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ABSTRACT

Studies were undertaken on the survey of pesticide usage
on vegetable crops in three representative vepetable growing
areas of Andhra Pradesh, fleld experi nts on the disslpation of
monocrotophos and cypermethrin residues on Okra and effect of
various cooking procedures in minimising the residues im Okra
fruite, Toxdcological effects of monocrotophos and cyperueturin
on test subjects (albino rats) were also IJInvestigated  under
laboratory conditions. Pesticide usage survey 3in the selected
vegetable growing areas Indicated that at Guntur region (high
pesticide usage area) farmers usually gpply higher doses as well
as more number of applications than the recommended, where as at
Anakapelli {(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 gulded by the pesticides dealers for pesticide use rather

than official sources and none of the farmers observed any safety
intervals for harvest of vegetable crops.

Fleld experiment on Ckra for dissipation studies with
monocrotophos and cypermethrin applied at recommended and higher
doses recorded higher Initial deposits. Half life periods ranged
4,03 to 4.14 days and 2.41 to 3.5 days for monocrotophos and
cypermethrin respectively. Safety periods were recorded for
monocrotophos (17-19 days) compared to cypermethrin (2.5 to 5.0
days). Washing in running water was found to be best and reduced
the resldues monocroptophos by 60% where as boiling with tamarind
extract with or without turmeric proved highly effective

in
decreasing the cypermethrin fnitial deposits.

Only marginal



aifference Jncrease 3n the per coi.l removal of residuc. as
jnitial deposits or subsequent days after application was found
in other processing procedures like washing and stirfrying
washing in alkaline water and stirfrying both 3#n the case of
monocrotophos as well as cyperemthrin.

Toxicological studies, with  monocrotohpos and
cypermethrin applied oruily at 0.5, 1 and 2 mg #n the case of
former 25, 50 and 75 mg/kg bw/day in the later for the albinec
rats during or_ aao,cucaas period Indicated distinet effects on the
growth and biccuewical parametc s. Monocrotophos affected welght
galn ¥n rats during pregnancy, reduced birth wefght, 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 stuge. Adverse effects of
monocrotophos and cypermethrii- on brain size (weight), AChE,
DNA, protein/DNA ratio, GABA and number of cells in brain and Ng*

K* ATP ase (only in case of cypermethrin) in albino rats were
also investigated,
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CHAPTER 1

INTRODUCTION

In view of ever incrrasing population, massive food
production is a necessity which 1s only possible with the use of
pesticides, The risks involvea with the use of pesticides are
occupational poisoning, as weili as the dangers of pesticides
resiaues 3in the food proaucts that reach the consumer. -Though

small quantities are involved these risks cannot be jgnored.:
Concern has been expressed about the etffect of pesticides on the
environment, arising frow the agrjcﬁiLural use, Most of the
problems associated with residues can be overcome through their

juaicious use, but indiscriminate use can endanger the health of

human populatio..

The pesticide usage aay vary depending on the region
ynere the crop is grown, type of crop, economic status ana
awareness o0f the farmer. The problem of residues is turther
complicatea by the pattern of usape, aose appliea, dissipation

pattern, harvest tiwe and prevailing cliwmatic conditions,

The resiaue levels in perishable food commodities such

,
as vegetables and fruits are likely to be wore since economic
consiggrations are of priue jmportahce to the faramer than
consumer satety. The average raraer in inaja is not aware of the

health nazaras of tne resiaues. Sowe of the pesticides have been

snown to be carcinogenic, teratogenic and mutagenic and several



clinical studies have inaicated a possible drug and chemical

induced functlonal abnormalities.

Availability of pesticides free food on a scale, large
enough to feed the entire world's population is not possible in
the near future. Even after pricessing, pesticide residues are
bound to be present in the tood. Under such circumstances 1t 1s
of 1interest 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 cypermethrin, a pyrethroid
have been selected to study the biological effects. 'The major

objectives of the present study are:
1. Survey on pesticide usage on vegetable crops

2, To finvestigate the dissipation pattern of monocrotophos

ana cypermethrin residues on okra

3. To study the effect of different cooking methods in

reducing monocrotophos and cypermethrin residues in okra

4. To study the teratogenicity of monocrotophos and cyper-—
wethrin with special reference to brain development

using rats as experimental subjects.
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CHAPTER 11

