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AijSTRA<T. Mal ath io n is being wide ly used for pest con lro l o n vegc labl e c rops ill Saudi 
Arabi" . Sludies were inilialed to de lcrmine the levels o f malalhi on res idues on le tlucc. 
cucumber and lomalo planls a l differenl int e rva ls afte r the application of malathion . 

Foliage and/or fruit samples fro m treated and untreated plant s wcre extracted for Ihe 
residue ana lysis by gas-liquid chro matography . 

The ini ti a l amount s o f malathion residue and the ir subsequent decrease a ft e r 
spray varied amo ng the Ihree vege table c rops. Mo reo ver. the level of res idu es in 
le llu cc was high er in the grce nhouse th an in the fi e ld . The half-life values o f malalhion 
we re about l o r 2 days for the Icsted vege lab les. The residues of mal at hion in cucumber 

and lomatoes eve ll a l 0 hr after spray were well be low the 'cstab li shed to le rance leve ls ', 
while th at of le tt uce was 23 ppm. Ho weve r , the residue level of malathion in le lluce 

subsi ded we ll below th e crit ica l limit at 5 days a fl e r applica tion . 

A number of insect pests attack agricultural crops at all stages of growth . Thus , 
insecticides are being used to protect these crops from the onslaught and sub
sequent damage by insects. Recent advances in the area of pesticides have resulted 
in the development of less persistent and more selective pesticides . But, unfortu
nately , the careless and needless use of pesticides has created severe health 
hazards . Studies have shown that pesticide residues at levels well above safety 
standards are carried on the marketed agricultural products (WHO 1976). 

Malathion (0 ,O-dimethyl S-(l ,2-bis-carbethoxy) ethyl phosphorodithioate) is 
being widely used for controlling insect pests for its low mammalian toxicity . Many 
papers have been published on the persistence and biochemical degradation of 
malathion (Awad et al . 1967 , Bourke el al . 1968, Gardner el al. 1969, Corley and 
Beroza 1968, Bradwy and Shafik 1977, and Hansen el al. 1981) . Therefore, inves
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tigations on the fate of foliarly applied malathion on vegetables were ca rried out 
at the Regional Agriculture and Water Research Center (RA WRC) , Riyadh, Saudi 
Arabia, during April, 1982. These studies are likely to help in determining the safe 
periods for harvesting the malathion treated vegetables under field and greenhouse 
conditions. 

Material and Methods 

Field and greenhouse experiments on the fate of malathion in lettuce, 
cucumber and tomato crops were conducted at the experimental plot of the Reg
ional Agriculture and Water Research Center (RAWRC) , Riyadh, Saudi Arabia, 
during April 1982. Three vegetable crops, viz, lettuce, cucumber and tomato, were 
sprayed just before harvesting with 0.2% malathion (57% EC). A manual blast 
sprayer was used in these studies and efforts for a complete spray coverage of test 
plants were made. Some plants were left unsprayed as control. A randomly 
selected one kilogram sample of fruit and/or leaf was collected at 0 hr (after the 
complete dryness of spray deposits on the surface), 1, 2,5,7 ,9 and 12 days after 
treatment. The unsprayed plants were similarly sampled. 

Preparation of Samples 

The vegetable samples in triplicate, were well macerated and extracted with 
chloroform three times at the rate of 2 ml of solvent per gram of vegetable sample. 
The chloroform extracts were evaporated to dryness under vacuum at 40-50°C, 
cooled in the refrigerator and transferred to separatory funnels by washing 5 times 
with 10 ml portions of cold aqueous acetone (1 :1). These were then extracted with 
chloroform three times of 20 ml each. The organic solvent layers were combined 
and dried over anhydrous sodium sulfate, evaporated to dryness and transferred 
to calibrated flasks and diluted to suitable volume with acetone for GLC analyses 
(Ferreira and Fernaudes 1980). 

Gas Chromatographic Analysis 

GLC analyses were made on a Hewlett-Packard 5830A Gas Chromatograph, 
equipped with an alkali flame ionization detector (AFID) and fitted with a 1.8 m 
x 4 mm i.d. glass column, packed with 3% OV-17 on chromosorb W-HP, 100-120 
mesh . Injection port, column, and detector temperatures were 250, 220 and 300°C, 
respectively; carrier gas (nitrogen) flow rate 33 mllmin ; hydrogen flow rate 3 mIl 
min and air flow rate 50 mllmin were used. The retention time (Rt) of malathion 
under these conditions was 3.90 min and the recovery rates were: 90%, 71 % and 
98% for lettuce , cucumber and tomatoes, respectively. The limits of fortification 
were 0.02 and 0.04 ppm. The analytical results were adjusted for recoveries. 
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Results and Discussion 

