PB-219 753

ORGANOPHOSPHATE PESTICIDES FOR USE AS
GRAIN PROTECTANTS IN INDIA: DEGRADATION OF
THEIR RESIDUES DURING MILLING AND COOKING
OF CERAL GRAINS

Leonard Merrick Lockwood

Kansas State University

Prepared for:

Agency for International Development

1973

DISTRIBUTED BY:

Nationa! Teclinical Information Service
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151




1. Report No. 2. 3. Regipient’s Accession No.
e 631.56-1817 Pl TS
4, Tule and Subtitle ] 5. Report Date
"Organophosphate Pesticides for Use as Grain Protectants in 1973
India: Legradation of Their Residues During Milling and Cookingsé.
of Tereal Grains'™ /d ?
7. Author(s) 8. ll;erforming Organization Rept.
Leonard Merrick Lockwood. o
9. Performing Otganization Name and Address 10. Project/Task/Work Unit No.
Kansas State Univ. .
Dept. of Grain Science and Industry ;) 1. Contract /Geant No.
/410*650/— /731
12. Spensoring Organization Name and Address 13. Type of Report & Period
Covered
PhD thesis
14.

1% Supplementary Notes

16. Abstacts Samples of rice, wheat, and sorghum were treated with different concentrations

of malathion, gardona, and sumithion as protection against insect infestation during
storage. Bioassay tests were conducted to determine the effectiveness of treatments
in protecting the grain against insect attack. The intermediate levels of treatment
and high levels of treatment protected the grain over the full test period of two
months. The amount of residues in the treated grain were analyzed before and after
milling. Samples of milled products were cooked by traditional Indian methods. Food
preparations which involved boiling or steaming resulted in complete degradation of the
residues cf all three insecticides. Most of India's grain harvest is retained at the
farm and village level. Any program aimed at reducing waste due to insect damage
during storage must provide methods which can be used for small scale storage. Un-
fortunately, the most effective methods involving fumigation are not easily applicable
at thls 1evel and the healfh regulatlons of the Indlan Government prohlblt the admix-

- 'soe eR%irtess amend The ex1st1ng regulatlons to allow the use
of malathion as a grain protectant to be admixed with stored grain up to a limit

of 8ppm. Results indicate that the breakdown of residues during milling and
cooking by typical Indian methods are comparablc to the breakdown observed in the
cooking and milling processes studied in the U. S. and Europe.” It is als: advised
that other alternatives to malathion be considered, such as gardona and sumithion,
in cases where insects begin to develop resistance to malathion toxicity.

17b. Identifiers/Open-Ended Terms

¥Pegticides, (*Grain, Storage), *Insecticides

17c. COSATI Ficld/Group 631

18. Availability Statement 19.. %ccum)y Class (This 21. No. of Pages
eport
UNCLASSIFIED o
20. Security Class (This 22. Price
Page
YINCLASSIFIED f J- 25
FORM NTIS5 35 (REV,. 3-72) 4 SCOMM-DOCZ 139%2-P72




ANl a T
PB 219 753
ORGANOPHOSPHATE PESTICIDES FOR USE AS GRAIN PROTECTANTS IN INDIA:

DEGRADATION OF THEIR RESIDUES DURING MILLING AND COOKING OF CERFAL GRAINS
by

LEONARD MERRICK LOCKWOOD
B.A., Oberlin College, 1963

M.A., Kaneas University, 1969

A DISSERTATION

submitted in pertial fulfillment of the
requirements for the degree

DOCYOR OF PHILOSOPHY
Department of Grain Science and Industry

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1973

Approved by:

Dl frnehach

Major Professor

9




TABLE OF CONTENTS

INTRODUCTION ccvesccsoccscccaccancscscasssaccoscrcsccscsecsncaccssscsaccnns
The significance of losses in grain SLOrage cceccsceccccsccccccsccse

The role of chemicals in reducing storage 1088€8 .ecececcccccssscsss

The problem of residues .................;;........................
Tolerances for residues in store:! NroduCts .eeececcecscscccscsccscns
Objectives of the investigation ceccecccescccccccscccscccccssccccansee
LITERATURE REVIEW .cccccecencccccacccccsnsccncnncsansnssssnccansancsnene
The use of grain protectants in India cccesccecccccccvocscccccacccs
Protectants for stored products8 ..seccecccnccsccccccscncscscsscsses
Degradation of protectants during processing seeccecscecccsccccccnne

l. Mi11iNg ceccccccccccccsccccoscccsacscccccascsssovecscncocne

2. Bread baking eecccccccccccoccccncececsscocsscsacecscsccccnnne

3. Chapatf making eccesccscssccscccscccsccsscascsscsssssasense

4, Wet DrocesBING ecececessscsceacccasssvsscssccvsonnsccassacsocs
MATERIALS ................;.............................................
Grain cecececcccccssccsscscccccccssssccccccsscsssecssssssncsccoccsnne
INBECLS ceveccvcccacccscccosscnsccccsccccssasoscocsssascccssncsssee
Protectante .cccecccscccsccccccscscoccssvcsscscccscsscsssncsonsssonss
METHODS .ceccecccoccccscccocsvosccscnsccsssnscccsssscoscscsccsscccocases
Treatment of grain with protectants cccececcccccnscsrccsccicccsccnas
Bioassay 8tudies cccecececsccccccssaccccccscscsssscssscencacccsnsae

l. Periodic bioassay LeBt8 .cececccccccscscscnccercacescccsase

2. Infeetation teBLS 0000000000000 000000000008000000000cs00snss

N O

10
10
11
11
11
13
13
15
16
19
19
20
23
23

i1



METHODS (cont.)

PrOCesﬂ'lng methOds G 00 P 000 COSCPOOCEGNE00OC0000000CDNOLO0RENISIPOISIOOIOIS

1.

2.

Milling 090 00O P 0CR0COOVOOOISPO00IPIENAEO0OCENNOOOSCISIOGTRIIOGNIGS

a. Machine milling of wheat and sorghum ecccececceccecccccccee
b. Hard milling of wheat cecccscccscccocccccccescaccccceces
Co Paddy milling ccecnceconcoccessccscccsasccscscccccoccccscoe
COOKING ceecervoscccscssscccscccsssansacececccacscoccsccncos
a. Preparation of chapaties e.ceccccceccesccecrcrecncccccccs
b. Boiled riCe ee occecccccsccacenssvocccosccsocsnsscascsccscse

d. Steming 00 0 00000000000 008000000000080000000000CISIOGIRTOGIOIEORSDS

Extraction 8nd Cleal’l-up XEEEEXX XXX ER NN RN NN NN NN NN RN R NN N RN NEN]

1.

2.

Residue

1.

2.

Selection of solvent for extraction .ceesccvcecccccccescees
Preparation of Samples ccececececccsccccsecescsccosccscracsccsce
Extraction procedure c.ceecessccscscccscscsssassscsnccccsccce
Cléan-up ProCedUre c.oeccsescscscsccscssscsssssssccssscsscsee
Tests of extraction and clean-up efficiency ececvccccccccsse
a. Comparison using additional aolveﬁt for extraction cceee
b. Comparison of column vs. batch clean-up cececceccccssceccss
c. Extraction from firebrick ccecesecececcsncecccccccsccsces
d. Extraction from whole grain .cccccccscscccvccccacccccsnss
e. Extraction from flour ...................;..............
analysis ceccceccccccsccccscacassccsoccccsccccsccssccssocan
Equipment and conditions8 ceeeecsececccccccccscecccsscnccnces

Internal standards and calibration eceecececccccsccrccccencee

28
28
28
33
33
33
33
34
34
35
35
36
36
37
37
37
38
39
39
40
41
41

42

111



RESULTS AND DISCUSSION v evvesessnsssnsescssancesssnassncnsessnsnssnanses
Test3 of extraction and clean-up efficiency sceeccececescscsccccscoes

1. Comparison using more solvent for extraction .cececececececse

2. Comparison of column vs. batch clean-up seececcccccccscececss

3. Extraction from firebrick ceccsccccccscecocscncccccccccsccee

4, Extraction from whole grain ..scececccccccacesccanccccocsses

5. Extraction from flour cececccceccaceccocrcscscccccscncocceses

Internal standards and calibration c.cecsececccecccccccccssccccccccnce
Bioassay 8tudies cececccsceccccecrsvavnsacrcccccsccncsccsccsscnncsnne
Degradation of residues during milling sececcceccccceccsccocsccncenes

l. Maéhine grinding ceececececsccccvccccccccnncsccscacccsccsces

2. Hand grinding ecescecccccccsncecsscscasccanssccssccccrscsnce

3. Paddy milling ccccececceccccccccccceccsssscsccoccencocscsccce

- Degradation of residues during cooking ececececccsscccescceccccccsccascs

1. Chapati making cceecccccsccscccccccscncesscccssencssvncscsssce

2. Boiling and 8teaming .ccececcsscscecccccscccccsssccccccccccon
CONCLUSIONS cccccccoccsncsscccasacccscossansonsassosssscnasacansncsansanae
ACKNOWLEDGEMENTS - vevccoceccsccscncacassccacsoscccsssnsncasonsonnsssssccas

LITERAWRE CITED ........'..‘.....I....I.......I.‘......II..I.-..I..I..'..

43
43
43
43
43

43

46
55

63

63
63
67
69
69

69 -

86
88

89

iv



TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

TABLE

10
11
12
13
14
15
16
17

18

19

< LIST OF TABLES

Moisture content of grain Samples 0000000 00000RCEPICSIBROCISCARSISS
Protectants used in the study and their sources sccccccccccsecs

Determination of active ingredient in 8econdary ecccceecceccccss
insecticides as compared to primary insecticides

Extraction from firebrick esececcccceccccoceccsccccscccccsccces
Extraction from whole wheat teeecscessssascscssssssseersecnane
Extraction from floUr cecececccccecscccccccscccccccsccsccacccoscs
Concentrations of solutions used to make calibration curves ..
Biocassay tests with paddy ccccecececcccccnccceccccccccccccccsse
Bioassay tests with wheat sccececcccccvcccsceccccccccccccecanse
Bioassay tests with sorghum cceeceeevecccccccccaccccccccccccoce
Infestation tests with paddy eceecceccecccssccccccccccccccccscece
Infestation tests with wheat ccecececceccccsaccccsccncccscccces
Infestation tests with 8Orghum eccecsacccsccccoscoccsccoccccans
Losses of insecticide during machine grinding of wheat cecveee
Lesses of insecticide during machine grinding of sorghum cecee
Losses of insecticide during hand grinding of wheat ccccccecee
Residue levels in polished rice sccseccccccccceccccccccsscocsee

Loss of residues during the preparation of chapaties coceecncs
from wheat flour

Loss of residues during the preparation of chapaties‘.;.....n.
from sorghum flour

14
17

18

45

47

56
57
58
60
61
62
64

66
68

70

n



FIGURE 1
FIGURE 2.
FIGURE -3
FIGURE &4
FIGURE 5
FIGURE 6
FIGURE 7
FIGURE 8
FIGURE 9
FIGURE 10
FIGURE 11

LIST OF FIGURES

Infestation chamber ..cececcescscccccccocncccssacascssrcsscccece
Calibration curve for malathion eccecveccesccscsccccncncccese
Calibration curve for gardona ...cecescsscccscssssccccccccorse
Calibration curve for sumithion ;............................