REVIEW UF LITERATURE

Pesticives, besfaes c¢otributing to dncreased laru
proauctivity, also ada one aore en;ry to the long list of envi-
ronuental pollutants. vhen used Jndiscriwinately pesticides
cauge acute anu long terw toxic effects in husans, useful
anjwals, ¥ish ane biras. Even when proper;y used, because of the
persistence ana tenaency of soue coupounus to concentrate in

organisms as tney wove up the foou chain, way IJncreagse thelr

toxieity to f£ish, birds and other forus of life ipcluding wman.

in view of the hazard anu toxic erfects of. pesticihes

tne Jwportance of environmental wonitoring of pesticides was
recogniseq and codex "Maxiwum residue liunits”™ (MRLS) are recomen-
veu by the joint FAU/WHO wneeting on pesticice residues (JHPR) on
the basis of appropriate residue data obtainea wmainly from super-
viseu trials. The residue data thus obtained reflect repistered
or approved usage of pesticide in accoruance with “good apgricul-
tural practices” (GaP). Tnese way vary considerably auong
aifferent regious owing to differences in local pest control
requirenents, whicii are sue to variely of reasons. Consequently
resjoues in foou, particularly at a point close to harvest way
also vary. in estaplishing codex HNKLS, these variativns in
resfuue daue to uifreremces inm GAP are taken into account.  The
.riwary purpose of setting MRL's tor pesliciades residues in  fouu
nu  feed stults is to procect tne nealth of tue consumer, The

acceptability of couex i's §s  Juwizgea on tne bpasis of a



comparison of tne acceptable wvaily intake (ADL) established by
the JHPK, with the estiuated intake, i.e., the total amwount of a
glven residue actually ingestea caily per person, as detcruined
on the basis of suitable intake stuajes in indiviuual countries.
Intake cata from such studies, comparea with ADI help in determi-
ning the safety of foods 1 respect of pesticice residues. 'The
CCPR, the UNEP and FAO/WHU, through appropriate expert consulta-
tions, have developea puidelines to assist governments in
carrying out appropriate pesticide residues and contaminants
intake stuiies (Lacomery, 1986). Regulation of pesticides has
been .at the forefront of environwental concerns 3Jn aeveloped
nations since wid-sixties. ln the unitead states, the require-
wents for cetermining tolerance limits of crop contaminated by
pesticiae resjuues are containmed in the Foou-bruyg and Cosmetic
Act, and the Federal tood aﬁu drug aduinistration sets  these
limits. The environmental protectior Apency is also :f:nthm'i:wri
woder secbion Ul ol Lhie Food g, ano Goseaet de Aot to entablish

tolerances for pesticide resigues in raw commcoities.

In Inaia the liwlts for tolerance limits 'for pesticide
resiques JIn  food anu food commonities are approvea by central
comm] ttee for food standards uncar PFA rules, 1955 Published in
the Gazette of Inaia  (PFA, 1976). Haxioun residue limits,

however have been set for only 3] pesticides out of the 125

pesticides reglsterea. In inuia systemsatic monitoring is not

done to evaluate the levels of pesticide residues ang their

biological effects. burveys carriea ocut by Punjab Axricultural



Uriversity, Ludhiana, inaian Apricultural Hesearch Institute,
New Uelhs, 'Central Foou Techn: logy Research Institute, Mysofe',
Haryana Agricultural University, ilissar etc. (Gupta 19b5) and
some of reviews ana cowmpilations (bBinara and Kalra, 1973,
Agnihotrudu ana lfithyanta, 1978, Edward et al 1978, Gupta 1980,
Kalra and Chawla, 1981;1983 ana Gupta 1986).have clearly brought
out the wide spread occurance of pesticide residues in foouu
comaodities, the Levels of which are frequently above the legally
permltted level. Consequently, the level of residue in anjmal

tigsues anu human bouies is reported to be very high.

