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ABSTRACT 

Studies were undertaken on the survey of pesticide usage 
on vegetable crops In three representative vegetable growing 
areas of Andhra Pradesh, field expert" uts on the dissipation of 
monocrotophos and cypermethrln residues on Okra and effect of 
various cooking procedures In minimising the residues in Okra 
fruits. Toxicologlcal effects of monocrotophos and cyj;urLietiirin 
on test subjects (albino rats) were also Investigated under 
laboratory conditions. Pesticide usage survey In the selected 
vegetable growing areas Indicated that at Guntur region (high 
pesticide usage area) farmers usually apply higher doses as well 
as more number of applications than the recommended, where as at 
Anakapalll (moderate pesticide usage area) and Ranga Redd/ ('low 
pesticide usage area) regions, except few farmers, most of them 
use less than the recommended doses. In general farmers mostly 
were guided by the pesticides dealers for pesticide use rather 
than official sources and none of the farmers observed any safety 
intervals for liarvest of vegetable crops. 

Field experiment on Okra for dissipation studies with 
monocrotophos and cypermethrln applied at recommended and higher 
doses recorfed higher Initial deposits. Half life periods ranged 
4.03 to 4.14 days and 2.41 to 3.5 days for monocrotophos and 
cypermethrln respectively. Safety periods were recorded for 
monocrotophos (17-19 days) compared to cypermethrln (2.5 to 5.(J 
days). Washing In running water was found to be best and reduced 
the residues monocroptophos by 60% where as boiling with tamarind 
extract with or without turmeric prov.ed highly effective in 
decreasing the cypermethrln Initial deposits. Only marginal 



aifference increase Jn the per cciiL removal of resJduc;> as 
initial deposits or subsequent days after application was found 
in other processing procedures like washing and stirfrying 
washing in alkaline water and stirfrying both in the case of 
monocrotophos as well as cyperemthrin. 

Toxicological studies, with monocrotohpos and 
cypermethrin applied orally at 0.5, 1 and 2 mg in the case of 
former 25, 50 and 75 mg/kg bw/day in the later for the albino 
rats during or„a»iOt,euefaaiiperiod indicated distinct effects on the 
growth and biocxeiuical parametc s. Monocrotophos affected weight 
gain in rats during pregnancy, reduced birth weight, crown rump 
length and increased neonatal deaths, per cent survival of pups 
and litter weight. Cypermethrin effects were more apparent only 
in reducing the mean litter weight, crown-rump legnth and 
survival of pups at later stage. Adverse effects of 
monocrotophos and cypermethriu on brain size (weight), AChE, 
DNA, protein/DNA ratio, GABA and number of cells in brain and Nd*" 
K"*" ATP ase (only in case of cypermethrin) in albino rats were 

also investigated. 
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CttAPTER I 

INTEODUCTION 

In view of ever Jncr asJnjj population, massive food 

production is a necessity which is only possible with the use of 

pesticides. The risks involvea with the use of pesticides are 

occupational poisoning, as well as the dangers of pesticides 

residues in the food products that reach the consumer. Though 

small quantities afe^ involved tnese risks cannot be ignored. 

Concern has been expressed about the effect of pesticides on the 

environment, arising froui tne agricultural use. Most of the 

problems associated with residues can be overcome through their 

juaicious use, but indiscriminate use can endanger the liealth of 

human populatioii. 

The pesticide usage may vary depending on the region 

where the crop is grown, type of crop, economic status and 

awareness of the farmer. The problem of residues is further 

complicatea by the pattern of usage, aose appliea, dissipation 

pattern, harvest time and prevailing climatic conditions. 

The residue levels in perishable food commodities such 
> 

as vegetables and fruits are likely to be more since economic 

considprations are of prime importance to the farmer than 

consumer satety. The average laruier in India is not aware of the 

health hazaras of tne resiaues. Some of the pesticides have been 

shown to be carcinogenic, teratogenic and mutagenic and several 
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clinical stuaies have inaicated a possible drug and chemical 

induced functional abnormalities. 

Availability of pesticides free food on a scale, large 

enough to feed tlie entire world's population is not possible in 

the near future. Even after processing, pesticide residues are 

bound to be present in the food. Under such circumstances it is 

of Interest to know the relevance of such levels of residues 

present in the food. 

In the present study two commonly used pesticides viz., 

monocrotophos, an organophosphate and cypermethrln, a pyrethrold 

have been selecteed to study the biological effects. Tlie major 

objectives of the present study are: 

1. Survey on pesticide usage on vegetable crops 

2. To investigate tiip dissipation pattern of monocrotophos 

and cypermethrln residues on okra 

3. To study the effect of different cooking methods In 

reducing monocrotophos and cypermethrln residues in okra 

4. To study the teratogenicity of monocrotophos and cyper

methrln with special reference to brain development 

using rats as experimental subjects. 
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CHAFIKR II 

KiiVIKW UF LITEKATURE 

Pesticiaes, besiaes ce ;LrJ butin^^ to increasea iaru 

proauctlvlty, also acia one uiore entry to tlie lont, list of envi

ronmental pollutants. When used inal bcriuiinately pesticides 

cause acute ana lont, teru toxic effects in huwans, useful 

aniiaals, fish aiia biras. Even when propeixy useu, because of the 

persistence and tendency of souie coapounds to concentrate in 

organisms as tney uove up the foou chain, may increase their 

toxicity to fish, birds and other forms of life including nan. 

in view of the hazard auu toxic effects of pesticlaes 

tne importance of environmental uoiiltoriny of pesticides was 

recognised and codex "Maxiuiuni residue iiuits" (MKLS) are recomen-

uea by tae joint FAO/WriO meeting on pesticide residues (JHPR) on 

the basis of appropriate residue data obtained mainly from super

vised trials. The residue data thus obtained reflect rejiistered 

or approved usage of pesticide in accordance with "^ood agricul

tural practices" (GAP). Tnese may vary considerably amont, 

different regions owing to differences in local pest control 

requirements, wiiicii are uuu to variety of reasons. Consequently 

residues in fooa, particularly at a point close to harvest may 

also vary. In estaoHshing codex 1U<LS, tliese variations in 

residue due to aifrerences in GKF are taken into account. The 

, rlmary pur^iose of setting i-iRL's for pesticiaes residues in focju 

and teeu stuits is to protect tue uealtli of ttie consumer. The 

acceptability of couex iiiiL's is juugeu on tne basis of a 



comparison of tne acceptable uaily intake (ADi) established by 

the JHPK, with ttie estiuiateu intake, i.e., the total amount of a 

given residue actually inyestea aaily per person, as detrnnined 

on the basis of suitable intake stuales in indiviuual countries. 

Intake aata from such studies, comparea with ADI help in determi-

ninti ttie safety of foods i u respect of peaticiae rebiaues. The 

CCPR, the UNbP and i'AU/WHU, through appropriate expert consulta

tions, have developeu ^̂ ui defines to assist governments in 

carrying out appropriate pesticiae resiuues and contaminants 

intake studies (Laaomery, 19b6). Regulation of pesticides has 

been ,at the forefront of environiaental concerns in aeveloped 

nations since uid-sixties. In tne united states, the require

ments for aetermining tolerance limits of crop contaminated by 

pesticiae resiuues are contained in the Food-Drug and Cosmetic 

Act, and the Federal food ana drug administration uetu these 

limits. The environmental protprtiny A;;onry is alsf) .uithnr l scrl 

llliilcl .'.('(1 i o n 'iDc'i (j| L\[V I'lMKl i)rti;, ,111(1 (.'(;;,hie I i( A i l t o c s L.I I) I i .sli 

tolerances for pesticide resioues in raw commoQities. 

In Inaia the limits for tolerance limits for pesticide 

resioues in food ana food ccjinmoui tich arc approvi'.a by central 

committee for food stanaards um.er PFA rules, 1955 Publishea in 

the Gazette of India (PFA, 1975). Maximum residue limits, 

however have been set for only 31 pesticides out of the 125 

pesticiues registereo. In inuia systematic monitoring is not 

done to evaluate the levels of pesticide residues ana their 

biological effects. Surveys carriea out by Punjab Agricultural 



Ur;i\erslty, Luahiana, Inaian A^̂ ri cul tura l Research I n s t i t u t e , 

New Uelhi, 'Central FOOQ Techno Lô y Research I n s t i t u t e , Mysore', 

Haryana Agricultural University, iHssar e t c . (Gupta iyb3) and 

some of reviews ana compilations (binara and Kalra, 1973, 

Ajjnihotrudu ana Hithyanta, 1978, Edwaru et a l 197b, Gupta 19B0, 

Kalra and Chawla, I9bl;19b3 ana Gupta 19b6) have clear ly brought 

out the wide spread occurance of pest icide residues in fooa 

comuiodi t i e s , ttie levels of which are frequently above tiie legal ly 

permitted l eve l . Consequently, the level of residue in anJmal 

t i ssues anu human bouies i s reported to be very high. 

While in the west intensive monitoring i s done to 

estimate the levels of pesticide residues in both abiot ic and 

biot ic components oi ttie environment, such a programme i s lacking 

in Inuia. As a step In tliis direction I CAR lias Ih i t i a t ea ' an M l 

luaia Co-ordinated programme on pesticide residues during the 

sixth five year plan curing the year 19b3 with seventeen centres 

in Agricultural Universit ies and two in ICAR i n s t i t u t e s . 

Pesticides migrate and pers i s t in s o i l , a i r and water; Therefore 

pesticide residues are present in almost a l l the food groups 

induc ing those of animal or ig in . However pest icide residues 

present in vegetables are reviewed in th is sect ion. 

2.1 PESTICIDE RESIDUES IN VEGETABLES 

Tne resiuue levels of organoctilorine pes t ic ides , HCH, 

DOT, enarin anu a ie la r in in Ki taicyustiu ai s t r i c t , Japan were 

monitored from 1971-74. Agricultural us.. t these insect ic ides 



was banned in 197U, In Jatjan. IICII isomerb, oC ,^> ^ ^"^ 8 BHC 

were detected in all vegetable samples taken; BHC residue 

appeared in the hiĵ hest levels. The proportion ol" each 13J1C 

Isomer in total BHC resici' os were much different from those in 

the teclmical product. Averajie residue levels of ot, (k , Y and 6 

BHC, dielurin, endrin and UDT vjere U.UU7, U.U42 and U.OIO, U.UUB, 

U.U21, U.UIU and U.U41 ppm in radishes and U.UU4, U.U07, U.UOy, 

0.UU3, U.Ub7, U.U31 and U.U09 ppm in cucumbers. Levels found in 

1974 were U.UU2, U.0U3, U.OUl, 0.001, 0.005, 0.006 and 0.001 ppm 

in radishes and 0.001, 0.001, 0.001, 0.001, 0.008, 0.009 and 

undetectable in cucumbers (Suzuki et̂  £l- 1976). 

These residues are translocated from the insecticide 

contaminated soil to the vegetable through the roots. Residue 

levels of dieldrin and endrin frequei*.ly exceeded the pestiride 

tolerance limits of Japan, but UDT residues were only slightly 

above the specified levels. Narayama et al_ (1986) carried out 

extensive survey of pesticide (organophosphate and organochlorine 

pesticides, acaricides and fungicides etc) residues during 1984-

86, in fruits and vegetables from Japanese markets; Radish,, 

spinach and celery appeared to be the vegetables most prone to 

residues and oranges and strawberry, the fruit most affected. 

Data obtained in Japan between 1972 and 1980 on contami

nation of foods, revealed that of a total of 4396 fruit and 

vegetable samples examined, Ibb vegetable samples and Ml fruit 

samples contained aetectable levels of organophosphorus 

e 



pesticides. Most of the pesticide residues occured at Invels 

below U.Ul ppm, but some occurea at levels above those permitted 

in Japan. The i;cst1cidc.s most lref|uently deLecLed In fruit were 

fenitrothion ana diazinon, v/i th peaches, pears, grapes, apples 

and cherries being most frequently contaminated while the 

pesticides predominantly present in vegetables were dJchlorvos, 

diazinon, EPN with parsley, udo, Shungiku and spinach being most 

frequencly contaminated. Tejada et_ aĴ  (iy83) reported that the 

pesticide residues detected in vegetables from Philllppines 

markets were within maximum residue limits or tolerance limits 

set by other countries. 

Anderson et^ £3^ (1982) analysed approximately 12000 

Swedish market samples of vegetables, fruits, berrrles,^ juices 

ana marmalaaes for the purpose oi pesticide residues. 275 

samples had pesticide residues at levels exceeding Swedish 

tolerance; and most of the samples exceedin;^ tolerances were 

Imported produce. Imported apples, pears, citrus fruits, carrots 

and lettuces were relatively frequently contaminated. One sample 

of Italian carrots exceeded toJ ranee for HCH by a factor of 22* 

In another study a total of 1500 samples of 20 fruits and 

vegetable types obtained from Swedish markets were analysed for 

organophosphate pesticides. Tweiity one pesticides were detected. 

Residues most frequently found were chlorpyrifos, Methidathlon, 

azluphos-ethyl, azimphos-Methyl, parathion, parathion-Methyl and 

ethion. Residue concentrations exceeding 20 per cent of the 

acceptable limit were detected luainly in importea apples, pears 
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and citrus fruits, twiMity eî iUt bampioti (27-iuiportea and one 

Sweaish) exceeded the l̂ bl Swedish tolerances, the tolerances 

were exceed by a factor of upto 4.1. 

Analysis of market samples of vetetables from various 

parts of India showed wide spread contamination with pesticide 

residue. Agnihotri ^ al (1974 a,b) have analysed sixty samples 

of okra, cowpea, brinjal, cauliflower, cabbage, mustard, spinach 

and radish top, drawn from eight aifferent markets of Delhi, for 

uialathion and organochlorine iubecUiciues (DDT, DDE, Lindane, 

other isomers of BHC, Heptachlor, aldrin, Dieldrin, endria, and 

endosulfan). None of the samples were found to contain any 

detectable residues of these insecticides except DDT and BHC. In 

very few samples even DDT and BHC wen^ not present. Twenty per 

cent of the samples were positively above the tolerance limit. 

The samples showed as high as 50 ppm or more of BHC residues, 

suggesting a rather reckless use of chemical perhaps at or close 

to the time of picking of the produce for marketing in certain 

situations. 

Three hundred and fifty samples of vegetables were 

tested at Andhra Pradesh Agricultural University, Hyderabad 

(Hurthy and Keddy, 1978). DDT was detected in 65, HCH in 52, 

Endrin in b, endosulfan in 6 and lindane in 14 of these samples. 

Six of the 73 potato samples and 0 okra samples had the residues 

above tolerance limit. 



iti lyoy, bJ iBauiiJies oi varJous vegetables irom Hyderabad 

markets were analysea ana 3fa samples showea the presence of 

orfaanoctilorine insecticide residues. (Lakshmi narayana, iienon 

1969). Of these the resiaues in 21 samples exceeded the tole

rance liiadtB, indicating a wiae spread use and non adherence to 

recommended with holainy periods. Similar market sample surveys 

were carried out in subsequent years (Lakshminarayana and Menon, 

1973). ' The samples were drawn from Hyderabad markets. In case 

of leafy vegetables 7 out of 35 (zU%) uad hiyh residue. 111 out 

of 192 samples of starchy vegetables had residues, with Viigh 

residues In 62 cases (32.3%). Seven different types of insecti

cides (aldrin, BHC, DDT, dieldrin, endrin, heptachlor, Lindane) 

were present in these vegetables and i1i several cases more tiian 

one Jnsectlciae was noted on one sample. In the case of other 

vegetables (beans, okra, brinjal, cucurbits and tomato) 20b 

(147%) out of 442 had residues, yet it was above tolerance limit 

only in 19 (4.3%). Though the chemical control of Insects was 

popular in these vegetables, the applJcation seemed to be well 

regulated and properly used. 

I'iarket samples of tomato, carrot, cucumber, onions and 

raolsh were analysed at pesticide residue laboratory, AICRP, 

Kajendranagar during 1986-09 for HCH, DDT, monocrotophos, 

carbaryl, malathion, cypermethrin, fenvalerate and dellamethrin. 

The levels of residues were ranging from (i-'i-12 for liCH, 0-̂ 10 for 

uDt, U-3 for monocrotophos, U-IU for carbaryl, 0-3 for melathlon. 
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U-U.3 for cypenncthr'n, fenvalorate ana deltamethr^ n (AICKI', 

1990). 

In Bombay, a total of 313 samples of fourteen vegetables 

were assessed and nearly half of the samples (l53) were found to 

be contaminated w^th residues of BHC, lindane, aldrin, dieldrin, 

heptachlor, endrin and DDT. Leafv vegetables had a higher 

inciaence (38.6%), compared to other vegetables (56.19%), 

Potatoes were found to be most contaminated and brinjals the 

least, while bottle gourds and bitter gourds were free of conta

minants (Khandekar et al., 1982 cited by L a i c a l . , 1969). In 

9Z samples the residue levels were above FAO/WHO (1977) limits. 

Nornha (1978) also reported high level of insecticides in 

potatoes from Bombay markets which ranged from U.3-7.04 ppm. 

Besides DUT, residues of linaane, dieldrin and endrin have been 

reported in these samples. 

Dahiya and Chauhan (1982) screened summer and winter 

vegetables (okra, bittergourd, bottlegourd, brinjal, cabbage, 

carrot, cauliflower, tomato etc ) from Hissar market for organo-

chlorine pesticioe residues. Only 33 of the 140 samples showed 

l)»'l', UlIC uiid oriclo.siiltaii. The h<Kl'<-'«l r.onlam* iiat < on was ' ii okra 

foilowea by samples of tomato and chilli. Verma (1980) also 

l"c j)()r Lt 'n WMic h,|)rc, i( l co i lLa in ' i i . l L ' nn ni , j ; c t .11) I c s I r d l i l l l ' s s / i r 

resiaues were bleow the tolerance l-iinits. Similarly samples of 

vegetables fro:i Punjab showed negligible residues of organo-

chlorine insecticioes (binora ana Kalra, 1973). 
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However, all the 3UU samples of leafy vegetables 

collected from a Mysore market were found to contain excessive 

amounts of bHC (lU.i) to ZU ppm, V.i shweswariah ana Jayaram, 1972 

citea by Lai et al., 1989). The samples analyseu included, 

Chenopodium albunm, 'fr-jgonella foenunJgraceem, Spinacia oleracea, 

A. Polyfeamurs A. ^an^eticus. These stuuies clearly showea a high 

level of pesticiae residues in samples collected from lar^e 

metropolitan cities of India like Bombay, Delhi etc., where 

vegetables fetch good price. It seems that the cultivators are 

using pesticiues recklessly ana injuu*'ciously without observing 

the safe waiting periods, otherwise such high residues are not 

possible. 

One step towards the avoidance of environmental pollu

tion from pesticides through food chain is to ensure that all 

plant protection schedules are as far as possible free from 

hazards due to toxic residues. Agnihotri _eit al. (1980) have 

reviewed almost 130 insecticide scheaules of various field crops, 

food grains and vegetables, that have been evaluated from toxic 

residue angle upto 1976. In most of the cases, if recommended 

practices were followed, the residues fell below t' o maximum 

residue limits. Their results, clearly siriw that required safety 

waiting period was not observed. Not only this, sometimes 

resiauea were reportea mucii above ttie initial deposit obtained in 

the supervised trials, inaieating that cultivators were not using 

the proper dosage. 



2.1.1 SLUCUCH on pcBLlcJdc rualdue ieveiti in couLrolled j p 

experlmeats 

Residues data from supervised trials are the primary 

source of registration of pesticides and for setting of maximum 

residue • limits (PiRL is set at a level necessarily left after a 

pesticide has been used according to good agricultural practice). 

Such data are being generated by various agricultural universi

ties and ICAR institutions in the country (Bindra and Kalra, 

1973; Agnihotrudu and Mithyantha, 1978, Edwards et al, 1978; 

Agnihotri et al, 1983; Krishna Murthy,4 1984). Apart from fixing 

tfilL's these experiments are also conducted to study the dissipa

tion pattern of the pesticides. Since such studies are numerous, 

only those studies where monocrotophos ana/or cypermethrin were 

used on common vegetables have been reviewed here. 

2.1.1.1 Monocrotophos 

DJ ssi pati on of monocrotophos from chi ckpea sprayed at 

the pod formation stage at concentrfitions of 0.U4, U.06, U.08 and 

0.1 per cent was studied (Sinj-h and Gupta, 1981) and samples were 

taken at 0, 1, 3, 7, lU, 20 and 44 days after the spray. 

Deposits from 0.U4, 0.06, 0.08 and O.i per cent concentration 

were 9.42, 14.53, 18.59 ana 21.94 ppm rch^ .:tively. The rate of 

dissipation was rapid in the begining. On the lOtti day after 

application, the per cent reduction in the residues showed values 

91.3, 86.4, 83.3 and 80.72. Tbie maximum tine required for the 



residues to reach O.b pîm tolrr.inc.o limU WUH 10.31, I'J.OU, I'J.BB J o 

and 23.26 days for the tour concentrations. 

Wiieu uionocrotophos was sprayed on brinjal seedlings at 

the rate ot U.U25 per cent the residues persisted for 8 days 

(Veeravel and Bhaskaran, 1979). Srinivasan and Lingappa (1986) 

studied the dissipation of monocrotophos residues in onioa crop, 

sprayed at the rate of U.U5 and U.U75 per cent concentration. 

The initial deposits were 1.02, 1.05 and 1.40 ppm on onion tops, 

during winter, summer and monsoon seasons respectively'at ,0.05 

per cent spray concentration. The corresponding values for 0.075 

per cent spray concentration were 1.94, 2.20 and 2.23 ppm. In 20 

days these levels fell below the detectable limits in winter and 

summer seasons, while 15 and 20 days were required" for low and 

high concentrations in rainy season. Monocrotophos residues in 

the bulbs after 24 hours after spray on foliage was in the order 

of 0.34-0.44 ppm for low concentration and 0.61 and 0.71 ppm for 

high concentration. Though there was depletion of residues in 

the tops with lapse of time the monocrotophos residues in the 

bulb did not increase more than the level present on first day. 

