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Summary 

Samples of paddy (rough rice), wheat, ancsorghumweretreated 
with different concentrations of malathion, Ga,'dona, and 

Sumithion for protection against insect infestation during storage. 
Subsequently, samples were milled, cooked, and analyzed by gas­
liquid chromatography todetermie residues remaining in thefinal 

products, Malathion and Gardona treatments ranged from 10to80 
pp.m.; Sumithion treatments, from 2 to 16 p pm. During machine 
milling, residues in wheat and sorghum weredecreased from 30 to 
70%. Because r6sidues were concentrated in the hull and bran of 

the paddy, relatively little remained on polished rice after milling. 

Even with treatments of 80 p.pm. residues on polished rice were 
never more than 4 p pm. Milled products from erich grain were 

cooked using traditional Indian methods. Preparations involving 
boiling or steaming (wet cooking) resulted in completedegradation 
(loss) of residues of all three protectants so far as detectable with 

methods sensitive to less than 0.1 p.p.m. Dry cooking methods, 

used in preparing chapatties from wheat and sorghum, resulted in 

average losses of 43 to 75% of residues. 
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The Indian c,'\,rnttn'i Prcvention of Food 
Adulteration rules (P.F.A.) now I')rbid admixtne of ay 
insecticide Witlt food tmaterials. (onsequen iY, grain cannot 

legally be trealted with pesticides fot proiecltiOll ditiag 

storlge. allhotigh use of Illillgillts is peruiIled (l). That 
Con trast.s Witi regtla.lions lln ItallV olhi colifi!tlt2. 

icluditg tile U.S., where lretltill WiIi talrula lthii tip to 8 
l StOrCd grain is allowed ( 2 ). Pat t t' tie ilial. 

behind the P.:.A. e',tilatioins agaiist the use ol peslicides 

onl stored products ws that sutficient dat: from pesticides 

tlse in India were itot availablo. Meatnlwile, vlrious 

insecticides have beeti iisuSe0d in India as graitl prolectattls. 

Ill 1907 a government cminision ICCom"elided that, 10 

comrbat indiscriminate use of pe2rsistent orgallohilorillC 

pesticides ot .stored grain, the use of ialatthio and 

pyrethlrums should he ell'ouragCd after suitable studies hd: 

been carried out (3). Several studies conducted in India 
indicale that alalthion carn protect stored grain while 

residues are kept acceptably sile for ht.ll consumption aS 

detertmined by the Codex Alimenlritis Commurission (4 0). 

The stdy (in India) reported here was to determine how 

tnitl h of tire residue frotn storage treattnent ts wilhi 
nialathion, Gardona, or Sunilthion is degraded while the 

grain is being prepared l'thunian consumption by milling 

and cookitng. 
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Materials and Methods 
Grain. Tile variety of paddy (rough rice) used was 

Bangaru Sanna, grown locally in Mysore State, South India. 

The D 340 sorghum also was obtained locally. The wheat 

a hard amber variety from Maharashtra. Care was taken was 
been treated with pesticide. Bothto avoid grain that had 

tests were performed on samples to bebioassay and residue 

certain of no effects from previous, undisclosed treatments. 


Protectants. Five-kilogram samples ofTreatment with 
treate 'dwith three dilfferent anounts ofeach grain were 

each of the three protectan ts: 10, 40. and 80 p.pm. for 
1 p.p.nl formalathion'; and Gardona;s 2, , and 

Sunithion. 6 Protectants were freshly prepared enulsions of 
to the grain asprinary (analytical) grade pesticide appilied 

itwas tumbled in a mixer. 
flour beetles (TriboliunmBioassal'. Cultures of red 

L.)
llbst.)Cilstalletl and 	 rice x\eevil!. (Sithlils orvzae 
treated 	grain

were used for bioassay tests. F:ich hatch of 


Ir.. 1 11to1th, and 2 1ll011t1s. In each 
was Salpled after 24 

instance 10 aidults of eaclth species were ex posed to the 

:fter satupl's lad been partially grolnd and
treated gro;in 


placed into a vial. Each test was replicatled three tines. 

After 7 days, dead insects were cotfnted. 