While in the west intensive wonitoring is done to
" estiwate the levels of pesticide resivues in both abiotic and
biotic components ol the environment, such a programwe is lacking

‘111 Inata, As a step in this uircction‘icAk has initiatea an A1l
Ilnaia Co~ordinated prograuwe on pesticide residues during the
gixth five year plan auring the year 1943 with seventeen centres
n Agricultural Unlversities and two idn ICAR Institutes.
Pesticides migrate and persist in soil, ajir and water. Therefore
pesticide residues are present in almost all the food groups
incluaing those of anfmal origin, however pesticide residues

present In vegetables are reviewed in this scction.
2.1 PESTICIDE RESIDUES IN VEGL:ABLES

Tne resiuue levels of organvcnlorine pesticides, HCH,

LT, enarin ana clelarin in Kitakyushu aistrict, Japan were

woni tored from 1Y971-74. A ricultural vs. 1 these insecticides



was banned in 1970, in Japan. HCH isoners, o @, ¥ and éJBHC
were detected in all vegetable samples taken; BHC residue
appeared in the highest levels, The proportion of each BIC
isomer in total BHC resiu es were much different from those in
the technical product. Average residue levels ofel, 3, Y and §
BHC, ajelarin, endrin and bDT were U.0U7, U.U42 and 0.010, U.0U8,
0.021, 0,01V and 0,041 ppuw in radishes anga 0.004, 0,007, 0.009,
¢.003, 0,087, 0V.031 ana 0.00Y ppm in cucumbers. Levels found in
1974 were 0,002, 0,003, 0.001, 0.001, 0.005, U.006 and O.0ULl ppm
in raaishes and 0,001, 0,00, 0.001, O.001, 0.008, 0.009 and

undetectable in cucuwbers (Suzukl et al. 1976).

These residues are tramslocated from the iJinsecticide
éontaminatea 501l to the vegetable through the roots. Residue
levels of ajelarin ana endrin trequeisly exceeaed the ﬁ;stivide
tolerance liwits of Japan, but DDT residues were only slightly
ébove the specified levels. Narayamwa et al (1986) carried out
extensive survey of pesticide (organophosphate and organochlorine
pesticides, acariclaes and fungicides etc) residuesluurinb 1984-
86, in fruits and vegetables from Japanese mwarkets; Radish,

spinach and celery uppeared to be the vegetables uwost prone to

resjdues and orauyes and strawberry, the frult wost atffectea,

Data obtained in Japan between 1972 and 1980 on contami~
natfon of 1foods, revealed that of a total of 4396 fruit and
vepetable samples examined, 185 vegetable samples and 427 fruit

samples  containeqg uetectable levels of  organophosphorus



pesticides. Most of the pesticide residues occured at ]pvelg
pelow 0U.ULl ppm, but some occurea at levels above those permitted
in Japan. the pesticides most rrequently detected in fruit were
fenitrothion and diazinon, with peaches, pears, grapes, apples
and cherries being most frequently contaminated while the
pesticides predominantly present in vegetables were dichlorvos,
diazinon, EPN with parsley, udo, Shungiku and spinach being most
frequencly contaminated. Tejada et al (1983) reported that the
pesticide residues detected in vegetables from Phillippines
warkets were within maximum residue fiwits or tolerance Yimits

set by other countries.

Anderson et al (1Y982) analysed approximately 12000
Swedish market sawmples of vegetables, fruits, berrriesﬁ juices
anu mwarmalades for the purpose ot ' pesticide residues, 275
samples had pesticide residues at levels exceeding Swedish
tolerance; and wost of the samples exceediny tolerances were
imported produce. Imported apples, pears, citrus fruits, carrots
and lettuces were relatively frequently contaminated. One sample
of Italian carrots exceeded tol . .rance 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. Tweniy one pesticides were detected.
Residues wost frequently found were chlorpyrifos, Methidathion,
aziuphos—ethyl, azinphos-fethyl, parathion, parathion4Methyl and
ethion. Residue concentrations exceeding 20 per cent . of the

acceptable liwit were detected mainly in importea apples, pears

'

7



and citrus fruits, twenty cight samples (27-iuwportea and one
Sweaish) exceeded the 1Ybl Swedish tolerances, the tolerances

were exceed by a factor of npto 4.t.

Analysis of market samples of vegetables from various
parts of lndia showed wide spread contamination with pesticide
residue, Agnihotri et al (1974 a,b) have analysed sixty samples
of okra, cowpea, brinjal, cauliflower, cabbage, mustard, spinach
and radish top, drawn from eight different markets of Delhi, for
walathion and organochlorine iusceticides (DBDT, DDE, Lindane,
other isowmers of BHC, Heptachlor, aldrin, Djeldrin, endrin, and
endosulfan). None of the sawples were found to contain any
detectable residues of tuese insecticides except DDT and BHC. In
very few samples even DDT and BHC wers not present. nggty per
cent of the sawples were positively above the tolerance 1l1limit.
The samples showed as high as 50 ppm or more of .BHC resiaues,

sugpesting a rather reckless use of chewical perhaps at or close

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

situations.

