20 C during the l2-roonth study. Malathion residue

levels shown in Table 11 for wheat treated at 12 ppm and stored at 20 C

are plotted ín Figure 26. Malathion monoacid (Itr'fA) and dinethyl phos-

phorodithioic acid (DMPTA) were the major metabolites found during the

study. The hÍghesÈ amount of DMPDTA (1.11 pprn) was detected afËer three

uonths storage; ít decreased to 0.26 ppu- by the end of the study. As

hÍgh as 1.85 ppn MllA was found in treaÈed wheat stored for 6 months.

This level started to decrease with Ëhe appearance of MDA consísËent

with conversion of MMA to MDA. At the end of storage, the IßfA leve1 had

decreased to 0.48 ppn while the MDA 1eve1 was 0.65 ppm. Rowlands (L964)

identified malathion metabolítes by TLC as DMPDTA and MDA but could not

idenËify ìßlA. However, he used wheat of. LB"Á moisture content which nay

be the factor for the fast conversÍon of MMA to MDA (water is a prere-

quisite for enzymic activity) during the first few months.

.No malaoxon above Èhe detection linit of 0.1 ppm was detected in

wheat (eight nonths o1d) throughout the experiment. Rowlands (1966 b)

showed that, when freshly harvested \rheat vras treated wíth malathion,

production of malaoxon was initially rapid and contínued for three to

four weeks. A sample of the same bulk treated at one week after harvest

produced malaoxon over one week and t.reatment of similar sarnples at t\.ro

to eight weeks after harvest shorved almost no oxidatÍve activiÈy.

Figure 27 suggests degradation pathways of ualaËhion in stored wheat.

IÈ appears that DÌ'IPDTA roay be forrned fron boÈh rnalathíon and rnalaÈhion

monoacid.
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TABLE 20

Mean* * SD residues of malathion metabolites (ppm) found on r¡heat after
1, 3, 6 and 12 rnonths sEorage at 20 C

Sarnpling M0

Period (rno)
MMA MDA DMPDTA

1 ND** 0. 66']{.09 ND" 0.55{-0. 15

3 ND r.22+4.O7 ND 1.11'Ð.21

6 ND 1. B5+0 . 16 0. 11+0.06 0.8614.24

12 ND o.48-rc . 17 0.65{{ . 14 0.261{ . 10

* Mean of four determinations

** Not detected ( 0.01 ppn

" NoÈ detected ( 0.05 ppn
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t*"3.4"2 QuantificaÈion of fenitrothion roeËabolites

Table 2L anð, Figure 28 present residue leve1s of fenitrothion rnetabo-

lites found in rvheat during 12 rnonths storage. Fenitrothion residue

1eve1s obtained fron Table L2 for wheat treated at L2 ppn and stored at

20 C are also shor¡n in Figure 28. O-dernethyl fenitroËhion (DMF)'

3-nerhyl-4-nirrophenol (Ì"INP) and dimethyl phosphorothíoic acid (Dl"lPTA)

\^rere the main metabolites. The highest 1evels of DMF and DMPTA (2.01 and

0.55 pprn, respectively) were found after 6 months storage; they de-

creased to 0.98 pprn DMF and 0.21 ppm DMPTA at Èhe end of sËorage. I',fNP

sho¡¿ed an initial value of 0.38 ppn after one month storage but contin-

ued to increase with the duration of storage. After 12 months' I'INP leve1

reached 0.96 ppm.

No fenitrooxon or S-met.hyl fenitrothíon, above the detecÈion li¡oits

of 0.1 and 0.15 ppn, respectively, was detected throughout the study

period.

Figure 29 suggests degradation pathways of fenitroÈhion in stored

treated graín. It appears that production of MNP is probably frorn fení-

trothion and O-demeÈhyl feniÈroÈhion. The maximum DMF residue leve1 ¡¡as

found after 6 nonths storage. This leve1 started !o decrease with gradu-

a1 increase of I'íNP residue level, presumably fron the degradaÈion of DIIF

as well as fenitroÈhion.
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TABLE 21

Mean* * SD residues of fenltrothion metabolites (ppn) found on wheat
aft.er 1, 3, 6 and 12 months storage at' 20 C

Sarnpling period FO DMF SMF DMPTA MNP

(roonths )

I

3

6

L2

ND** o .56+0 .22 ND" 0. 25+0. 0B 0. 3BJ{ . 11

ND 1. 46+0. 11 ND 0.45+0. 13 0. 55Ð . 13

ND 2 . O1+O .28 ND 0. 55{{ . 09 0 -7 6tÐ .r4

ND 0.98rÐ.14 ND 0.21+0.11 0.9614 -2L

* Mean of four determinations

** Not detected ( O.Ot ppn

" NoË deËected ( 0.05 PPm
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Ttgo

thion

L2L

Confirmation tests

different technÍques were employed to identify and confirm mala-

and feniËrothion meËabolites found in stored treated r¿heat'

4.3 " 5. I Chernl-cal derlvatization

Stored wheat samples treaËed with rnalathion or fenitrothion I¡rere ex-

tracted by the two step extraction method. Ethyl acetate fractions' con-

taining malathion monoacid and malathion diacid or O-demeËhyl fenitro-

thion, I^rere coficentrated and derivatized with eiËher diazoethane or

diazomethane, resPectively. Alíquots of the alkylated extracts r¿ere in-

jected along with injections of parent compounds standards into the

FPD/GLC.