140,illing. Sorgim and wheat were tuilled using an 
a type contion incities andelectrically powered disc mill. 

wasThe graill sattple (500 	 g.)villages tlroughtout India. 

grintd until Q0',passed through a 32-nesh sieve. Paddy 


milled h. hulling I-kg. satnples in a Mct ill Sheller and 

was 

polishing 70() g. (it the resulting brown rice inaMcGill No. 

3 polisher set to give a 4'; polish. 
froin 30 g. of flour.('o(king. ('hapatties were prepared 

Distilled water was added to give a suitable douglh, which 
was fotrned itto a thin clapatti atnd cooked oila griddle 

tornredwithout oil. Besides chapat ties. sorghum dotigh was 

into balls and cooked by boiling. Rice was prepared both 

paste, which was fermented,by boiling and as a ound 
forlled ilto balls. and steallted (:aSoutlh hldianl preparation 

called iddli). All cooking trials were conducted in triplicate 

and results were averaged. 
Ch'anuq;. Methanol is an efficientExtraction and 

solvent to extract nalathion from grain (7). Residues 
were extracted for gas-liquid chromatographic analyses 

of methanolby agitating 5 g. of each sample with 10iml. 
washed

for 2 hr. The residue, after being fil ered, was 

twice with 5-ml. aliquots of methanol :ind the washings 

were combined with the original filtrate. C'loked samples 
were dried and ground to pass through a 32-mesh sieve 

before extraction. Cleanup of the methanol extracts was 
acco.iplished by agitmng the filirate with I g.of Nuchar 
attaclav for 2hr. After liitciing, the volume was adjusted
ataca 

to 25 nil. with methanol and internal standard was added. 

The samples were then analyzed by gas-liquid 
choaorlh.Gardoa
cliromatography.

Model 	 1400 gas-liquidAnalilsis. A Varian Aerograph 
equipped with al alkali flame ionizationchromatograph 

detector with cesiun bromide salt tip was used for analyses. 

Tile Pyrex glass coluun (6 ft. X 0.25 in. o.d., 2 mm. i.d.) 

was packed with 1.5% OV-225 on high.performance Chron 

. 1,2-D icarbe thoxyethyl) M. -dimethyldthiophosphate; 
phosphothion; donated by Agricultural Division, American 

Cyanamid Co..Princeton, N.J. 
5Q-Dimethyl 2-chloro*t1(2,4,5-trichlorophenyl) vinyl 

donated by Woodstock Agrcultural
phosphate; Shell SD 8447; 
Research Centre (Shell), Sittingbourne, Kent, England. 

6 Fenitrothion; 0.-dimethyl Q-(4-nitro -m- tolyl) 

41831; donated by Sumitomo Chemicalphosphorothioate; Bayer 

Co., Osaka. Japan.
 

W. The column oven was operated at 21 C., the injection 

port 	at 2300C., and the detector at 240°C. Hydrogen flow 

per nin. at the detector. Flow rates was adjusted to 36 nil. 
of air and nitrogen were adjusted over ranges of 200 to 300 

I- to 40 ml. per mn' .,respe tively, asfml. per in. and 
required to adjust tIc detector for satisfactory re,p,;ilsL. A 

5-p1. lamilton syringe was usel to inj:,ct 2-/.1. samples (if 

the mtethanol extr;act into the chronalograph. Anmounts of 

determineu hy comparing theresidue in eacl sample were 

area of tilepeak produced by the residue to the area of the 

fromn the internal standard. Vhat ratiopeak resulting 
indicated the concentr:tion of residue when compared with 

different concentrations.a calibration curve prepared froin 

TAULE I. RESULTS OF PERIODIC BIOASSAY TESTS FOR
 
RESIDUEb OF INDICATED INSECTICIDES USED TO
 

FLOUR BEETLES AND RICECONTROL RED 
PADDY (ROUGH RICE)WEEVILS IN 

Mortality atT 	 n 


0 Month 1 Month 2 MonthsInsecticide Amount 	 Insect 
. .
P_.p... 


RFB
2 

97 90 1010 	
97Malathion 


RW 100 100 

100 97 

RW 100 100 100 

80 RFB 100 

RFB 100 

100 100 

RW 100 100 100 

Gardona 10 	 RFB 100 97 73
 

RW 100 100 
 97 

40 RFB 00 10O0100 100 100100

RW 

s0 	 RFB 100 100 100
 

RW 100 100 100
 

3 

RW 97 53 13 

8 RFB 10 

Sumithion 2 	 RFB 27 10 


100 23
 

100 1006 RFB 100 

RW 100 100 100 

'o mortality in conttol vals
 
'
 Red flour beetles (Tribolium cistaneurn)
 