Three hundred and fifty samples of vegetables were
tested at Andhra Pradesh Agricultural University, Hyderabad
(Murthy and Reddy, 1978). DDT was detected in 65, HCH in 52,
kndrin in 8, endosulfan in 6 and lindane in 14 of these samples.
5ix of the 75 potato saﬁples and § okra samples had the residues

above tolerance limic.



ln 196y, b3 sawples of various vegetdbles Lrom Myderabad'
narkets were analysed and 58 sawples showea the presence of
oryancciilorine insecticide residues. (Lakshminarayana, ilenon
1969). Of these the resiuués in 21 samples exceeded the tole~
rance 1l3uits, Indicating a wide spread use and non adherence to
recoumended with holainy periods. Siuilar wmarket sawmple surveys
were carried out in subsequent years (Lakshminarayana and Menon,
1975). ' The sauples were drawn frowm Hyderabad markets. In case
of leafy vegetables 7 out of 35 (<U%) nad high residue, 111 out
of 192 samples of starchy vegetables haa residues, with high
. residues in 62 cases (32.3%). Seven different types of insecti-
| cides (aldrin, BHC, DLYT, afeldrin, endrin, heptachlor, Lindane)

: , 4

were present in these vegetables and ih several cases more tian
one insecticiae was noted on one sauple, In the case of other
vegetables (beans, okra, brinjal, cucurbits and tomato) 208
(147%) out of 442 hag residues, yet it was above tolerance 1limit

only dn 19 (4.3%). Though the chenical control of insects was

popular in these vegetables, the application seemwed to be well °

regulated and properly used,

liarket sawples of tomato, carrot, cucumber, onions and
'reaish were analysed at pesticide residue laboratory, AICKP,
'Rajenuranagar during 1986-89 for HCH, DDT, monocrotophos,
carbaryl, malathion, cyperuwethrin, fenvalerate anu deltumethrin.
The levels of residues were ranging frow (-%~12 for HICH, 0-10 for

‘upt, U=3 for wonocrotopios, 0-1U for carbaryl, U-3 for welathion,



U-U.5 For cypermethrin, fenvalerate and deltamethrin (AICRP,

1990),

In Bombay, a total of 313 samples of fourteen vegetables
were assessed and nearly half of the samples (153) were found to
be contamwinated with residues of BHC, 1indape, aldrin, dieldrin,
heptachlor, endrin and DDT. leafv vegetables had a higher
inciaence (58.6%), 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 éonta-
winants (Khandekar et al., 1982 cJteq by Lal et al., 1989). 1In
92 samples the residue levels were above FAO/WHO (1977) limite.
Nornha (1978) also réported high level of Iinsecticldes In
potatoes from Bombay markets which ranged from U0.3-7,.04 ppn.

Besides DDT, resfdues 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 organc-

chlorfne pesticice residues, Only 33 of the 140 samples showed

WIrr,  BHEC and cendosul Fan, The Wighest contamfnatfon was in okra
followed by samples of towato and chilli, Verma (l980) also
reported  wide  sproead conlaminaLlion oi cpeetables  From o Wssar
WArKet  WEEL e el bl Tt

N TRENTET it L sinnples, Ll

resiaques were bleow the tolerance liwits. Similarly samples of

vegetables fron Punjab showed negligible residues of organo-

citlorine insecticiaes (Binara and Kalra, 1973).
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However, all the 300 samples of leafy vegetables
collected from a Mysore market were founda to contain excessive
amounts of BHC (10.5 to 20 ppm, Vishweswariah ana Jayaram, 1972

citea by Lal et al., 1989). The samples analysed JIncluded,

ChenOpédium albunm, Trigonella foenunigraceem, Spinacia oleracea,

A. Polygamurs A, pangeticus. These stuties clearly showed a high

lavel of pesticifde residues in samwples collected from large

wetropolitan cities of India like Bombay, Delh? etc., where

veyetables fetch good price. It seems that the cultivators are
-* '

using pesticiues recklessly ana injuud*ciously without observing

the safe waiting periods, otherwise such high resldues are not

peseible,

Une 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. Agnihotr! et al. (1980) have
reviewea alwost 150 insecticide schequles of various field crops,