Minimum intervals of 14-20 days for onion tops and b-ij days for 

bulbs were recommended a;: waiting per in for the safe use of 

these after spraying monocrotophos. 

Monocrotophos residues in coriander leaf, plant and 

green grains collected from field, sprayed at the rate of 0.04 

and 0.06 per cent were studied. The samples were collected 0,. 1, 

3, 7, 10, 13 and 20 days after spray. Dry grain samples were 



collected aiter 35 aays of application. An initial deposit of 

7.b2 and 11.59 ppm resulted from U.UA and U.Ob per cent applica

tion of inonocrotophos respectively. The residues reached the 

tolerance limit of U.2 ppm in 14 and 15 days, respectively indi

cating a waiting period of 15 days for safe use of the plant. 

The residue half lives were 3 and 2.7 days respectively. The 

leaves had an initial deposit of 5.82 and 8.22 ppm at 0.04 and 

0.06 per cent application respectively. The residues reached the 

'tolerance limit of 0.2 ppm in 14 and 15 days and it was below 

detectable levels after 16.0 and 16.82 days and half life values 

were 3.01 and 2.73 days for 0.04 and 0.06 per cent application 

respectively. The residue in green grain was below detectable 

level with 0.04 per cent spray on 10th day after application. 

However, 0.23 ppm residue was present with 0.06 per cent spray. 

The residue reached below detectable level at 15 days after 

application of both the doses. At harvest no detectable residues 

of monocrotophos at both concentrations were found in dry grains 

(Ja1n £t al., 1987). 

The chilli crop was protected with 4 sprays of 0.08 per 

cent monocrotophos at an interval ot ij .ays starting from 20 

days after transplanting. The initial residue was 16.82 ppm 

which reached below tolerance limit in 9.b days, indicating a 

waiting period of 10 days. The residue fell below detectable 

limit by 15 uays (Patil and Uethe 1984). 
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NandllialJi .iiid Thcjndadarya ii'Jiib) uibo appl ied AC 

iiionocrotophos on ciiUii crop at 2, b, 8 and l l t l i week, af ter 

transplanting at the ra te of 0.45 kg ai /ha which l e f t a residue 

of U.632 ppm af ter 2nd week of l a s t spray. After fourth week of 

l a s t applicat ion the residues were not detectable . Further young 

f ru i t had more insec t ic ida l residue than ciatured f r u i t s . 

^ • 

Nark-hede et al, (1977) spr.ii'ea Nuvacron at the ratr of 

U.Ob per cent on chilli crop. The initial deposit on chilli 

fruit was 11.97 ppm, which fell to 2.44 and 0.76 by first and 

fifth day respectively. 

Metasystox (0.023%) and monocrotophos (0.025%) were 

sprayed on soybean crop at the ilowering stage and the spraying 

was repeated after 20 days. Pod samples were collected at 0, 3, 

7, 10 and 15 days-, after the second application and soybean seeds 

at harvest. The initial deposits were 3.3 ppm for metasystox and 

2.5 ppm for monocrotophos. The monocrotophos residues were below 

detectable limits at 15 days after application (Awasthi et^ al, 

197b). 

Dixit £t̂  _al, (19bl) sprayed monocrotophos at 0.03 ana 

0.05 per cent concentrations, at the rate of 1100 1/ha on okra 

during fruit beai.ng stage. A repeat application was done 20 

days after the first spray. Samples ot iruit were analysed after 

one hour, 3, 7, 10 and 15 days for eacli of tlie sprays. The 

deposits from U.U3 and U.U5 per cent concentrations were 2.8 and 

6.25 ppm after the first sp'-ay. The percentage reduction of 



these residues was 36.b and 37.6 Jn 3 days 71 and 63.2 per cent j[ 9 

in 7 days ana bl.3 and 82.4 in 10 days. Further no aetoctablc 

residues of raonocrotophos could be found from 0.03 per cent spray 

treatment after lb days. After the second spray, the deposits 

from 0.03 to 0.05 per cent concentration were 4.Z and 7.0 ppu. 

They were reduced to 2.42 and 4.3 ppa in 30 days, 0.8 and 1.3 ppm 

in 10 days and to below detectable limits and 0.06 ppm in 15 

days. 

Pusa Sawani variety of okra crop was sprayed with ipono-

crotophos during fruiting period at 0.5 kg ai/ha in three 

different sets of experiments. Medium and normal .fruits were 

harvested at 0, 1, 3, 4, 7 and 10 days after spraying. Deposits 

of monocrotophoB ranyed from U.23 to 0.49 ppm in different 

experiments. In all the three experiments it was observed that 

in four days the residues aissipatea to levels below 0.2 ppm, the 

tolerance limit for monocrotophos on beans, cabbage, cauliflower 

and brussels sprouts (Krishnaiah and Prasad 1978), 

The efficacy of monocrotophos in controlling Okra pests 

was studiea by aagle (1987). Three appii .Lions of monocrotophos 

at 0.5 kg ai/ha dose were done commencing from 15 days after 

sowing. Though monocrotophos was found to be effective in 

controlling pests of okra, resiaue levels were higher at fruiting 

stage, requiring a waiting period of 14 days. 

ilonocrotoyhos was sprayed at the rate of 0.05%, 0.25 kg 

ai/ha, 0.5 kg ai/ha ana 0.07%; 0.07% on okra, beans, chillies 



and towato. Tlic rcbldues were esLluiated aiLer 9, 7, 7 and 15; 7 -» »-? 

days after the spray. The residues were 0.6, 0.26, 0.71 and 

U,lb; 6.37 ppm respectively (MCKI', I'^JU). 

2.1.1.2 Cypermethrin 

^^^ ££ £!• (1960) in their studies applied, cypermethrin 

(40-50t; ai/ha), fenvalerate (iOUji ai/liaV, permethrin (4UUg ai/lia) 

and malathion (30Ufe ai/ha) on okra. The initial deposits of 

cypermethrin were low (1.1 and 1.3 ppm only) as compared to 

fenvalerate and permethrin because of low levels of application. 

The rate of loss of cypermethrin was 3.4, 12.5 per cent lower 

than fenvalerate and permethrin. In seven oays bl.b per cent was 

lost at 4Uî  ai/ha of application and 7b.y per cent at 6Ug ai/ha 

rate of application during first spray and the corresponding loss 

in the second spray was iiO and 73 p'̂ r cent. 

The insecticides permethrin (0.017%), cypermethrin 

(O.U13%), decamethrin (0.00375%), fenvalerate (0.U067:), DDVP 

(0.05%), carbaryl (0.005%) were sprayed on r ibbage at the rate of 

75 1/ha. The initial deposits oi permethrin, cypermethrin, 

fenvalerate and decamethrin were 5.11, 4.b, 2.3 and 1.45 ppm 

respectively . The plants contained 0.035 ppm cypermethrin even 

on 10th day after application (Agnihotri £t^ al̂ , 19B0). 

Cyperuethrin was one of the several synthetic pyre-

throids tested for effectiveness in controlling pests of brinjal 

(i>Jatekar 1967). it was founu to be ineffective in controlling 

the brinjal pests. initial deposits were low, ranging from 0.13 



Lo U.:̂ '̂  PP'" ̂ "" l-'"̂  "'^^'^ "̂^ ditibipuLiuu was last, requiring a 

waiting, period of one day. 

CyperuethrJn was sprayed on okra at the rate of 60 and 

lOU g ai/ha and analysed after 10 days of spray. The residue 

levels were 0.001 and 0.01 ppm, respectively (AlCKP 1990;^ 

2.2 EFFECT OF PROCESSING ON RESIDUES 

Very few studies on the effectiveness of both home 

processing and commercial processing in reducing residues of 

monocrotophos and cypermethrin in vegetables have been reported 

in literature. Krishnaiah and T.asad (1978) found the percentage 

reduction of monocrotophos residues due to washing of okra to be 

30 and 25 per cent at 0 .iiui .'i days a Iter spray Inj;. 

The effect of tlie various steps in the commercial 

canning of beans (Fahey £t al, 1969) and tomatoes (Fahey e_t al, 

1971) has been stuaied. Cold water washing of beans effected a 

27 per cent reduction and blanching a ) per cent reduction. 

Residues in the canned beans were only 2 per cent of the residues 

in the fresh beans. the process of cold washing and lye peeling 

reduced residues in tomatoes by 63 per cent and 87 per cent 

respectively. An Hb per cent reduction in residues of monocro

tophos was achieved in tomato juice and a 91 per cent reduction 

in whole tomatoes by canning. 

Awasthi ^ £l. (1986) studied the effect of treating the 

brinjal with a number of chemical solutions and reported that dip 
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Lreatments oi iruUb wiLli water, bodiuni ciiloride solution, Hcl 1 Q 

solutJon, acetic acid solution or potassium -permanganate solution 

were all found to ensure 30-35 per cent loss of the residues, 

sodium hydroxide solution reuoved 40-45 per cent and teepol 

solution removed 60 per cent. The efficiency of these tlreatments 

in reducing tlie residues was found to decrease progressively at 

the second and third harvests. As a result no significant 

difference in the effect of aip treatments in various chemical 

solutions was found in the later stages except vizh Teepol and 

NaoH solutions. 

Very recently the removal of 42 and 47 per cent deposits 

of uonocrotophot) in beans was recoraed by scrubbing and washing 

the fruits in hot 2% salt water .'id washing pods and cooking for 

15 minutes respectively. Tt was also found 31 to 32% removal of 

deposits of monocrotophos from tomato fruits by washing in 2% 

salt water and cooking for 15 minutes or by washing and steam 

cooking for 15 minutes (AlCRP, 1990). 

Effect of cooking on loss of cypermethrin residues from 

okra was studied by Rai e_t aĴ  (1980). Three day old okra from 

cypermethrin treated plots were water washed and boiled. This 

resulted in 70-80 per cent lot; of residues. 

2.3 BIOLOGICAL EFFECTS OF INSECTICIDES 

The ultimate aim of analysing levels of various pesti

cides in aifferent ecosystems is to correlate their presence to 

man's well being. In an enaeavour to have a better understanding 



oi the pjubieu pubed by Llie pebLicJde rebidueb present in ttie Q Q 

environment, in addition to the raetabolibm and mode o£ action of 

pesticides, their interactions and resulting effects on various 

body tissues have been worked in several species of animals 

including uan, wherever possible. Vhese studies include acute, 

sub acute and chronic exposure studies, reproduction, embryotoxi-

clty, mutagenicity, carcinogenicity and teratogenicity studies. 

In subacute and chronic studies the effects on AChE levels in 

brain and blood was the most common parameter studied. Since 

review of all such work, done if beyond the scope of this study, 

only most relevant studies have been reviewed with specific 

reference to monocrotophos ana cypermethrin. 

2.3.1 Effect of organophosphate insecticides 

2.3.1.1 Acetylcholine esterase (AChE) 

The primary biochemical effect associated with toxicity 

caused by organophosphate pesticide is inhibition of AChE. The 

normal function of AChE is to terminate neurotransmission due to 

acetyl choline that has been liberated at cholinergic nerve 

endings in response to nervous stimulus. Losu of AChE activity 

may lead to a range of effects resulting from excessive aerve 

stimulation and culminating in respiratory failure and death 

(WHO, 1986). 

Janarahan (lySl) has reported a dose related inhibition 

of brain AChE activity in aault rats of both sexes and whole 

blood ChE activity in dogs treated orally for a period of 90 days 



witli monocrotophos at U, 0.3, O.f) and 1.2 my/kg bw/day doses In 

case of rats and U, U.2, 0.5 and 1.0 mg/kg bw/day in dogs. g ^ 

Towarda the end oi experiuieut, some recovery in enzyme activity 

was observed, suggesting an Increased production of Ch£ or an 

induction of detoxifying enzymes. 

Groups of Japanese quail (12 males and 12 females per 

group) were fed monocrotophos at 0, 0.5, 5 and 50 ppm in the diet 

for three weeks. iJlood cholinesterase activity was depressed at 

all feeding levels, while brtiin cholinesterase activity was 

depressed at 5 ppm and above (Shellenberger 1966). 

The dietary components al;;o :̂ eem to affect the efffects 

of pesticides. Indira and Kurup (19b0) studied the effect of 

fibre isolated from Blackgram fed at a level of 30 per cent in 

the diet, on the toxic effects of malathion, in rats. It raised 

the AChE in the serum and brain, whiri' is decreased to a low 

level by malathion. Retardation of growth of rats caused by 

malathion was also prevented by blackgram fibre. It was inter

preted to be uue to blackgram fibre which may adsorb malathion 

and decrease its absorption. This may be one of the reasons for 

the decreased toxic effects obscjved In the presence of fibre. 

Naidu £t al. (1978) noted a significant depression of 

brain ChK activity in chicks fed 5.0, 100 and 500 ppm of 

dichlorvos. Since the usual cause of death in mammals from 

organphosphate insecticide poisoning is respiratory failure 

resulting in part from a failure of the respiratory control 



:entre of the braJn, Forsyth and chambers (1989) have investi

gated the ability of rat brain to activate and subsequently 

iegrade two phosphorothionate insecticides, parathion and EPN. 

rhe findings demonstrate tliat brain possesses both phosphorothi o-

aate activation and oxon aegradation abilities, both of which may 

be significant during exposure to organophosphates. 

2.3.1.2 Gaoa AoJno Butyric acid (GAfiA): GABA is formed in the 

central nervous system of vertebrate organisms by the decarboxy

lation of L-glutaiaic acid, a reaction catalysed by an L-glutamic 

acid decarboxylase; (GAD-I) a B6 dependent enzyme. GAD-i is 

present largely in gray matter and is associated with pinched off 

nerve endings or synaptosomes (Salagani co and DeRobers 1965). 

In addition to GAD-I, the occurrance of a second GAD (GAD-II) has 

been reported. GAD II has no apparent B6 requirement and is 

associated with glia (Haber, et al, i'j/ ; with the mitochon

drial fractions of neural and non-neural tissues (Haber e^ al 

1970 b, c). GAD-II is aclinated by anions and carbonyl trapping 

agents such as anunoxyacetic acid (AOAA) while GAD-I activity is 

inhibited by these agents (Roberts and Simonsen,1963). The 

reversible transamination of GABA with L-Ketoglutarate converts 

GABA to succinic semi aldehyde and is catalysed by GABA L-glutaric 

acid transaminase (GAuA-I), i Bb aependent euzyine found largely 

in t,rey matter (Salvador and Albers, 1959). 

Virtually all the data in the literature are consistent 

with the suppostion that steady state level of GABA in various 
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brain areay arc COVCTIKMI by (iAI) acLiviLy and noL by LhaL ol 

GAbA-T (KuberLs and Kurfyama, lybW). The curves represenl^l ti|', the 

rates of change in GABA levels in the ^̂ uinea pig, rat, mouse and 

dog brain were biphasic. Brain GABA levels have been measured 

curing development in the mouse, rat, guinea pig, rabbit, cat, 

dog and chick. Neonatal cerebral GABA levels are generally low 

and increase with age. The time required to reach adult brain 

value is variable and species deĵ -endent. In the rat, mouse and 

rabbit brain, both glutamic acid and GABA increase dramatically 

during the first 21-30 days of life; at the same time GAD, amino 

butyrate amino transaminase (GABA-T) and succinate semi aldehyde 

dehydrogenase (enzyme active in intermediary metabolism and TCA 

cycle) reach their highest levels of activity. 

Bayer ana licMurray (iyb7) repoii the GABA level in rat 

bi-ain to be U.Uj and U.U2 moles/g wet weight of brain, at birth 

anu at auult stages respectively. 

Neal and Iversen (1969) studied the subcellular distri

bution of GAHA in the cerebral curtex ol rats. Tiieir rubui Ls 

support the theory of neuronal localisation of GABA and have 

shown that GAD may be localized mainly in synapatosomes. The 

large pool of glutamate consisting of presynaptic endings may be 

the primary source ol GABA lor syiiapaLic I unction. 

A reasonable interpretation of all the data obtained to 

date on adult cerebellum is that GAbA is formed and stored in the 

presynaptic endings of the basket cells and upon stimulation is 
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r c l c a s c c i Erom Lhcin (jn Liu- hKrinbraiu-H o\' \mrk\nji' cc*llii- Tlic g ^ 

inactivatdon process probably consists ̂ '̂F removal of GAbA from 

the synaptic gap by transport processes. A part of the released 

GABA could be transported ^nto the presynaptic endings, where 

most of it would be retained for subsequent release; or it could 

be taken up by the purkinje cell bodies, where it could be 

transported down the axon or r.ietaboli sed via the GABA-T path way. 

The possibility ut t,i'ai uptake and me tabol 1 sin a I (,(> must 

be considered. Tlio purkenje cells appear to be GABA neurons and 

both GAD and GABA are present in their axons, possibly in a state 

of transport from the cell body to the presynaptic endings of 

t these cells on deJtors' neurons in the vestibular nucleus and the 

c:.elJs «1 tiu' i ntr;uH'rt'l)e 1 1 ar luif 1 ei . It is also -possible thai 

Lhe yolgi cells may employ GABA to mediate tiieir inhibition 

(Fonnum e_t al. , 1970). 

It has been sugjiested that biochemical cross regulation 

may exist between an excitatory and inliibitory one (Roberts and 

nattysBc, 197U). In this regard it should be noted that geneti

cally induced high levels of AChE in the brain of ep mice, an 

inbred strain, known to be si' ceptible to convulsive seizures was 

paralleled by a proportionately increased level of GABA 

(Kurokawa et al., 1961, 1963). 

Certain abnormal conditions such as administration of 

psyciiotroplc drugs, noruones, hypoxia, environmental deprivation 

and exposure to ionizing radiation, may inauce an alteration in 
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tlie level ot oiif or uiorf aniliKj add:, iii liralu Libbue. "Suiiiu ol ^ Q 

such induced changes have been extensively studied with special 

reference to GABA, glutamic acid, glutauine ana aspartlc acid in 

order to ascertain a direct role played by this group of amino 

acid in physiological functioning of the fully integrated nervous 

system (Hussein e_t al, 1972,1985 a, b). 

Hussein e_t̂  al(19bfa) l>ave estiuiated the levels of the 

amino acid GABA ana glutaraine in rat whole brain after daily 

injections of cyolane (an organo ^uosphate insecticide). With 

1/2 LD5U, an increase in the level of both GABA and glutamine was 

noted. 

Ali and Hasan (1V77) have stu !• the effect of organo-

i>hoBphorub insecticide Uichlorvos on the amino acid content of 

different regions of the rat brain and spinal cord. Their 

stuaies revealed :i significant lowering of taurine, GABA, 

glycine, lysine, phenyl alamine and aspartic acid concentrations 

of different regions of the central nervous system. Dimunition of 

serine level was insignificant. The results suggest that 

dichlorvos-inducea lowering of amino acid concentration varied in 

different regions of brain and spinal cord. 

2.3.1.3 DNA and Protein : The protein content in the rat brain 

shows its most rapid increase from 6.27 per cent at 9 days to 

7.36 per cent at 12 days followed by a reduced rate of accumula

tion to . adult values at 3U days of the age (Pitts and quick, 

1967). The approximately Z fold increase in the level of protein 
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McHurry (1967) was coucomitant with the Inversely proportional 

decrease in water content reported by Vernadakis and Woodbury 

(1962). 

In the rat increments in the protein content of the 

central nervous system paralleled an increase in the activity of 

succinate seuialaelyde dehydrogenase from 10 days onwards (Pitts 

and Quick 1967). Significant otrain differences in protein 

concentration in rat brain were observed by Bennet ^ al̂  (1962). 

Oja (1967) btudiea protein metabolism in the developing 

rat brain and showed that although tht ^akdown rate of brain 

protein was relatively slow early in postnatal life, the 

catabolic rate rose until about 14 aays of age and then 

diiainiahea. While the rate of protein synthesis did not exhibit 

a clear cut trena, it seemea to be lowest in the adult rat. 

Chanda et £l (1973) invest!^atea the cerebellar develop

ment in the rat after early postnatal aauiage by Methyl Axoxy 

Methanol (i-lAll). Cerebellum showed bO per cent reduction in UNA, 

RNA ana protein and wet weigitt. 

Apholate interfered with nucleic acid and protein 

syntliesiH and alkaline phosphatase, GPT and 5' nucleotidase acti

vities when aaiainistereo at a dose rate of U.U3 mg/lOOg body 

weii,nt in male albino rats. The normal levels were restored at 

96 hour post-treatment. They opined that the interference of 



aphoiate wab due to Its alkylaliuy actioti, [jrimarliy on DNA g'J? 

(liaqqul and Aahanil , 1979). 

Matsuinol e_t £l. (1972) treated rats with Methyl Azoxy 

Methanol (MAM). They observed reauction in foetal brain during 

the first 3 days after injection of the compound into the mother 

rat. And the MA14 treated brain grew at almost normal rate after 

this period, but the reauction in DNA persisted through maturity 

of the animal. Complete or partial inhibition of DNA synthesis 

has been shown to be associated with but not necessarily respon

sible for, teratogenesis in the offspring of pregnauat rats 

treated with cytosine arabinoside (RitLu î t̂  ̂  1971, Scot et al. 

1971). 

Honocrotophos had no dysmorphogeni c effect on the 

fetuses of both rats and rabbits. It could affect adversely by 

reducing fotal weight and m m litter weight of the pups at 

birth. The weight of live pups at the time of weaning was also 

reduced significantly due to the pesticide with a concomitant 

decrease in the number of live fetuses and the new borns and 

growth retardation at the time of weaning in the treated groups, 

is an indication of the embryotoxicity of the pesticide 

(Janardhan et al 19B4). 

Vftien one or five mg/kg of carbaryl was administered to 

pregnant rats from 11th day to the last day of gestation, no 

significant decrease in ChE activity was noted in blood, brain 

and liver tissues of mother and new born pups. However, adminis-



tration of 50 mg/kr, of carbaryl from 19t?i to lawt rl.iy of pr. 

gestation showed a decrease -In enzyme activity in dams and pups 

(Declutae et al., 1978). 