Ret.ention times obtained for the ethylated MMA and MDA coincided ¡¡ith

that for rnalaÈhion, and for nethylaËed DMF coincided with that for feni-

trothion. The findings indicated Ëhe conversion of the dealkylated me-

tabolites found in stored grain to their parent compounds.

This test confirms the results discussed earlier on the production of

MMA, MDA, and DMF during storage of treated wheat'

4.3.5.2 Thirlayer chromatography

1. Malathion and Metabolites:

solutÍons of malaËhion and uetabolites mixËure' Èreated wheat

extract, and extract from untreated control were chromatographed

on sÍlica gel . I,rIhen rhe chromatoplaÈe was sprayed with the etha-

nolic solution of 2,6-dibromo-N-chloro1-benzoquinoneimine re-

agent and placed in the oven (110 C) for five mínutes, the sePa-
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rated conPonents became visible as orange sPots against a light

background. Table 22 :-i-sts Ehe R, values measured for each com-

pound using two solvent. systeüs. satisfacËory separation (Figure

30) of Èhese componenËs was obËained'

comparison of R, values measured for the sËandard mixLure with

those obtained for the treated wheat extract indicated that MMA

and DMPDTA were present in the sarnple. lfDA could not be identi-

fied by the system used; this could be attributed to the exis-

tence of the compound at a leve1 below the TLC deÈection limit'

On a second TLC plate, half of the separated components of the

treated wheat extract r.7as covered wÍth a glass plate before

spraying. The spoÈs were located by naEching the R, values of

the standards with those of MMA and MDA from the wheat extract,

scraped off, and the compounds were exËracted in ethanol, and

then derivatized with diazoeÈhane. GLC results índicated that

similar reÈention times vrere obtained for derivatized MMA, deri-

vatizedMDAandtheparentcompound,malaËhion'confirmingthe

presence of both metabolites in the treated wheat'

2. Fenitrothion and Metabolítes:

solutions of fenitroÈhion and metabolites, treated wheaÈ ex-

tracÈ, and extract from an untreated control were chrornatographed

on a silica ge1 TLC p1ate. I{hen Èhe chromatoplate was sprayed

wíth an aqueous solution of TlCl, followed by the solution of

?-NrN-dinethylaminocinnamaldehyde, the separaÈed components ap-

peared as reddish spots against a light background' Table 23

lists the R, values measured for the compounds which had good

separations (Figure 31) in Èhe solvent sysÈem employed'
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R-t

TABLE 22

values for nalathion and its rnetabolites in two solvent
sYs tens

Compound

R-t
Solvent systern 1 Solvent system 2

Malathion

Malaoxon

Malathion monoacid

Malathion diacid

Dinethyl phosphorothioic
acid

Dinethyl phosphorodithioíc
acid

0.86

0.72

0.69

0.26

0.05

0. 02

0. 54

0.22

0.41

0.27

0.06

0. 07

Solvent system
Solvent systelo

benzene: acetic
benzene: ether:

acid (4:1, v/v)
acetic acid (8222!, v/v)

1-
2-
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Solvent System - benzene, ocetic ocid (/:1,v/v)

Ffgure 30: Typical chronatogram for the separatlon of nalathlon
and lts meËabolltes
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TABLE 23

R, values for fenitrothion and its metabolites

Compound Rt

Fenitrothion 0.51

3-methyl-4-nitrophenol 0.41

S-roethyl fenitrothion O.32

Fenitrooxon 0.15

O-denethyl fenitroÈhion 0.00

Solvent system- ether: isooctane (7 23, v/v)

Comparison of R, values calculated for the standards wíÈh

those obtained for the Èreated wheat extract confirmed Èhat DMF'

MNP and DMPTA were found in the grain sauple. The sPots for DMF

were located as before and scraped off' extracted in methanol,

and derivatízeð. n¡ith diazomethane. Results by GLC revealed that

the methylated spot had a similar retention time to fenitrothion,

confirming the Presence of DMF in Èhe grain sample.



126

Solvent
Fronf

Spotting
Line\'

Solvent System - ether, isooctqne (7'3,v¡v)

FÍgure 31: lyptcal chromatogram for the separation of
fenltrothion and lts netabolites
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ChapËer V

SI]MMARY AND CONCLUSION

Treatments of stored grain with residual conÈacL insecticides i-s a

recommended farm practice to confer long-term protection against insect

infestation. Although persistenË residues of insecticides on grain may

be useful from the standpoint of insecÈ pest control' the problem of

residues, both of the original insecticides and their break-down prod-

ucts, poses possible toxic trazatd to the consumer. Laboratory studies

were therefore conducted to determine residue 1eve1s and resídue distri-

bution of rnalathion and fenitrothion in Ëreated wheaË stored at varíous

temperature similar Èo those experienced in tr^Iestern Canada.