fooa grains ana vegetables, that have been evaluated from toxic

resiaue 'angle upto 1976, In most of the cases, if recoumended

practices were followed, the resiaues fell below t'» maxinuw

residue linits. Their results, clearly s'ow that required safety

walting periou was not observed. Not only this, sometimes

resiyues were repurtea wucn abuve tne inftfal deposit obtained in
the supervised trials, jnajcating that cultivators were not using

the proper dosage,

11



2.1.1 Studies on  pestlelde residue fevels o controlled

experiments

Residues data from supervised trials are the primary
source of registration of pesticides énd for setting of maximum
residue - limits (MRL is set at a level necessarily left afrer a
pesticide has been used according to goud agricultural practice).
Such data are being penerated by various agricultural wuniversi-
ties and ICAR Iinstitutions in the country (Bindra and Kalra,
1973; Agnihotrudu and Mithyantha, 1978, Edwards et al, 1978;
Agnihotri et al, 1983; Krishna Murthy, «1984). Apaft fromﬂfixing
MRL'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 and/or cypermethrin were

used on coumon vegetables have been réviewed here.

2.1.1.1 Monocrotophos

Dissipation of uwonocrotophos frow chickpea sprayed at
the pod fqrmation stage at concentrations of (.04, 0.06, (.08 and
0.l per cent was studfed (5inyh and Gupta, 1961) and samples were
taken at 0, 1, 3, 7, 11U, 20 and 44 days after the spray.
beposits from 0.U4, (.06, U.08 and 0.1 per cent concentration
were 9.42, 14.53, 16.5Y ana 21.94 ppm res; .tively. The rate of
digsipation was rapid in the begining. On the L0tk day after
gpplication, the per cent reduction in the residues showed values

91.3, 86.4, 83.3 and 80.72. The maxinum time required for the



residues to reach 0.% ppm tolerance Vimiv was 10,31, 19,00, 19.88

and 25.26 days for the four concentrations.

" When wonocrotopilos was sprayed on brinjal seedlings at
the rate of 0.0Z5 per cent the residues persisted for 8 days
(Veeravel and Bhaskaran, 1979). Srinivasan and Lingappa (1986)
studied the dissipation of monocrotophos residues in oniuvu crop,
sprayed at the rate of 0,05 and 0.075 per cent concentration.
The initial deposits were 1.02, 1.05 and 1.40 ppm on onjon tops,
during winter, sumwmer and monsoon seasons respectively ‘at :0.05
per cent spray concentration. The corresponding values for 0.075
éer cent spray concentratica were 1.94, 2.20 and 2.23 ppm. In 20
days these levels fell below the detectable limits in winter and

sunmer 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 0.6l and 0.71 ppme for

high concentration. Though ther: was depletion of residues in

the topé with lapse of time the monocrotophos residues in the.

bulb did not increase wore than the level prcesent on first day.
Hinimum dntervals of 14-20 days for onion tops and 0-i5 days for
bulbs were recommended a: waiting perio for the safe use of

" these after spraying monocrotophos.

Monocrotophos residues in coriander leaf, plant and
green gralns collected frow field, sprayed at the rate of (.04
and U.0% per cent were studied, The samples were collected 0, 1,

3, 7, 10U, 15 and 20 aays after spray. Ury grain Samples were
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collected arter 35 aays of application. An initial deposit of
7.82 and 11.59 ppm resulted from U.04 and U.06 per cent applica~
tion of wonocrotophos respectively. The residues reached the
toleranée liwit of 0.2 ppw in 14 anda 15 days, respectively indi-
cating a walting 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
U.06 per cent application respectively. The residues reached the
;tolerance Limit of 0.2 ppwm in 14 and f5 days and it was bglow
detectable levels after l6.bL and 1b6.82 days and half life vaiues
'were 3.01 and 2.73 days for (.04 and 0.06 per cent application
;respectively. The residue in green grain was below detectable
- level with 0.04 per cent spray on l0th day after application.
However, (.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 harvost no detectable residues
of wonocrotophos at both concentrations were found in dry grains

(Jain et al., 1987).