Azodrin interfered with normal embryogenesis in 

chickens, chukar patridge and bob white quail (Schom e_t al., 

1972; and Schom and Abbott, 1977). Schom et al. (1979) studied 

the relationship between adult and enbryonic responses. Azodrln 

was applied to adult and embryo chickens, chukar patridge and , 

bobwhite quail. Chronic exposure of adult birds to ;i (jdrin mixed 

in their feed indicated that no defini' predictions could be 

made about one species based on the results of another; each had 

a different no effect (maximum acceptable toxicant concentration) 

level. The chicken adults were most resistant and the quail were 

least resistant to chronic exposure to azodrin. Yolk injected 

Azodrin caused the embryos of all three species to develop 

abnormally. The chicken and chukar embryos developed a genera

lised achondroplasia, the quail were amuscular only. In general, 

tlie 3 day quail embryos were most resistant to injected azodrin 

ana the chicken embryo least resistant. The relationship between 

adult and embryo response was negative. 

2.3.1.4 Mutageneclty: Bhunya and Behera (198B) have studied the 

mutageneclty of monocrotophos in mouse cytogenlc test system. 

Cytogenlc assays like somatic chromosome abberation, micronucleus 

test and sperm shape abnormalities were aone. Comparison of 

acute and chronic treatments revealed that the chemical has no 

cumulative effect. Relative sensitivity of cytogenlc assays has 
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been found to be as spen.isliape abnormaiiCy > chromosome aberra

tions > micronucleus. Monocrotophos has been found to be mutagenic 

in the present test system. 

2.3.1.5 Other pffects; Wonocrotophos appears to be a strong . 

nephral poison causing glomerular coalraction, vasodialation and 

dissolution of lymphodial tissue to form blood-sinuses besides 

hydropic degeneration of tubules (Kunar and Panth, 1985). 

Hethoxychlor and Aldrin are reported to be much more 

lethal than inonocrotophos to p-conchonius (Panth 1982). It is of 

interest to note that the renal pathologies registered by mono-

crotophos were more severe than those caused by raethoxychlor and 

aldrin by sublethal poisoning in the same fish. 

Chengli et. al (1989) reported ten cases of puluonary 

edema caused by accidental or deliberate ingestion of DDVP, a 

commonly used organophosphatn insecticide. 

Variations in blood parameters of the fish, channa 

punctatus when exposed to sublethal concentrations of phorate 

lOG (0.2 mg/1), elsan 2U per cent dust (2.0 mg/1) and bazanon 5 G 

(500 Qg/l) for 15, 30, 45, 60, 75 and 90 days were reported by 

Chakrabarthy and Banerjee (1988). The rapia fluctuations of 

blood parameters indicated the toxic cifects of these pesticides 

and their long term effects as tlie values did not return to 

control values even after 3 months. Elsan 20 per cent dust for 



erythrocytes and thrombocytes and bazonon 5 G for leucocytes were o Q 

most toxic. 

Monocrotophos was administered to mice at a dose rate of 

0.9, 1.8 and 3.6 mg/kg bodyweight over a period of five days and 

sacrificed at 35 days follov;ing ti.. first dose. No histological 

changes were found in the testis. However, at all the three 

doses sperm abnormalities were observed (Vijaykumar and Janardhan 

198b). 

Roberts (1974) and Ottevanger (1976) found low evoked 

muscle potentials and low motor nerve conductive velocity in 

relation to organophosphate pesticide exposure in rats. 

Electromyographic synapse testing was performed .and 

neurological information was recorded for two groups of agricul

tural workers. One group was not exposed to pesticide sprays 

while the other group was exposed to organophosphate pesticides. 

No significant difference was found between the groups. The 

electrically evoked muscle potential series in exposed workers 

remained as constant as those recorded for the control group. 

The frequency of different types of amplitude changes was the 

same in exposed groups and in the control group. Neurological 

records showed no significant deviatiuut; from normal, for exposed 

workers. Changes in muscle action potential were, therefore, 

attributed to factors outside the synapse. The authors concluded 

that eletronyographical synapse testing and clinical neurological 



examination are not scnsUiv. onoujili lor early detection (J1 ^ ^ 

latent pesticlde(s) Intoxication (JusJc e_t ai., 1980). 

Kortz (1977) reported liiaL dissociated behaviour and a 

decrease in ChE followed malathlon exposure. Verberk and Salle 

(1977) reported that mevinphos, at low doses for one month caused' 

a UBcrease in HBC ChE in man, and these low doses way cause 

alsturbances of nervous bytitew if expi .'. lasts longer. 

Azodrin was reported to be toxic to adult birds, 

however, there appeared to be a species difference in maximum 

acceptable toxicant concentration (MTC) (Schom et_ aX_, 1972). 

The llATC's based on their hen day production, weight los;. and 

mortality were between 25-100 ppm in feed for chicken, 5 and 25 

ppm for chukar patriate and less than 1.25 ppm for bob-white 

quail. The embryos from birds fed with azodrin showed no 

abnormalities. This was not surprising as no azodrin residues 

were found In the eggs of birds fed with the pesticide. 

Therefore the authors conclude that exposure of female to the 

pesticide in feed represents no danger to humans eating eggs 

(Schoui et. ad. , 1979; 

In 19b2 there were reports of high death rate of birds 

in Hetagorda county, Texas. On Investigation, it was found that 

the birds died after ingestion of rice treated with monocrotophos 

and used as baits near paddy fields. The symptoms exhibited by 

the oylng birds were loss of muscular coordination, prostration, 

tetany, outstretched wings and convulsions. The brain AchE 



Inliibltion of .iffectod birds ranj-.i'd f'roi.-i hZ-H'J pvr CIMIL. The' « p 

rJce ingested by these birds conialned y3U ppm monocrotoplios at 

the time of analysis (Flickinger et_ a]^. , 1984). 

In October, 1982 three patients of a hospit.il developed 

organphosphate poisoning symptoms after taking coconut water and 

copra. On analysis the coconut water as well as copra were found 

to contain monocrotophos residues at a level of 0.34 - 0.96 ppm. 

These residues are higher than the WHO recommended tolerance 

limit of 0.2 ppm. The reasons for such high residues being, use 

of monocrotophos at higher ! lan the recommended dose ana not 

plucking the mature coconuts before injecting the trunks with 

monocrotophos (Shanbhag, 1989). 

Mammals given multiple doses of anti AChE organophos-

phate insecticides, develop a tolerance to the action of these 

compounds. The observations that agonist resistance attends 

tolerance to many anti AChE compounds has led to the hypothesis 

that ,subsensitivity of the cholinergic system might mediate the 

tolerance phenomenon. Particularly, the hypothesis that changes 

in post synaptic cholinergic receptors could mediate the 

development of tolerance has received the most direct empirical 

support. Other hypothesis eg., induced metabolism, non specific 

metabolic changes, neurochemical redundancy were not sup\)orted by 

experimental evidence. Assessment of risk of toxicity due to 

anti AChE compounds could be influenced by the existence of an 

Inducible tolerance to their action. Tolerance might, on one 

hand, be considered a protective mechanism by which the organism 

http://hospit.il


33 
normalises function despite challenges from the external 

environment. However, Its mechanism should not Interfere with 

other physjolojjical functions. The loss of auscarinic receptors 

found In brain of animals tolerant to organophosphates raises the 

possibility that the complicated and delicate balance of neuronal 

connections miĵ jht have been altered and hl<;her brain functions 

mlyht be compromised. Taylor £t a]L (1979) suggested that loss of 

muscarinic receptors occurlng after prolonged stimulation with 

an agonist may represent a pathological phenomenon. 

The cholinergic system Is known to play an important 

role in certain behavioural functions and mental disorders 

(Daviesetal, 197&, Wels £t al 1976, Davls^tal., i97b). It 

might be possible, then, that alterations of cholinergic 

receptors could be associated with subtle modifications that 

contribute to psychological and neurological Impairment. Some of 

the symptoms reported by certain investigators, like memory 

impairment in man (Gershon and Shaw 1961, Stoller ejt al̂ , 1965) 

might be related to alterations of the central cholinergic 

system. However, animal studies did not reveal any memory 

impairment in a single trial avoidance task in rats sub acutely 

treated with parathlon. 

2.3.2 Effect of CypermethrJn: 

2.3.2.1 Sodium-PotassJUQ Adenosine triphosphatase (ha K 

ATPase): The active transport of sodium and potassium is a 

fundamental and major energy requiring cellular process underlylg 



Llic maintenance ol cell volui.ie, abiiorjjL I on jjrocesHOH In kidney 

and intestine and exJtabJlity in nervr and muscle. In fact, much 

of the energy metabolisui of a varJety of cells is directed at 

supplying ATP for sodium transport (Whittara 1964). In the 

erythrocyte where the data are most accurate, threr Na are 

pumped outward and two K inward for everv ATP hydrolysed. The 

Na K AlPase catalyses the hydrolysis of the r-phosphate of ATP 

2+ + + 
if Mg , Na and K are all present, and this hydrolysis is 

inhibited by cardi.ic glycosides, such as ouabain. 

The products of ATP hyarolysis, ADP and Pi inhibit the 

+ + 
reaction, whereas AMP does not, altliough Na and K both are 

required to activate the enzyme, high concentrations of either 

ion will inhibit activatiua by the other. Optimal enzyme 

activity has been observed at Na /K ratios between 10:1 and 5:1. 

The requirement for Na is absolute, but numerous other ions can 

substitute for K and do so with varying degrees of efficiency 

(Dahl and Hokin, 1974). 

2.3.2.2 Acute, short term and chronic toxicity studies: Signs 

of intoxication, indicature of an action on the central nervous 

system consist of sedation, ataxia, splayed gait, tip-toe walk, 

with occasional tremors and convulsions. These signs of toxicity 

appear within a few hours following dosing. Survivors show 

clinical recovery within 3 days. Factors known to influence the 

oral LD^^ value of cypermethrin include concentration, vehicle, 

temperature, age of the animals and the animal strain used 

(Coombs ejt al, 1976). 
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The acute toxicity of cypermethrin was approximately 3 

times greater in 3 weeks old, than '•t 12-week old rats (Rose and 

Dewar, 1978). uio"^ of intoxication, such as hyper sensitivity 

and abnormal gait were observed in 1600 mg cypermethrin/kg feed 

for 3 months. 

Coombs e£ al̂  (1976) have conducted short term oral 

feeding trials for 5 weeks with cypermethrin in rats. At 1500 

mg/kg they observed reduced body weight gain and food intake, 

piloerection, nervousness, in coordinated movement, increased 

liver weight, and increases in blood urea and the Hb concentra

tion, but no pathological changes. 

Groups of Charles river rats, 12 of each sex were fed 

with dietary concentration of U, 25, iuu, 400 or 1600 mg cyperme-

thrin/kg diet for 3 months. Signs of intoxication such as hyper

sensitivity and abnormal gait were observed in 1600 mg/kg group, 

during the first 5 weeks and one animal died. The survivors 

showed clinical recovery in the second half of the study. 

However, body weight gain was reduced, liver, kidney weights 

increased and there were increases in plasma-urea concentration 

and plasma-alkaline phospaatase activity and decrease in Hb 

concentration and KBC count in females and in the kaolin-cephaliu 

clotting in males and pcv were observed. Two out of 4 male rats, 

killed prematurely, showea axonal breaks and vacuolization of 

myelin in the sciatic nerve. None of the survivors shô fed nerve 

lesions ano no other pathological effects were found. In the 400 

mg/kg group of rats, males shownd increased weights but no histo-
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pathalogJcal chant,eb. No effecLs were found in the lUU cng/kg 

body weight group. Male and female rats were led cypermethrln at 

dietary levels of 0, 75, 150 or 1500 mg/kg diet, for 90 days, 

ileiaatology and the results of urine analysis were normal. Both 

males and females receiving 1500 mg/kg showed reduced body weight 

and reduced food consumption during the first month of the study. 

Increased liver inono oxygenase activity was noted at 1500 tng/kg 

diet in both males and females and only in males at 150 mg/kg 

diet. These changes were substantially reversed within 4 weeks. 

Gross microscopic examination of tissues and organs did not 

reveal any significant difference between the treated group and 

the controls. There were no changes -a e sciatic nerve that 

could be attributed to cypermethrin even at 1500 mg/kg diet 

(Glalster et^ al 1977). 

Hend and Butterworth (1976) in their experiments fed cis 

cypermethrin to male and female rats at levels of 0, 30, !.)U, 

300, 750, 1500 mg/kg diet for 5 weeks. Mortality as well as 

neurotoxic signs of poisoning were observed at 1500 mg/kg diet 

level. Growth was reduced at 750 mg/kg level. Food intake 

reauced during the initial phase at 300 mg/kg and more doses. 

Liver weight increased at doses of 750 rag/kg and kidney weights 

increased significantly at 300 mg/kg or more dose. There was 

substantial degeneration of liver ana sciatic nerve at 1500 

mg/kg. No lesions were observea in brain or spinal cord. 
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Beuj.le liouiKis ware IIMI dirtH conmi ni nj', 0, '>, >U, ')()() or 

1500 mg/lcg cyperuethrin/kg diet for 3 weeks. At 1300 mg/kg 

severe signs of intoxication consisting of diminished food 

intake, weight loss, diarrhoea, anorexia, licking and chewing of 

the paws, whole body tremors, v. stiff exaggerated gait, ataxia, 

incoordination and hyperaesthesia were observed. No changes in 

haematology, organ weight and histo pathology were observed and 

despite the severe signs of intoxication no lesions of the 

sciatic nerve were observed in the dogs. No effects were seen at 

500 mg/kg feed (Buckwell and Buttwerworth, 1977). 

McAusland et^ alQ978) conducLc- 2 year feeding trial 

with cypermethrin in rats. At 100 mg/kg dietary dose there was a 

significant reduced growth rate in both males and females. The 

other parametert. like survival, biochemical, clinical, 

hamatology, histo pathology were not affected. lUO mg/kg diet 

did not produce any toxic effects. 

Analysis of liver microsomal enzyme activity in 6 rats 

of each sex fed U or lOOU mg cypermethrin/kg feed for 2 years 

showed, cypermethrin to be a weak inducer of the microsomal 

enzyme, hepatic P-txitroanisole 0-diuethylase (PNOD) used as an 

index of monoxygenase activity (Potter and McAusland 1980). 

Five groups of wistar strain rats, each composed of 52 

males and 52 famales v;ere given diets containing 0, 20, 150 or 

1500 rag/kg diet (equivalent to 0, 1, 75 and 750 mg/kg body 

weight) for 2 years. After 104 weeks at highest dose level, body 
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weight loss increased, liver welglit increased, sinootli endoplasmic g g 

reticulum in hepatocytes and some Uaeuetological and other slight 

clinical changes were observed. No other changes or increases in 

the incidence of tumours were found. The dose of 150 mg/kg diet 

was considered to be no-observed adverse effect level in this 

study (US EPA iyB4). 

Rats when fed 15UU ppu showed reduced body weight gain 

and poor food consumption over the first three weeks but there 

after gained weight and ate as well as controls. The actual body 

weights remained depressed throughout the study including the 

recovery period (Glaister e^ £JL 1977). When rats were fed 1500 

ppa of cypermethrin tliere were no haematological changes other 

than a slight increase of the Tnyeloid-erythroid ratio iii the bone 

marrow in female rats on the top dose. There was proliferation 

of hepatocyte smooth endopl.ismic reticulum, increased hepatic 

aminopyrine demethylase activity at 15U0 ppm cypermethrin in male 

and females and 150 ppm in males. Tliese changes were considered 

to be due to piiyslologlcal responses of liver to detoxify the 

chemical more effectively and not to liave any toxi cologi cal 

significance. 

Lindsay ^ al̂ - (1982) fed mice with cypermethrin at 0, 

100, 400 or 1600 mg/kg feed level. The body weight gain was 

reduced at 1000 mg/kg diet. Several haemetological changes, 

consistent with a mild anaemia were found in 1600 mg/kg group of 

animals at the Interim kill'I.e., 52 weeks after initiation of 

the experiment (decreasea Hb, haematocrlt and RbC counts in 
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males, fixed uean cell voluue and mean cell Hb concentration in 

females) but were not found at termination. Thrombocytosis and 

increased liver weights were also observed in this group, at both 

interim and terminal kills. There were no accompanying hlstopa-

thological changes. No effects were, observed at dose levels of 

400 mg/kg diet or less. 

Cyperiaethrin (dissolved in corn oil) was administered to 

A groups of 8 beagle dogs of each sex at dose levels of 0, 1, 5 

or 15 mg/kg body weight per day, by capsule, for period of 52 

weeks. The purity of the cypermethrln was 90.6 per cent. (Cis-

trans ratio, 54:46). The dogs in the highest dose group 

exhibited loss of appetite, tremors, gait changes, incoordina

tion, disorientation, and hypersensitivity. No other abnormali

ties were found in the composition of the blood or urine or in 

organ weights. Dogs receiving 5 my/kg or more showed liquid 

stools by this mode of admini stj-ation. However, this effect was 

not found when cypermethrin was fed in the diet for 2 years. No 

effects were seen at 1 rag/kg (US-EFA, 1984). 

Groups of 4 male and 4 female Beagle dogs were fed diets 

containing 0, 3, 3U or 3U0 mg cypermethrin/kg feed for 2 years. 

An additional group received 1000 mg/kg feea but, because of 

severe intoxication signs, the dose was decreased to 750 mg/kg. 

The signs of intoxication consisted of licking and chewing of the 

paws, a stiff high stepping gait, whole body tremors, head 

shaking, incoordination, ataxia ana convulsions. After 3 weeks 



of feeding at 75U my/kg, the animal received the control diet, 4 0 

until signs of intoxication could no longer be seen. The dogs 

were then fed a aiet containing 6U0 inji cypermethrin/kg from week 

b until tertalnatMm at 1 years. NO i,l̂ ai> of Intoxication were ' 

observed in aogs fed aiets contai uiiii, (J, 3, 30 or 300 mg/kg 

during the course of the study. There was reduced body weight 

gain in male dogs in the 600 mg/kg group. Clinical chemistry and 

haematological investigations performed at 6-v/eek itervais for 2 

years, did not reveal any consistent ai .rence between treated 

groups and controls. The minor changes in absolute organ weight 

observed in the brain and thyroid in the 300 mg/kg group were not 

present when the differences were corrected for terminal body 

weight. Furtheruore, a dose relationship was not apparent, and 

there were no accompanying histopathological changes. 

Opthalmological observations performed aurlng the course 

of the stuoy did not reveal any ocular differences between 

treatea groups and control. No abnorwalities were found in the 

sciatic nerves, brain, or spinal cord in any of treated groups. 

The feeding of diets containing upto 600 mg cyperaethrin/kg diet 

to dogs for Z years aid not reveal any treatment related gross or 

histopathological effects, although the dogs receiving diets 

containing 1000 mg/kg decreased to 600 mg cypermethrin/kg showed 

reduced body weight gain. Cypermethrin did not produce any 

toxicological effects in dogs fed dietary concentrations uf 300 

mg/kg fee(! or leas, over 1 years (Buckwell, iy81). 
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The effects of synthetic pyrethro^d pest3c5Qe cyperme-

thrin on the immune system were studied by Des5 et al (iy85). 

Both humoral and cell mediated iijiune response of rabbits and 

rats was suppressed due to the cypermethrin treatment. 

2.3.2.3 Persistence in tissues : Male albino rats were treated 

by oral or intra peritoneaJ (ip) route w^tb pyrethroids dissolved 

in 123 ml of glycerol formal. Food was withheld for 24 hr. 

before oral treatments with a mixture of cis-permethrin, tr^ns-

cypermethrin, aeltamethrin ana (2-RS,ot-RS) fenvalerate (each at 

3 mg/kg) in one series and a mixture of trans permethrin, cis-

cypermethrin, deltamethrin and (2-RS,ot-RS) fenvalerate (eaclJ at 

3 mg/kg) in another treatment. Residues in fat were higher and 

more persistant with the cis than with the trans isomers of 

permethrin and cypermethrin. 

Another investigation utilized administration with a 

mixture of (lR)~ci8 and (FR) or with a mixture of cis-permethrin, 

cis-cypermethrin, deltamethrin and trans permethrin each of 5 

Big/kg wt. brain analysis were carried out at 3 hours, 3 and 5 

days after treatment with the permethrin isomers and at 1, 3, 5 

ana 7 aays after treatment with the other pyrethroids. On ip 

administration the brain levels were remarkably higher with ( 



IS-permethrln tlian v.-ith (ll<) Lr<inii-|)<-ri.K>l hti n , (IK) S-r I i.-cyin.T-

methrin, aelta;,;ethrin and (2S,0(S) feiivaierate. Tiie hî ,!) levels 

ana persistence of cis-permethriu was due to both extensive entry 

to slow Qissipation between 1 to 7 days (Harei ej. al., 1962). 

Male rats were given 1.2 ag/g body wei^iut and females were given 

2.1 mg/kg body weight of cis/trans mixture of 14 cyclo propyl 

labelled cypermethrin, as a single orUJ use. Three days after 

sexes in the kidneys, muscle, brain and blood. The highest 

levels were founa in liver for males and fat in case of females. 

Concentration in muscle, brain, were less than 0.3 nig/kg, urinary 

excref'on was rapid in both sexes, approximately 50-65% of the 

dose being excreted in 4b hours (Crawford, 1977). 

When cows were fed diets containing 0, 2, 5, or 10 mg 

cypermethrin/kg feed with 14 c-benzyl and 14 c-cyclo propyl 

labelling, for 7 or 21 days, residues in the milk were O.OOOf, 

0.012 or 0.03 mg/1 of milk mostly in cream phase (Croucher et 

al., 1985). Swalne and Sapiats of FAO/WHO (1982) dosed cows 

daily w'ith 0.2, 5 or 50 mg cypermethrin for 29 days. Residues in 

wJlk were cowparabie to those reportea by Croucher ^ al. (1985). 