Wheat (12.5% moisture conÈenË) was Ëreated with water based emulsions

of nalathion and fenitrothion and stored at -35, -2O, -5, 5, 10,20, and

27 C f.or 72 weeks. Residue analysis using FPD/GLC showed that very 1it-

tle loss of both insecticides occurred on wheaÈ thaÈ had been stored at

-35 and -2O C Lot 72 weeks. Fenitrothion appeared to be more persístent

than malathion particularly at low storage temPeratures. At the end of

storage period, 74, 59, 26, 5, and 4"/" of the iniËia1 deposiÈ of mala-

thion remaíned on wheat stored at -5, 5, 10,20, and 27 C, respecÈively'

Corresponding values for fenifrothion were: 82, 65, 44, 10, and 47".

The chemical data coupled wíth Èhe efficacy data reported by Weaving

(1975) and Hyari er al. (1977) lndicates that feniËrothion would be a

useful alternaÈive for malathion-resisÈant strains of stored-grain pests

under sl-mulated Canadian praÍrie conditlons.

-r27-
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In a second study, malat.hion and fenitrothíon were applied aË I and

12 ppn Eo wheat (I2.5% nc) to detennine and compare residue distribution

ín fractions milled from ¡¿heat stored at -5, 10, and 20 C over a period

of 12 months' High 1eve1s of insecticide residues l^lere contaíned in the

bran and rniddlings. Less malathion than f enitrothion ¡,¡as found in the

bran after 12 months of wheat at Ëhe three temPeratures tested. Compar-

atively smaller amounts of insecticide residues r,¡ere found in the flour

than ín the bran or niddlíngs. Less fenitrothion than malathion was

present in flour.

Application of both insecticides at boÈh dosage raÈes iniËia1ly re-

sulted in residue accumulation in the bran above the maximum tolerance

leve1 (20 ppm of either insecticide). Also, nalathion applied at 12 ppm

and fenítrothion applied at B and L2 ppm resulËed in residues higher

than the recommended residue lirnits (2 ppm nalathion and 1 pPt fenitro-

thion) in the flour fraction. However, the residues progressively de-

clined to wÍthin tolerance linits excepÈ for bran and flour mílled from

wheat treated wíth rnalathion or fenitrothion and stored at -5 C.

Finally, research was conducted to develop rapid, relíable and sensi-

tive methods for the simultaneous quantitative analysis of malathion or

fenitrothion and their metaboliËes in stored wheat. Acidified acetone

r¡as used Èo extract nalathion and four of its metabolites. AnalysÍs of

extracts l4ras conducÈed usfng FPD/GLC after derivaËization with diazo-

methane. The use of a column packed r.rith 52 0V-I01 on Chromosorb I'I al-

lowed the separation of dinethyl phosphorothioic acíd and dinethyl phos-

phorodithioic acid (at 80 C) and malathion diacíd, malathion monoacid

and malathion (at 175 C). However one injectíon of the exËract nay be
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made to simultaneously separate all compounds on 0V-101 by employing

temperature prograrnming (75 - 95 C, 2 C/min;95 - 180 C, 5 C/rain). Re-

coveries of malathion and íts metabolites from fortified wheat !/ere

greaÈer tli.an 902.

A second method was developed for the analysis of fenitrothion and

five of its metabolítes. AliquoÈs of the extract v¡as analyzed for the

3-rnethyl-4-nitrophenol usíng ECD/GLC. The use of column packed with 52

0V-101 on Chromosorb I,l allowed the simultaneous separation of fenitro-

thion and four of its rnetabolites (demethyl fenitrothÍon, fenitrooxon,

$nethyl fenitrothion, and O-deneÈhyl S-methyl fenitrothion). These

compounds were analyzed by FPD/GLC. Recoveríes of all corapounds were

greater tli.an 90"/..

Reproducibility of both methods was good with recoveries decreasing

aÈ lower levels, these lower recoveries being attributed to the adsorp-

tion and not poor efficiency of the methods.

These developed methods were employed to quantitatively determine ma-

metabolites of malathion and feniÈrothion found in grain st.ored at

C for l2 months. Dinerhyl phosphorodithioic acid, malathion monoacid,

and malathion diacid were the rnetabolítes of malathion found. Major rne-

tabolites of fenítrothíon present \tere denethyl fenitrothion,

3-methyl-4-nitrophenol, and dimethyl phosphorothioic acid. Confirnation

of these rnetabolites were carried out by chemical derivatization plus

FPD/GLC and by thin-layer chrornatography.

jor

20
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