The chilli crop was protected with 4 gprays of 0.08 per
cent wonocrotophos  ab an interval ot iu ..ys starting from 20
days after transplanting. The injtial residue was 16.82 ppn
which reached below tolerance limit in 9.6 days, indicating a

walting period of IV days. The residue fell below detectable

limit by 15 vays (Patil and Dethe 1Y84),
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Nandihalli and  ‘Thondadarya (1486) alsoe  appliced
wonucrotophos on chilli crop at 2, 5, &8 and llth week after
transpiantjng at the rate of 0.45 kg ai/ha which left a residue
of 0.632 ppm after 2nd week of last spray. After fourth week of
last application the residues were not detectable. Further young

fruit had more insecticidal residue than matured fruits.

*

Narkhede et al, (1977) spriayea Nuvacron at the rate of
0.08 per cent on chilli crop. The initfal deposit on chilll
fruit was 11.97 ppm, which fell to 2.44 and 0.76 by fjrst. and

fifth day respectively,

Hetasystox (0.025%) and mwmonocrotophos (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 day:s after the second application and soybean seeds
at harvest. The initial deposits were 3.3 ppu for metasystox and
2;5 ppn for monocrotophos. The monocrotophos residues were below

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

1978).

Dixit et al, (1981) sprayed monocrotopiros at (.03 ang
(.05 per cent concentrations, at the rate of 1100 1/ha on okra
during fruit bear ng stage. A repeat application was done 20
days after the First spray. Samples ol fruit were analysed after
one hour, 3, 7, iU and 15 days for ecacih of the sprays; 'The
deposits from 0.03 ang 0.05 per cent concentrations were 2.8 and

6.25 ppm after the first spray. The percentage reduction of

15



these residues was 36.8 and 37.6 in 3 days 71 and 63.2 per cent
in 7 days and $1.5 and 82.4 in 10 days. Further no wetectable
residues of monocrotophos could be found from (.03 per cent spray
treatment after 15 days. After the second spray, the deposits
from 0.03 to 0.05 per cent concentration were 4.2 and 7.0 ppn.
They were reduced to 2.42 and 4.3 ppi in 30 days, 0.8 and 1.3 ppm
in 10 days and to below detectable limits and U.Ub ppm in 15
ays. '

Pusa Sawani variety of okra crop was sprayed with pono~
crotophos during fruiting period at (.5 kg ai/ha in three

different sets of experiments. Medium and normal . fruits were

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

of mnonocrotophos ranged from ©.23 to 0.49 ppm in different

experiments. In all the three experiments it was observed that
in four days the residues aissipated to levels below 0.2 ppm, the
tolerance limit for wonocrotophos un beans, cabbage, cauliflower

and brussels sprouts (Krishnafah and Prasad 1Y78).

The eff{icacy of monocrotophos in controlling Okra pests

was studied by Bagle (1987). Three appii. .Lions of monocrotophos

at 0.5 kg ai/ba dose were done coumencing frow 15 days after

sowing. Though wonocrotophos was found to be effective in
controlling pests of okra, resiadue levels were higher at fruiting

stage, requiring a walting period of l4 days.

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

ai/ha, 0.5 kg ai/ha and 0.07%% U.U7% on okra, beans, chillies
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and tomato. The residues were cestimated after 9, 7, 7 and 15% 7
days after the spray. The residues were 0.6, (0.26, 0.7]1 and

U.18% 6.57 ppm respectively (ALCki, Luil).

2.1.1.2 Cypermethrin

Rai et al. (1960) in their studies applied, cypermethrin

(4050 al/ha), fenvalerate (5U0Ug ai/hes, permethrin (&Uué ai/ha)

and walathion (5U0g ai/na) on okra. The ipnitial deposits of

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

fenvalerate and permethrin because of low levels of application.

_The rate of loss of cypermethrin was 5.4, 12.5 pef.cent lower
ithan fenvalerate and permethrin. 1n seven aays 8l.8 por cent was
lost at 40g ai/ha of appilication and 76.Y per cent at 6Ug aij/ha

rate of application during first spray and the corresponding loss

in the second spray was 80 and 75 p=r cent.

The insecticides permethrin (0.017%), cypermethrin
(0.015%), decamethrin (0,00375%), fenvalerate (0.0067.), DDVP

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

75 1/ha. The initial deposits of permethrin, cypermethrin,
fenvalerate and decawethrin were 5.11, 4.8, 2.3 and 1.45 ppm
respectively . The plants contained 0.035 ppm cypermethrin cven

on 10th day after application (Agnihotri et al, 1980).