Gas-liquid chromdtogiaﬁa showing loss of malathion ceecceccces
residues during chapati making (short cooking period)

Gas-liquid chromatograms showing loss of malathion scececccce
residues during chapati making (regular cooking period)

Gas-1iquid chromatograms showing loss of gardona .eceeecccece
residues during chapati meking (regular cooking period)

Gas-liquid chromatcgréms showing loss of sumithion .ececcecces
residues during chapati making (regular cooking period)

Gas-liquid chromatograms showing loss of malathioli cecccecceee
residues during boiling and steaming of rice

Gas-liquid chromatograms showing loss of gardona ..eeeccececcee
residues during boiling and steaming of rice

Gas-1iquid chromatograms showing loss of sumithion ce.cccecec.
residues during boiling and steaming of rice

27
50

52 -
54

73

75

77

79

81

83

85

vi



vii

LIST OF PLATES

" PLATE 1 The drum mixer used in applying insecticide eccececccececcsccccsss 22
emulsions to grain samples. Storage tins. ' '
Hand grinder (Chakki)
PLATE 2 Plaﬂtic vials used in bioaaaay studies ®scecessvonsssrscssnscsos 25
PLATE 3 Power mill for whole griﬂding of srain secnoncseesssssoresnonses 30

PLATE 4 Detail of grinding stones in the power mill ...ccceccceconsescee 32



INTRODUCTION

The significance of losses in grain svorage

In India grains fosm 63% of the average diet as compared with 21% in
the United States (1). Because a'la;ger proportion of India's per cap-
ita income is spent on food as combayed to that of ﬁhe U.S., the product-
ion, marketing and consumption of grain pla&s a role in the economy of
India even mére vital than.in the ﬁ.S.A. |

Estimates for overall losses of grain in storage in India vary
wider. However, most workers feel that losses are probably in the range
of 10% to 25%.(2-4). Even a small reduction in the overall loss of
gréin during storage would effect a significant savings in capital. The
immediate effect would be a reduction in the amount of grain imported
‘from abroad to fill the deficit ir production; in 1969-70 this amounted to
3.6 million_tona Qf cereals thle the country produced 87 million tons (5).

A primary ﬁéuse of loss during storage of food grains is insect dam-
age which is estimated to be 5% to 10% Qf the total grain production (3).

In India‘' losses due to ineects are exceeded only by losses to rodents.

The role of chemicals in reducing storage losses

An important :ieans of minimizing grain losses during storage is the
control of insect pests by application of pesticides to the grain or to
the storage premises or fumigation of the grain bulk. Techniques for the
protection of stored grain have been developed to a high degree. However
these methods generally are gesred to the conditions prevailing in the west;
ern countiies, namely large ceﬁtralized storege facilities with experienced

personnél to handle the equipment. India maintains some large grain

-



storage.facilitiea,vlargely to serve aa'buffer stocks for famine relief.
The State and Central Warehousing Corporations maintain large storage

' depots. In general these facilities have up-to-date equipment for the
appllcation of protectants and the problem of losses is not serious.
Hoﬁever; the greatest préportion,of grain is stored on the household and
village level. It is estimated that 70% to 80% of all grain produced in
indiafis stored at the Farm and village level and that 20% to 30% enters
~ the market channels (6,7). Since it is gnlikely that there will be any
marked change in the storage and marketing pattern in the near future in
India, it is very important that recommendations regarding the use of pro-
tectants for stored grain take into consideration the limitations imposed
by ﬁhe need for application by unskilled workers. Unfortunately, this
rules out many fumigation methnds which are among the most effective con-

trol measures used in western countries.

The problem of residues

Because stored grain may be used at any time for human consumption,
the level éf pesticide residues must be kept at a minimum for the safety
of the consumer. Since the grain could be used in some cases almost
1mmediate1y after treatment, most countries ban the use of‘perdistent con-
‘trol chemicals, such as the organochlorine cpmpohnds, for direct adm;xture
_wiih grain. Fumigants are used widely and, because of their volatile
nature, residues are minimized. Some organophosphates, particularly mal-"
athion, are used because of their low mammalian toxicity and ease of
'degradation. Pyrethrins are effective for short term control and their
toxicity to mammals is particularly low, but, because of their expense,

they do not find widespread use in grain storage.



Tolerances for residues in stored products

The United States, Brazil, Canada, France,Italy and the U.K. are
among the countries whiéh allow residues of malathion in grain up to a
limit of 8 pp@ (8). Kenya has a tolerance of 12.5 ppm. The Joint FAO/HHO.
Food fStandards Program, Codex Alimentarius Commission, has recommended
an international tolerance Qf 8 ppm malathion in stored grain (9). How-
efer, the Government of India's Rules for the Prevention of Food Adulter-
ation (P.F.A.) specify that “Nb insecticide shall be added to any food"
with the provision for tolerances of 3 ppm for DDT, BHC, methoxychlor and
malathion resulting from the trzatment of storage premises. The use of

fumigants is approved (10).

Objectives of the investigation

The restrictions placed. :pon the use of malathion as a grain protectant
by the PFA regulations has meant that, because the procedure is illegal,
recommendations can not be made to farmers and tradére regarding the
admixture of protectants directly with grain, This hes, in some cases,
resulted in the indiscriminate use of insecticides for grain treatment which
are not suited for protection of stored products, In some cases the doses
" used have been so heavy or ﬁhe insecticides so toxic that there were result-
ing deaths-among those who consumed food made from the treated grain (11).

In 1967 the Indian Government set up a commission (the Thacker Co&mittee)
to stidy the harmful effects of pesticides. This committee recommended that
"Inc:Jer to avoid contamination of foodgrains with persistent oiganochloriné.
insecticides (DDT, BHC, etc.), it is suggested that malathion and pfrethtum

and similar chemicals in a suitable form for use as grain protectants

‘may be made easily available and their use be recommended after the neces-



sary research work."(12).

Small scale fumigation ic complicated by the need for dosing devices,
protective kits and monitoring techniques to assure the application of
fumigents at the correct concentrations. These requiiementa, and the
demand for skilled personnel to handle the equipment, make small-scale
fumigation impractical for much of the storage demands of India.

The present investigation was designed to determine the degree to which
malathion and two other organophosphorous compounds are degraded in the éro-
cegs cf milling and cooking. Bioassay tests were used to determine the effect-
iveness of treatments in controlling insect infestation. Emphasis through-
out has heen placed on trying to approximate the conditions to which the |
grain wovld ordinarily be subjected as it commonly is processed in India.

This study was carried out with the support of 211(d) Grant AID/csd 1931
"Grain Utilization in India" awarded to Kansas State University by the
United States Agency for International Development. Kansas State University
is one of six universities irn the United Stated that participated in this
particular program centered on problems of Indian agriculture. The 211(d)
grants to the six universities (CUSURDI institutions) enabled students to
carry out the research phase of their Masters or Doctorate progrzms in India.
The basic objectives of the grant to Kansas State University were '"to train
graduate students in food grain utilizatior i{n India and other developing
countries and to further increase.the competency of Kansas State University
in these areas."

In addition to reséérch that is done by private firms and at univer-
sitios in India, there are many large research'instituteg which ere sup=-

ported by the Central Government. In general, there is one of these



government-supported resea*ch institutes for each of the major areas of
acienfific investigation. The Central Food Technological Research Institute
(CFTRI) in Myeore City, South India is the government organization

which carries out a major part of the research related to food Govelopment,
processing and utilization in India. The work reported in thievdissertation
was done at CFTRI over a period of 22 months from 1970 to 1972 in a pro-

gram planned in co-operation with Dr. H;A.B. Parpia, the Director of

CFTRI, and with the Department of Grain Science and Industry at Kansas

State University. The results and opinions presented in this paper do not
necessarily reflect the views of the United States Agency for International

Development or the institutions at which the work wée'peiermed.



LITERATURE REVIEW

The use of grain protectants in India

The Thacke.' Committee's report indicated that very high levels of
BHC and DDT residues in market samples of grains were not uncommon; on
occasion being well over 100 ppm (12), The same report noted the high
levels of DDT detected'in human tissue in India. This widespread misuse
of insecticides for the protection of stored grain has prompted some
authorities to recommend that the Prevention of Adulteration Rules
should be amended to allow the uss of malathion as a grain protectant (13).
Scientists at various institutions throughout India ﬁave conducted
experiments to determine the suitability of malathion as a grain protect-
ant under conditions prevailing in India. Mookerjee et al. (14) applied

malathion to wheat and found that 24 ppm controlled Sitophilus oryzae for

4 months and Tribolium castaneum for 3 months. Udeaen and Bindra (15)

reported stn” 8 in which wheat wae treated with different levels of
malathisn ... ion resulting in initial residue levels ranging from

11 ppm to 56 ppm. The treated grain was then stored in a variety of rec-
epticals representative of those in common use in India. The authors con-
cluded that the acceptable daily intake of 0.02 mg malathion/kg of body
weight, established by the Joint WHO/FAO Committee on Pesticides (16), was
not exceeded in the case of wheat treated at 33 ppm and used 3 months afﬁi‘!{
treatment. Bindra and Sidhu (17) found that residues of malathion on

maize, treated at 20 ppm, 30 ppm and 40 ppm, were degraded to below the

8 ppm tolerance level recommended by the Codex Alimentarius Commission

in 2 months, 6 months and 10 months,respectively.



Protectants for stored products

Although malathi&n appears to be well suited for use as a grain
protectant -in most situations, there is evidence thatc some strains of
insect pests are developing resistance to its toxic effects. Parkin (18)
has studied the onset of resistance among field populations of stored-

product insects. In particular, Tribolium castaneum nas shown some

resistance to malathion (19-21). Bhatia et al. (22) conducted re-

search comparing two strains of Tribolium castaneum for resistance to

@alathion. One strain had been maintained in the laboratory -vithout
exposure to insecticides. The other insects were collected from rice bags
in a storage waréhouse that had received repeated surface treatments

with malathion. Results indicated a definite resistance to malathion

of the beetles collected from the warehouse.

The prospect of malathion becoming ineffective against certain strains
of stored product insects has stimulated the search for alternatives.
Strong and Sbur (23) tested 36 insecticides of different types for
effectiveness against stored-product insects. Later their study was ex-
tended to include another 46 insecticides (24). The authors concluded
that three insecticides (all organophosphorous compoun<is) were more ef-
fective than malathion and a few others approached the effectiveness of
malathion. Sumithion® was one of those found to be more effective than
malathion. Lemon (25) tested 16 organophosphorous insecticides by topical

application to Tribolium confusum and Triboiium madens. Of the six that

exceeded malathion in insect toxicity, sumithion was found to be the
a. Fenitrothion; 0,0-dimethyl 0-(4-nitro-m-tolyl) phosphorothioate;
Bayer 41831.




most effective. In subsequent work by Lemon (26), the persistence
on wheat of 1 ppm of sumithion was found to be equivalent to that of

4 ppm of malathion wheu using Sitophilus granarius in bioassay studies.