The data in Table 1 shows the malathion residues in lettuce , cucumber and 
tomato samples at different time intervals . The initial amounts of malathion in 
treated lettuce under both field and greenhouse conditions did not differ. The 
lettuce had 23.50 ppm residue under field conditions, whereas, it carried 23.0 ppm 
in the greenhouse. The amount of malathion residue decreased gradually with time 
under both conditions but the rate of decrease was higher in the field than in the 
greenhouse (Fig. 1). The data furth e r showed that the rate of decrease was 51,58 
and 95% under field and 31,42 and 95 % under greenhouse conditions at 1,2 and 
5 days after spray , respectively. On the other hand , the initial amounts of malath
ion in treated cucumbe r , and tomato samples under green house conditions were 
0.96 and 0.88 ppm , respectively. These amounts were ex tremely low as compared 
to lettuce (Table 1). However , the level of malathion residue in tomato samples 
remained highe r than that of cucumber at all time inte rvals after trea tment (Fig. 
1). The malathion residue in cucumber and tomato decreased like le ttuce with time 
at the rate of 75,98 and 99 % and 14,63 and 95 %, respective ly, at 1, 2 and 5 days 
after treatment. 

The res idue levels in cucumber and tomatoes even at initial hours were well 
below the maximum residue limits of 8 mg/kg (FAO/WHO 1978) . The level of 
residue in cucumber and tomato seems to be due to the ir small surface exposed to 
malathion spray as compared to the large surface area of lettuce. The half-time of 
malathion in lettuce was about 1 day in field and more than 2 days under 

Table 1. 	 Amount of malathion residue detected on treated lettuce , cucumbers and to
matoes. 

Residue* 
(ppm) 


Days after 

treatment 
 Lettuce Cucumber Tomatoes 

GreenhouseField Greenhouse Greenhouse 

23. 50 23.00 0 .96 0.88 
1 
0 

]5.80 0.2411.60 0.76 
2 ] 3. 40 0.029.90 0.33 
5 0.0]1.30 1.10 0.04 
7 0.2] 1.30 0.008 0.02 
9 0.0020.10 0.33 0.005 

]2 0.23 Traces0.03 0.002 

• Each value re presents the mean of three replica tes. 
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Fig.1. Amount of Malathion Residue in Lettuce, Cucumber and Tomato 

Table 2. 	 Retention time (Rt) values (min) of malathion and its metabolites in lettuce at 
different periods after treatment. 

Days after 
treatment 

Field malathion 
min 

Greenhouse malathion 
min 

0 
I 
2 
5 
7 
9 

12 

3.90-----  -  --- 
3.29 3.90 6.83---  --- 
3.29 3.90 6.83 

---  --- 
3.29 3.90 4.74 5.75 6.83 

--- 
0.99 3.29 3.90 6.83 -  --- 

3.29 3.90 6.83---  --- 
3.29 3.90 6.83 ---  --- 

3.90 -  ---  -  --- 
2.15 3.29 3.90 6.83-  --- 
2.15 3.29 3.90 6.83-  --- 
2.15 3.29 3.90 4.74 5.75 6.83 - 

0.99 2.15 3.29 3.90 6.83 --- 
2.15 3.90 6.83 -  -  --- 
2.15 3.90 6.83 -  -  --- 
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greenhouse conditions. However, it remained less than 1 day in case of cucumber 
and less than 2 days for tomato. The half-life values of malathion in this study are 
in agreement with the results reported by Koivistoinen (1961), who found that the 
half-life values of malathion on several vegetables were approximately 1 day. The 
difference of malathion residues in lettuce under field and greenhouse conditions 
as observed in the present study is apparently due to the higher temperature under 
fiel.d conditions. High temperature is reported to be the major factor in resulting 
the loss of malathion from smooth surfaces (Awad el al. 1967). 

The retention times (Rts) of malathion and its possible metabolites in lettuce 
under both field and greenhouse conditions at different periods of time after spray 
a re presented in Table 2. Under both conditions, observations on malathion, the 
parent compound (Rt 3.90 min) , were recorded from 0 hr through 12 days. How
ever, two other unknown malathion metabolites with Rt values of 3.29 min and 
6.83 min appeared at 1 day through 12 days after spray. The metabolite (Rt 3.29 
min) then disappeared after 7 days in treated lettuce grown in the greenhouse. 
Likewise, three other metabolites with Rt values of 0.99 min appeared on the 71h 
day and 4.74 min and 5.75 min on th 51h day after m ala thion application under 
both greenhouse and field conditions. However , a metabolite with Rt value of 2.15 
min was noticed a t 1 through 12 days under greenhouse conditions only. Through 
studies on the alteration product of malathion, H ansen el al. (1981) observed four 
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Fig, 2. 	 Gas Chromatogram of (A) Malathion; (8) Untreated Lettuce Extract; (C) Lettuce Extract in 
Field and (D) Lettuce Extract in Greenhouse, showing the parent and possible metabolites 
five days after trea tment. 
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alteration products of malathion in crop extracts, Retention data and GC-Mass 
spectrometric analysis indicated the presence of three previously reported com
pounds (Gardner el al, 1969) and obtained the evidence for a fourth compound , 
O-methyl-O-ethyl S-( 1 ,2-bis-carbethoxy) ethyl phosphorodithioate, a pparently re
sulting from the environmental alteration of malathion , Moreover, the difference 
in the number of metabolites under greenhouse and field conditions (Fig, 2) 
suggests that the greenhouse conditions (temp, 24-30°C; RH (%) 60-66) provided 
a favourable environment for the degradation of malathion as compared to that of 
field co nditions (temp, 27-40°C; RH (%) 30-44), Likewise , in a study of malathion 
derivatives under aquatic environment, Wolfe el at. (1975) have reported that 
malathion unde rgoes chemical and biological degradatio n in the aquatic environ
ment to give malathion monoacid derivatives, 

Acknowledgement 

The a uthors thank Dr. S, Abu-Shakra for his constructive criticism a nd sugges
tions in the prepara tion of this manuscript. 