2.3.2.4 Reproduction, enbrytoxlcity and teratogenicity: Groups 

of pregnant female sprague dawley CD rats (25 animals per group) 

were administered cypermethrin orally as 1% solution in corn oil 

at noses of 0, 17.5, 35 or 70 mg/kg body weight per day, from 

days 6 to 15 (inclusive) of gestation. Cypermethrin at 17.5 

mg/kg body weight, per day did not affect maternal performance or 
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fetal survival and development. At the higher doses of 35 and ' 4 o 

70 mg/kg body weight, respective! v, slight and significant retar

dation of meternal body weight gain was recorded. In addition, 

at 70 Qg/k.g per day slight to severe neurological disturbances 

were observea in nearly half of the females, including slight 

splaying of the hind legs while waii ig ranging to severe 

splaying of all limbs, involuntary moveraents of the jaws, 

convulsive spasms, and hypersensitivity to noise. Dispite this 

maternal toxicity, there were no Indications of any embryotoxic 

or teratogenic effects of cypermethrin (Tesh et̂  al., 1978). 

Ahmed and Gupta (198b) studied reproduction toxicity of 

cypermethrin in rats. The female fertility index was signifi

cantly reduced at 15 mg and 30 mg/kg of cypermethrin. The 

pregnancy index, average litter size, live birth index, average 

gestation period and day 1, 4, 12 and 21 survival indices did not 

show any significant difference after cypermethrin. At the 

highest dose level (30 mg/kg) the lactation index was signifi

cantly reduced. The body weight gain was significantly reduced 

at day 4, 14, and 21 of lactation. 

Groups of pregnant female banded dutch rabbits (30 

controls and 20 for each dose group) were dosed orally with 0, 3, 

10, or 30 mg cypermethrin/kg body weij',ht per day in corn-'oil (by 

•̂jClaLln f.apKuU') durinj^ days (>-!!'> ( i neiutii vu) ul iiUbLatlon. No 

influence was found on growth, pre-implantation losses, 

resorptions, fetal deaths, or numbers and sizes of fetuses. The 



Incidence of fetal visceral and/or skeletal abnormalities VHXH 

coiuparable to that In the vehicle control group, except for a 4 4 

slight increase in the mean percentage of fetuses showing 

visceral and/or skeletal abnormalities in the yroup receiving 30 

u^/kg body weight per day. No teratogenic effects were found in 

this study (Dix, 1978). 

Cyperiaethrin was fed to wistar rats (30 male and 30 

female per groupj at a aietary concentration of 0, 10, 100 or 500 

mg/kg for 5 weeks, after which the males and females (10 weeks of 

age) from each treatment group were mated. Two successive 

litters were produced from each pair. The first of these litters 

was discardea, and randoii, Ly - selected uale and female pups of 

the second litters were mated to produce the next generation. 

The study was continued until 2 litters from each of 3 successive 

generations had been bred. The parent animals in the 500 mg/kg 

group consumed less food than the controls and this was accompa

nied by a reduction in body weight. Otherwise, the parent 

animals of control and treatment groups behaved similarly. 

Cypermethrln did not cause any adverse effects on the reproduc

tive performance of the rats or on the survival of the offspring. 

No consistent changes were observed In mean litter 

weight between birth and weaning in aiiy treatment group, wlt.i the 

exception of a reduction in total litter weights in the 500 mg/kg 

diet of Fla litters on days 4, 14 and 21. There was also a 

statistically significant decrease compared with controls in 

total litter weights and size in the Fib litters at 500 mg 



cypermethrin/kg diet. in the SOU uig/kg diet FO group, one . ^ 

animal showed a &cii:;-u..iyub cell carcinoma of the akin. Ilowcvi ,r, 

this was considered not to be related to the conpound, because no 

increase in tumour incidence was founri in the long-term studies 

in rats and mice. No changes were observed in rats administered 

100 mg cypermethrin/kg diet (Hend et al., 1978). 

2.3.2.5 Protein metabolisra : Ready ana Bashamohidaeen (1968) 

have studied the toxic impact of cypermethrin on the protein 

metibolism in the branchial tissue of fish. The; total, 

structural ana soluble proteins were significantly decreased 

where as the neutral protease activity levels were significantly 

raised with a concomitant increment in the Aspartate and alamine 

auiinotransfarase activity which showed significant elevation in 

all the exposure periods. Ammonia content decreased but the urea 

and the glutamlne levels increased. 

2.3.12.6 Studies on human subjects : Hale volunteers were each 

given a single oral dose of 0.25, 0.3, 1 or 1.3 mg cypermethrin 

in oil in a capsule. Urinary excretion of cypermethrin was 

rapid. The ester cleavage was a major route of metabolism. As 

reported in other animal species, the trans-isomer was metabo-

lised more readily than the cis-isumer (Eadsforth and Baldwin, 

1983). 

Vansittert et_ al. (1985) carried out experiments by 

feeding cypermethrin over five aay period and concluded that no 

accumulation in the body occured. 



In another field study in India, 18 workers, including 

sprayinen (spraying an eiaulsiliable concentrate formulation by • 

mist-blower or knap-sack), mixers, and loaders, handled cyperme-

thrin aaily for b consecutive days. M<<'!cal examination, with 

special attention to the sensory function of the peripheral 

nervous systeia, v̂ as carried out before, during, and after 

spraying (Suthers and Marlow, 1981). iso compound-related adverse 

clinical effects of periplieral neuropathy were noticed in any of 

the workers. The urinar> excretion of the cypermethrin 

metabolite (methyl ester of the cyclopropane carboxylic; acid 

moiety) increase from uay 1 to 5 of the study, but decreased 24 

hours after spraying had ceased. On the fifth day, concentra

tions of up to U.lb mg (average U.l mg) were found in the 24 hr. 

urine of workers using the mist-blower. Concentrations were 

lower In workers using the knap-sack sprayer. 

A field study was carried out on Indian workers in the 

Satara district in India prior to, during, and after spraying 

cotton with the synthetic pyrethroid formulations - permethrin 

(Ambush) and cypermethrin (Cymbush). The formulations were 

applied using a mistblower or knap-sak sprayer. Exposure of 7 

spraymen and 2 loader mixers was moni t̂ ored by measuring the :"*-h 

urinary excretion of 3-(4'-hydroxyphenoxy)- benzoic acid, and 

medical assessments were carried out by 4 medical doctors. The 

sensory function of the peripheral nervous system was also 

assessed. The formulations were applied at the' recommended 

rates; permethrin, 15U g, a i/li a and cypermethrin, 70 g ai/ha. 
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Average exposure was approxiuately B hours per day ff>r 3 cJayi.. 

No compound related adverse clinical effects were nut iced. The 

average urinary excretion of 3-(4"aydroxyphenoxy)-benzoic acid 

increased from day 1 to 5, but then decreased 24 hour after 

spraying had ceased (Hart £t̂  cjd., 1982). 

he et_ al. (1989) have reviewed 573 cases of acute 

pyrethroid poisoning reported in the Chinese medical literature 

durinj- 1983-84. Of these 45 cases were of acute cypermethrln 

poisoning. The clinical raanifestations of acute poisoning 

induced by the major kinds f pyrethorid are very similar. Apart 

from the irritative symptoms of the skin ana respiratory tract 

(or digestive tracts in intestine poisoning) acute pyrethroid 

poisoning is clinically characterised by abnormalities of nervous 

exitability. 

Several studies of ocupational exposure to pyrethroids 

inaicate that pyrethroids cause abnormal sensations of the face 

and irritative symptoms of the skin and upper respiratory tract 

in some exposed subjects (Le quesne and Maxwell, 1980; Kolmodin-

Hedman et al. , 1982; Tucker andFlannigan , 1983; Knox et al., 

1984; He et al., 1989). * 
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CIIAPTlirt III 

MATKRIALS AND METH 'S 

The Investigations formed three parts viz., (1) Survey 

on the pesticiue usage In three vegetable growing areas of Andhra 

Pradesh; (2) Dissipation pattern of monocrotophos and cyperme-

thrin on okra and effect of selected processing procedures o. the 

deposits of these insecticides in okra fruits and (3) effect of 

monocrotophos and cypermetnrin on some bio-chemical parameters of 

rat brain. 

3.1 SURVEY ON PESTICIDE USAGE IN VEGETABLE OCOPS 

To elicit information on the pesticide usage on vege-

taole crops in the major vegetable growing areas, a survey was 

undertaken in Guntur, Visakhapatnam and Ranga Reddy Districts of 

Andhra Pradesh, which are identified as maximum, medium and 

minimum pesticide usage areas respectively. 

At random about 4U farmers from four villages of each 

district were selected and interviewed with tjie help^ of a 

schedule formulated in the Appendix 1. 

3.2 DISSIPATION STUDIES 

3.2.1 Test Host 

Pusa Sawani variety of OKra (Abelmoschus esculentus) was 

grown in the students farm of College of Agriculture, Andhra 

Pradesh Agricultural University, Rajenoranagar during August-

November, 19b7. The crop was raised in sub-plots of Bx5 m. The 
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plants were spaced at 30 cm within the row and 6U cm between 

49 
rows. There were 13 rows per plot. In total there were 200-210 

plants in each plot. 
3.2.2 Insecticides and their applJcations 

The dissipation was studied for two insecticides viz., 

monocrotophos (phosphoric acid, dimethyl 1-methyl 3 (methyl 

amino-3-oxD-l-propenyl ester), an organo phosphate and cyperme-

thrin (KS-alpha-cyano-3-phenoxy benzyl (1 RS)-Cis-Trans-3-(2, 2-

dJchlorovJnyl)-2, 2-dimethyl cyclopropane carboxylate^a synthetic 

pyrethrodd, which are commonly used against the pests of okra. 

Monocrotophos in the form of Nuvacron 36 per cent EC and cyperme-

thrin in the form of Ripcord 10 per cent EC were supplied by 

Hiinoustan CIBA-GIEGY Limited, bombay and National Organic 

Chemical Industries Limited (NUCiL), Bombay respectively for 

experimental use. 

Monocrotophos S 0.25 and 0.38 kg ai/ha and cypermethrin 
* 

^ 60 and 100 g ai/ha were applied as sprays. Each insecticide 

was applied thrice, the first spray starting at the fruit initia

tion stage (55 to 58 days after germination). The second and 

third sprays were given 15 and 30 days after first spray. 

Spraying was done using knapsac hand compressed sprayer. There 

were five treatments including untreated control and were repli

cated thrice. To minimise drift during spraying one meter 

distance was maintained between the plots and the okra fruits 

from the border plants were not included for sampling. 



3-2.3 Estiaation of Insecticide residues on/In okra fruits 

The residues of monocrotophos and cypermethrin present 

in/on okra fruits were determined by colorimetric and gas chroma

tographic methods respectively. After the third spray optimally 

mature okra fruit samples (3 to 10 cm in length) from the control 

and treated plots were collected at U (one hour), 1, 3, 7, 10 and 

15 days and analysed for the residue content. 

3 < 2.3.1 Monocrotophos 

3.2.3.1.1 Standard curve : Technical grade monocrotophos of 

y7.b% purity obtained from Environmental Protection Agency, 

Bombay was used for preparation of standard solution. While 

preparing standara solutions, corrections were made for the per 

cent purity. A quantity of 102.5 mg of monocrotophos was 

dissolved in 100 ml of acetone to obtain a concentration of 1 

mg/ml (1000 ppm). 

A series of working standard solutions containing 3 to 

250 mg monocrotophos were pippeted out into clean dry getz tubes. 

The colour was developed by modified Getz and watts (1964) 

procedure, reported by Jain et al. (1974). The volume in the 

getz tubes was maae upto 5.0 ml with cliloroform A drop of 

propylene glycol was added to each tube and the isolvent was 

evaporatedt Then 0.4 ml each c ff 2% 4-(P-nitro benzyl) pyridine 

and cyclohexylamine were adued ana air condensers were fixed. 

The tubes were pJacea in an oil bath for 3 minutes at 175-180°C 

and subsequently cooled in ice vat^r bath for half minute. The 

ANGRAO 
central Ubran/ 

Hydersbao 
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condenaors were removed and the contents of the tubes were 

diluted by aduinji J.U ml of a^stalled ethyl acetate to each tube. 

A blank was also run without the insecticide solution. The 

absorb.mce of the coloured solutions was read at 540 u in 

Spectronic-21 against the blank (Table 1). A straight line was 

obtained by plotting the ab? )rbance values aga'iist the correspon

ding insecticide concentrations (Fig. 1). 

Table 1 s Absorbance values of monocrotophos at 
various concentrations 

Monocrotophos Absorbance 
concentrati on value 

(mg) 

5 0.08 

10 0.17 

15 0.28 

20 0.37 

25 0.47 

3.2.3.1.2 Recovery, extraction, cleanup and detemination of 

insecticide : A representative 25.0 g of sample of okra fruits 

were collected from the untreated control plots a.nd cut into 

small bits. To this sample 1.0 ml of 100 ppm technical grade 

Insecticldal solution was added and mixed thoroughly and left for 

two hours to facilitate absorption of the insecticide. Later the 

samples were subjected to extraction, clean up and the insecti

cide residues were estitiated. 

For extraction, the sample was blended for 3 minutes 

with 50 ml of acetone ana filtered through buckner funnel under 
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buctJon. The s.iMipie residue was transferred back to tlie blender ^ ^ 

and re-extracted twice with bU ml acetone filtering; each time. 

The filterate thus collectc : from the three extractions' was 

condensed to 5.U ml after adding a drop of propylene glycol in 

rotary vaccuum flash evaporator. This extract was quantitatively 

transferred to a 5UU ml separating funnel and to it 10 ml 

distilled water, 5 ml cnloroform, 10-25 ml of saturated sodium 

chloride solution were added. The contents for thoroughly mixed 

for one minute and the layers were allowed to separate for 5 

minutes. The lower layer of chloroform was passed tliroiigh a 

funnel containing anhydrous sodium sulphate over laid on a cotton 

plug. The aqueous phase was again extracted with fresh 10-15 ml 

chloroform ana above procedure was repeated. The chloroform 

extract was evaporated to a volume of 5 ml. 

For the clean up of the above extract 0.5 g of attivated 

charcoal was added and mixed well. A glass column of 40cm length 

and 2 cm diameter was taken and packed with a column packing 

consisting of 50 cm layer of anhydrous sodium sulphate over laid 

with 5.0 cm layer of absorption mixture consisting-of activated 

charcoal, magnesium oxide and cellite mixed in the proportion of 

1:1:1. The elute was collected in a reagent bottle and residues 

were determined. 

For the determination -t residues 5.0 ml of the above 

clear elute was taken and same procedure was followed as per the 

standard cure. The absorbance values were interpolated on the 

standard curve and the residue content was expressed as mg of 



peHtlclde reaiflui- pt-r kj' <>t Llii" <>k,ra f ru lL . The perceuLaj '̂.c-

recovery ot i n s e c t i d u e was c a l c u l a t e d from t h i s value (Tablr- 2 ) . 
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Table 2 : Recovery of monocrophos from Okra fruits 

Level of 
Insecticide* 

(ag) 

25 

23 

23 

50' 

50 

50 

Overall average 
recovery 

Level of 
insecticide 
recovery, 

(mg) 

24.0 

23.5 

23.5 

4y.o 

4b.0 

48.5 

Recovery 
(%) 

3b 

y4 

y4 

9b 

96 

97 

Average 
recovery + S.D 

94.66 + 1.15 

97.00 + 1.00 

95.83 + 1.4b 

*Technical grade MCP was addea to *:3 g sample 

3.2.3.1.3 Monocrotuphos residues on/in okra fruits: A representa

tive sample of 25.0 g of okra fruits treated with monocrotophos 

were taken for each treatment and were subjected to extraction 

and clean up as described earlier and the residues levels were 

determined. The insecticide residue values thus obtained were 

multiplied by the recovery factor to arrive at the exact levels 

of residues present in the sample. 

3.2.3.2 Cypemethrln residues 

The standard insecticide solution of cypermothrin was 

prepared by taking 0.1098 ing of technical >i;rade material of 91.1% 



purity obtained ironi linvj roumeiiLai Protection Agency (EFA) and Oi) 

aJsBolved^ in lUO ml hexane to i,ive 1 ppm (1 rng/ml) BolutJon. 

3.2.3.2.1 Recovery of Insecticide : Okra fruits from the 

untreated plots were collected and a sample of 23 g was taken and 

cut into small pieces and sprayed with 1.0 ml of 1 ppm solution 

of cypermethrin. The sample was mixed thoroughly and left for 

two hours to facilitate absorption of the insecticide by the 

fruit. The sample was then subjectea to extraction, clean up and 

residues were determined by gas chromatography (Talekar, 1977; 

baker and Bottomley, 19b2; improved by Awasthi, 1983). 

For the purpose of extraction the above sample was 

blended for 3.0 minutes with 5.0 g sodium sulphate and 50.0 ml of 

acetone: hexane (1:1) solvent mixture. The macerate was fil-

tered through buckner iunnel under suction. The residue was re-

extractea twice as above. The combined filtrate was transferred 

to a separating funnel and to it 500 ml of water was added. The 

flask was shaken well and hexane layer was collected. The lower 

aqueous layer was washed twice with hexane and added to the 

hexane extracts. An aliquot of hexane extract representing 5.U g 

of the fruit sample was taken and concentrated to 5.0 ml in a 

rotary flash evaporator. 

The clean up of the hex....e extract was done by eluting 

tnrough a glass column (lU x 3U0mm) containing 5.U g florosil, 

5.0 g alumina grade-Ill and 2U mm layer of anhydrous sodium 

sulphate using n-hexane : acetone (9:1) as the eluent. The 

eluate was concentrated to lU.O ml. 

-, APAU CENTRAL UBRAR 
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Retildues of cypermet hr i n were doterml ricd by f;aH l,|iiifl 

chromatography on a packard 437 A Gc model equipped with Hi 63 

electron capture detector and fixed with a glass column packed 

with a 5% UV lUl on Gas chrom Q. Other GLC parameters were 

nitrogen as carrier gas at a flow rate of lUO ml/min; column 

temperature 24U C, injection port temperature 27U C and detector 

temperature 300 C and attenuation 6, chart speed lOmm/min. 

Two All of i ppm standard solution of cypermethrin was 

injected into the GC and its retention time and peak area were 

noted (Fig. 2). Two/ul of cleaned up sample was injected arid the 

area of the peak eluted at the same retention time as that of the 

standard was noticed. The insecticide recovered was quantitated 

by comparing the peak areas of both the sample and s,tandard. 

From this the per cent recovery of the insecticide was 

calculated. 

3.2.3.2.2 Cypermethrin on okra fruits: Okra fruits treated with 

the two dosages of cypermethrin were collected separately and a 

representative sample of 25 g for each dose and also from 

untreated control plots was subjected to the extraction and clean 

up as described in recovery stuay. The residue level was deter- • 

minea by GLC. The values thus obtained were multiplied by the 

recovery factor to give the actual amount of residues present in 

the f Fui ts. 
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3.2.4 Half life value (RL^y) 5 g 

Half IJ fe was calculated tor both monocrotophos and 

cypermethrin using the formula given by Hoslcins (1961),RL^^ or t 

1/2 = log 2/k-i ; where ki = slope of regression coefficient, (b) 

of log ppm residue, (y) on the number of elapsed days (x) and is 

calculated by the formula -

(x - "x) (y - y) 

(x - x)^ 

i.e., Sum of the products of the deviations from means divided 

by the sum of squares of deviations from the mean x. 

3.2.3 Safety interval (T-tol) 

Safety intervals is the minimum number of days to be 

elapsed before the insecticide reaches the tolerance limit, was 

calculated using Hoskins formula (1961). 

t tol • (log '.k - log tol) Kl where 

t tol « safety interval 

JQ * initial deposit (ppm) 

tol = tolerance limit of the insecticide 

y^ " regression coefficient of the equation of 

3.3 PROCESSING PROCliDURES 

The effectiveness of the following cooking procedures in 

removing the residues of monocrotophos and cypermethrin from okra 



fruits was studied. For each processing procedure a representa

tive sample of 2b ^ of okra fruits from the treated plots of each 

insecticide was used. 

3.3.1 Washing 

A representative sample of whole okra fruits were kept 

in a colander and left under tap water for two minutes and later 

the residues present in the fruits were estimated. 

3.3.2 Washing and stir frying 

After washing the whole okra fruits in running water as 

described above, they were cut into siuall pieces, fried in live 

ml groundnut oil for 3.0 minutes and residues were estimated. 

3.3.3 Washing and boiling In tamarind juice 

Okra fruits after washing were cut into small bits and 

boiled in 8 per cent tamarina ju-ce (b gn tamarino/lUU ml water) 

for 10 min (time sufficient to evaporate all tamarind juice). 

3.3.4 Washing and boiling In tamarind juice with turoerlc 

The okra fruits were washed and cut bits were boiled for 

10 minutes in tamarind juice (b%) containing 25 mg of turmeric 

powaer. 

3.3.3 Washing In sodium bicarbonate water and stir frying 

Hie okra fruits were soaked hi sodium bicarbonate solu

tion (75 mg/2UU mi of water) for two minutes. Then the fruits 
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were cut into amaii pieces and irJea in i).U ml groundnut o U for 

3.U minutes. 

The residues of mpnocrotophos and cypermethrJn were 

determined Jn the above processed okra fruits by following the 

procedure described earlier. From these values the per cent loss 

of res:fdues by each cooking process was calculated. 

3.4 TOXICITY STUDIES 

3.4.1 Eiperlmental subjects 

Wistar strain adult female albino rats were obtained 
,» 

from National Institute of Nutrition (•IN). 

3.4.2 Insecticides and mode of administration 

Monocrotophos technical grade (72.2% purity) supplied by 

M/S NOCIL, Bombay and cypermethrin technical grade (92.OX purity) 

procured from Gharda Chemicals Limited, Bombay were used. 

Monocrotophos and cypermethrin were dissolved in water 

and groundnut oil respectively. The pesticide was administered 

orally through intra gastric r̂ituuation ygj^g tuberculin syringe. 