Toxicity to rats at these respective levels Was similar, thus the

hazard from equivalent levels of effectiveness was similar for malathion
and sumithion. Tests by Green and Tyler (27) on farm-stored grain, with
application being made as a water-based emulsion, showed that 2 ppm of

sumithion controlled infestations of Oryzaephilus surinamensis as

effectively as 10 ppm of malathion. Kane and Green (28) tested concen-
trations of 1 ppm, 2 ppm and 4 ppm of sumithion applied to wheat and to

barley with subsequent exposure to Oryzaephilus surinamensis, Sitophilus

granarius and Tribolium castaneum. Two ppm gave protection for 6 months

and 4 ppm for 10 months against all three insects. In tests of sumithion
and malathion under severe conditions of grain moisture and heating,
Tyler and Green (29) found that sumithion at dosages of 2 ppm and mal-
athion at 10 ppm became ineffective after 2 weeks in the moist, heating
grain near the center of stored barley with a moisture content of up to
17.6%. 1In cooler areas near the edge, residues remained effective for 12
weeks. It was concluded that sumithion was a useful alternative to
malathion, but not markedly superior.

In the screening tests conducted by Strong and Sbur (24), gardonaa

was found to be almost as effective as malathion against Sitophilus oryzae

and Tribolium confusum. Because of its low mammalian toxicity (30), a

considerable amount of research has been initiated to ascertain how effect-

a., 0,0-dimethyl 2-chloro-1-(2,4,5-trichlorophenyl) vinyl phosphate;
Shell SD 8447,



ive gardona is in controlling pests in a variety of applicationa.' Bry et al.
(31,32) studied the effectiveness of gardona as a mothproofer when applied
to woolen fabrics during drycleaning. %hey found that treatment levels as
low as 10 ppm were efféctive in protecting the cloth against the black

carpet beetle, Attagenus megatoma (F.). The effectiveness of gardona in

controiling pests of sweet corn has been investigated by Young and Bowman
(33) who concluded that gardona was as effective as DDT. Whetstone et al.
(30) examined the selective toxicity of gardona. They found that it
ahowed'high toxicity to several species of insect pests but that it was
remarkably safe to laboratory mammals in acute and two-week feeding trials.
In a continuation of his earlier investigation cf qrganophosphorous
compounds, Lemon (34) tested 7 new compounds for effectiveness against
stored-product pests using topical application. 0f those, g:rdona alone
showed promising results and it was then tested against 8 other species of
insects by exposing them to samples of wheat treated with gardona. Gardona

was found to be more effective than malathion against Rhyzopertha dominica

(F.), Lasioderma serricorne (F.), Stegobium paniceum (L.) and Sitophilus

zeamais (Motsch.) as well as against Tribolium spp. In the case of
R. dominica it even equalled sumithion in toxicity. However gardona was

relatively ineffective against Oryzaephilus spp. and it was less toxic

than malathion or sumithion against Sitophilus granarius (L.) and Ptinus

tectus (Boield.).

Becéuse of the potential shown by gardona and sumithion as possible
substitutes for malathion in cases where insect resistance to malathion
has developed, these two protectants were included in the present study

to ascertain the effects of processing on their residues.
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Degradation of protectants during processing

| Lindgren (35) has reviewed the literature pertaining to residues in
raw and processed foods resulting from post harvest insecticide treatments.
Work related to the effects of processing on pesticides in food has been
gummarized by Liska and Stadelman (36).

1. Milling. In studies carried out by Seibel and Hertel (37), mal-
athion residues in wheat, at a level of 3 ppm, were degraded to 1 ppm
during the process of milling. This is equivalent to a loss of 66%. As
would be expected, relatively little malathion is carried over into white
flour as compared to bran and shorts (37). However,Actbn and Parouchais
(38) have shown that there is a loss even with whole grinding of wheat.
Schecaer et al. (39) treated wheat with conceatrations of malathion
ranging from 2.5 ppm to 7.5 ppm. Irnitial cleaning had relatively little
effect on reducing residue levels, presumably because of migration of
malathion into the grain. Flour produced from the treated wheat con-
tained from O ppm to less than 0.3 ppm of residue. In a study of the ef-
fect of rice milling on malathion residues, McGaughey (40,41) treated rough
rice (paddy) at levels of 14, 21 and 28 ppm. Maximum concentrations were
found in the hulls. Residue levels in bran and polished rice increased

- during the initial period of storage #3 migration of malathion into the
grains of paddy exceeded the rate of breakdown. Rowever, the maximum
level of malathion residue in polished rice, milled from paddy treated at
28 ppm,was less than 0.33 ppm. This maximum in concentration occurred a

1ittle over a month after treatment.
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2, Bread baking. Acton and Parouchais (38) found that no residue
occurred, above the detectable limits of 0.3 ppm, in bread baked from
white flour that had been milled from wheat treated with malathion at |
a level of 26 ppm. In the case of whole wheat flour, however, it was
found that bread contained over 1 ppm malathion in cases where fhe whole
grain had beem treated with 8 ppm. Studies by Allessandrini (42) have
shown an 84% to 92% loss of malathion residue when flour is made intc bread.

3. Chapati making. The loss of malathion residues during the process

of chapati making has been studied by several workers in India. Godavari
Bai et al. (43) and Udeaan and Bindra (15) have shown residue losses of 78%
from flour and 75% from grain in the process of making chapaties from wheat.
In making chapaties from maize, Bindra and Sidhu (17) found a loss of

73% residue when maize flour was converted to chapaties.

4, Wet processing. According to Crosby (44), most organophosphorous

compounds are destroyed to a major extent by normal processing and can-
ning procedures. Farrow (45) has shown that canning and juicing pro-
cedures remove more than 99% of malathion residues in the processing of
tomatoes. Koivistoinen et al. (46) have indicated losses in the range
of 50% for canning and cooking of selected fruits.

The effect of laundering and drycleaning on residues of gardona
applied as a mothproofing agent to woolen fabric has been investigated by
Bry et al. (31). Using bioassay studies ihay found that three launder=-
ings removed residues of gardona to the extent that there was 0% mortality
in bicassay studies using the black carpet beetle. However, in a later.-
study (32) it was found that steam pressing had no significant effect in

reducing residues of gardona applied to wool fabric.



12

The studies of Allesandrini (42) indicated an 89% to 90% ioso of
malathion residues when flour was converted to pasta. Subaequeﬁt cook-
ing of the pasta resulted in degradation of the residue beyond the point
of detectability.

in India, Godavari Bai (47> found that steam processing of rice

reduced the level of malathion by 95.5%.
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MATERTALS

Grain

Grain used in this study was obtained locally. The Bangaru '

Sanna variety of paddy was purchased from the Mysore Controlled Market.
Wheat was obtainéd commercially through the CFTRI stores and was a

hard amber variety from Maﬁarashtra. A local variety of sorghum, D 340,
was purchased in Terakanambi, a village in Mysore diatrict;

Each batch of grain was tested for residues that might have remained
on the grain from treatment prior to purchase and could interfere with
tests for which the grain was being used. Samples from each lot of
grain were extracted with methanol and assayed on the gas chromatograph
using a phosphorous detector (described under Methods) for the presence
of any organophosphorous residues. To ascertain that no other residues
from previous treatments remained on the grain which might interfere

with bioassay studies, adult Sitophilus oryzae and Tribolium castaneum

beetles were placed in samples of the grain and counts made at intervals.
None of the grain samples produced a mortality rate that was significantly
higher than in the regular culture medium (control).

To determine moisture content of the grain, a sample of about 10 g
was ground in a Bosch blendor equipped with a coffee-grinding attachment.
A portion (5 g) of the ground grain was weighed into a tared petri dish and
dried in an electrically-operated air oven for 16 hr at 105°C (48,49).
The petri dish was covered, allowed to cool and reweighed to determine the
original moisture content. Data for three replicate tests for moiature
content for each batch of grain are shown in Table 1. A second test for

moisture content was made using a Protimeter moisture meter using samples



TABLE ' 1

Moisture content of gtaih samples

Grain Replicate Moisture Average
content %
'L
paddy 1 12.65
2 12.66 12.65
3 12,64
sorghun 1 11.32
2 11.30 11.30
3 11.28
wheat 1 11.64
2 11.66 11.63
3 11.58

a. Determined by oven drying ground samples
for 16 hours at 105C.

14
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-oBtaihd@ at the same time as those used .in the oven-drying testa. The
_ grain-yas checked period}cally using fhe Protimeter moisture meter to
determine if any significant chaﬁge iﬁ moisture. content occurred during
‘.the period of,atoragé. ‘There was no appreciable change in the moisture
" content during the period of storage, probably because the grain was
stored in metal containers with tight lids.

Grain was obtained as soon as poasible after hérvest in order to
ﬁinimize the likelihood of storage treatments by the farmer or trader
and in hope that the grain would be re1a£1ve1y free from infestation.
In apité of this, the sorghum was found to be infested wgth Sitophilus
oryzae and soon after purchase insects were visible in the grain. In
order to dipinfest the grain without resorting to chemical treatment
the entire quantity of grain was stored in a cold room at 0°%¢ for over
a month. At this temperature it takes a little over 2 weeks to kill
all stages of S. oryzae (50) and it was found that there was no sub-
sequent indication of the infestation. There was no indication of
infestation in either thé wheat or the paddy that would require

refrigeration.

Insects

Cultures of Tribolium castaneum (Hbst.) (fed flour beetle) in whole

wheat flour and Sitophilus oryzae (L.) (rice weevil) in whole wheat were

obtained from the insect culture rooms af the Discipline of Infestation
Control and Pesticides (CFTRI). 1In order to minimize mortality due to age-
ing, the insects used in bioassay tests were drawn from cultures which had
been cleared of adults a maximum of 7 days previously, This insured that

the age of the adults was less than one week at the start of a test.
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Protectaﬁts

Table 2 1ists the'protectants Qaed in this investigagidn and gives
the source for each.

' Samples of the primary and aecondarf pesticides were assayed by gas-
liquid chromatography to determine the amount of active ingredient and to
check for secondary peaks resulting from breakdown products. A stock
solution (1/1000 dilution of eachJinsecticide) was m#de by weighing one
drop of insecticide in a flaek'aha Ailutihg this vith 1 ml of methanol
per mg of insecticide. A second dilution was made by diluting 0.1 ml of
each stock solution to 10 ml with additicnal metﬁanol. This dilutidn
'yielded solutions of 10 ppm insecticide in methanol.

Malathion (primary) was used as an internal standard to compare
primary and secondary garaona. Gardona (primary) was used as the int-
ernal standard for comparisons of primary and secondary sumithion or
primary and secondary malathion. The concentration of internal stan-
dard was adjusted so that, when injected together, the peak heights for

- both the sample and the standard would be on scale and sufficiently
large to make accurate area measuremenis. The results are shown in

Table 3. In no case was there any indication of secondary peaks.
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TABLE 2

Proteitants used in the study and their sources

Drotectant Source

malathion eeeccccsecsscncccscsess American Cyanamid Co.
analytical grade Agricultural Division
secondary standard Princeton, New Jersey

gumithion eecccccsccceccccccncss Sumitomo Chemical Co.
analytical grade 15, 5-Chome, Kitahama
technical grade » Higashi-ku, Osaka, Japan

gardona cecececccccecccesscccccse Woodstock Agricultural
analytical grade Research Centre (Shell)
Sittingbourne, Kent, England
BArdoNA cececccccscccccncocsccnse C.F.T.R.1. (obtained from
technical grade Indian distribu;or)
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TABLE 3

Determination of active ingredient in secondary
insccticides as compared to primary insecticides

Standardized Percent. of active

-Insecticide peak area 1n§red1ent in
secondary insecticlde

malathion :

primary 274

secondary 256 94%
gardona '

primary 196

secondary 179 92%
sumithion

primary 756 »

secondary €80 90%

Area of protectant peak
8. Aea of standard peak x 100+ Determined from

g.l.c. analysis.