3Rice weevils (Sitophilus oryae)
 

TABLE I. RESULTS OF 	PERIOD:C -1rjASSAY TESTS FOR 
7 


RESIDUES OF INDICATED INSEC ICIDES USED TO
 

BEETLES AND RICECONTROL RED FLOUR 
IN WHEATWEEVILS 

% Mortality at'Treatment Test 


0 Month 2 MonthsInsecticide Amount 	 Insect 1 Month 


p.p.m. 

Malathion 10 RFB 
2 

100 97 70
 

RW
3 100 100 100 

100100 100
10
40 	 RFB 100100
RW 


80 	 RFB 100 100 100 

RW 100 100 100
 

10 	 RFB 100 100 90 

RW 100 100 900 

40 RFB 100 100 100 

O R 100 100 100 

nw 1oo 100 100
 

u
 
7 3Sumithion 2 	 RFB 60 

RW 100 40 7 
8 RFB 100 100 100 

RW 100 100 100 
RW 100 100 100 

16 RFB 100 100 100 
RW 100 100 100 

10% mortality in control vials. 
'Red flour beetles (Tribolium castfneural. 
3Rice weevils (Sitophilus oryzae). 
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of the pesticide being assayed plus a constant amount of 

internal standard. Malathion was used as an internal 
standard for samples containing Gardona. Gardona was 
used as an internal standard for samples containing 
malathion or Sulnithion. 

Resulr and Discussion 
I and II give mortality at 0, 1,Bioassay Tests. Tables 

and 2 niontlis for rice weevils and red flour beetles exposed 

to paddy and wheat treated with each of the three levels of 

the three pesticides. Table III gives similar information for 

sorghum at 0 and I month. Highest concentrations of the 

three pesticides killed IO0'/ of the insects. Intermediate 
concentrations of' all three pesticides were completely 
effective in sorghum and wheat, but Suruithion at 8 pp.m. 

in paddy ihad begun to lose effectiveness ater 2 mlonths, 

particularly to red flour beetles. At the lowest 

concentration, Suriuithiont was relatively ineffective ill 

controlling paddy inifestation. By the end of the test 

peiods Suiiithion at 2 p.p.n. lost effectiveness with the 

PERIODIC BIOASSAYTESTS 

FOR RESIDUES OF INDICATED INSECTICIDES 

USED TO CONTROL RED FLOUR BEETLES 
A-.'),I CE WEEVILS I-NSO -R-GHUM 

TABLE III. RESULTS OF 

- IWO ---....I .. 

Treatment Test 00 Morta!Iy aI 
Insecticide Amount Insect 0 Month 1 Mornth 

>.).m. 

Malathion 10 RFB, 100 93 
RW' 100 100 

40 RFB .00 100100100RW 
s0 RFB 100 100 

RW 1OO 100 

10 RFB 100 97 

RW 100 100 

40 RFE 100 100 
RW 100 100 

80 RFB 100 100 
RW 100 100 

Gardona 

60100RW 07Sumithion 2 RFB 	 13 

B RFB 100 100 
RW 100 100 

16 RW6 100 100 

BIN 100 100 
.. .. . . . . ..
... .. 


10% mortality in control vials 

?Retl flour beetles (Tribolium castawnum; 


weevils (Sitophihus otyzae) 
'Rice 

TABLE VI. RESIDUES OF MALATHION, GARDONA. AND 

SUMITHION DETECTED IN POLISHED RICE 0, 1, AND 
2 MONTHS AFTER APPLICATION TO PADDY 

Residue 
In 

Paddy Resi(lue Dected in 

Treatniert at 0 Potlished_Rice aL: . 
I Month 2 Months

Amount Months 0 MonthInsecticide 
p.p.m. p. .rn. p.p. l . 1_).m.p P. 