3.4.3 Acute toxicity study 

Acute toxicity study was conducted to determine the LD 

5U value i.e., the dose at which fifty per cent mortality of the 

experimental animals is observea. 

Fifty raus were randomized into five groups consisting 

of ten rats eacti and technical grade monocrotophos was 
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administered orally at the rate of 7, 10, 12 or 15 mg/ky body 

weifeht respectively, nortality was noted in all groups for 24 

hours period. 
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The LD, was calculated by graphic method (Finney, 

1932). 

in the case of cypermethrin dose related mortality was 

not observed and LD 5U value could not be computed. Therefore 

to decide the doses at which the experimental groups of rats have 

to be tested, a range finaing tetX was carried out using 

Na K ATPase activity in whole brain. A dose range of 2U0, 500 

ana BUO rag/kg body weight was administered to four groups consis

ting five rats each. Control group received only groundnut oil. 

3.4.4 Selection of doses for testing the effect on brain 

The doses of 0.2, 0.1 and 0.05 mg monocrotophos/kg 

bw/day which corresponded to 1/5, 1/10, and 1/20 of LD50 of 

monocrophos were selected to test the effects on the brain. 

Based on the range finding study 25, 50 and 75 mg 

cypermethrin/kg bw/day were chosen. 

3.4.5 Schedule of feeding the insecticaes 

Female virgin rats weighing between 150 and 200 g were 

used. Three female rats were mated overnight with a normal male 

in a cage and the following morning the vaginal smears were 

examined for the presence of spirms. Finaings spermatozoa in'the 



va>'.1na3 smear in t tii- morninj', W;IK confilclorrd ,IH O-day ol Q^, 

pregnancy (Har:iharan, 1^80). 

Each female pregnant rat was caged separately. The 

pregnant dam receaved the oral dose of Insecticide from 6th to 

13th day of pregnancy, (period of organogenesis, Rugh, 1968). 

The dose for each rat was calculated daily based on its body 

weight. The rats which served as controls received distilled 

water and groundnut oil for monocrotophos and cypermethri,n groups 

respectively. 

The dosing was resumed from the first day of delivery 

and continued till the pups were 21 days old (till weaning). 

Immediately after the birth, the pups were observed for gross 

malformations and their body weights and crown-rump length were 

recorded. 

At the age of 21 days the pups were weighed, decapi

tated, the brains were dissectea and weighed. The brains were 

stored under refrigeration. Subsequently, the brains were proce

ssed for estimation of acetyl choline esterase (AChE), Gama Amino 

butyric acid (GABA), Protein and DNA. In addition Kâ 'K̂ ra'Pase 

was also estimated in cypermethrin treated groups. 

3.4.6 Acetylcholine esterase enzyme (Fleischer and Pope 1954) 

3.4.6.1 Principle : The enzyme activity is indirectly measured 

by estimating the amount of acetylcholine remaining unhydrolysed 

at the ena of the reaction. 



The pwLcr j j r c H c n l i n ; i ( i - l y l ( i h o l l i u - n^at-Lii wlLli 

hydroxylamJne to tonn acetliydroxamiuic acid. 

(CH. ) "̂  N - CH^ CH^U - CO CH^ + NH^ OH > 

(Cli. ) "*" N - CH Cri UH + CH Co-NHoH 

+ „ ̂ ^0 Feci-
CH,Co-NHUH ireCl. > CH. C r ^ . 3 

The hydroxamJc acid forms a soluble red purple complex 
• ^# 

with ferric ions in acid solution. j*iie intensity of the colour 

is proportional to the concentration of Ach present. 

3.4.6.2 Reagents 

Phosphate buffer : 715 ml of M/15 disodium hydrogen phosphate 

(11.876 6 of Na^HPO .H„0 per litre of glass distilled water) ana-

2b5 ml of M/lf> potassium dihydrogen phosphate (9.078 g of KH PO. 

per litre of glass distilled water) were mixed together and pH of 

the solution was measured and ad-'usted to 7.2 with either M/15 

Na,,HPo, .H,,0 or KH,,PO, . 2 4 2 2 4 

Acetylcholine U.0U4 M : A stock solution (0.04 M stable in 

refrigerator) was prepared by dissolvin<. 0.7266 g of acetyl 

choline chloriae in 100 ml of an Hcl solution of P 4.0. Before 

use this solution was diluted by 9 volumes of phosphate buffer of 

7.2 pH. 

Hydroxylamine HyurocUloriae, 2 M: 13.y g of NH UH HCL is dissol

ved in 100 ml of >i,lasb ai stilled water and kept in refrigerator. 
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Sodium hydroxide, 3.1) M : 14.0 ĵ  ui NaOll waa dlbtioivtid lu iUU mi 

of glass distilled water. 

Alkaline hydroxylamine solution : Equal volumes oi the hydroxy-

lamine solution and the NaOH were mixed immediately before use. 

Hydrochloric acid : Concentrated HCl (sp. gravity 1.18) is 

diluted with 2 parts by volume of water. ^ 

Ferric chloride, 0.37 M : lU.U g Fecl^ 6 H^O is dissolved in IUU 

ml of U.l N HCl. 

U.l N HCl : 0.117 ml of concentrated Hcl was diluted to 100 ml 

with glass distilled water. 

TCA solution : 10.0 g of TCA was dissolved in 100 ml glass 

distilled water. 

3.4.6.3 Procedure : To one half of the brain 30.0 ml of 

phosphate buffer (7.2 pH; was added and the tissue was 

homogenlsea. 

For each sample two test tvjn marked test (T) and 

control (c) were taken. Into the tube marked as (T) 100 AJI of 

the tissue homo^enate was added. To both the tubes 1.0 ml of 

acetyl choline wat added. Immediately the tubes were Incubated 

for 10 minutes at 37 C in a water bath. The reaction was Imme

diately stopped in both the tubes by adding alkaline hydroxyla-

mlne solution and sliakfa;.; vigorously. Now to tlie tube marked as 

(c) 100 All of homogenate was added. After not less than one 
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minute, l.U ml of 1U% of TCA was added. 2.U ml of HCl solution 

and 1.0 ml of Feci solution were then added and ln̂  xed by 

shaking. The mixture was then f^ltered through whatman no.4U 

filter paper. The amount of unreacted Ach in each tube was 

measured by reading optical density of the colour at 540 mm. 

3.4.6.4 Calculation : The enzyme at* 'vity of each sample was 

calculated using the formula : 

Ay moles of Ach hydrolysed = 4 ( 1 - K'i/Rc) where RT and 

RC are the reading of the test and control samples .respectively. 

The enzyme activity was expressed in u moles of Ach hydrolysed by 

1.0 g of brain at 37°C in 10 minutes. 

3.4.7 SodJum PotassJura ATPase (Post and Sen, 1967) 

3.4.7.1 Principle: Sodiuu-Poi ssium adenosine triphosphatase 

(Na K ATPase) transport Na and K against concentration 

gradient at the cost of ATP molecule liberating inorganic 

pliosphate (Pi). Tiie HberaLea F' was estimated by Fiske and 

Subba Raw method (User, lybb). 

3.4.7.2 Reagents 

Enzyme preparation - One half of brain was taken in 50 ml cold 

glass distilled water and homogenised. This was placed in <ce, 

till, iurther use. 

Reaction mixture consists of 1 M Nacl (14.0 ml) 1 M Kcl (1.4 ml), 

1 M Mg Cl^ (0.3 lal), 0.5 M Tr^s HCL (10 ml) and 4.3 ml of glass 
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alstUled water (store relr i t*̂ raL(id). use U.l!) ml per O.b uil of 

assay medJum. 

30 mW. ATP : Dissolved 181.8 mg (dJsodium salt) Jn 6 ml water and 

adjusted pH to 7.4 with 0.5 M trJs base. Made up to 10 ml with 

glass distilled water and Kept frozen in small convenient 

aliquots. * 

Ouabain : 10 mm, 14.57 mg in 2 ml. Stored frozen in amber 

coloured bottles. 

; 0.02 mrt EDTA : 0.37b g in 100 ml glass distilled water. 

10% TCA in water 

Reagents for !• i ske and Subba Kao method for phosphate 

determination. 

3.4.7.3 Procedure : ATP and ouabain were thawed and kept on 

ice. To two test tubes 0.15 ml of reaction mixture, O."'' ml EDTA 

and 0.05 ml of enzyme were added. To one tube 0.05 ml 10 mm 

ouabain was added, while to the other an equal aRpunt of glass 

distilled water was added. After pre incubation for 5 minutes 

reaction was initiated with the addition of 0.05 ml of 30iaM M P . 

The reaction was terminated after a perloa of 30 mts of incuba

tion at 37 C in a water bath, / adding 0.5 ml of 10% cold .^A. 

After keeping on ice for 10 min, the tubes were centrifuged for 

15 mts. Enzyme blank was run in a similar way but enzyme was 

adaed after the addition of TCA. After centrifugation the 

supernatant was transferred to separate tubes and the phosphorus 
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was estimated by Fiske and Subba rao method (Standard graph for g'^ 

phosphorus is given Jn Fag.3). 

The enzyme activity was expressed as AS. moles ot Pi 

liberated/3U mts/g of brain tissue. 

The difference in the ac*ivity in the absence and 

presence of ouabain is taken as Na+ K+ ATPase activity. 

3.4.8 Gana amJao butyric acid 

Gama amino butyric acid in the rat brain was estimated 

by the method of Sadasivudu and Lajtha (1970). 

3.4.8.1 Reagents 

GABA standard solution - 20.62 m;' of GABA was dissolved in 100 ml 

of distillea water 

not alcohol 

Butanol : acetic acid : water (65:15:2:), mixture 

Ninhydrine (0.25%) in acetone with 1% pyridine 

75% alcohol 

75% a l c o h o l c o n t a i n i n g U.UU5% ( M.SO, . 
4 

3.4.8.2 Procedure 

3.4.8.2.1 Standard graph : Different aliquots of standard solu

tion containing 10, 20, 30 and 40 ng of GABA were spotted on 
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Whatman No.l filter paper and developed In Butanol : acetic acid 

: water solvent. The amino acid was then eluted in 3.0 ml of 75% 

alcohol containing O.U05% Cuso, after developing the colour with 

ninhyorine. The colour was read at 513 mm (Fig. 4). 

3.4.8.2.2 Estimatioa in sample: Immediately after decapita

tion, one half brain was separated and put into ice cold 80% 

alcohol. To one half of the brain 25.0 ml of 80% alcohol was 

added and homogenised. 3.0 ml of the homogenate was centrifuged. 

The clear supernatant was carefully transferred to another test 

tube and evaporated to dryness at 70-80 C. The residue was 

dissolved in 250 ul of distilled water. The amino acid content 

(GABA) was determined by paper hromatography as described in 

standard graph. 

3.4.8.3 Calculation : The amino acid content in th brain was 

calculated by extrapolating the sam])lr reading on the standard 

curve. The value being equal to the amount of GABA in 25 mi of 

the extract. The amount present in 250 ml was then calculated 

which is equivalent to the amount present in 3.0 ml of the 

homogenate. Amino acid content was finally expressed a s ^ moles 

of amino acid per gm of Wet we ,ht of brain. 

3.4.9 UNA 

3.4.9.1 Isolation of DNA ('.chneider, 1945) 

3.4.9.1.1 Principle: The procedure involves the isolation of 

DNA with hot TCA from the tissue. 
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3.4.9.Lit ReageatB 

TCA : 5% and 1U% 5n glass ci:istUlecl water 

NaCl : U.9% saline ,1n glass distilled water 

3.4.9.1.3 Procedure: To one half of the brain 10.0 ml of 0.9% 

saline was aadea and the tissue was homogenised. The homogenate 

was filtered through four layers of cheese cloth. To 5.0 ml of 

the fiIterate 5.U ml of 1U% TCA was added and then centrifuged, 

the supernatant was discarded and the residue was washed twice 

with 10% TCA followed by washinj^ w?th 3.0 ml of ethanol twice. 

After which the residue was ether extracted twice to remove the 

phospholipids. The following acid extraction was done next. 

To the residue 2.5 ml of lU/f. T' was added and after 

centrifugation the supernatant was saved and stored in a separate 

test tube (a). 5.0 ml of 5% TCA was added to the residue from 

(a) and kept at 10!' C for 15-20 min. After cooling the mixture 

it was centrifuged and the supernatant added to (a). 2.5 ml of 

5.0% TCA was added to ttie final residue and heated as above. The 

final supernatant was saved and added to (a). From the total 

10.0 ml of the clear acid extract, aliquots v.-ere used for DNA 

determination. 

3.4.9.2 Estimation of DNA (Dische, 1955) 

3.4.9.2.1 Principle: The deoxyribose moiety of UNA forms 

-hydroxy levulaldehyae in TCA solution. This reacts with 

diphenylamine to give a blue colour wh^ch can be read at 565 nra. 
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3.4.9.2.2 Reajients 

Uiache'H ReatcuL: Uiabuivu 1.0 t, ui crysLailJue ui phenyiaiai uu Jn 

100 lal iilacial acetic acid and 2.75 ml of concentrated il^SO^. 

The rea^ient is stored in the dark. 

1 N Perchloric acid. 10.»7 uil of perchloric acid "was taken and 

the voluue was made up to 100 ml. 

b ul'l WaOH : 0.02 ĵ  of HaOH was dissolved in distilled water and 

the volume was uaae upto lUU ul. 

Standard UNA solution : A stock solution was prepared by dissol

ving, 40.0 uig of calf thymus DNA ana making up the voluiae to 100.0 

ml with 5 mu NaOH. Working standards \/ere preparea by mixing 

lU.U ifll of Dî!A stock solution wi th. 1 perchloric acid and 

tieatinja at 70 C for 15 mts. 

3.4.9.2.3 Procedure: A standard curve was uade by pipetting 

different aiiquots of working stanaaras of UNA solution contai

ning 0.U5, 0.1, 0.2 and 0.5 lag UNA into clean test tv.'ies. 

Separately 1.0 ul of the acid extract was also taken into test 

tube. To this 2.0 ml of freshly prepared Uische's reagent was 

added ana the total volume iu eacn tube was maoe upto 5.0 ml with 

glass distilled v/ater. The initial turbidity formed disappeared 

graauaily. The tubes were coverea witn glass marbles and heated 

in a boiling water bath lor 15 minutes. ine solution was then 

cooled unuer Lap water aim ttie blue colour aeveloped was measured 

at 565 nm in spe(:tronic-20 against a blank treated in the same 

manner (Fig. 5). 
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3.4.9.2.4 Calculation : From the standard curve the value of UNA 

was couputea for l.U uil of extract used and finally calculated 

for the initial l.U ul of acid extract maae, this being the 

auount present in 5.U ul of the tissue extract. Final values 

were expressed as lay of DNA per gui of brain. 

3.4.10 Protein 

Protein was estimated by the method of Weichselbaum, 

1946. 

3.4.10.1 Principle: Tlie - CoNH groups in ttie protein molecule 

react with copper sulpnate in alkaline meaiuu to give purple 

colour which is then read at 34U nia. 

3.4.10.2 Reagents 

biuret Reagent : Ulssolve 4.23 g potassium soaium tartarate 

(Kl'̂ aĈ Ĥ O .4H U) 1.3 of cuprir sulphate (Cuso, 5 H O) and 2,b of 

potassium ioaide in about 3UU ul of aistilled water. Dissolve 4(J 

g of NaUH in the solution ana make up tne voluiiie to 1.0 1. 

Standard : The stanoard was preparea by aissolving 2.3 

g of Bovine serum albuuin ana making up the volume to 

LOU ul with U.y% saline. 

3% NaUH 

1U% TCA 

3.4.10.3 Procedure : To one lialf of the brain 10.U ml of 0.9% 

saline was aaaea ana tissue was homogenised. From this 0.3 ml of 
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rioi.iOi,enate was taken anu U.b i.iJ ol [U7. TCA wub aUUca to it 

tollowea by centri tu^atlon, Ttie supernatant was carefully 

ciiBcaraea ana the resJaue waa wastiea twice with acetone : ether 

(3:1) uixture followea by waahintj with ether. To the precipitate 

lU ml oi 3% NaOH was then aaaea followea by adaJtlon of 5.0 lal of 

biuret reayent. The wlxture was thoroughly mixed. After 3U 

minutes of adaltlon of biuret reagent, readings were taken at 340 

nm aj^ainst a blank containing 0.2 ml ^lass distilled water, 1.0 

ml 3% NaOri and 3.0 inl biuret reagent. The protein content from 

the all quota of brain tibbue was determined from a calibration 

curve and expres.sea aa ...̂  jjrotein per u.i of Wet weight of 

Ulssue. 

3.4.10.4 Standard graph : Different aliquots of standard protein 

solution containing 0.3, 1, 2, 3, 4 and 5 mg, of protein in 0.2 ul 

of normal saline were taK.en into clean test tubes. To each of 

these tubes was auaed l.U ml of 3% NaUH and 3.0 ml ox biuret 

reagent. Tne purple colour ueveloped was i.ieasured at 340 nm, 

against a reagent blank. h ^̂ rapn was plotted with the optical 

uensity against concentration of protein (Fig. b). 

3.5 STATISTICAL PilOCiiDUKJiS 

The statistical significance of neonatal mortality of 

pups at weaning was testeu by bNU test for proportions 

(K.ao,iyfc3). Ttie aata pertainin,, to r locheui cal changes in pup 

oral IIS was analyseo by one way analysis of variance as per 

biieaecor ana Cociiran (lyb?). 
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CHAPTER IV 

RESULTS 

The f3udings of the survey on pesticide usajie on 

vegetable crops, dissipation of uonocrotophos and cypermethrin 

residues on okra, effect of home processing on these residues and 

chanî es in certain biochemical parameters of brain in pups born 

to daQs treated with monocrotophos and cypermethrin are aetailed 

in this section. 

4.1 SURVEY 

Survey was conducted in three different regions of 

Andhra Pradesh viz., Guntur, Anakapalli and Ranga Reddy district 

categorised as high, medium ana low pesticide consuuing areas. 

The total number of farmers interviewed in Guntur, Anakapalli and 

Ranga Reddy district was 40, M and 4U respectively. Information 

regarding the followinĵ  aspects was collected with the help of an 

interview schedule-

-source of information for farmers regarding pesticide 

and its dose to be used as well as method of application 

-time interval given by the farmer between last insecti-

ciual spray anu harvest 

-training receivea in the method of application and know-

iedî e of expiry aate 
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4.1.1 Use of pesticides on vcj-.ctablc crops 

The data regarding different sources of Information on 

which a farmer depends to decide the pesticides to be used on 

vegetables is presented in Table 3. 
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Table 3: Frequency distribution of farmers regarding 
source of information on pesticides to be used 
on vegetables 

Region 

Guntur 
(n-42)* 

Anekapalli 
(n=40) 

R'K dis
trict 
(n-40) 

Total 
(n=122) 

Self 
expe
rience 

9 

7 

Jl 

27 

No. of 

Local 
far
mers 

23 

18 

lb 

61 

farmers 

Dea
lers 

ly 

14 

23 

56 

< ,)endi 

Adver
tise
ments 

1 

-

-

1 

ng on 

• Offi- Radio 
cial 
source 

5 1 

8 

_ _ 

13 1 

* No. of farmers interviewed 

A perusal of the data presented in Table 3 indicates 

that the farmers in all the re{̂ ;ions depended mostly on local 

farmers, dealers and self experience, for information regarding 

the pesticide to be used for effective control of the pests on 

vegetables. Official sources, advertisements and radio appeared 

to play Minor role. .' 



The farmers relied mobtly on their ovm experience for 

deciding the dose of the pesticide to be used (Table 4). The 

experiences of other farmers, advise of dealers were also consi

dered to some extent in aeciding the dose of pesticide to be 

sprayed on the crop. 
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Table 4: Frequency distribution of farmers' source of 
information on dose of pesticide 

No. of farmers depending for dosaĵ e of 
pesticide on 

Regi on 
Self Local Dealers Cental- Offi-
expe- far- ner cial • 
rience mers label source 

Guntur 
(a-42)* 

Anakapalli 
(n-40) 

R'R dis
trict 
(n-40) 

Total 
(n-122) 

26 

10 

16 

52 

2U 

13 

40 

12 

21 

11 

11 

13 

* No.of farmers interviewed 

The data shows tliat to i lp̂ isv̂ r uxtent farmers receive 

information from more than one source regarding dosage. 

The frequency distribution of farmers on pesticide usage 

during different stages of plant growth is presented in Table 5. 

A perusal of tliis data indicates that aii the farmers interviewed 

in Guutur and Anakapalli anu most of the farmers in Ranga Reddy 



(37) district usea pesticides at least once on each vegetable 

crop during the season. 

Table 5: Frequency distribution of farmers pesticide 
usaj^e during different stages of plant growth 

80 

Sta^e of 
Plant tirowtn 

Guntur (n=4U)* 

Trans p lant i n'̂  

Vegetative growth 

Flowering 

Fruiting 

No. of far
mers using 
pesticides 

9 

33 

29 

31 

Average No, 
of pesti
cide appli
cations 

1-3 

1-4 

1-b 

1-lU 

No. of far
mers tKsing 
more than 
recommended 

8 

21 

18 

18 

Aiiakapalli (n=42)* 

Transplanting 

Vegetative growth 

Flowering 

Frui ti ng 

J 

27 

17 

34 

1 

1-4 

1-3 

1-25 

3 

9 

6 

15 

R.R district (n=4u)* 

Transplanting b 

Vegetative growth 14 

Flowering 29 

Fruiting 21 

2-3 

1-lU 

1-3 

1-8 

6 

6 

16 

7 

* No. of farmers interviewed. 

The pesticides were less frequently used by farmers just 

efore and after transplanting in all the districts. Majority of 

those who used, exceeded the recoiAuenoea dose. 



In Guntur, uore than 30 farmers out of the 40 faruers 

Jntervieweu usea pestaciaes clurinĵ  vegetative growth, flo\/eriny 

ana fruiting ana wore tliau LU i>er cent of tliese exceeded tlie 

recoumended dose and also number of applications of pesticides. 