METHODS

Treatment of grain with protectants

“Malathion and gardona were applied to grain samples at 10 ppm,
40 ppm and 80 ppm while sumithion was applied at a rate of 2 ppm, 8 ppm
end 16 ppm. Following a procedure outlined by Kadoum (51), the insect-
icide was added to the grain as an emulsion in which the concentration
of insecticide had been adjusted to give the desired level of treatment
when applied to grain at the rate of 2 ml per kg.

In order to attain as much accuracy ac possible in the level of
insecticide applied to the grain, the emulsions were freshly prepared
for each treatment using anélytical grade insecticide. Initially, 0.8 g
of malathion (0.8 g of éardona or 0.16 g of sumithion) was weighed into
a 10 ml flask. To this was added 4 ml of benzene followed by 0.2 ml of
emulsifying agent (Tween 80). A few ml of distilled water was added and,
after shaking, the contents were transferred to a measuring cylinder.
Using additional distilled water to rinse the flask, this procedure was
repeated until the volume of emulsion in the measuring cylinder was 20 ml.
Half of this was set aside and the remaining 10 ml were diluted with an
equal quantity of distilled water. After shaking, half of this in turmn
was set aside and another 10 ml of distilled water added. This serial
dilution was carried out until there were three dilutions in addition to
the original concentrationf The respective concentrations of these dil-
utions were 40 mg/ml, 20 mg/ml, 10 mg/ml and 5 mg/ml for melathion and
gardona and 8 mg/ml, 4 mg/ml, 2 mg/ml and 1 mg/ml for sumithiom.

Grain was treated in 5-kg batches. When 10 ml of insecticide
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emulsion containing 40 mg/ml was applied to this quantity of grain, the
effective treatment level was 80 ppm. The other emulsion concentrations
were used in this manner to obtained the desired levels of treatments
cited previously. One lot of grain was treated with emulsion containing
no insecticide and served as a control,

Application of emulsion to grain was carried out using & tumbler
coneisting of a metal drum ( 16 in. diam. and 24 in. length) which was
mounted at an angle to its axis on a shaft that. could be turned by hand
(Plate 1). a hinged and gasketed door was opened to fill or empty the
drum and was bolted shut during operation. Metal baffles on the inside of
the drum assured thorough mixing of the contents. Grain to be treated was
poured into the drum and 1 or 2 ml of emulsion applied using a pipette to
distribute the drops over the surface of the grain. The drum was closed
and rotated about 10 times and another application of emulsion was made,
This procedure was repeated wntill 10 ml of emulsion had been applied.
Finally, the drum was rotated for an additional 5 min before being emptied

into cne of the metal tins used for storage (Plate 1).

Bioassay studies

Two types of bioassay studies were conducted in order to determine
the effectiveness of the different treatments in controlling stored-
product insects. The first study was designed to determine the degree
of protection that the insecticide residues afforded 24 hr, 1 month and
2 months after application. At these times samples were simultaneously
removed for bioassay tests and for milling and cooking tests. The object
of the second study was to determine the point when a particular treat-

ment of grain became inoffective in protecting it against insect infes-
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PLATE 1

The drum mixer used in applying inserticide
emulsion to grain samples. Storage tins.
Hand grinder (Chakki).
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tation. 1In these tests samples of treated grain were exposed to pop-
ulations of insects. In both studies the test insects were Sitophilus

oryzae (L.) (rice weevil) and Tribolium castaneum (Hbst.) (red flour

heetle).

1. Periodic bioassay tests. From each tin of grain being tested,

three replicate samples df about 20 g each were removed from different
locations within the grain mass. Half of each sample was ground coarsely
tn a coffee grinder and the mixed with the unground half. This mixture
of ground and unground grain was used to £i11 a plastic vial (4 cm diam.
x 5 cm height) half full (Plate 2). Ten adult rice weevils and ten adult
flour beetles were placed in eachvial which was identified with a paper
label placed inside. The vial was covered with a piece of cloth mesh

. held in place by a rubber band. After 7 days, vials were emptied and
counts made to determine the number of living insects and dead insects.
Controls vere run in each series using grain which had been treated with
emulsion to which no insecticide had been added.

2. Infestation tests. Infestatior tests were initiated at the same

time as the first (24-hr) bioassay tests. The grain samples were drawn
from the same, partially ground, material that was used for the bioassay
tests. In this case two replicate vials were filled almost to the top.
A set of 7 vials representing 2 replicates for each of the three treat-

ment levels for a particular insecticide and one control were placed in

an empty l-kg milk powder tin. Grain infested with flour beetles and rice

weevils was used to fill the space around the vials to the same level as
the grain in the vials. Cloth netting was placed loosely over the grain
and vials to provide access to any part of the surface for the insects

(Figure 1). Observations were made twice weekly to determine if insects
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PLATE 2

Plastic vials used in bioassay studies.
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FIGURE 1

Infestation chamber
Vials containing samples of grain
were kept in a tin containing grain
infested with rice weevils and flour
beetles.
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had infested the treated samples or the controls. At this time

the cloth mesh was removed and the contents of each vial were stirred to
check on insects below the surface of the grain. If there were more
{nsects in a vial than might occur from the random wanderings of the
pqpulation, the vial was noted as having a light infestation. When there
was a dense population of insects in a vial, accompanied by visible
damage to the grain and the presence of immature forms of the insect, the

vial was noted as having a heavy infestation.

Processing methods

l. Milling
a. Machine milling of wheat and sorghum. Samples (500 g) of wheat

and sorghum were milled on a Bharat Electtiéal Industries flour mill which
was eauipped with two discs of carborundum, one of which was rotated at 700
rpm by an electric motor (Plates 3 and 4). The position of the stationary
disc was adjusted by a screw and by this means the coarseness of the flour
coﬁld be controlled. Grain was fed from an overhead hopper by an adjustable
vibrating gate. The positioﬁs of the stones were adjusted so.that! with

one pass through the mill, 90% or more of the flour would pass through a
32-mesh sieve. Considerable heating commonly occurs in this type of mill.
Therefore, before a series of samples was milled, untreated grain was ground
in order to raise the temperature to near that occurring during normal
operation. In order to avoid contamination between runs, the mill vas

disassembled and thoroughly cleaned with a brush and compressed air.
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PLATE 3

Power mill used to grind whole
grain. Manufactured by Bharat
Electrical Industries.(Bombay,
India).
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PLATE 4

Detail of grinding stones of the power mill.






b. Hand milling of wheat. A ﬁhnd-operated grindiﬁg stone or "chakki"
was uaéd to prepare hand-milled wheat flbur. The chakki consisted of two
granite stones hewn in the form of discs (11 iﬁ. diam. and.3 in. thick).
Embeddéd in the center of the lower stone was a 5-in.long piece of %-in,
diam. iron rod (Plate 1). The upper stone had a hole in its center
and fitted over the iron rod which then served as an axie around which the
upper stone could be rotated by means of a wooden handle set near its edge.
As with the power mill, the size of samples used with the chakki was 500 g.
In order to obtain a degree of grinding similar to that obtained with the
power mill, it was necessary to regrind a sample on the chakki several times.
After each pass, the ground product was sifted using a 32-mesh sieve and
that portion'which did not pass through was returned to the grinding stone.
This procedure was repeated until more than 90% of the ground product would
pass through the sieve.

c. Paddy milling, One~kg samples of paddy were hulled using a McGill

sheller. Unhulled kernels were removed by hand and 700 g of the brown

rice were polished in a McGill No. 3 polisher. The polisher was set to
run 15 seconds at 1 1b, followed by 10 sec with no weight., This was found
to give a 4% polish which is considéred typical for that part of India.
Bran was sifted through a 32-mesh sieve to remove small pieces of hulls and

broken rice.

2, Cooking

a. Preparation of chapaties. For each treatment level of wheat or

sorghum that was milled, three replicate chapaties were prepared. Each

chapati was made with about 30 g of flour and sufficient distilled water
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to make a suitable dough. The dough was pressed into the form of a thin
disc and cooked on a griddle without the use of any fat or oil.

b. Boiled rice. For each sample, about 50 g of polished rice was '
placed in a 400-ml beaker and distilled water added until the total
volume was four times the volume of the rice. The rice was boiled over low
heat so that the kernels were cooked through by the time that all the
water had been absorbed into the rice.

c. Boiled sorghum. In addition to being prepared in the furm of
chapaties, a boiled preparation made from sorghum is commonly eaten by
low income groups in the areas around Mysore. This was prepared in
the laboratory by mixing sorghum flour into a dough and forming balls
of about 1-in.diameter. These were boiled in water until they wvere
cooked throughout (approximately 10 minutes).

d. Steaming. A common product made from rice ie the iddli. This
is prepared by grindiug rice and a little black gram with water to forml
a thin paste. This paste is fermented overnight and then steamed iﬁ
an iddli cooker. The iddli cooker resembles an egg poacher, except that
{t is not submerged in water but is exposed to steam in a vesgel such as
a pressure cooker. After steaming, the iddli has a moist_fluffy texture.
It is eaten with a variety of sauces and chutneys. In thig study iddlies
were prepared from rice alone to avoid the additional variables that
would havé been encountered by using black gram in the preparation. It
was found that steaming for 1C minutes was sufficient to cook the iddlies

thoroughly.



Extraction and clean-up

1. Selection of solvent for extraction. The manual which accompanied

the alkali flame ionization detector listed the following solvents, in
order of preference, fér use as carriers for samples to be injected onto
the column of the gas-liquid chromatograph.

Water

Methanol

Ethyl ether

Hexane (and some other hydrocarbon solvents)

To determine which solvent would be most suitable for extraction of

organophosphorous compounds from grain, a comparison was made using 15 g of
sorghum removed from a batch of grain that had been treated with 40 ppm
of malathion, The sample of sorghum was ground in a blendor and divided
into 3 equal portions. One portion was extracted with 20 ml of methanol,
the second portion was extracted with ethyl ether (20 ml) and the third
with hexane (20 ml). Extraction was accomplished by shaking the sample for
2 hr .on a mechanical shaker. The mixtures were filtered and the solvents
were passed through a clean-up column containing 1 g of Nuchar attaclay.
Samples (2 pl) were injected into the gas chromatograph. In these tests,
the methenol extracts produced peaks that were more than 10 times the area
of the peaks produced with the other solvent extracts. Subsequently, Crisp
and Tarrant (52) discussed the suitability of methanol for extraction of
malathion and dichlorvos from grain for analysis with a gas chromatograph

equipped with a phosphorous detector. Tests conducted by them indicated

that methanol was more efficient than acetone for this purpose.
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2. Preparation of samples. In the case of ground products and in

the case of whole grain taken immediately after treatment, there was no
need for any special preparation of the samples before extraction with
methanol. With the cooked products, however, it was necessary to first
dry and then grind the material in order to assure the same efficiency
of extraction that would be obtained for the milled products. Drying
was accomplished in an electrically-heated air oven at 50°C. The cooked
sa$Llc was first cut into small pieccs and then dried for a period of
about 12 to 16 hr.