3.5 h.t.1a 0.16 1.55Malatnmon 10 
40 9.5 0.19 n.d.J 30 
30 37.5 0.36 0.75 3.24 

t d. b.d.Gardrna 10 6 ,.d. 
40 26.5 0.8 1 h.d. 
Bo 52.5 2.3 1.6 1.65 

h~d. l.d.Sumithion 2 1.2 h.d. 
8 3.4 0.22 b.d. 0.21 

0.4 0.2616 9.6 0.4 8 
0b~d ~ - - --- ~- ---- .---

below detectaiht . 
bn.d. -not determined. 
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other grains, too. At lowest ctncentlation, nvalathion and 

Gardona also bcgan to lose effectiveness at the end of the 
test. In general, treatments of paddy were less effective 
than equivalent treatments of the other two grains. This 
probably was due in part to the method of application and 

Because rice hull is rougher than sorghum or wheat,mixing. 

more chemical presumably wore off (dusted ofl) as paddy 

was tumbled. 
l.o,.5 (/'Re.iidtr'es dirrinf uilling.Tables IV and V show 

residues detected ;i whole and milled grains (wheat and 

sorghum). The average iesiduie losses during grinding were: 

Wheat treated with Nalailhion 71':; 
Gardona 30)'(I 
Slimithion 62'. 

Sorghuml treated with 	 Malathionl 40'" 
Gardonia 3tQ; 
Suinithio 21s' 

Minor adj IlnIClS in the cleara!ce of the grinding disc.., 

made a noticeable difference in heating of tlhe grain during 
grinding. \,arialtio ill residlie I,!;s (Ihbeakdown) IiaV hae 

l'I 
from Milling willpartially resulted that. \1hcat1 a 

itc,,uted Ill I nlulilhhand-operted ,rindim'! slli" (,chakki) 
a S1l1lithiOll. 

"Table VI IhowS tlre lll i tllt, t l I):llhtwil. (attdolt . 

;ild reidites icltll.itttii IIll 

IowCr loss of intalillioil ld 

allA Stlillithionl applied it) paddy 
tile polisled lice. trlol the prolcclati migrttiti throieih 
tre httd hiltt t'l ile cirllrprt. Iloweser. eVen , ­

pp . of ttallionl lf less than 4 p.p.iT reidtile ill rite 
polishesd rice ICsI, iha .i'; i lie , p.p.tt. ,ittutri.ed 11\ 

illilV :tlltti ics (21. 

Degradatior of Residues during Cooking 

('thapatti-ialig.Table \!II lIi i Vw il" peslicidehtss.s 

residues during picparatliot t, citapAttics frt \lteat tloilu. 
(T lhe VIII. and 43Average lossC, varied frotm I to 75'4 

to 74',' f'o mhillli Idata not howltij. IlHowever. 

bieakdOWtt of residues vatricd widely during pt;ar: fiti of 
cltapatlie,. ats ltlowrl 11 I'llge standaId deviatioll. 

var Ies cttsrll I vCIl)ItrotirPrepatriiott ,I ciiapattics 
,.I0 i frd o1 hltdiKI 

allothlr. so the variatior n we toted IllaNl he It pical. 
Th'ilingua .S'twn in/Iit. \Vithiti dcitcci l c ti i( , Ices thta 

housLtI ld it li iSei tl I tit ,leIpall to 

0.1 p.l .i.I of the ilethOds, we usCl. te,,idue,, of all three 

ploteclalls were completely\ iokell Los iti lir the 
\wt-cooking ietlhods. Peaks title it, protectaits ss etc no 
present in gas-liquid chrttograis ol salnallc, 

extracted from boiled ricc. iddli I ,tcrrncd, f. nIcitcd 
rice). aid boilc.l sotlghutr balls. 

Conclusions 

Tire bioassay tests indicated that I0 l ppIi, oh ttnialiiiihlo 

orI" Gaditl. or 8 p.p.m, 	 tof Sntlliliiol. when applied atad 

Ior a period of aIpproxitItItel' 2 months aftewalrds. killed 
the stored p odncts Insects tested. Snillithlion at 2 p.'.in. 

i W aid at tile timle 
atIpiCliio . but it', efl'CCiveieCss began t,i LcreaCSe ill less 
thain 2 in1nthS. WWII :ifpied at ' it did n 

killed rice wee\il wheat sorgt'iri 0it 

eliminate all red fholll ,.etles even at il little or 
aplicrtio . logrp ri " 'tirm oreItr 
S lilhi .Oll 0 hoigr L itlir L. 