The number of farraers in Anakcip-'U using pesticides 

iuring vegetative growtii, flowerint, and fruiting was 27, 17 and 

34 respectively, of these 33-44 per cent exceeded the recommendea 

dose of pesticides. 

In Ranga Ready district the number of farmers us \ ig 

pesticides during vegetative growth, flowering and fruiting was 

14,2y and 21 respectively, of these 33 to 35 per cent exceeded 

the recommendea dose of pesticides. 

The data presentee in Table 6 clearly indicates that in 

all the three districts surveyea, majority of the farmers harvest 

the vegetables between 1-2 days after the insecticidal spray to 

avoia maturation of the vegetable and loss of market value. 

Kovai (cucumber) is one vegetable where fruits are harvested a 

week after the insecticidal application in Guntur district, where 

this vegetable is grown in abundance. 

The usual methods of applying pesticides were dusting or 

spraying, using hand operateu or power spv'ayers. In Anakapalli a 

cruae method of using twigs to sprinkle insecticide on plants and 

a locally maae sprayer to spray insecticide are found to be used. 

The reasons given for not using a proper sprayer were non availa

bility of sprayers in time for hire, ana the frequent blockage 
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Table 6 : Frequency distribution of fanners usslng pesticides at harvest 
and the time interval between harvest and last insecticide 
spray on veyetable crops. * 

No.of farmers Interval between last 
Vegetable Region spray and harvest 

Cuiti- Using pes- (days) 
vating ticide at 
the ve- harvest 1 1-2 3-5 5 
getable 

Beans Guntur 6* 5 - 1 - 4 
Anakapain 2 2 . z . . 
R.R,district 1 1 . . . 1 

Bittergourd Guntur 3 2 - 2 - -
R.R.district 5 4 - - 3 1 

Bottlegourd Guntur 3 2 . 2 . . 
Anakapalli 2 1 . i . > 
R.R.district 1 1 . . . i 

Brinjal Guntur 22 18 \ U - 3 
Anakapalli 29 26 2 19 5 -
R.R.district 16 10 - - 6 4 

Cabbage Anakapalli 3 - - - . . 

R.R.district 4 2 - . 2 -

Cauliflower Guntur 10 10 1 6 3 1 

Cowpea Anakapalli 6 6 - e . . 

Kovai Anakapalli 18 14 1 3 3 7 

Okra Guntur 7 5 - 5 - • 

Anakapalli 16 13 1 11 1 -
R.R.district 3 2 - 2 - -

Ridge gourd Guntur 8 5 - 5 . . 
Anakapalli .0 5 - 5 . . 
R.R.district 5 2 . . . 2 

Snakegourd Guntur 1 1 - . . i 
R.R.district 1 1 . . . 1 

Tomato Guntur 4 3 - 2 1 -
Anakapalli 16 13 .341 
R.R.district 4 4 - 3 1 -

Amaranath Anakapalli 1 1 - i . . 

Gogu Anakapalli 1 1 - 1 . . 

* No.of farmers out of 40 In Guntur, 42 in Anakapalli and 40 in Rangareddy 
districts 

82 



ot nozzle wldcli takes a iony time tlius prolonging the spraying 

operation. 

In Guntur hand operated ( back pack) sprayers were used, 

when plants were youn^ and power sprayers were used when the 

growth was dense. In Ranga Roddy district mostly hand operated 

sprayers were used. Table 7 gives the frequency distribution of 

farmers according to the source of information regarding method 

of application of pesticide. 
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Table 7: Frequency distribution of fariaers according to 
source of information regarding method of 
application 

Region 

Guntur 
(n-42)* 

Anakapalli 
(n=4U)* 

R.R dis
trict 
(n=40)* 

Total 
(n-122) 

No. of 

Self 
expe-
rieiTce 

l 

3 

5 
' (4) ** 

farmers 

Local 
far
mers 

34 

12 

38 

84 
(6y) 

gerti'-; 

Dea
lers 

5 

3 

1 

iU 
(b) 

informati 

Offi
cial 
source 

5 

23 

*" 

28 
(23) 

on from 

Through 
demons
tration 

4 

14 

2 

20 
(16) 

* No. of farmers interviewed. 
** Figures in parenthesis indicate percentage. 

A perusal of the data in Table 7 indicates that the 

influence of other farmers was tiigh in selecting the method of 

application of pesticide. Very fev7 f irmers observed a demonstra

tion of the spray operation before using aifferent sprayers. 



The awareness about the expiry date is summarised in 

Table 8. 

Table B: Frequency distribution of fariaers . regarding 
awareness of expiry date of pesticide 
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Region 

Guntur 
(n=40)* 

Aiiakapalli 
(n=42) 

R.R dis
trict 
(n=4U) 

Total 
(n-122) 

No. of farmers 
aware of expiry 

date 

50 (71) 

10 (25) 

23 (58) 

03 (52) 

No. of farmers 
aware but 
indifferent 

1 (2.5) 

-

1 (2.^) 

2 (2) 

* No. of farmers interviewed 
** Figures in parenthesis indicate percentage. 

The per cent of faruie s aware of aate of expiry was'high 

in Guntur follov/ed by Ranga Reddy District. In Anakapally only 

25% of the fariaers were aware of the date of expiry and mostly 

they CID not know about i t. 

4.2 RESIDUES OF 1«)N0CR0T0PH0S AND CYPERMETHRIN IN OKRA 

The residues of inonocrotoplios and cypermethrin in okra 

raised in experimental farm sprayed (i 0.25 kg (recotamended) and 

0.38 kg (higher dose, but frequenty used by farraers) ai/ha and 60 

g (recouimenaed) and 100 g ai/lia (higher) were determined at 0, 1, 

3, 7, 10 and 15th uay after tlie third spray. The residues were 



observed upto 15 days in case of monocrotophos and iU days for 

cypermethrJn and hence the dissipation rates were studied till 

these periods. The intervals fixeu for dissipation was mostly 

based on the rate of dissipation, i.e., the dissipation was 

faster iumediately following the spray and slower later. 

4.2.1 Residues of monocrotophos on Okra fruits 

When U.25 k^ ard (J.38 ky, ai/ha of monocrotophos was 

sprayed on okra, an initial deposit (U day) of 4.45 and 6.&6 ppm 

was observed respectively. These initial deposits reduced by 

84.5 ana 85.3 per cent on iUth day ol me spray. On 15th day 

after the spray the residues were below detectable level 

(Table 9). 

Table 9: Residues of Monocrotophos on Okra 

Day after Wonoc; otophos residues (ppin) 
faprayi ng 

Applied at % reduc- Applied at % reduc-
0.25 kfi t ion 0.38 kg t ion 
ai/lia ai/ha 

0 4.45 - 6.86 

1 2.96 33.5 4.12 39.9 

3 2.52 43.4 2.9b 56.6 

7 1.34 69.9 2.03 70.4 

10 0.69 84.5 1.02 85.3 

15 m ;jD NU ND 

ND : Not detectable. 
Tolerance liuit = 0.2 ppm (FAO/WHO, 1973). 



The residue J.evelK were plotted against time to obtain 

exponential type of curves. When log value of ppm of residues 

were plotted against time (days) the curves showed straight line 

relationship (Fig.7) between the two variables, which help in 

quick visualisation of the loss of residues. The linearity was 

clearly seen in regression line -oinputed with the help of regres

sion analysis of log ppn; residues and time. From the linear 

function, half life value of the insecticide and safety interval 

was inferred. However, these values were also calculated mathe

matically by using Hoskins formula (ibl) and the half life 

values were found to be 4.03 and 4.14 days for 0.25 and 0.38 kg 

ai/ha dose of spray respectively (sample calculation in Appendix 

II). 

The residues reachea the levels equivalent to tolerance 

limit of 0.2 ppm set by FAO/WHO (1973) for vegetables in 17.5 and 

19.9 days at recommended and high concentrations used in the 

present study respectively. 

4.2.2 Residues of cypennethrin on ok.ra fruits 

The residues resulting from spraying cypermethrin at two 

different concentrations on okra are presented in Table 10. 
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I 

Days 

D 0.23 kg a i / h a 

4- 0 .38 kg a i / h a 

0 0 .25 kg a i / h a 

(!i 0.38 kg a l / h a 

F i y . 7 I DISSIPATION OF MONOCROTOPHOS ON OKRA. 



Table lU: Residues of cynermethrin on okra 

Days after Cypermethrin residues (ppm) 
sprayi ng 

Applied at % reduc- Applied at % reduc-
60 y ai/ha t:'on 100 g ai/ha tion 

U 1.46 - 2.28 

1 1.U9 25.3 1.55 32.0 

3 0.56 67.6 0.96 58.3 

7 0.15 89.7 0.25 89.0 

10 0.09 93.8 0.15 93.4 

Tolerance level =0.5 ppm (USHEW 1978 a,b) 

The initial aeposits of cypermethrin on okra were 1.46 

ppm ana 2.28 ppm when sprayed (S 60 g and 100 g ai/ha respec

tively. By 10th aay after the spray about 93% of these deposits 

were lost at both the concentrations of spray. 

As in the case of monocrotophos, residues were plotteo 

against time and exponential type of curves were obtained 

(Fig.8). To obtain straight line relationship, the log values of 

ppm residues were plotted against time (days). The linearity was 

clearly seen by drawing a regression line computed with the help 

of regression analysis of log ppm residues and time. From this 

linear relationship, half life and safety intervals could be 

calculatea. However, these values were also computed using 

Hoskina formulae (1961) ana were found to be 2.41 days and 3.54 

days respectively at bU g ai/ha dobi ana 2.49 and 5.19 at ")0 g 

ai/ha dose (sample calculation in Appendix II). 
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D a y s 

a 60g a i / h a 

4. 100 g a l / h a 

^ 60 g a l / h a 

ii. 100 g a i / h a 

F i g . 8 : DISSIPATION OF CYPERM.VTHRIN ON OKRA. 



4.3 EFFECT OF liOl-Ui l>ROCESSiNG ON RESIDUE LEVELS (^Q 

The effect of home processings such as washing in plain 

water, wastiino in alkaline water, stir fryin^j, boiling in 

tamarind extract and bollinji in tamarind extract containing . 

turiaeric was studied for the okra fruits treated witli uonocroto-

phos and cypermethrin and the results ire presented in this 

section. 

4.3.1 Monocrotophos 

Okra harvested on U, 1, 3, 7 and lU days after spraying 

the field with monocrotophos v 0.25 ing and 0.3B kg ai/ha, were 

subjected to different processing vnetnods and the results are 

tabulated in Tables 11 and Table 12 and Figures 9 and lU. 

A perusal of the data presented in Tables 11 and 12 

indicate that washing in tap water could remove 58-60 per cent of 

the initial deposits of monocrotophos in both the doses. The per 

cent reiaoval of ueposit was slightly higher with processess like 

stir fryiUfa, boiling in tamarind extract with ana without 

turaeric and washing in alkalin.. water followed by stir frying. 

It was also observed that the per cent removal of residues 

decreased with ageing of residues and even lU days after spraying 

none of the cooking processes could reauce the residues below the 

tolerance limit of U.2 ppui prescrir^-d by l-'AO/WilU (iy73) for 

vegetables. Irrespective of the doses applied the removal of the 

resiuues in all the processing proceaures was almost similar. 
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4.3.2 CypenaethrJn 9 5 

Okra fruUs harvested on U, 1, 3, 7 and lU days after 

spraying the fields with cypermethrin W oU and 100 g ai/ha were 

subjected to various cooking processes and the data on effective

ness of these processes In reducing the residues are presented In 

Tables 13 and 14 and Fig. 11 and 12. 

Data presented Inuicate that washing okra fruits 

harvested on the same day of spraying, under running tap water 

could remove around 41-4b per cent of the residues. The per cent 

reiaoval of the residues due to washing was less as the number of 

days between harvest and sprayng Increased. On 7th day the 

residues were below tolerance limit after the fruits were washed, 

at both the concentrations. Washing the fruits in tap water or in 

sodium bicarbonate water followed by stir frying, could remove 

slightly high amount of residues. Boiling the washed fruits in 

tamarind extract with and without addition of turmeric, could 

remove nearly 75 to 79 per cent of residues. As In the case of 

washing, the per cent removal of residues was less with ageing of 

the residues, even with other processes. 

4.4 TOXICITY STUDIES 

The effect of oral feeding of adult rats with 

phos and cypermethrin during organogensls period of pregnancy and 

lactation on certain biochemical parameters of pup brain was 

stuaied. The biochemical parameters used were AChE, Na K ATPase 

(only for cypermethrin) GABA, DNA and protein. 
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4.4.1 Monocrotophos 

4.4.1.1 Acute toxicity study 

Clinical signs like lacrymation and salivation were 

observed even at 7 mg/k.̂  body weight dose. At 10 mg/kg body 

weight and higher Uoses the other toxic symptoms such as 

paralysis of hind limbs, diarrhoea, excessive urination, 

convulsions, ataxia and prostration were also observed. 

Table 15: Mortality of adult female rats due to acute 
dosing with monocrotophos 

Dose(mg/kg 
body wt.) 

Control 

7 

10 

12 

13 

No. of 
animals 

10 

y 

15 

15 

15 

No 

0 

1 

8 

11 

14 

Mortality LU 
% (mg/kg' 

0^ 

11.1^ 

* b 
53.33 

73.33^^ 

cd 
93.33̂ °̂ 

* 

Body wt.) 

» 

10 

Per cent mortalities with different superscripts are 
significantly different. 

P < 0.01 
* D e t a i l s of computing L^CQ by p rob i t a n a l y s i s i s given 

i n Appendix I I I . 

The m o r t a l i t y was s ign-T^cant ly high (P<0.01) when the 

dose was -increasea from 7.0 to 10 mg/kg body weight and from 10 

to 15 mg/kg body weight . 



4.4.1.2 Teratogenicity testing 

Adult female rats were given sub-acute doses i.e., U.5, 

l.U, 2.0 mg/kg body wt./day of monocrotophos during 6-15 days 

(both days •'ncluaive) of p'-egnancy and from f.irst to 21 days of 

parturition. In all the treated groups, except diarrhoea as 

indicated by soiled h^nd quarters, no other toxic symptom was 

observed in the dams through out the period. 

4.4.1.2.1 Effect on pregnant dams 

4.4.1.2.1.1 Body weight: !ue 1 ody weights of rats during 

pregnancy are presented in table 16 and Fig.13. The data shows 

that the weight gain during pregnancy in 2.U mg/kw body wt./day 

treatment group was less (P < 0.05) than those of controls. 

4.4.1.2.2 Effect on postnatal developnent: The effect of 

treating pregnant and lactating dams with monocrotophos on 

postnatal development viz., size, letter weight, neonatal deaths, 

survival of pups at 21 days age, weight gain of pups at 21 days 

of age are presented in Table 17. 

Litter size: Litter size was not affected due to treatment of • 

pregnant dams with monocrotophos at the doses tested in the 

present study. 
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birth weight and crown-rum!" Length: As -'nd̂ cated n̂ Table 17 the 

body weight and crown-rump length of the pups born to dams 

treated with (J.3, l.U and 2.0 mg monocrotophos mg/kg body wt/day 

were significantly (P < 0.01) decreased compared to pups born to 

controls. 

Neonatal deaths: In all the treated groups the neonatal death 

rate was 20% which was not dose dependent. 

Weights of pups at weaning: A perusal of data presented in Table 

17 indicated that mean body weights of the new borns, born to 

dams treated with monocrotophos were decreased significantly. 

However, only the pups born to dams treated with 2.0 mg/kg body 

wt/day had significantly (P<0.05) lower body weights even at 21 

days of age (weaning). 

Pup mortality at weaning: The number of dead pups in all the 

treated groups at weaning was significantly (P<0.01) higher 

compared to'those of control group. 

Brain weights of pups at weaninu: The brain weights of pups at 21 

days of age are delineated in Table 18. 
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Table lb : Effect of monocrotophos on brain weights of 

pups at weaning. 

Group 
(mg/kg 
boay 
wt./day) 

Control 

U.3 

1.0 

2.0 

Mean body 
wt. at 
Cg) 

+ su 

23.40+3.9 

21.25+5.8 

26.29+5.6 

16.20**+3.6 

mean 
brain wt. 

(g) 
± SD 

1.21+0.09 

1.17+0.13 

1.26+0.12 

1.06**+0.10 

Brain wt. 
as % of 
body wt. 
+ SD 

4.82+0.69 

6.19+2.2 

4.99+0.8 

6.90**+1.72 

** - P<O.Oi * 

From table 18 it can be inferred that the monocrotophos 

at 2.0 mg/kg body wt/day reduced the brain weight significantly 

(PjO.Ol) as compared to control pups. 

4.4.1.2.2 Effect on biochemical parajî ters of brain : The 

brains of 21 days old pups born to control and treated dams were 

assayed for AChE activity (Table 19) and, GABA, DNA and protein 

concentrations (Table 20). 



Table l y . lira^n AGUE a c t ' v U y of pups born to moiio-
crotophos t r e a t e d dams. 
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Treatment 
(mg/kg body 
wt . /day) 

Control 

0 . 5 

1.0 

2 . 0 

AChE , 
a c t i v i t y 

+ SD 

241.50 + 35.51 

143.08** + 12.86 

94.17** + 10.57 

63.26** + 28.69 

AChE 
% i n h i 
b i t i o n 

-

40.75 

61.01 

73.81 

1 Ai moles ACh hydrolysed by 1 g of brain tissue, at 
37°C in 10 min. • 

** - P < 0.01 

The AChE activity was significantly decreased (P<0.01) 

at all the doses tested (Fig.14) and the per cent inhibition of 

the enzyme activity showed dose dependent increase. 

The brains of pups born to dams treated with 1.0 and 2.0 

mg monocrotophos showed significantly low GABA levels when 

compared to controlt̂ . 

The DNA content of brains was significantly low at all 

the doses tested in the present study. But protein levels were 

affected only at medium and high doses of monocrotophos. The 

protein/DNA ratio though increased .̂n LI the treatment groups as 

compared to controls, this increase was only significant at 1.0 

uig kg bw/day dose. The number of cells of total brain was 

calculated (Wnmick, 1976) and it was found that the cell number 

was significantly affected due to monocrotophos treatment at all 

the three doses. 
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Table 20 : GABA, DNA and protein levels in brain of 21 days old pups born 
to monocrotophos treated dams 

« 

Treatment GABA DNA Protein Protein No.of cells 

(mg/kg/day) ( ra.ole/g (mg/g (mg/g brain) In brain + 

tissue) brain) . en + ,QNA { x„ IC^ •) 
+ SD + SO _ ^" ± SD _J_?'' ' 

Control 2.09 4.11 144.8 36.66 83.55 

iO.69 tO.98 t23.52 t8.7 - ±19.41 

0.5 1.79 3.27* 132.9 45.72 63.7 
+0.53 +0.9 ±10.53 +18.5 ±16.39 

1.0 1.22** 2.17** 122.1* 67.74** 44.5** 
+0.26 +0.82 t27.92 ±32.45 ±16.34 

2.0 0.97** 1.43** 71.69** 52.60 ± 24.0** 

+0.13 ±0.29 ±15.79 12.82 +5.44 

* P < 0.05 ; ** P < 0.01 

+ Winick 1976. 



4.4.2 Cypermethrln 

4.4.2.1 • Range finding test : initiaiiy an acute toxicity study 

was conducted to find the LU^^, but tven after several trials, 

dose related mortality could not be obtained. Therefore a range 

+ + 
finding test was conducted, using Na K ATPase as indicator of 

toxicity (Table 21) since 200 uig kjj boay weight also affected the 

+ + •• 

. Na K A'iPase levels significantly, 100+ 300 and 500 mg kg bw/day 

were decided as the doses to be given during period of organoge

nesis and lactation. However, at 100 uig/kg body wt./day itself 

the pregnant dams developed toxic symptoms on 9th day of 

pregnancy (I.e., on 3rd aay of dosing). Therefore, the doses 

were altered to lb, 30 ana 75 mg/kg body weight. 

Table 21 : Na K ATPase levels in rat brain at 
different doses of cyperiaethrin. 

110 

Dose 
(mg/kg body 
wt./day) 

Control 

200 

•00 

bOO 

No. of 
animals 

4 

5 

5 

3 

Na"*" K"*" ATPase 
(mg P/g tissue) 

+ SD 

6.81^ + 1.12 

5..'4')*' + 0.34 

4.92*̂  + 0.42 

1.47*̂  + 0.34 

P < 0.05; means with alfferent supercrlpts are 
significantly different. 

4 .4 .2.2 Teratogenicity testing : \dult female pregnant r a t s wi2re 

administered with cypermethrln at the aose ra te of 25,50 and 75 

mg/kg body wt./aay during 6-15 aays (both aays inclusive) of 

preganancy ana from f i r s t to 21st day of pa r tu r i t ion . 

file:///dult


HI 
4.4.2.2.1 Effect on pregnant dams 

4.4.2.2.1.1 Body weight: The body weight of pregnant dams 

recorded every 3 days ^s presnnted In Table 11. 

Unlike in the case of monorrotophos, administVat-'on of 

cypermethrin to pregnant dams d^d not affect the body weight 

during pregnancy (Fig.15). 

4.4.2.2.2 Effect on postnatal developflieiit : The effect of 

cypermethrin on pregnant and lactating dams on litter size, 

weight, crown-rump length, pup mortality, weights of pups at 21 

days of age are recorded in table 23. 

Litter size: A perusal of results presented in Table 23 would 

reveal that the litter size was affected at 50 mg and 75 mg/k:, 

boay wt./day dose. 

Birth weight ana crown-rump length: A highly s^gn^f^cant (P < 

U.U5) decrease in both the weight and crown-rump length at 50 and 

75 mg/kg body wt./day was observed. 