In order to determine if any breakdown of insecticide occurred
during the drying procedure, an uncooked sample of the same material
was placed in the drying oven and was subsequently extracted and analyzed
together with the other samples,

After drying, the samples were ground in the coffee grinding
attachment of a Bosch blendor, a procedure similar to the one used by
Rowlands (53) in extracting malathion from maize and wheat. The sample
was sifted through a 32-mesh sieve and the coarse material that remained
was ground by hand in a mortar since the coffee grinder would not pulverize
sﬁal] quantities of material.

3. Extraction procedure. In the case of whole grain and most of the

milled products, the size of sample used for extraction was 5 g« In the
case of paddy hulls and rice bran, because of their bulk and generaliy
higher concentration of insecticide, the sample size was 1 g.

Each sample was weighed into a 10G-ml conical flask with ground
glass stopper. Methanol (10 ml) was then added to each flask and the
mixture agitated for two hours on a mechanical shaker. The mixture was

filtered through Whatman No.l filter paper in a Buchner funnel.
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The flask was rinsed with two aliquote of methanol (5ml each) and these
were added to the original filtrate.

4. Clean-up procedure. Clean-up of the samples wae accomplished

by adding 1 g of Nuchar attaclay to each sample. The mixture was then
agitated for 2 hr on a mechanical shaker. After agitation the

samples were filtered and washed using the technique described previously.
Finally, the volume was adjusted to 25 ml. This usually involved adding
methanol but in a few cases the volume was greater and the solvent was
evaporated at room temperature in a beaker te attain the correct volume.
Crisp and Tarrant (52) found that, in most cases, when using methanol to
extract malathion from grain, it was unnecessary to use a clean-up step.
However, when required they used a charcoal column.

5. Tests of extraction and clean-up efficiency. In order to determine

the efficiency of the techniques being used, taking into coneideration
limitations imposed by materials and equipment, geveral tests were made to
determine the effect of changes in the methods used for extraction and
clean-up.

a. Comparison using more solvent for extraction. This comparison

" was designed to show whether or not tne amount of solvent used in the
extraction step was a limiting factor in the overall extraction and
clean-up procedure. A fresh stock solution of malathion in methanol
(1/1600) was prepared by weighing one drop of malathion onto a flask
using scales reading to 0.1 mg. One drop usually weighed between 10 mg
and 20 mg. Methanol was added to the flask at a volume of 1 ml per mg
of malathion, thus giving a otie part per 1000 solution. A second dil-

ution was made by diluting 0.4 ml of the stock solution to 20 ml with
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methanol, yielding a 0.02 mg/ml solution. Ten ml of this solution were
placed in each of two flasks containing 5-g samples of untreated

wheat flour. Thus each flask contained 0.2 mg of malathion which is
equiv&lent to extracting flour with 40 ppm of malathion residue.

One sample was extracted and cleaned-up in the usual way (page.39. For
the second sample, an additional 10 ml of methanol was added before the
2-hr agitation period. This solvent was removed by filtration. Methanol
(10 ml) was added to the residue followed by agitation for an additional
hour. The solvent was removed by filtration and the two filtrates were
combined. Clean-up of this sample was analagous to that of the other
samples, except that two 10-ml washes were used rather than the S-ml washes.
. The final volumes of both samples were adjusted to 60 ml. Finally, int-
ernal standards were added to each sample and comparison runs were made
on the gas chromatograph.

b. Comparison of column vs. batch cleen-up. In preliminary work,

clean-up was carried out using glass colums (8 mm i.d.) containing
1 g of Nuchar attaclay. It was found that the time required to clean-up
one sample was more than one day. Although this did not present a
problem when running a limited number of samples in initial tests, it would
have imposed serious problems when large numbers of samples had to be
processed. A quicker method for clean-up was a batch process in which
the adsorbent was added to the sample in a flask and agitated for a
period of time. In order to determine how much loss in extraction
efficiency this caused, the following test was run.

In the same manner as the previous test, two flasks were prepared
containing 5 g of untreated wheat flour and 10 ml of methanol containing

0.2 mg of malathion. This was equivalent to extracting flour with
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40 ppm of malathion residue. The flasks were agit..ed for 2 hr ‘and
filtered using the usual technique. For clean-up, the contents of one.
flask were passed through a column containing Nuchar attaclay followed by
two 5-ml aliquots of methanol eas a wash. The contents of the second flask
were agitated with 1 g of Nuchar attaclay for 2 hr on a shaker. This was
followed by filtering and washing the residue with two 5-ml portions of
methanol. Volumes of both samples were adjusted to 25 ml, internal stan-
dard was added and the solutions were assayed on the gas chromatograph.

c. Extraction from firebrick. To test the efficiency of extraction,

an inert material (40/60 mesh firebrick) was selected. Using a stock
solution of 1/1000 malathion in methanol as before, 4 flasks were pre-

pared containing 10 ml of methanol and 0.2 mg of malathion. To each of
threc flasks was added 5 g of firebrick, the equivalent of 40 ppm insect-
jcide treatment. These three flasks were then extracted and cleaned-up
(using the baich method) in the normal manner, adjusting the final volume
to 25 ml. The &4th flask, which had not had firebrick added and had not gone
through the extraction and clean-up procedure, served as a control. Its
volume was also adjusted to 25 ml.

Samples from each flask were analyzed on the gas chromatograph to
determine how much residue was lost during the extraction process. This
same procedure was repeated for g#rdona and for sumithion (in this case
the concentration of sumithion in the flask was 0.04 mg or the equivalent
of 8 ppm treatment of 5 g of firebrick).

d. Extraction from whole grain. Five g of clean wheat were placed

{nto each of three flasks. Into each of these flasks, plus a 4th empty

flask, was added 1 ml of methanol containing 0.2 mg of malathion. The flasks
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containing the wheat were agitated to distribute the solvent and then left
unstoppered at room témperature to allow the solvent to evaporate and deposit
the malathion on the surface of the grain. The 4th flask, with the malathion
solution and no wheat, was kept sealed. After the wheat samples had thorough-
ly dried they were extracted and the extract cleaned-up in the usual manner.
After adjusting all volumes to 25 ml, the samples were analyzed on the gas
chromatograph. The percentage efficiency was calculated by comparing the
amount of malathion extracted from the wheat samples compared to the con-

rol. The test was repeated for gardona and for sumithion (using 0.04 mg

per flask in the case of sumithion). |

e. Extraction from flour. Untreated whole wheat flour (200 g) was

placed in an empty powdered milk tin (500 g size). Malathion ir meth-

anol (8 ml of 1/1000 stock solution) was applied to the flour using a

glass sprayer. Small portions of the solution were applied at a -time and

the flour was mixed between applications. After all the solution had

been applied, the tin of flour was tumbled for 4 hr on a mechanical tumbler.
Three 5-g samples were extracted and diluted to 25 ml with methanol.

A control solution was made by diiuting 0.2 ml of stock solution to 25 ml.

All samples were analyzed on the gas chromatograph and the peak areas com-

pared.
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Regidue analysis

1. Equipment and conditions. Analysis was accomplished using a
Varian Aerograph model 1400 gas-liquid chromatograph ;qulpped with an
alkali flame ionization detector with cesium bromide salt tip. The
pyrex column was 6 ft long (1/4 in o.d., 2 mm i.d.) and was packed
with 1.5% OV=225 on high performance Chrom W. The column oven was
operated at 210°b, the injection port at 230°C and the detector at 240%. -
Hydrogen was supplied from a Varian Aerograph hydrogen generator with
the flow rate Adjusted to 36 ml per min at the detector. Flow tate; of
air and nitrogen were adjusted over ranges of 200 ml to 300 ml per min
and 14 ml to 40 ml per min, respectively, as required to adjust the det-
ector for satisfactory response. A model 30 Varian Aerograph strip chart
recorder with O-1 mv range was used to record the ovtput. Methanol was
used as the solvent for all samples and 2 pl samples were injected into
the chromatograph with a 5 pl Hamilton syringe. The technique used for
injections was to first flush the syringe with methanol, then draw in
0.5 pl of methanol foliowed by 0.5 pl of air. After wiping the needle
to remove excess solvent, 2 pl of the sample were drawn into the syringe
and the needle wiped again. The plunger was drawn back a little to draw
the sample out of the needle to avoid vaporization of the sample in the
needle. When the injection was made the methanol, first drawn into the
syringe, flushed out the dead space in the needle and lessened the
chance of one sample being carried over and contaminating the following

sample.



2. Internal standards and calibration. Malathion was used as an

internal standard for samples containing gardona. Gardona was used as

an internal standard for samples containing malathion or sumithion. For
each combination of internal standard and unknown, a calibration curve was
prepared in the following manner. An estimation was made of the range of
concentrations that was likely to be encountered for a given insecticide.

A concentration.near the middle of this range was selected and a test
aolution of the insecticide prepared accordingly. Test runs were made

on the gas chromatograph and the attenuation adjusted 6o that a 2 pl
injection of the test solution would give a peak height approximately

half of full scale response., By trial and error, a series of different
concentrations of the internal standard were then prepared and analyzed
without changing the attenuation, until a concentration was found which
would produce a similar response to the sample of insecticide representing
the middle of the range to be detected. The concentration of internal
standard thus determined was used for all future analyses of the insecticide.
A calibration curve was prepared by analyzing a series of concentrations

of the insecticide containing internal standard. For each semple the

ratio of the insecticide peak area to the internal standard peak area
represented the concentration of the insecticide. This value was multi-
plied by a factor of 100 to avoid decimals and is reférred to as the stan~
dardized peak area. For the calibration curves the standprdized peak areas
of the.rest solutions were plotted against the concentration of insecticide.
ln order to determine the concentration of insecticide extracted from a
sanple, the standardized peak area determined from the g.l.c. analysis was
located on the calibration curve and the concentration of insecticide was

determined from the other axis.
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RESULTS AND DISCUSSION

Tests of extraction and clean-up efficiency

1. Comparison using more snlvent for extraction. In the case of

the sample extracted in the normal fashion (page 36), the standardized peak
area for the malatﬁlon residue was 696, For the sample undergoing the more
thorough extraction and clean-up procedure, the standardized peak area

was 758. Thus the regular method of extraction and clean-up was 8%

less efficient tﬁan the method using more solvent and longer extraction
time. BDBecause of limitations pn.thé avajlability of large quantities of
analyﬁical grade solvent, the procedure using the smaller volume of methanol
and 2-hr extraction period was used for all subsequent work.

2. Comparison of column vs. batch clean-up. The standardized peak

- area of the sample cleaned-up with the batch procedure waa'323. For the
sample which was cleaned-up by the column procedure, the standardized peak
arca was 342, The batch clean-up method, then, was about 5% less efficient
than the column clecan-up method. The batch clcan-up method was used
throughout the remainder of the work due to its rapidity for large numbers
ol samples.