Cyperuethrin was one of the several synthetic pyre-

throids tested lor effectiveness in controlling pests of brinjal

(Natekar 1967). 1t was founc to be ineffective in controlling

the brinjal pests. initial deposits were low, ranging from 0.13
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Lo V.24 ppw anu Lhe rate ol dissipation was last, requiring a

waiting period of one day.

Cyperuethrin was sprayed on okra at the rate of 60 and
100 g ai/ha and analysed after 10 days of spray. The residue

levels were U.0U} and 0.01 ppm, respectively {(ALCKP 1990{
L]

2.2 EFFECT OF PROCESSING ON RESIDUES

Very few studies on the effectiveness of both home

processing and commercial processing in reducjng‘ resjdugs of
monocrotophos and cypermethrin in vegetables have been reéorted
in literature. Xrishnaiah and 1, asad (1978) found the percentage
reduction of monocrotophos residues due to washing of okra to be

50 and 25 per cenl at O amd 3 days alter spraying,

The effect ot the varjous steps in the commercial
canning of beans (Fahey et al, 1969) and tumatoes (Fahey et al,
'1971) has been stuaied, Cold water washing of beans cffected a
27 per cent reduction and blanching.s4 | per cent reduction.
Residues in the canned beans were only ¢ per cent of the residues
in the fresh beans, the process of cold washing and lye peeling
reduced resldues in towatves by 63 per cent and 87 per cent
respectively. An 85 per cent reduction in residues of monocro-
tophos was achicved in tomato juice ang a 91 per cent reduetion

in whole tomatoes by canning.

Awasthi et al. (198b) studied the effect of treating the

brinjal with a number of chewical solutions and reported that dip
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Lreatments of ifrults wilh water, sodium chloride solution, Hcl
solution, 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 tre;tments
+
in reducing the residues was tound to decrease progressively at
the second and third harvests. As a result no significant

difference in the effect of dip'treatments in various chemical

solutions was found 3n the later stapes except with Teepol and

NaoH solutions.

Very recently the reﬁoval of 42 and 47 per cent deposits

of wonocrotophos in beans was recorded by scrubbing and washing

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

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

deposits of monocrotophos from tomato rruits by washing in 2%.

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

cooking for 15 minutes (AICRP, 1990).

Effect of cooking on loss of cypermethrin residues from
okra was studied by Rai et al (1980). Three day old ckra from
cypernethrin treated plots were water washed and boiled, This

resulted in 70-80 per cent los. of residues.
2.3 BIOLOGICAL EFFECTS OF INSECTICIDES

The wuitimate aim of analysing levels of varjous pesti-
cides Jn aifferent ecosystems is to correlate their presence to

wan's well being. In an endeavour to have a better understauding
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ol the problew posed by the pesticide residues present in  the
environment, in addition to the metabolism and wode of action of
pesticides, their interactions and resulting effects on various
body tissues have been worked in several species of. animals
including man, wherever possible. ‘fhese studies include acute,
sub acute and chronic exposure studies, reproduction, embryotoxi-
city, mutagenicity, carcinogenicity and teratogeniciLy 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 i1s beyond the scope of this &tudy,
only most relevant studies have been reviewed with specific

reference to wonocrotophos ang cypermethrin.

2.3.1 Effect of organophosphate ipsecticides

2.3.1.1 Acetylcholine esterase (AChE)

The priwary biochewical effect associated wiﬁh toxicity
caused by organophosphate péaticide is inhibition of AChE. The
normal function of AChE is to terwinate neurotransmission due to
acetyl choline that has been liberated at cholinergic nerve
endings in response to nervous stimulus. Loss of AChL activity
way leaa to a range of effects resulting from excessive erve

stimulation and culminating in respiratory failure and death

(wWilo, 1986).

Janarahan (l981) has reported a dose related inhibition

of Dbrain AChE activity in aault rats of both sexes

blood Cht activity in dogs treated orally for a period of Y0 days

and whole’
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with monocrotophos at U, 0.3, 0.0 and 1.2 mg/kg bw/day doses in
case of rats and U, 0.2, 0.5 and 1.0 mg/kg bw/day in dogs.
fowards the end ol experiuwent, some recovery in enzyme dctivicy
was observed, sugpesting an increasgd production of ChE or an

induction of detoxifying enzymnes.