Suinitthiun probably shIotrid be applied. 
Residue losses hirilg power grinding ranged frorn 30it)

70;. That. conbirned witlh losses of' 40 to 75% during tire 
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,TABLE IV. LOSSES OF INDICATED INSECTICIDE RESIDUES 
DURING MACHINE GRINDING OF WHEAT 

Insecticide Hesidue Loss of 
Recovered from Residue 

Treatment Machine-ground Std. 
Insecticide Amount Whole grain grain Avg. Dev. 

p.p.M, p.p.m, p.p.m, p.p.m. % % % 

Malathion 10 5.8 2.2 3.6 62 
40 31.9 9.3 22.6 71 71 8.5 
80 77.1 16.5 60.6 79 

Gardona 10 18 13.5 5.5 31 
40 39 27.5 1 1.5 29 30 1.2 
80 . 65 45 20 31 

Sumithion 2 2 1 1 50 
8 8.3 3 5.25 64 62 11.6 

16 15.5 4.2 11.3 73 

TABLE V. LOSSES OF INDICATED INSECTICIDE RESIDUES DURING 
MACHINE GRINDING OF SORGHUM 

Insecticide Residue Loss of 
Recovered from Residue 

Treatment Machine-ground 	 Std. 

Insecticide Amount Whole Grain grain 	 Avg. Dev. 
p.p.m. p.p.m. p.p.m. p.p.m. % 

Malathion 	 10 5.76 34 2.23 41 
40 22.4 13.5 8.9 40 40 1.5 
80 53.3 33 20.3 38 

Gardona 	 10 6.5 2.75 3.75 58 
40 32.5 25.5 7 22 39 17.5 
80 85 53 32 38 

Sumithion 2 2.5 1.8 0.7 28 
8 9.25 6.5 2.75 30 28 2.0 

16 15.5 11.5 4 26 

TABLE VII. LOSS OF INDICATED INSECTICIDE RESIDUES DURING 
THE PREPARATION OF CHAPATTIES FROM WHEAT FLOUR 

Insecticide Residue 
Months Recovered from 

aili Machine- Loss during 

Treatment Treat. ground Cooking Std. 
Insecticide Amount mert grain Chapatti Avg. Dev. 

ppm. ____, pp. p.. p.p.m. % % % 

Malathion 10 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 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 	 0 16.5 16 0.5 3 
1 12 3.5 8.5 71 
2 7.5 1.6 3.9 79 

a
Gardona 10 0 13.5 b.d 13.5 100 

1 5 2.85 2.15 43 
2 2.35 0.65 1.70 72 

40 0 27.5 1.7 25.8 94 
1 27.5 7.5 20 73 75 18.3 
2 8 3 5 63 

80 0 45 3 42 93
1 50 12.5 37.5 75 
2 18 6.5 11.5 64 

Sumlthlon 2 0 1 0.53 0.47 47 

1 0.2 b.d. 0.2 100 

2 0.13 0.13 0 0 
8 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 

16 0 4.2 3.6 0.6 14 
1 1.9 0.23 1.67 88 
2 1.08 0.65 0.43 40 

ab.d. = below detectability. 

(Cont. on page 346) 
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(Cont. from page 333) India. Appreciation is expressed to the companies who generousl" 

preparation of chapatties from wheat and sorghum flour, 
made total residue losses range from 59 to 93% for whole 
grain (wheat and sorghum) processed to chapatties. With 
rice products, wet cooked, all three protectants wve totally
degraded, except that metabolites, tdetectcd with the 

equipment we used, may have formed. In India, steam 
cooking of' rice has been reported to almost completely 
(>95%) destroy malathion (8). Large (75 to 78%) losses of 
nalathion were observed during prepara!ion of chapatties 
from wheat or wheat 11lou (5, 3). 

Recommnendations now being advanced to amend the 
P.F.A. rules to ,llow at least 8 p.p.m. of malathion as a 
grain protectant in India seeti to be justified particularly 
when one considets tlhe hazards presettly posed by Misuse 
of suich other pesticides as )DT, 131l', endrin, lindane, and 
other" to control ittsect infestation in stored grain. 
Pesticides often are misused becalSe of' lack of' proper 
guidance itt their ttse by tle farmer. 
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