3. Extraction from firebrick. Table & shows the results obtained

from gele.c. analysis of samples extracted from firebrick. The average
extraction efficiency for malathion was 95%. The efficiencies for gardona

and sumithion werc 94% and 93%,respectively.

4, Extraction from whole grain. Table 5 shows results obtained with
similar tests using whole grain instecad of firebrick. The extraction
efficiencies for malathion, gardona and sumithion were 85%, 82% and 84%,

respectively.



Efficiency of extraction and clean-up procedures using
d with 40 ppm of malathion,

TABLE 4

S-gram samples of firebrick treate

40 ppm of gardona or 8 ppm of sumithion.

std. peak area” std.©
Insecticidé Treatment Repli- Wheat, Control Extractionb ‘Avg. dev.
level cate extract % % %
malathion 40 ppm - a 420 442 95
b 416 Y] 9% 95 1.0
c 425 442 96
gardona 40 ppm a 229 248 .92
b 234 248 94 % 1.5
c 236 248 95
sumithion 8 ppm a 172 186 92
b 176 186 95 93 2.1
c 170 186 91

Area of protectant peak X 100. Determined from g.l.c. analysis.

8« Area of standard peak

b. % Extraction = std. peak area of firebrick extract y ;49

std. peak area of control

c. Standard deviation.



TABLE 5

Efficiency of extraction and clean-up procedures using ‘
5-gram samples of whole wheat treated with 40 ppm of malathion,
40 ppm of gardona or 8 ppm of sumithion.

Std. peak area” b std.©
Insecticide Treatment Repli- Wheat Control Lxtraction Avg. dev.
level cate extract % % %
malathion 40 ppm a . 161 192 84 |
) 161 192 84 85 1.2
c 166 192 86
gardona 40 pém a ‘192 . 243 | 79
b 203 243 . 84 82 2.6
c 201 243 83
sumithion 8 ppm a a7 . 263 83
b 220 263 84 84 1.5
¢ 225 263 86

area of protectant peak
Ae arca of standard peak X 100. .
b. % Extraction = std. peak area of firebrick extract , g
std. peak area of control
c. Standard deviation. '

Determined from g.l.c. analysis.
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5.'Extractioﬁ from flour. Results for the extraction of residucs
from wheat [jour ;3 ﬁompared with un-extracted confrola are shown in
Table 6. The efficiency of extraction of malathion from flour was found
to be 83%, The effiéiénciee of extraction for gardona and sumithiom were

found to be 80% and 82%, respectively.

lnternal standards and calibration

The sblutions of insecticides and internal standards used to
ﬁrcpare the calibr#tlnn curves are shown in Table 7., The calibration
curves derived from these samﬁleq are shown in Figures 2, 3 and 4 for
malathion, gardona and sumithion, respectively. Because the range of
concentrations investigated increased in a geometric progression, the

calibration curves were plotted on log/log axes.



TABLE 6

Efficiency of extraction and clean-up procedures using
S5-gram samples of wheat rlour treated with 40 ppm of malathion,
40 ppm of gardona or 8 ppm of sumithion.

Std. peak area® b Std.”
Insecticide Treatment Repli- Wheat Control Extraction Avg. dev.
' level cate extract % % %
malathion 40 ppm a 220 274 80
b 229 274 - 84 83 2,3
c 230 274 84
gardona 40 ppm a 124 154 81
b 120 154 78 80 2.1
c 127 154 82
sumithion 8 ppm a 159 189 84
b 155 189 82 - 82 2.5
c 150 189 79

Area of protectant peak

Arca of standard peak X 100, Determined from ge.l
std, peak area of flour extract X 100
std. peak area of control

c. Standard deviation.

«C. analysis,

b. % Extraction =



TABLE 7

Concentrations of ineecticidee and internal standards
used in preparing calfbration curves.

Insecticide Concentrntion Concentration of
of insecticide i nternal standard
malathion 16 ppm 3 ppma
& ppm 3 ppm
2 ppm 3 ppm
_ 1 ppm'.‘ 3 ppm
0.2 ppm 3 ppm
0.08 ppm 3 ppm
gardona - 8 ppm 0.3 ppmb
5 ppm 0.3 ppm
2 ppm | 0.3 ppm
1 ppm 0.3 ppm
0.5 ppm 0.3bppm
0.1 ppm 0.3 ppm
sumithton 3.2 ppm 1 ppmé
2 ppm 1 ppm
1 ppm 1 ppm
2.2 Ppm' 1 ppm
0.1 ppm 1 ppm
0.02 ppm 1 ppm

‘a. gardona b. malathion
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FIGURE 2

Calibration curve for calculating concentrations
of malathion in samples analyzed by gas-liquid
chromatography.
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FIGURE 3

Calibration curve for calculating concentrations
of gardona in samples analyzed by gas-liquid
chromatography.
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FIGURE 4

Calibration curve for calculating concentrations
of sumithion in samples analyzed by gas-liquid
chromatography. :
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Binassay studies

Table 8 gives the percent mortaiity at 0 months, 1 month and

2 months for Sitophilus oryzae (rice weevils) and Iribolium castaneum

(red flour beetles) exposed to paddy treated with each of the three levels
‘of the three test insecticides. The same 1nforﬁation for wheat and for
sorghum is given in Tables 9 and 10, respectively. The highest con-
centrations investigated represented 8 times the lowest concentration
used. The lowest concentration of each 1n8ec;1cide used qu'determined
(in a preliminary 2-month study) as the lowest effective concentration

for protection of grain against insect damage. ~ In this investigation

the highest concentration was found to give 100% kill over the test

period of two months. The intermediate concentration of all three insect-
icides was completely effective.in sorghum and wheat. However, the
sumithion treatment of paddy at 8 ppm had begun to lose effectiveness at
the ond of the .-month test period. In the case of treatment with the low-
cst concentration, sumithion was relatively ineffective in controlling in-
festation in paddy at all time periods. By the end of the test periods,
it was also losing effectiveness with the other grains. At this lowest
concentration, malathion and gardona were beginning to lose effectivenesas
at the end of the test periods. In general, the treatments of paddy

were less effective than the equivalent treatments of the other two grains,
This was due in part to the method of application and mixing. The rough
nature of the paddy hull results in considerably more material being worn
off in the form of dust as the grain is tumbled. Application of the
insecticide involved tumbling to distribute it throughout the grain and

it was found that considerably more dust resulted from mixing of the

parddy than for the other grains, Tt I8 likely that some of the
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TABLE 8

Periodic bioassay tests for the effectiveness of insecticide
trecatments on control of Tribolium castaneum and Sitophilus

oryzae in paddy.

Insecticide Treatment Test % mortality at:c

level insect 0 month 1 month 2 months
malathion 10 ppm  RFB° 97 90 10
RW 100 100 - 97
40 ppm RFB 100. 100 97
' KW 100 100 100
80 ppm RFB 100 100 100
: RW 100 100 100
gardona 10 ppm RFB 100 97 73
RW - 100 100 97
40 ppm RFB 100 100 - 100
RW 100 100 100
800 ppm RFB 100 100 100
RW 100 100 100
-sumithion 2 ppm RFB 27 10 3
RW 97 53 13
8 ppm RFB 100 100 23
RW 100 100 %0
16 ppm RFB 100 100 100
RW 100 100 100

. ae Red flour beetles (Tribolium castaneum)

be. Rice weevils (Sitophilus oryzae)

c. U% mortality in control vials



TABLE 9

Periodic bioassay tests for the effectiveness of insecticide
treatments on control of Tribolium castaneum and Sitophiluas
oryzae in wheat.

Insecticide Treatment Test % mortality at:©

level insect G onth 1 month 2 months

malathion 10 ppm RFga 100 97 70

RW 100 100 100

40 ppm RFB 100 100 - 100

RW 100 100 100

80 ppm RFB 100 100 100

RW . 100 100 : 100

gardona 10 ppm RFB 100 100 90

RW 100 100 100

40 ppm RFB 100 100 100

RW 100 100 100

80 ppm RFB 100 100 100

RW 100 100 100

sumithion 2. ppm RFB _ 60 7 3

' RW 100 40 7

8 ppm RFB 100 100 100

RW 100 100 100

16 ppm RFB 100 100 100

: RW . 100 100 100

a. Red flour beetles (Tribolium castaneum)

b. Rice weevils (Sitophilus oryzae)

c. 0% mortality in control vials



TABLE 10 -

Periodic bioassay tests for the effectiveness of insecticide
treatments on control of Tribolium castaneum and Sitophilus
oryzde in sorghum.

Insecticide Treatment Test % mortality at:°©
' level ifnsect O month 1 month . 2 months
malathion 10 ppm RFg" 100 93
RW 100 100
40 ppm RFB . 100 100 d
RW 100 100 n.d.
80 ppm RFB 100 100
RW 100 100
gardona 10 ppm RFB 100 97
RW 100 100
40 ppm RFB 100 100
RW 100 100 n.d.
80 ppm RFB 100 100
RW 100 100
sumithion 2 ppm RFB 97 13
. RW 100 60
8 ppm RFB 100 100
RW 100 100 n.d.
16 ppm RFB 100 100
. RW 100 100

a. Red flour beetles (Tribolium castaneum)

b. Rice weevils (Sitophilus oryzac)

c. U% mortality in control vials

d. Not determined due to time limitations of the study.



insecticide that was applied tb the paddy was lost in this form. As a
result the acguél leveliof insecticide residue remaining on the grains
might have been less than planned. This was validated by measurements

of the residues in the grajins., This type of loss would not be so
pronanced when the insecticide is applied to a grain stream, since there
would not be as much grain movementyas in the case of tumbling,and the
subsequent production of dust would be lessened..

The results from infestation tests shown in Tables 11, 12 and 13
indicate that, in the case of malathion and gardona, all treatments were
effective in preventing the infestation of the grains during the 8%-week
test period with the exception of the 10 ppm malathion treatment of paddy
in which a light infestation of flour beetles was recorded after 6% weeks.
In the case of sumithion, the lowest level (2 ppm) failed to provide com-
plete protection after a perlod of from Xweeks to 3 weeks in all the grains.
In general the tﬁo higher concentrations of sumithion (8 and 16 ppm) were
effective for the fulliperiod nf 8% weeks with only a light infestation
of flour beetles,.beginning at the end of the period, in paddy treated with

8 ppm of sumithion.
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TABLE 11

Development of insect infestation in samples of treated paddy
exgosed to populations of rice weevils and flour beetles.