Neonatal death rate: Cypermethrin did not increase the neonatal 

death rate significantly at the doses tested in the present 

study. 
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MorLaJ-lly .iL wciii'iij,: Tin- luoiL.ilUy ol ini\)t, w.in ii I J.H ' M c.iiil I y I l O 

hich (P < (t.O^) )n W and 7S mK/k>', body wt./clay treatment Kroiip 

as compared to controls. 

Weifeht of pups at weaning: The body weight was significantly (P < 

U.Ul) affected at 25 and 5(J nig/kg body wt./day, compared to 

control. Pups in 75 mg/kg body wt treatment group showed a non 

significant decrease in body w< 'ght. 

Gross abnormalities: In the 75 mg/kg body wt./day group abnormal 

tail formation was observea in wiiree pups. The tails were short 

and rounded unlike controls where the tails were long ana 

tapering. 

Brain weight at weaning: At 21 days pupb were dissectea and brain 

weight was recorded (Table 24), AChE and Na"*" K"*" ATPase activities 

were estimated. GABA, UNA ana protein concentrations in brain 

were measured. 



Control 

25.U 

50.U 

75.0 

23.4 + 6.16 

16.y**+ 3.22 

19.0**+ 2.64 

22.1 + 4.91 

Table 24: Effect of cypermethrin on bra^n weight of 
pups a t weaning .. 

Mean body mean Brain weight 
Group weight b r a in weight as per cent 

of bpdy wt. 

1.412 + 0.14 6.30 + 1.62 

1.335* + 0.14 7.79** + 1.32 

1.294* + b . U 6.88 + 1.03 

1.394 + 0.18 6.42 + 1.21 

* P < 0.05 ; ** P < 0.01 

The b ra in weights expressed as per cent body weight 

showed an inc rease on cypermethrin t r£a tmen t . with a highly 

s i g n i f i c a n t i nc rease a t 25 mg/kg body wt . / day . 

4 . 4 . 2 . 2 . 2 . 1 Effect on biochemical pai lo ters of brain 

The AChE and Na K ATPase a c t i v i t i e s a re presented in 

Table 25 and GABA, DNA and p r o t e i n concen t r a t i ons i n the b ra in 

a re given in Table 26. 

Table 25: Brain AChE and Na"̂  K"*" ATPase a c t i v i t i e s in 
pups born to cypermethrin t r e a t e d dams 

116 

Treatment 
mg/kg bw/day 

Control 

25 

50 

75 

AChE 
acti, vi ty 

142.3 + 26.7 

109.7**+ 28.9 

77.84**jf 28.3 

72.06**+ 21.2 

Na K ATPase 
activity 

2.41 + 0.65 

1.19**+ 0.35 

1.89**+ 0.50 

1.01**+ 0.48 

1. u moles of ACh hydrolysed by 1 g of brain tissue at 
37 C in 10 minutes 

** - P < 0.01 
Uose related decrease >'n brain AChE act^v^ty was noticed 



(P<U.U5) in treated groups. The pr;-- cent inhibi t ion '(Fig. lb) ol 

the enzyme ac t iv i ty increased as the dose increased. 

Na^^ATPase ac t iv i ty was s ignif icant ly (P<0.01) 

decreased in a l l the treated groups compared to controls . 

DNA and protein concentration were s ignif icant ly 

decreased (P < 0.01) in cypermethrin treated groups. Conse

quently the protein to DNA ra t io increased s ignif icant ly in a l l 

the t reated groups. The ce l l number in the brain was .signifi-r 

cantly (P < 0.01) lowered at a l l the doses. 
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Table 26: GABA, DNA and protjein content of brain of pups born to 
cypermethrin treated dams 

Treatment 
mg/kg 
body wt. 

Control 

25.0 

50.0 

75.0 

* P < 0. 

GABA 
u moles 
g brain 

2.66 
+ 0.83 

1.85** 
+ 0.42 

1.45** 
+ 0.29 

0.92** 
+ 0.36 

05 ; P < 

DNA 
mg/g 
brai n 

3.94 
+ 1.19 

2.38** 
+ 0.39 

2.24** 
+ 0.28 

1.99** 
+ 0.33 

0.01 

Pr()ti n 

mg/g 
brain 

137.2 
+ 16.2 

101.0** 
+ 5.6 

91.1** 
+ 8.8 

Protein 

DNA 

32.99 
+ 12.28 

44.71* 
+ 8.56 

47.9* 
± 10.0 

91.39** 39.33* 
+ 5.7 + 6.12 

No. 
i 

+ 

+ 

+_ 

+ 

of cells 
n brain 
X 10 

97.0 
21.63 

45.6** 
8,27 

45.69** 
5.71 

40.0** 
11.1 



118 

§ 
H 
El 
H n 
H a 
2! 
H 

a< 

Dose in my/kg body weight/day 

Pig.16 : PER CENT INHIBITION OF BRAIN AChE ACTIVITY 
IN CYPERMETHRIN TREATED RATS. 



CUSSiUN 



CHAPTER V 

DISCUSSION 

5.1 SURVEY 

An appraisal of the resulta (Tables 3 to b) of survey 

conducteu to elicit information regaraing pest control pract^'ces 

for vefcietable crops i-evealed that farmers relied mostly on local 

farmers, dealers ano their own experience in selection of 

pesticides, doses to be useu, frequency and uethod of 

application. Tdis inuicates that there is a need for inforwation 

on pesticides use, to be ^iven to the friTaer. 

It was found that farmers could not think it unwise to 

increase the pesticide aose anu frequency of application in terus 

of both hazara to humans health and consequence of development of 

pest resistance. They were of the opinion that a dose that 

cannot kill pests cannot ao any harui to huuans. 

Fifty per cent of the farmers were unaware of the date 

of expiry ana those who were aware, occassionally bought theu 

since they were available at a lesser price. Srivastava and 

Patel (lyby) are of tiie opinion that most of the farmers beinji 

illiterate cannot reau the expiry aate written in English on the 

label anu are cueatea by dealers in this regard. 

Tiie tiiae gap betv/een tue insecticiual spray ana harvest 

of vegetables is an important factor in aeciuing the ultimate 

amounts of pesticiae resiuues reacning the consumer. But unfor-
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tunately the farmers were unable to follow the recommendations 

in this regard, as they considered that it would result in 

overripening of the vegetable crops, thus decreasing the market 

value. 

5.2 DISSIPATION OF INSECTICI'̂ ES 

5.2.1 Monocrotophos 

Monocrotophos i s one of the commonly used organophos-

phate insecticides, on vegetables. Tĥ 's insecticide was applied 

on okra crop at two different doses, viz., 0.25 kg a i/ha (recom

mended dose) and 0.3b kg ai/ha (higher dose), selected on the 

basis of farmers use. The deposits of residues on '0' day were 

4.45 and 6.86 ppm respectively (Table 9). The initial deposits 

appear to be higher. Dixit _t̂  £3̂ . (1981) have also reported 

such higher initial deposits of 3.8 and 6.25 ppm when monocroto

phos was sprayed at 0.03 and 0.05 per cent. However, Krishnaiah 

and Prasad (1978) even at a very high dose of 0.5 kg al/ha 

observed a very low initial deposits ranging from 0.23 to 0.49 

ppm in three different sets of experiments over three seasons at 

liangaiore. Reports of low initial deposits on brinjal, chilli, 

onion (Awasthi, 1986; Nandihalli and Thondadarya, 1986; 

brinivasan and Lingappa, 1986) and also high initial deposits on 

coriander, chickpea, green chillies (Jain et al.., 1987; Singh and 

Gupta, 1981; Patil and Dethe, 1984; Narkhede et al., 1977) are 

not uncommon. The low initial deposits reported by Krishnaiah and 

Prasad (197B) on okra and also our present investigations are 

higher tnan the prescribed tolerance jJmit of 0.2 ppm (FAO/WilO, 

1973). In view of these findings these vegetables should not be 
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consumed on the same day of Jnsect^cJdal spray. The reasons for 

such a wJde var5?t5ons Jn the ^n^t5al deposits are not clearly 

known. This may be due to amount of spray deposit received by. 

the fruits, use of different spraying equipment, and spraying 

conditions. 

The rate of dissipation for monocrotophos i.e., the per 

cent loss of pesticide was 33 and 39; 43 and 56; 70 and 70; and 

b4 and 85 by 1,3,7 and 10 days at 0.25 and 0.38 kg a^/ha respec

tively (Table 9). It can be seen that the residues dissipated at 

a sli ghtly faster rate at the hi gher dose compared to recommended 

dose of pesticJde application. The half life values (calculated 

after Hoskins, 1961) were 4.03 and 4.14 days and safety intrrvals 

were 17.5 and 19.9 days respectively for recommended and higher 

doses used in the present study. 

The half life and safety intervals for monocrotophos 

found in the present study are higher than the values 2.6 - 4.8 

days, half life; 14.4 - 17.1 days - safety interval reported by 

Dixit e_t al. (1981), and half life - 1.63 to 2.3 days and safety 

interval of 4 days reported by Krishnaiah and Prasad (1978). In 

the light of 0.2 ppm tolerance limits prescribed and on the 

basis of our aata a 14 to 17 oay gap between spraying of monocro

tophos and harvesting appears to be safe for consuming okra 

fruits. The residue levels were higher than the tolerance limit 

even upto 10 days and at below detectable level at , 15 days 

after application. Extensive data are available for the aeple-



Lion of monocrotoplios on iieid crops. (West lake eji ai., ly/U; 

AharonBon and Kesnick, 1971) Ind' ite sJowor diwHlpatlon rate on • 

fruits than on cereals. The systemic properties of monocrotophos 

permit the absorption ana retension of residues on fruits and 

hence slower dissipation. 

5.2.2 Cypenaethrln 

Cyperuethrin a synthetic pyrethroid insecticide, when 

aprayea at tv/o different concentrations viz., faU y ai/ha (recoia-

tnended dose) ana lUUg ai/ha (higher dose) on okra crop,, the 

initial deposits were found to be 1.46 and 2.2b ppm (Table 10). 

The initial deposits were slightly higher compared to 1.1 and 

1.3 ppm reported by Rai et al. (lybU) with the 4U and 6U g a,i/ha 

rates of application respectively. Lower initial deposits (0.93 

mg/ Kg ) was also observed on brinjal fruits sprayed with cyper-

methrin (Awasthi , 1986). liventhough the initial deposits are 

less, they are still above the tolerance level of 0.5 ppm 

(USHEW, 197b a,b). 

The ulsslpatlon of cypermethrln resulted in 23.3 and 

32.U; 67.6 and 3b.3; b9.7 ana 89.U; and 93.8 and 93.4 per cent 

less by 1,3,7 ana 10 aays at 60 and 100 g al/ha respectively 

(Table 10). Unlike with monocrotophos, the rate of dissipation 

aia not differ for the two aoses after the first aay. The half 

life's v/cre 2.4 and 2.5 days and safety perioas were 3.5 and 5.2 

aays for 60 ana iUU g ai/ha doses respectively. In brlnja^ fruits 

Awasthi (19B6) observed the fall of cypermethrln residues to 53% 
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by second harvest ,85.3% by third harvest giving half life value 1 2 3 

of 1.46 days. The rate of decrease of pyrethroid residues from 

plant material under normal conditions was influenced essentially • 

by fruit growth resulting in the rlilution of residues (Ebling, 

1903; Awasthi and Anand, ]9b3) by evaporation and photodegrada-

tion (Elliott, 1980). The non polar and non systemic properties ' 

of synthetic pyrethroids do not permit the absorption and move

ment of the residues from the site o. application and they 

remained localised on the surface of the fruit exposed to the 

processes of degradation. Hence the residues of cypermethrin 

should be removed through the aecontarnination process. 

A large body of infon ition on the levels of residuiis in 

crop commodities where cypermethrin has been used was available 

(FAO/WHO, 1980, 1985c) ana proposed maximum residue levels 

rangeo from 0.U5 to 2.U rag/kg . In addition to tliese data, a 

limitea information on residues have been published by Lauren and 

Henzel (1977), Braun e£ al. (1982), Frank et̂  al. (1982) and 

Awasthi and Anand (1983). Based on these maximum residue levels 

prescribeu,when the okra fields are sprayed with cypermethrin, 3 

to 5 days gap is necessary before harvesting. 

5.3 EFFECT OF HOME PROCESSING ON RESIDUE LEVELS 

All vegetables are generally cooked before consumption. 

Preparatory steps like blanching, steaming, peeling before 

cooking, meaium of cooking ana other *'ngredients used in cooiting 

varies with vegetables. Effect of common methoas of cooking 



followed in Andhra Pradesh for okra were used to test the effect J gi| 

of processing on residues. As vjiihlnĵ  is the first step, the 

effect of wasWiiii on residual insecticide was determined and 

was found to remove monocrotophos deposits to an extent of 58-60% 

at both the doses (Tables 11 and 12). Our results^ are in 

conformity with the findings of Krishnaiau and Prasad (1978) who 

reported a reduction of 61% residue by washing. Since the 

compound is readily soluble in water, surface residues are also 

likely to be reduced consiaerably by washing process. Such 

conclusions have been found to apply in practice. For exainnle, 

Fahey e£ al̂ . (1971) showed that a cola water wash removed 36 to 

72 per cent of monocrotophos from field treated tomatoes. 

When okra after washing was stir fried or boiled in 

tamarind extract with or without turmeric the removal of deposits 

did not show any appreciable increase (61-64%). Washing in 

alkaline water followed by stir frying (62-66%) was not gny more 

advantageous than simple washing in tap water followed by stir 

frying (61-64%) in terms of aecontamination. Monocrotophos is 

thermally unstable, decomposing readily at 73°C and above (Brown 

e_t al., 1966) and thermal decomposition is likely to play a major 

role in loss of resiaues. Since the compound is also readily 

soluble in water and most of the residues were removed, during 

washing by hydrolysis, the difference in per cent removal of 

deposits between washing ano stir frying and boiling was not 

appreciable. The per cent removal of residues was observed to 

decrease with increase in time gap between insecticidal spray and 



harvest (F̂ ii.b and 9). SimfJar ubservations were made by I P K 

Krlaiinalali ano I'ranad (I97H). HoiiocroLoplioB bohij-, ti KyBtomIc 

insecticide may ian^rate into the tissues and get firmly bouna to 

the tissues, thus making the process of uislouyin^, them and 

destruction difficult witli increasing i '" . 

As with monocrotophos, the effect of commonly used 

cooking processes on loss of residues from okra was studied for 

cypermethrin (Tables 14 and 15). Washing okra fruits (after one 

hour of spray) in tap water could reuove 41-47% residues ' nly, 

which is lesser than the removal of monocrotophos residues. This 

may be because of lesser amount of initial residues present in 

case of cypermethrin. Awasthi (1986) also reported only 30.11 to 

19.2% loss of residues in brinjal fruits through washing. When 

washed fruits were stir fried it resulted in a further 19-21% 

reduction, increasing the total resioues loss to 60-68 per cent. 

The process of washing in alkaline medium before stir frying did 

not appreciably increase the loss of resiaues (66-70%) as with 

monocrotophos residues. Boiling in tamarind extract removed 

nearly 78-79 per cent of ttie initial residues. The chemical 

constituents such as tartaric acid in the presence of high tempe

ratures may have caused this higher loss of residues. When 

turmeric was added to tamarind extract, the extent of re;,^due 

reduction was similar to that when only taiaarind extract was 

used, on '0' day of spray. However, on subsequent days the 

removal of residues was slightly higher when turmeric was used. 

Rai et_ al. (1980) have reportea a loss of 70-80% when three day 



old okra fruits were washed and bulled. The residue amounts were 1 2 6 

well below the tolerance limit of 0.5 ppu (USHEW , 1978 a,b), 

based on which they reconuaended a waiting perioa of 3 days. A 

similar effect (as witli uionocrotophos) ol uecreasing efficacy in 

removal of residues was found on ageing of the resiaues. The 

decreasing effect of these treatraents in reducing the residues 

on ageing may be due to reduced availability of the free form of 

the pesticides as the pesticides molecules become physically 

bound or conjugated with chemical constituents of the fruit skin 

and become more resistant to the decontamination process even 

with alkaline medium. Syntlictic pyrethroids are susceptible to 

alkaline hydrolytic breakdown, but are stable under acidic condi

tions (Eliott et̂  al^., 1978) and therefore washing the fruits in 

sodium bicarbonate solution enhanced the de5',radation pattern of 

the residues.,comparea to plain water washing. 

Decontamination of the insecticidal resiaues through 

various processes is essential, since decontamination through the 

• ailution of residues during fruit growth and physico-chemical 

degradation may not always be sufficient to prevent unacceptable 

levels of pesticide remaining on fruit intended for human 

* 
consumption, particularly under present conditions in India where 

there is no regular monitoring of market sampels of fruit and 

vegetables. It is therefore advisable to utilise a suitable 

decontamination process, such as those described here, on a 

regular basis as a precaution aimed at reducing the possible 

hazards of pesticiae residues. 
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5.4 TOXICITY STUDIES 

5.4.1 Monocrotophos 

Considerable amount of literature has been reported on 

LD . of monocrotophos ranging from 12 to 21 mg/kg body wt 

(Agrochemicals Hand Book, 1984; Eto, 1976; Janardhan, 1981). 

FAO/WHO (1973) reported an oral LD of 20 mg/kg body wt for 

female rats. In the present study the LDco for monocrotophos in 

female adult rats was found to be 10 mg/kg body wt. 

In the present study monocrotophos treated rats had 

shown signs of diarrhoea during pregnancy and lactation. Similar 

observations were reported with monocrotophos (Janardhan 1981) 

and DDVP (Given £t al. 1980) in adult rats. Such gastro

intestinal manifestations usually appear due to local 

anticholinesterase action in the gastro-intestinal tract. This 

may be one of the reasons for decreased body weight gain during 

pregnancy as observed in the present study (Fig.13 and Table 16). 

The litter size was not affected in any of the treated 

groups. Ramsey et^ al. (1969) immersed rats in a 1% solutitSn of an 

organo phosphate insecticide during different days of gestation 

and founa that litter size and survival of offspring until 

weaning were unaffected. A similar effect was observed in pigs 

with oral feeding of DDVP (Collins ̂ t al., 1971). It is apparent 

from the present findings and also the findings of other workers 

that the litter si 7,e is not affected by the ingested sub-acute 

doses of organophosphorus insect!ciues. However, Janardhan et al. 



(i984) found reduced i-ltter size in tlie rats treated w5 tU higlier 

dose of (2.4 mg/kg body wt) monocrotophos. 

The body weight and crown-rump length at birth were 

signjfjicantly (P < 0.05) less compared to those of control group. 

Growth retardation is a manifestation of abnormal development 

(Maclaren and MJchie, 1960). It is contended (Budreau and Singh, 

1973) that the lower birtii weight was due to availability of 

nutrients to the fetus being affected due to inhibition of 

esterases by the insecticides. Perrota and Lewis (1968) have 

shown the presence of esterases in human, guinea pig and rat 

placenta. The neonatal deaths were significantly high (P < 0.01) 

In all the treated groups (Table 17). Similar results were 

reported in rats with malathlon (Kalow and Morton, 1961) and 

methyl parathionn and DFP (Fish, 1966) and monocrotophos 

(Janardhan et ^l., 1984). 

Neonatal deaths have been attributed to diminished 

secretary function of the mammary gland, which interferes with 

nursing (Barnes and Denz, 1951) or the chemical could be excreted 

in milk without being detoxified in^the body, thus exerting toxic 

effects on the infant (Newman and Gross, 1963; and Areis et al., 

1964). It is also possible that the chemical could be excreted 

in milk and render it unpalatable to the infant (FDA, 1970). 

Crown-rump length is considered as one of mejasures of 

growth parameters in rats, other mamnals and also chicks 

monocrotophos significantly affected the crown rump length 
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adversely and recent available evidence (.Kalakumar, 198B) also 

clearly incHc.aod si )',nU'i cant accreuHc in the crown-rump len̂ tti. 

Growth retardation Js a manifestation of abnormal development and 

is stated to bo the most sensitive parameter to judge the embryo 

toxicity. The growth retardation may be due to placental 

insufficiency resulting in decreased rate of DNA synthesis during 

intra uterine perioa. 

In the present study the mean weight from birth to 

weaning was found to be reduced in 2.0 mg/kg body wt/day 

treatment group (Table 17). Eisenlord and Loquram (1965 and 1966) 

in a three generation study found a similar effect with monocro-

tophos at 12 ana 30 ppm in diet. Menzer and Casida (1965) found 

that monocrotophos i s excreted in mi Ik. when goats were orally fed 

with it. In the light of above observation it could be possible 

that a similar excretion might have occurred in rat milk, 

exerting aaverse effects on the young one or rendering it 

unpalatable to the young one (FDA, 1970). 

A dose of 20 mg/kg body wt during the period of organo

genesis of pregnancy and lactation, reduced the brain weights of 

pups at 21 days of age (Table 18). Similar decrease in brain 

weights in day-old chicks with monocrotophos "was reported 

(Kalakumar, 19bb). The decrease in the brain ceil numbers (Table 

20) might reflect the decreasea brain weights. 

In the present study the reduction in brain weight was 

accompanied by a reduction in bo,.h DNA and protein content, with 
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an IncreaHo in proLi-l n/l)NA rallo. Simi Uii- oircrts woro obstM-voil 

wJ th utethyJiizoxy ^Lliauui (WAl-l) when rats were exposed. A prenatal 

exposure oi lucs to MAl'l reduced brain growth In the first three 

days, regainJuti the normal growth after 3 days, but reduction in 

DNA persisted throughout maturity of animal. Apholate was found 

to interfere with nucleic acid and protein synthesis in male 

albino rats (Haqqui and Adami, 1979). The vulnerable period of 

development extonus nearly over the whole perinatal period. 

Particularly the brain growth spurt reaches its maximum at the 

end of the first week in the rat. This corresponds to the; late 

fetal phase of human brain development (Benesova et al_,, 1984). 