References 

Awad, T.M., Vinson, S.B. and Brazzel, J.R. (1967) Effect of envi ronme ntal and biological 
facto rs on persistence of Malathion applied as ultra-low-volume or emulsifiable con
cen trate to cotton plants, 1. agrie. Fd Chem, 15: 1009-1013, 

Bourke, J.B., Broderick, E.J., Hackler, L.R. and Lippold, P.c. (1968) Comparative 
metabolism of Malathion-C 14 in plants and animals, }, agrie. Fd Chem, 16: 585-589, 

Bradway, D.E. and Shafik, T .M. (1977) Malathion exposure studies , Determination of 
mono and dicarboxylic acids and alkyl phosphates in urine, 1. agrie. Fd Chem, 25 : 
1342-1344, 

Corley, C. an d Beroza, M. (1968) Gas-chromatographic determination of Malathion and 
its oxyge n Analog, Malaoxon, }, agrie. Fd Chem, 16: 361-363, 

FAO/WHO (1978) Recommended International Maximum Limits for Pesticide Residues, 
Sixth Series, CAClRS100, 31 p, 

Ferreira, U.R. and Fernaudes, A.M.S.S. (1980) Gas-Liquid chromatographic determinat ion 
of organo phosphoro us insect icides residues in fruits and vegetables, 1. Ass , off anal. 
Chem, 63: 517-522, 

Gardner, A.M., Damico, J.N., Hansen, E.A., Lustiq, E. and Storherrm, R.W. (1969) 
Previously unreported homolog of Malathion found as residue on crops, }, agrie. Fd 
Chem, 17: 1181-1185, 

Hansen, L.B., Castillo, G.D. and Biehl, E.R. (1981) Gas chromatographic - mass spec
trometric characterization of an alteration product of Malathion detected in stored 
rice,1. Ass, off. anal. Chem. 64 : 1232-1237, 

Koivistoinen, P. (1961 ) Ann. Acad, Sci, Fennical Ser, A IV: Bilogica 51, 91 (c.f. Awad e/ 
at. , 1967). agric. Fd Chem , 15: 1009-1013), 

WHO (1976) Evaluation of some pesticide residues in food, AGP: 1977/M/S, WHO pesticide 
residues series, No.6, 



727 Fa te of Malathio n in So me Vege tabl e Crops in . 

Wolfe, N.L., Cox, R.H. a nd Gordon, J.A. (1 975) Synth esis and ca rbo n-13 studies of 
Ma la thi a n acid de riva tives , 1. agric. Fd Ch ern . 23: 1212-1215 . 

(Received /0/07/1983; 
in revised f orm 22/04//984) 



728 P. Kh an (,I II/. 

~~~ j ~~')UI ~ ~Li::.>1 J..w 
~~~I ~.rJ1 ~I j ~I 

tUI ..JJ.-..,J u15f. i'>LJl ~ ..v.i>-01.>- JJ~.r. 
~.r'1 ~I ,~~)I ,ol)1y .ti:.0)1 ..:..,~y~~I ;5)1 

~~I 

~ uu\1\ wl.5J. L1J Jlk.; ~ 0";)li1 ~~ 

oiA ~.r.\ ~~y--.J\ ~.rJ1 ~WI j ~I U~l>=.> 

~lkJIJJL;lI) ~I J 0";)li1 u~..r.ill ~IJ..u\ 

> a..,WI ..w ~ u\jj ~ 

~I ~ J.-W JI.r.y~)}J\ jWI i~l) 

~I JIJ )\ J-" a..,WI J-j-) a.,WI 0L:-.JI ~ J 
>JL;l1 ) ~1kJ\ J\;) 

~I -. ~ ~)L,:..I j~ 0i I r . <LJI c.J.)
- ~L? lY"C >J 

~1 J-.o l>=. ~yL>-~ ..;~1..G..: 0";')lJ\ 4)))1 I 

J L)~ 0\5 ~I J »1 0li _~lb ~ O)y~ . ~)Ll\ 

~)J)\1.5?)1\ J ~ ~I uyJI J ~)J)I 0LJW1 

iY- y- , J-" ~\5 0";Y~ ~I ~ O-t.> . ~I J 
Jl;:L\) ~l-hI\ J 0";yU\ u~ . a..,W\ 0G~ 

~ -~ ~I ..8-\ J-" u\j\ ~~ 4)))1\ 0L:-.JI J ? 
0";yU\ 0~~) . 0y.ll1 J \~? Yr' ~I J~\5 

a..,W\ J-" i~ f ~ .h.: ~ ~\ ..8-1 Y ~\ J-" 

.~~ 