Insecticide Treatment Test Weeks® -
ievel fnsect O %X 1 15 2 253 354 455 556 6 7 75 8 8%
) d

malathion control RFB O O O = = = @« = = = = 4+ + + + + + +

O O O = = = @ = = = = 4+ + 4+ + + + +

10 ppm RFB O 0 0O 0O O O O O O O O O O = = = = =

RW o 0 o o o o6 0o O 0O o 0o 0o o 0 0 O o o

40 ppm RFB o 0o o o o o o o O O 0O 0O 0O O O O O O

RW 0o 0o 0O o o 0 0O 0O 0O O O O 0O 0 O O o O

8C ppm RFB o 0o 0o 0O O o O 0O 0 OO O O O O O O O

RW o o 0O 0O 0O 0O O O O OO C O O O O O O

gardona control RFB O 0 0 = = = = = = = == % + 4+ + + ¢+ ¢

RW O O O = = = = = = = = 4+ 4+ + + + + +

10 ppm RFB 0O 0o 0O O 0O 0O O D O O O O 0 0 O O O -0

RW o . 0 0o 0 0O 0O C O O 0O 0O 0O O O O O O ©o

40 ppm RFB o 0 o 6 o 0O O OO O 0O 0 0O 0 O O O O©

RW o 0o o o o o 0O O 0O O O 0O O O O O O o©o

80 ppm RFB O 0 0o o O O OO OO O O O O O O O O

RW o 0O 0 0o 0O 0O 0O 0O 0O O 0O 0 0O O O O O O

symithion control RFB 0O 0 O = = = = = « = = %+ + + + + + +

RW O O O = = = = = = = = + + + + + + +

2 ppm RFB O O 0 0 = = = = = = = + + + + + + +

RW o o O 0O 0O O O 0O 0O 0 0 O O = = =~ = =

8 ppm RTR O 0o o 0O O O O 0O OO O O O 0 O = - =

RW o o o o 0o O O OO OO O O 0O 0 O O o

16 ppm RFB o o o ¢ o o O O O O ¢ 0O O O o0 O O o

RW o o o Y O 0o o o o 0O 0O O 0O 0o O O O O

a. Weeks after treatment

b. Red flour beetles (Tribolium castaneum)
c. Rice weevils (Sitcphilus oryzae)

d. o=

no infestation,

- = light infestation,

. =

heavy infestation
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TaABLE 12

Development of insect infestation in samples of treated wheat
exposed to populations of rice weevils and flour beetles.

Insecticide Treatment Test Weeks®
level insect G % 1 152 253 354 4% 5 5%6 6k 7 7% 8 8%
. b d

malathion control RFB 0O 0 = = = = = = 4+ + + 4+ + + + + + &
RWC O O = = = = = = 4+ + + 4+ + + + + <+ +

10 ppm RFB 6 0 o o o O O 0O 6 O 6 0O 0O O 0 0 o O

-RW o o o o o o 60 0o o 0 o o o o o O v O

40 ppm RFB o 0o o 0o o o o o o 0O O 0 6 0 0 O O O©

RW o o 0o o O 0O 0O OO O 0O 0O 0O 0O 0 O O O©

8() ppm RFB o o o 0o o o o o o o 0 O O O O O o o

RW o o c o o oo O O OO O 0 O O 0o o O

gardona control RFB 0O O = = = = = =« 4+ + + 4+ + + + + + &
RW 0O O = = = = = = 4+ + + + + + + + <+ &

10 ppm =B o 0O.0 0 0 0O O 0O O OO O 0O O O O O O

RW o o 0o o 0 o o o O O O OO O O O O O

40 ppm RFB c o 0o 6 O O OO OO O O 0O O O O O ©

RW o o ¢c o o o o 0o o o 0o o o O O o o o

80 ppm RFB o 0O o o 0O 0O 0O 0O O O 0O 0O 0 0 0 0 0 O©

RW o o o o o o o o o 0 o o o o O O O O

sumithion control RFB 0 G = = = = = = 4+ + + + + + + + + +
RW 0O O « = = = = = + + + + + + + + + 4+

2 ppm RFB O O O O O = = = = = + + + 4 + + + +

RW o 0o 0O 0O 0 06O 0D O 0 0 O = = = = = + +

8 ppm RFB o o o o o o O 0 0O O OO 0 0 O 0O O O

RV o 0O 0O o o o o 0O O OO 6 0O 0 0O C O O

16 ppm Ri'3 c o o o 0o o OO O OO O 0 0O O O O O

RW o o 0O 0o O 0O O O O O O O O O ©0 0 O O

a. Weeks after treatment

b. Red flour beetles (Tribolium castaneum)
c. Rice weevils (Sitophilus oryzae)

de o=

no infestation,

- = light infestation,

+ =

heavy infestation
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TABLE 13

Development of insect infestation in samples of treated sorghum
exposed to populations of rice weevils and flour beetles.

Insecticide Treatment Test Weeks® . . -
level insect O % 1 152 253 354 6% 5 556 6% 7 758 8%
b d

malathion control RFB O O « ® = = = = 4+ + + + + + + + + +
' RW 0 0 = = = = = = + 4+ + + + + + + + +

10 ppm RFB 0O 0 0 0O 0O 0O O O 0O OO O O O O O 0 O

RW O 0O 0 0O 0O 0 0O O O O O O O O G O O O

40 ppm RFB O 0O O O O OO O O O OO O 0 0 0 0 ©

RW O 0 0O 0 0O 0O 0O O O O O 0O 0O 0O O O O ©

80 ppm RFB O o 0o 0o O 0O 0O OO O O 0O O 0 0 O O ©

RW O 0O 0O 0 0O O O O O O O O O O O O O ©°

gardona control RFB 0 O = = = = = = 4+ 4+ + 4+ + + + + + +
RW O O = = @ @ = = 4+ + + + + + + + + =+

10 ppm RFB O O 0O 0O O OO O 0O 0O O 0 0O 0 0 0O 0 O

RW O O 0 0 0 0 0 0 0O 0 0O 0O O O O O O o©o

40 ppm RFB O o 0O O O O O OO O 0O 0O 0O 0O 0O O O O

RW O 0O o 0 0 0O 0O O O 0O O 0O O O O O O o©°

80 ppm RFB O O 0O 0O O 0O 0O 0O O OO O O O O O O O

RW O 0 0 0o 0O 0O O 0O 0O O O O O O O O O O

sumithion control RFB O O = = = « @ = + + + + + + + +
RW O O = = = =« =« =« %+ + + 4+ + + + + +

2 ppm RFB C O O O O O O = = = = ® @ = = = = =

' RW O 0 0O O O OO 0 O O O O O 0O O O O ©

g ppm RFB O o 0 0O 0O O OO O O O O O O O O O O

RW O 0O 0O 0O 0O 0O 0O O O OO O O O O O O O

16 ppm RFB o o o o OO 0O O O 0O O O O O 0O O O O

RW O o O 0O 0O 0O 0 O O 0O O 0O 0O O O O O O

a. Weeks after treatment

b. Red
ce. Rice
d. o=

flour beetles (Tribolium castaneum)
weevils (Sitophilus oryzae)
no infestation, - = light infestation, + = heavy infestation
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Degradation of residues during milling

1, Machine grinding. Tables 14 and 15 show the levels of residues

detected in whole grain (wheat and sorghum) after treatment and after
machine grinding. The last columns give the loss of residue in ppm, the
percentage reduction from the original level, the average loss for a
particular insecticide and the standard deviation. The average losses

for wheat and sorghum during grinding were:

Wheat treated with malathion 71%
gardona 3C%

sumithion 62%

Sorghum treated with malathion 40%

gardona 39%
sumithion 28%

It was found that minor adjustments in the clearance of the grinding
stones made a noticeable difference in the heating of the grain during
grinding. It is possible that some variation in residue breskdown could
have resulted from this, although the mill was always warmed-up by milling
clean grain before the samples were millede Sorghum, being softer than
wheat, tended not to heat to the same extent. Some indication of this
is noticeable in the greater breakdown of residues in the wheat samples
as compared to sorghum samples.

2. Hand grinding. Table 16 shows the levels of residues detected in

whole wheat and in hand-ground wheat. As in the previous two tables, the
last columns give losses in ppm, as a percentage of tha original level,
the average loss for an insecticide and the standard deviation. The av-
erage losses wvere:

Loss in wheat treated with: malatkion 35%

gardona 25%
sumithion 21%



TABLE 14

Losses of insecticide residues during
machine grinding of wheat.

Insect- Treat- Insecticide residue (ppm) Loss of :
tcide ment recovered from: residue Std.
level Whole grain Machine-ground ppm % Avg. dev.
grain % . %

malathion 10 ppm 9.8 2.2 3.6 62
40 ppm 31.9 9.3 22.6 71 71 8.5

80 ppm 77.1 16.5 60.6 79

gardona - 10 ppm 18 13.5 5.5 31
40 ppm 39 ‘ 27.5 11.5 29 30 1.2

80 ppm 65 45 20 31

. sumithion - 2 ppm 2 1 1 50
8 ppm 8.3 3 5.25 64 62 11.6

16 ppm 15.5 4,2 11.3 73
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TABLE 15

Losses of insecticide residues during
_machine grinding of sorghum.

Insect- Treat- Insecticide residue (ppm) Loss of
fcide ment recovered from: __  _ __residue Std.
level Whole grain Machine-ground ppm % Avg. dev.
grain ' T %
malathion 10 ppm 5.76 3.4 2.23 41
40 ppm  22.4 13.5 8.9 40 40 1.5
80 ppm 53.3 33 20.3 8
gardona 10 ppm 6.5 2.75 3.75 58 _
40 ppm  32.5 25.5 7 22 39 17.5
80 ppm 85 53 32 38
sumithion 2 ppm 2.5 1.8 0.7 28
8 ppm 9.25 6.5 2.75 30 28 2.0
16 ppm 15.5 11.5 4 26
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TABLE 16

Losses of insecticide residue during
hand grinding of wheat.

Jnsect- Treat- Insecticide residue (ppm) Loss of
icide ment recovered from: _ residue Std.
level Whole grain Hand-ground ppm % Avg. dev.

grain % %

malathion 10 ppm 5.8 3.3 2.5 43
40 ppm 31.9 20 11.9 37 35 9.2

80 ppm 77.1 57.5 19.6 25

gardona 10 ppm 18 14.5 3.5 19
40 ppm 39 28.5 10.5 27 25 5.3

80 ppm 65 L6 19 29

sumithion 2 ppm 2 1.9 0.1 5
8 ppm 8.3 5.9 2.35 28 21 13.9

16 ppm 15.5 11 4,5 29
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It can be seen by comparing these figures with those for machine
grinding that there is less breakdown during hand grinding. Since there
is considerably less heating during hand grinding it is likely that this
factor accounts, at least in part, for this difference.

3. Paddy milling. The first process in paddy milling is the hulling

of the grain. The resulting brown rice is then polished to remove the
bran,producing the polished, or white rice, which is the form most commonly
used for consumption in India and abroad. Soon after treatment most of the
insecticide is found in the hulls. Older samples show increasing amounts
of residue in the bran and polished rice due to migration of residues
into the grain. However, even at its highest level relatively little
residue is found in polished rice compared to the amount applied. Table
17 shows the treatment levels of paddy for malathion, gardona and sumithion
and the residues carried over into the polished rice 0, 1 and 2 months
after application of the insecticide. It can be seen from the Table that,
although there is some increase in residue in the polished rice as it ages,
it never amounts to very much and, even in the case of the 80 ppm treatment
of malathion, the level of residue in the rice is less than 50% of the
admissable value (8 ppm) authorized in many countries (8).

Organophosphate insecticides on stored grain undergo both enzymic and
chemical hydrolysis. The resulting compounds are generally of low toxicity

te mammals and do not pose a serious threat to the consumer.
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TABLE 17

Residues of malathion, gardona and sumithion
detected in polished rice 0, 1 and 2 months
after application,.