Therefore the whole period of organogenesis, and post natal 

development till weaning was chosen in rats for sub-acute 

treatment with monocrotophos. Alteration of protein synthesis in 

growing organs may produce a reduction of DNA synthesis, and 

measurement of DNA synthesis is the biochemical basis of cell 

proliferation. Since any brain growth deficit may be caused 

either by a reduction of cell numbers*or by diminution of average 

cell size, the UNA content and protein DNA ratio respectively 

were estimated in weaning rats. The perusal of data (Table 20) 

suggests that inhibition of neonatal protein synthesis adversely 

affected permanently the growth of the brain. 

The effect on rate of synthesi s of DNA seems to be more 

than that of protein as indicated by increases in protein/DNA 

ratio, which is a measure of increase in cell (Table 20) size. 
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Exposure of dams during pregnancy and lactation to mono-

crotophos decreajed the brain AChE activity (P<U.05) in pups. 

Hoffman and Silco (1984) observed a similar inhibition of brain 

ChE activity in hatchlings from mallard eggs when exposed to 

topical application of EPN on day 3 of development. Dose-

dependent oecrease n̂ brani ChE activity in day old chicks was 

reported (Kalakumar, 19Bb). When chick, embryos were exposed to 

monocrotophos during embryogenesis in vovo. Similar reduction in 

brain ChE activity has been reported in Japanese quails with 

monocrotophos (Shellenberger, 1966), rats with cyolane (Hussein 

and Abd-El Massih, 1977) and monocrotophos (Janardhan et al., 

1984), chicks (Naidu£t al., 1978) with dichlorovos. 

GABA is the most powerful inhibitory transmitter 

(system) in the mammalian brain which plays a major role in 

functioning of nervous system. The GABA concentration in the 

brain Is an indicator of the functional* state of GABA receptors. 

In the present study the GABA levels were significantly lowered 

in groups treated with 1.0 mg/kg bw and 2 mg/kg bw (Table 20). A 

similar phenomenon has been noted by Ali and Hasan (1977), with 

dichlorvos in adult rats. Roberts and Kuriyan (1968) have 

reported that neonatal cerebral G\bA levels are generally low and . 

increase with age. In rat GABA and glutamic acid in brain 

increase dramatically during first 21-30 days of life. VernadakJs 

and Woodbury (1962) also have piu pointed a progressive increase 

in GABA and other amino ac'ds in cortical grey matter of rat 

brain from birth to 25th day. Therefore decrease in brain GABA 

J31 



levels in the present study is yet another -incticaUon of the J 3 2 

ciiaturbances oi inliibJtory bruJii laeclianJ suis consequent to 

perinatal brain ualaevelopi.ient (lienesova £t al^., iyu4). 

5.4.2 Cypenaethrin 

In the present stuu' the LD of cyperuethrin coulu not 

be arrived at, since the raortalities were not correlating with 

the dose of the cheuiical. LUc,, is known to be affected by concen-

tratJon, vehicle, temperature, age and strain of the experimental 

subjects (Coombs e_t al^., 1976). The toxic symptoms viz., splayed 

gait, tip-toe walk, with occassional tremors and convulsions 

leauing to prostration and deatn ^n severe cases of poisoning 

observed in the present study on acute dosing were similar to 

those observed by Coombs et al. (1976). 

The results of the sub acute dosing of pregnant aams 

'liuriug the period of organogenesis indicate that the body weigut 

ijaln in treated groups vjere similar to that of the controls 

(Table 22). In contrast Tesh £t al. (1978) observed a slight but 

Blgnlfleant reduction iu maternal boay weight gain at 3i) and 70 

ug/kg bw cypermethrln. . This difference could be due to 

difference in strain of rats usea. 

The avera;je litter size was reduced by 50 and 75 mg/kg 

bw (Table 23). These results are ^n accordance with those of 

Aliuea ana Gupta (1988), who reported that at lower doses (15 and 

30 ug/kg bw) cypermethrin aid not affect the litter size. 
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The neonatal deaths 5n treated groups were not sign-^f^-

intly different from those of controls. A similar result at 15 

tia 30 mii/kfe body wt doses was reported by Atimed and Gupta 

lybB). 

In the present study the mean litter weight and crown-

ump length at birth were significantly less in 50 and 75 mg/kg 

ody wt/day treatment groups. Hend et. al̂ . (1978), in a three 

eneration study found a similar decrease in total litter weight 

nd size at 500 mg/kg diet (25 mg/kg body wt) in Fib generation. 

The survival of pups at weaning was significantly less 

it the higher doses of 50 and 75 mg/kg body wt, as compared to 

controls. However the body weight gain showed an unsual trend 

fith significantly low body weight at 25 and 50 mg/kg body wt and 

10 effect at 75 mg/kg body wt. This may be due to high neonatal 

leath rate at 75 mg/kg dose compared to 25 and 50 mg/kg body 

grt/day groups. This could be the result of the fact that less 

lumber of pups were nursed by the dam during post-natal period. 

Ahmed and Gupta (198b) also recoraed a significant reduction in 

weight gain at 4, 14 and 21 days of lactation. At 30 mg/kg the 

lactation index was reported to be significantly reduced by 

Croucher et al̂ . (1985) and Swaine and Sapiets (1980) have 

reported that cypermethrin residues were present in milk when 

cows were fed cypermethrin in feed, even at as low levels as 2, 5 

and 10 mg/kg feea. The low body weight gain of pups in the 

present study may be aue to either unpalatability/insufficiency 

of milk or the adverse effects of the chemical in the growth 

process. 



The results ot tlie present study revealea decreased 

bra^n we1j.,litb in all Lreatcui ;,r(jups (Table 24) v/Uii s)gn5fJcanL 

decrease only aL 2b .uxu W i.ii,/kj, bw/uay ;-,ruups. liut, Lhu b1;,nl-

ficant reauction Jn brain \'ij3ht was recordeu unly Jn the fe,roup 

treatea wJ ta lb uiĵ /kt, bw/day. lids discrepancy coula not be 

exylaJneu and coulci be an artifact. DNA and protein content of 

brains were significantly reauceu in all the treated groups 

(Table 27). The protein to W^A ratio showed a significant 

increase in all the treatea groups. This suggests that the 

effect on cell proliferation as a consequence of decreasea, DNA 

synthesis is uuch more comparea to the effect on cell size aue to 

a (iecreaseu protein syntuesis. Protein metabolisa was shown to 

be affecteo in branchial tissue of fish (Ready and Basha 

Hohiaeen, 1988). Wherein, the total, structural and -'soluble 

proteins were shown to be significantly decreased with the 

increase in catobolic enzymes. Therefore it could be construed 

that the decrease in protein content could probably be due to 

laicrozonal stimulating effect of cyperiaethrin, resulting in 

increased metabolising enzymes. 

+ + 
The AChE as well as Na K ATPase enzyne activities 

(Table 25) were found to be inhibited due to cypermethrin. The 

AChE has been known to be inhibi-.ed to a lesser degree due to 

cypermethrin as compared to uonocrotophos. Since the organophos-

phates are specific cholinesterase inhibitors, the enzyme 

activity is a measure of toxicity of organophosphate pesticides. 

+ + 
Similarly the Ha K ATPase activity is a ueasure of toxicity due 
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to pyriithrolufi. Tiie prii.iary LargeL tiUu oi cyperuieLlir) a and ol 

pyret i i ro ia i usee l i e idos in j.cnoral i s t lie socn'uu channel , ciinihij, 

a loni^- laat iu i , yroioiit,aLi nn of tae aornially LransJent inc rease 

in bodiuu peruuabi l i Ly durini^ e x c i t a t i o n , r esu l t an t , in long 

+ + 
last:?Hi, t r a i n of r e p e t i t i v e impulses . The decreases in Na K 

ATPase a c t i v i t y was s i g n i f i c a n t a t a l l the aoses t e s t e d , but t h i s 

decrease was not d o s e - r e l a t e d . 

A a o s e - r e l a t e a aecrease in the b ra in GABA (Table 26) 

l e v e l s in a l l the t r e a t e d r a t s poiiiL to d i s tu rbances of i n h i b i 

to ry b ra in mechanisms consequent to p e r i n a t a l maldevelopiaent of 

b r a i n . 

In conclusion it can be stated that pestic!tdes are 

•» 

invariably used as one of the most effective pest control 

measures on a l l uos t a l l the food c rops . Vftien used on vege tab le 

crops they have a special significance in that they tend to leave 

higher residues by the tine they are consumed aa compared to 

other crops such as cereals, millets or pulses. This is because 

of non adherence to recommenaed crop protection schedules such as 

use of appropriate pesticides in their right concentration, 

number of applications and safety intervals. As a step towards 

reaucing the residue content before consumption different 

pretreatments before cooking and different cooking procedures 

have been reportea in literature. 

Dissipation stuQies on two most ^oauonly used pesticides 

ie., monocrotophofa and cypermethrin have revealed that since 
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safety Jutervaia rau„e Irou 10 to ly uayu ror iiouocrotophoL. ana J 1 l i b 

to 'j uayy lor cyiJcri.,uLiii > ,i, tlic ion.ier jjuiiticluc blioulu bu utiuu 

at leas t 20 aays uciore Harvest anu tiie l a t t e r can be usea 1) days 

before harvest , so that as tne safety in tervals can be Maintained 

without loosing the econouic v i ab i l i t y of the vet;etables due to 

over r i pen ing Oi the uifferent cookinti processess studied in an 

exiae^vour to seek most effective inethoos for further reducing the 

resiuue l eve l s , vmsnini^ okra cruitu prior to cooking, was vaost 

effective in case of caonocroto^juos res iaues , but cyperuethrin 

residues coula be reuoved to a niyier levels by wasuitiji the 

f ru i t s and s t i r frying or boilinji in tamarind extract with or 

without addinjj tu rue r i c . ^ 

The toxicolofeical stuuies on the offsprin^i of the aaus 

exposeci to both uonocrotophos and cypernethrin during pregnancy 

anu lac ta t ion inuicate that ttie brain paraueters such as Htikiî  

+ + 
Na K ATpase, GABA, protein anu UNA show slight to significant 

changes aepenaing on the aose LO which the animals were exposed 

pointing to laaldevelopuent of brain in young ones. The urban 

population may or uiay not be exposeu to such levels of these 

pesticides, since even if the recouuenued safety intervals are 

not auaereu to, Liie transit tiue uay cause further uegraaation of 

resiuues, specially where safety intervals are less as with 

cyperuethrin. But the rural uiasses stana greater chances of 

receiving,, vegetable crops with uiglier resiuues as the produce 

reacues tueu witaout raucli aelay after harvest. lioreover the 

exposure to pesticiues is not only through consuiuing fooas 



container!}, residues buL .iL.o miring, a,,riculLui-ai operaLioiib. U 

Jb a couuoa t^racLlce iur v/oiiien to participate in a^ricultural 

operations and thoui_,ii they uay not be actually involved in spray 

operation are exposea to these sprays either by inhalation or 

deriaal rout. If tiiis kiinu of exposure, coupled with consumption 

of fpoQB coutairtino liifah residues occurs during pregnancy or 

lactation, may forebode couipl icat' :;us in fetal development and 

development of new born. Thus there is a great need for proper 

education of those involved in agriculture regarding health 

hazards and precausions to be taken. 

Since in India the fooa habits and agricultural 

practices aiffer from region to re^jion, it is desirable to assess 

the levels of various pesticides present in composite diets of 

ui ffesrent regi ons wi th eraphasi s on rural areas and study the 

toxic effects in terms of physical and mental well being of the 

population. 
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SUMMARY 

Tl>e investibatJons carrieci out both utiaer 1:1 elo as well 

as In tne laboratory Jncluaes (:>) survey on the pesticiae use in 

three vegetable ferowin^, areas of Auahra Pradesh representing, 

uigh, oedJuia anu low pesticide consuuing area, (i1) dissipation 

of aonocrotophos ana cyperuethrin on Ukra anu effectiveness of 

various cookinji proceuures in reuuciny tlie residue levels, and 

(,Hi) teratogenic effects of uonocroptophos and cyp^raethrin 

through uonitoring of relavent bio-chemical parameters in albino 

rats. 

Tlie survey under taken in three different pesticides 

Usini^ areas of Andhra Pradesh viz., Guntur, (hijih pesticides 

consmdinb area), Anakapalli (ueaiuu pesticides consuuing area), 

and Ranga Reddy District (low pesticides consuming area) 

selecting arouuu 40 farmers as subjects from each area, clearly 

indicated dinstinct differences ^n the pesticiaes usage. In 

guntur region most of the fariaers apply higher than the recosisien-

ded uoses ana number of applications of pesticides on vegetable 

crops, whereas at Anakapalli and kanga Reddy District regions 

uostly faruers use less than tlie recouiwi ,,ued Qoses, except few 

faruers who exceed the recouuenaed doses. 

In all the tliree re-ions, safety intervals between 

application ana harvest of the proauce were not followed by the 

faruers. The source of inforiu..tion for the pesticiue to be usea 

im 



ana dose to be applieu was nostly the dealers of the pest ic ides 1 *2Q 

anu experienceci iaruers but not the o f f i c ia l sources ana 

advertisements. Few farciers are aware of the expiry date of the 

pestici'de at Auakapalli and Ranija Ready ret,ions. However at 

Guntur rejiion most of the faruers were aware about expiry date of 

pes t i c i ae . 

The diss ipat ion studies on Okra under f ie ld conditions 

for uonocrotophos applied at 0.25 kg. a . i /ha (recouuaende^ aose) , 

U.3b kfc;. a . i /ha (higher dose) ana cypermethrin 6U ana lUU y 

a . i /ha (recouiiienaed and higher aose respectively) recorded 

i n i t i a l uepoBits of 4.45 ana 6.b6 ppu for monocrotophos ana 1.40 

and 2.2b ppu for cypernithrin on Okra f r u i t s . 

Half l i f e periods for monocrotophos were 4.03 and 4.14 

days and for cypermethrin 2.41 and 3.54 aays. The t . t o l periods 

were 17-19 days for monocrotophos and 2.5 to 5 days for • 

cyperuethrin. 

Amonja the processinj^ procedures t r l e a v i z . , washing in 

running water, washing and s t i r frying, washing ana boiling in 

tauarind extract with ana without turmeric ana washing in sodiuiu 

bicarbonate water followed by s t i r frying; washing in running 

water removeu 5B to bO% of i n i t i a l uonocrotophos res idues . The 

other processin^i proceaures reuoveu 60-65% i n i t i a l aonocrophos 

deposi ts . In the subsequent aays (1,2,7 and 10 days) the effect 

of processiiiii proceourey in r-i.iovlng trie residues v/as aon, or 



iusiB aJiuJiar 1 ' kc l u lL l a i ucpoafLa, liuwcvur Lite percuuLuiie 

ruwoveu waii U'Hn. 

BoJlJnt, uitn Lamarinu e x t r a c t (with or without turuierJc) 

provea to be bes t i n reaovirii, the i n i t i a l a e p o s l t s of cypermi-

t h r i n (75 to 79%) followed by washing i n water and s t i r f ry ing 

(66 to 70%) anu washing, i n running water (41 to 47%). The ex ten t 

of the removal of r e s i u u e s appears s i m i l a r ana followed the saue 
,» 

order of the i>rocesblUc, yroceaures uurinji, the aubaequeat aays 

after application. 

In teratogenicity studies, monocrotophos was aatiimis

tered at the aose rate of U, 0.5, XO and 2 mg/kg body wt day to 

preĵ nant rats during the period of organogenesis and postnatal 

uevelopmeut. 

Monocrotophos significantly affecteo the body weight in 

the rats auring pregnancy at ^ ug/kg boay wt./day. Similarly 

mean reuuctiou in birth weight, mean crown rump length, and 

increase in neonatal deaths were sit,nif3cant at all the doses 

(0i3, 1 anu 2) of monocrotophos. Effect on the litter size by 

the pesticiae was not apparent. Pex cent survival of pups was 

significantly affected at all aoses and mean litter weight at 

weaning was affecteu only at higiier dose. 

Monocrotophos also resulteu in the uecrease in brain 

weights, AChE activity anu UwA in all the uoses. Decrease in 

GAbA and protein concentration in the brain was observeo at 
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tiijier uoses (1 ana 2 u„ Kt, bouy wt./aay) JiwJcatinj; maWeveiop-

uent of brain uurin^ post natal periou. 

For cyperiiiethrJn tne uose range of U, 25, 30 and 75 

aji/kli bouy wt./uay chosen for teratogenici ty tes t ing did aot 

affect the weight gain of daas during pregnancy. i i iaiidfly 

IJtCet' size ana per cent neonatal cieathu were not affected* 

Significant reduction in laean l i t t e r weight and ciean crown-^ruup 

length ana per cent servlval of pups of 25 days age was obsefved 

at SO and 75 mb/ltg body wt./day. Hean l i t t e r weight was s igaJ-

flcanfly affected at 25 ana 50 tig/kg body wt./d#y with abnorttsl 

t a l l fiHfB»tion (only at higher dose). 

Effects of cyperuethrin on the decrease in brain 

weights, AGhti ac t iv i ty ana UNA were similar to tnonocrotophos. 

Protein, GABA in brain decreased s ignif icant ly a t a l l dosftf, 

Protein/UhA ra t i o s igni f icant ly increased a t a l l doses. Sodit^ 

and potassilua ATP are s ignif icant ly decreased at 50 and 75 ag/kg 

body wt./dfiy indicat ing the teratogenic potent ia l of botlfe 

t^hd'pesticides. 
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metabolites of the insecticide in me uilk and tissues of 
dairy cows fed on a diet containing cypermethrin at 50 mg/kg, 
Fernhurst, Imperial chemical Industries (unpublished report 
No.RJ/0198-B). 

Talekar N S 1977 Gas liquid chromatographic determination of 
Cyano-o-phenoxy tenzyl -isopropyl-4-chlorophenyl acetate. 
Journal of the association of official analytical chemists 
60:908-910. 

Taylor J E El Fakahany E and Richelson E 1979 Long term regula
tion of muscarinic acetylcholine receptors on cultured nerve 
cells. Life Science 2J : 2181. 

Tejada A W, Magallona E D, Lokan-ilaw E B 1983 Pesticide 
residues in vegetables application of the modified approach 
to organophosphate insecticide residues in spring bean. 
Phi Hi pine Agriculturist 06, 4, 403-416 and Food Scieuce and 
Technology Abstracts 17, 8, 8J117, 1985. 

Tesh J M, Tesh S A and Davies W 1978 W L 43467 : Effects upon the 
propgress and outcome of pregnancy in rat, stock, Life 
Science Research (LSR Report No 78/SHL 2/364). 

The Agrochemicals Handbood, Royal Society of Chemistry 1984 
The University of Nottingham. NG7 2RD England. Insecticide/ 
Acaricide monocrotophos A 284/June 84. 

Tucker S B and Flannigan S A 1983 Cutaneous effects from occupa
tional exposure to fenvalerate .Archives of Toxicology :;4 ! 
195-202. 

USDHEW, Washington 1978a Agricultural chemicals News and Report 
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APPENDIX 1 

Interview schedule for information 
usage on vegetable crops 

regardi ng 1nsecti ci de 

Name of the vegetable : Date 

Season : 

Name of the farmer : 

Village : 

l)̂  strict : 

1. Area under cultivation of the crop 

2. Who recommends the insecticides 
to be used. 

3. Source of information regarding 

a) Ihe dose to be used 

1. From label on the c\>ntainer 

2. From other farmers 

3. From agricultural officers 

4. Any other 

b) The method of application 

1. From the dealer 

2. From the farmers 

3. From Agricultural officer 

4. Any other 

4. Did you receive any training in 
the method of•application? Yes/No 
If yes, state from whom training 
was received ? 
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Calculation of K-Lt,, ana T.tol. for monocrotophos residues 

2 
Days Reslaue in ppm Lo^ ppm x xy 

X y 

U 

1 

3 

7 

lU 

13 

21 

165 

4.45 

2.y6 

l.bl 

1.34 

U.by 

ND 

3.6484 

3.4713 

3.4014 

3.1271 

2.8388 

16.487U 

U 

1 

y 

49 

lUU 

139 

U 

3.4713 

1U.2042 

21.8897 

28.3880 

63.9532 

^ x 21 
X = = 4.Z 

n 'j 

^ y 16,4870 
.y = = = 3.2974 

n b 

Cirx)^ (21)'^ 
Correction factor(CF) = = = 88.2 

n 5 

£ x = 2.x - Cf = 139 - 8 8 . 2 = 7 0 . 8 

C^x) (%) (21)(16,4870) 
s^xy = £ x y - = 63.9532 

n 

= - 3 .2922 



:-xy -- b.nii 
^ = = = - ().()7<W 

2^x 7U.b 

y = a + bx 

3.2974 - a - l(U.0747) (4.2)] 

a - 3.6111 

lofe K - log t o l 
T. to l where 

•̂ 1 

loy K„ = a; K = b and 

tol * prescribea tolerance limit 

3.dill - Z.3(J1U 
= 17.5382 

-U.U747 

RL^^ or half l i f e = — ^ where K | = t> 

U.JUiU 
= = if 0 3 

U.0747 
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Ô  
H 

O 
•H 
M 

0.84 QM 
i 1 

0.92 0.9S 1 
1 — i — r 

1.04 1.06 1.12 1.15 

Log concentration 

GRAPH FOR EXPECTED PROBITS. 



169 

7 = ,1.0379; Y = = 5.3061 ; 

(£nwy) Col A • 27.4035 

C « « 7,10.3547 ; - a » 27.1805 

iEnw 
^-xx ^ 0.2230 

b = 8.0924 

y = y+b (x-x) 

LDso « 5 ' 5.306,1 + 8.0924 (x - ,1.0379) 
X • 1.000074 

Antllog of 1.000074 = 10.0 mg/kg body weight 
Fiducial 11mlts = x i t x SE(m) 

1 1 (x-x)' 
y (m) t 

b nw ^.x X 

1 1 1.00074 - 1.03'9 

— \ * 
(R..0924) 25.23 0.2230 

0.01527 (0.0396 y 60.0064) 

0.0007024 

SE(m) «Jvm = 0.0Z65 

Fiducial limits =.1.000074 + (1.96 x 0.0265) 

= ,1.00074 + U.05,194 
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