Insect- Treat- Residue (ppm) Residue (ppm) detected in
icide ment in paddy at polished rice at:
level 0 months 0 month 1 month 2 months
malathion 10 ppm 3.5 b.d.? .16 1.55
40 ppm 9.5 0.19 n.d.? 3.0
80 ppm 37.5 0.36  0.75 3.24
gardona 10 ppm 6 b.d. b.d. bad.
40 ppm 26.5 0.8 1 b.d.
80 ppm 52.5 2.3 1.6 1.65
sumithion 2 ppm 1.2 b.d. b.d. b.d. .
8 ppm 3.4 0.22 b.d. 0.21
16 ppm 9.6 0.48 C.b4 0.26

a. b.d.
b. n.d.

below detectability
not determined




.Dqgfadation of residues during cooking

1. Chapati making. Tables 18 and 19 show the losses of insecticide

residues during the preparation of chapaties from wheat and sorghum, re-
spéctively. The average losses v#ry from 43% to 75%. However it can be
seen from the data that there is considerable variability in the degrece

of breakdown of residues during the preparation of chapaties. The large
standard deviations give another indication of the vériaﬁion encountered
here. Part of the variation is due to differences in the normal cooking
methods for making chapaties. Even within one area of India one may

Find considerable variation in the type of chapati prepared in the home.
4in tllustration of the difference that can occur is given in Figures 5 and
6. Figure 5 is composed of chromatograms showing the residues detected
from fleur and chapaties in the case where the chapati was cooked less
than usual, as some penple prefer them. It can be seen that the size of
the malathfion peak in relation to the standard peak is not reduced a

great deal) during the cooking process. In contrast with this, Figure 6
shows a marked reduction in the peak size (and thus residue level) of the
insecticide in the chapati samples as compared to the flour samples, The
cooking in this case was considered average. Figures 7 and 8 show chro=-
matograms which illustrate a similar breakdown for gardona and sumithion.
These results are reflected in the information given in Tables 18 and 19,

2. Boiling and steaming. Figures 9, 10 and 11 show chromatograms of

samples extracted from polished rice, boiled rice and iddlies for malathion,
gardona and sumithion,respectively. It can be seen that,within the
detectable limiﬁs of the methods,there is a complete breakdown of the
residues of all three insecticides by these wet-cooking methods. A similar

'osu was ohserved in the case of boiling sorghua balls.
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TABLE 18

Loss of insecticide residues during the
preparation of chapaties from wheat flour.

Insect= Treat- Months Insecticide residue Loss during
icide ment after (ppm)' recovered . from:  cooking Std.
level treat- Machine- Chapati pPpm % Avg. dev.
ment ground % %
grain —
malathion 10 ppm 0 2.2 1.5 0.7 32
1 0.8 0.23 0.57 71
2 0.53 0.23 0.3 57
40 ppm 0 9.3 5.8 3.5 38
1 3.5 1.3 2.2 63 51 24.0
2 1.85 0.95 0.9 49
80 ppm 0 16.5 16 0.5 3
1 12 3.5 8.5 n
2 7.5 1.6 5.9 79
gardona 10 ppm O 13.5 b.d.” 13.5 100
1 5 2.85 2.15 43
2 2.35 0.65 1.70 72
.40 ppm 0 27.5 1.7 25,8 94
1 27.5 7.5 20 73 75 18.3
2 8 3 5 63
80 ppm 0 45 3 42 93
1 50 12.5 37.5 75
2 18 6.5 11.5 64
sumithion 2 ppm 0 1 0.53 0.47 47
o 1 0.2 b.d. 0.2 100
2 0.13 0.1 0 0
8 ppm 0 3 1.5 1.5 50
1 1.1 0.09 1.01 92 52 35.1
2 0.58 0.38 0.2 34
1 1.9 0.23 1.67 88
2 1.08 0.65 0.43 40

a. b.d. = below detectability
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TABLE 19

Loss of insecticide residues during the
preparation of chapaties from sorghum flour.

Insect- Treat- Months Insecticide residue Loss during
icide ment after  (ppm) recovered from: cooking Std.
level treat- Machine~ Chapati ppm % Avg. dev.
ment @ ground % %
‘ grain
malathion 10 ppm 0 3.4 0.7 2.7 79
‘ ' 1 1.9 0.63 1.27 67
40 ppm 0 13.5 3.6 9.9 73
1 8 2.3 5.7 1 76 4.5
80 ppm O 33 9 24 73
1 25 - 545 19.5 78
gardona 10 ppm 0 2.75 2 0.75 27
1 3.25 1.2 2.05 63
40 ppm O 25.5 9.5 16 63
1 17 6.5 10.5 62 59 15.1
80 ppm O 53 15 38 72
1 50 18 32 64
sumithion 2 ppm O 1.8 1.1 0.7 39
1 1 0.65 0.35 35
8ppm O 6.5 3.75 2.75 42
1 3.75 1.9 1.85 49 43 6.8
16 ppw O 11.5 5.65 5.85 51
1 5.5 3.25 2,25 41

n. Residues not determined at 2-month period due to time limitations
of the study.
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FIGURE 5

Gas-1liquid chromatograms showing loss of
‘malathion residue during chapati making
(short cooking period).
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FIGURE 6

Gas-liquid chromatograms showing loss of
malathion residue during chapati making.
(regular cooking period)
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FIGURE 7

Gas-liquid chromatograms showing loss of
gardona residue during chapati making
(regular cooking period).
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FIGURE 8

Gas-liquid chromatograms showing loss of
gumithion residues during chapati making
(regular cooking period).
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FIGURE 9

Gas=liquid chromatograms showing loss of
malathion residues during boiling and
steaming of rice.
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FIGURE 10

Gas-liquid chromatograms showing loss of
gardona residues during boiling and
steaming of rice.



OZTECTOR RESPONSE

POLISHED
RICE
-
L 90"’
o 1S

BOILED
RICE

A~

—
o

1§
5min

GARDONA RESIDUES

STEAMED
RICE

€6



4

FIGURE 11

Gas-liquid chromatograms showing loss of
sumithion residues during boiling and
steaming of rice.
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CONCLUSIONS

In evaluating the suitability of malathion, gardona and sumithion.
as protectants for use with stored grain in India it is important to
know the extent to which these zompounds are degraded during milling
and cooking when they are used in concentrations that are effective in
controlling insect populations.

The bioassay tests in this investigation indicate that treatmants
with 10 ppm of malathion and gardoda and 2 ppm of sumithion are effective
in disinfesting grain at the time of appliéation and in controlling in-
sects for a period afterwards. Malathion and gardona at 10 ppm appear
to control infestation for 2 months as a minimum. Sumithion at 2 ppm
is effective in disinfesting the grain, but by the end of two months
the effectiveness is wearing off. For longer periods of control sumithion
should be applied at a higher level, possibly 4 ppm.

Data presented here indicates that power milling reduces residues
by 30% to 70% in the case of all three protectants. Before consumption of
wheat in the form of chapaties,a further loss of 40% te 75% takes place
in the cooking process. This means that a total loss of 59% to 93% of the
insecticide residue occurs during the total processing of chapaties from
whole wheat. In the case of rice, because of the wet cooking methods used,
it appears that there is complete breakdown of the three insecticides.

1t would appear that there is a gnod case for émending the Prevention
of Food Adulteration rules to allow the use of malathion, and possibly
nther agents such as gardona and sumithion, as pro:ectants to be directly

admixed with grain in storage. This is particularly true when one considers



 the hazard posed at the present time by misuse of other pesticides for
control of infestation in stored grain. Part of this misuse is most
likely due to lack of adequate information. Once malathion is apprdved,
appropriate steps could be taken to acquaint farmers and traders with its
safe use.

In India it is particularly difficult to try to estimate the
breakdown that is likely to occur during cooking because there is sucﬁ
a wide variation of food types and methods of preparation. In the case
of rice, however, the greatest part of the grain is boiled and would
thus be subject to complete breakdown of the insecticide residues that

have been noted in this study.
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Samples of paddy (rough rice), wheat and sorghumn were treated with
different concentrations of malathion, gardona and sumithion as pro-
tection against insect infestation during storage.

Bfoassay tests, using Sitophilus oryzae (rice weevil) and Tribolium

castaneum (red flour beetle), were conducted to determine the effective-
ness of the treatments in protecting the grain against insect attack.
Results of the bicassay tests indicated that the lowest levels of treat-

merts used (10 ppm of malathion or gardona; 2 ppm of sumithion) were suf-

ficient to eliminate any existing infestation of these insects. In the case

of malathion and gardona, protection was afforded for 6 to 8 weeks., For
'sumithion to provide equivalent protection it would be necessary to apply
concentrations higher than 2 ppm. The intermediate levels of treatment
' (40 ppm for malathion or gardona; 8 ppm for sumithion) and the high levels
of treatment (80 ppm of malathion or gardona, 16'ppm of sumithibn) pro-
tected the grain over the full teét period of two months.

The amount of residues in the tfeatéd grain were analyzed by means of
gas-liquid chromatography before and after milling. There was a signif-
jcant loss of residues fxom wheat and sorghum during machine milling. On
the average, machine milling resulted in 30% to 70% loss in residues for
all three protectants. Less heating of the flovr took place when sorghum
was milled, as compared to wheat. This migﬁt explain the observation that
less residue was lost during machine grinding of sorghum as comparea to
machine grinding of wheat. Wheat ground by hand showed up to 40% less
breakdown of insecticides as compared to machine grinding. This also may

be the result <f less heating during hand grinding.
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With padd; there is a tendency for residues to be concentrated in the
hull and bran fractions. As a result, polished rice retained relatively
little residuc from pfotectants applied to the whole grain., Even with
treatments of paddy at 80 ppm of malathion, residues on the polished
rice were never above 4 ppm.

Samples of milled products were cooked by traditional Indian methods.
Rice was boiled and iddlies were prepared by grinding rice with water,
fermenting the paste and steaming it. Wheat and sorghum flour were made
into chapaties. In the case of sorghum a second preparation was made in
which balls of dough were boiled in water. In chapati preparation the
amount nof residue breakdown was closely related to the amount of cooking.
Average losszs during the preparation of chapaties ranged from 43% to 75%
though individual samples varied over a wider range. Preparations involv-
ing boiling or steaming resulﬁed in complete degradation of the residues
of all three insecticides, co far as detectable with the methods used
(less than 0.1 ppm).

Most of India's grain harvest is retained at the farm and village
level. Any program aimed at reducing waste due to inscct damage during
storage must provide methods which can bé used for small scale storage.
Unfoftunately,the most effective methods involving fumigation are not
easily applicable at this level and the health regulations of the Indian
Government prohibit the admixtﬁre of any insecticide with grain in storage.
Recomendations have been made to amend the existing regulations to allow
the use of malathion as a grain protect#nt to be admixed with stored
grain up to a limit of 8 ppm. The results of this investigation indicate

that the breakdown of residues during milling and during cooking by



typical Indian methods are coﬁparable fo the breakdown observed in the
cooking and milling processes studied in the United States and Europe.

It wouid appear that there is considerable justificationAfor the recomen=~
dation to allcw the use of malathion as a protectant for stored grain in
India. From this investigation it would seem advisable to consider other
alternatives in addition to malathion, such as gardona and sumithion.
These protectants would be useful in cases where insects begin to develop

resistance to the toxicity of malathion.