Groups of Japanese quail (12 males and 12 females per
group) were fed wmonocrotophos at ¢, 0.5, 5 and 50 ppm in the diet

for three weeks. blood cholinesterase activity was depressed at

all feeding levels, while brain cholinesterase activity was’

depressed at 5 ppm and above (Shellenberger 1966),

The dietary couponents alto seem to affect the efffects
of pesticides. Indira and Kuruﬁ (1980) studied the effect of
fibre iJsolated trom Blackgraw fed at a level of 30 per cent in
the diet, on the toxic effects of malathion, in rats. It raised
the ACRE iJn the serum and brain, whish 3 decreased to a ldw
lievel by malathion, Retardation of growth of rats caused by
malathion was also prevented by blackgraw fibre. It was inter-
preted to be due to blackgram fibre which may adsorb malathion
and decrease its absorption. This may be one of the reasons for

the decreased toxic effects obscirved in the presence of fibre:

Nafdu et al. (1978) noteu a significant depression of
brain ChE activity in chicks fed 5.0, 100 and 3500 ppm of
dichlorvos, Since the usual causé of death in mampals from
organphosphate insecticide poisoning is respiratory failure

resulting in part frow a failure of the respiratory control
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sentre of the brain, Forsyth and chambers (198Y) have ianvesti-
jated the ability of rat brain to activate and subsequently
jegrade two phosphorothionate insecticides, parathion and EPN.
he findings demonstrate that brain pos;esses both phosphorothio-

i1ate activation and oxon degradation abilities, both of which may

be significant during exposure to organophosphates.

2.3.1.2 Gama Amino Butyric acid (GABA): GABA j3s formed in the
central nervous system of vertebrate organisms by the decarboxy-
lation of L—Qlutamic acid, a reaction catalysed by an L-glutamic
acid decarboxylas: (GAD-1) 4 B6 dependent enzyme. GAD-1 is
present largely in gray matter and ﬁs aésociated with pinched off
nerve en&jngs or synaptosomes (Salagani co and DeKobers 1965},
In addition to GAD-I, the occurrance of a second GAD {GAD~II) has

been reported. GAD 1Y has no apparent B6 requirement and is

associated with glia (Haber, et al, 12/- j with the nitochon~-

drial fractions of neural and non-neural tissues (Haber et al

..1970 b, ¢). 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,l963). The
‘reversible transamination of GABA with L-Ketoglutarate converts
GABA to succinic semialdehyde and is catalysed by GABA L-glutaric
acid transawinase (GAbA~Ll), : B6 aependent enzyme found largely

in grey 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 areas arc povernca by GAD activity and nol by that of
CABA=Y (koberts and Kurfyawa, lysg). The curves rcpruscnbiuu Lhe
rates of change in GABA lgvels in the guinea pig, rat, wouse and
doy brain were biph#sic. Brain GABA levels have been mwmeasured
auring developuent in the mouse, rat, guinea pig, rabbit, cat,
dog and chick. Neonatal cerebral GABA levels are generally low

and Jncrease with age. The tiume required to reach adult brain

value is variable and species dependent. 1In the rat, mouse and

rabbit brain, both glutamic acid and GABA increase dramacically
during the first 21~30 days of life; at the sawme time CGAD, anino
butyrate  awino transaminase (GABA=T) and succinate sgemialdehyde

dehydrogenase (enzywe active in Interwedliary metabolism and TCA

cycle) reach their highest levels of activity.

Bayer anug HeMurray (1967) repost 1he GABA level in rat
brain to be U.03 and V.02 moles/y wet weight of brain, at birth

anu at auult stages respectively,

Neal and lversen (196Y) studied the subcellular distri-
bution of GABA tn the cerebral cortex of rats, Thelr  resunts
support the theory of neuronal localisation of GABA and have
shown that GAD wmay be localized wainly in synapatosomes. The
large pool of glutamate consisting of presynaptic endings may be

the primary source ol GABA lor synapatic lunclion.

A reasonable interpretation of all the data obtained to
date on adult cerebelluwm is that GAbA is formed and stored in the

presynaptic endings of the basket cells and upon stimulation 1is
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released from  Lhewm  on the membranes  of  purkinje  cells. The
]
inactivation process probably consists ,of removal of GABA from

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

.GABA could be transported into 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 netabolised via the GABA-T path way.

The possibility ol pllal uplake and mcetabolism also musc
bé considered. The purkenje cells appear to be GABA neurons and
both GAD and GABA are present in their axons, possibly 1n a séate
of tranqunt from the cell body to the presynaptic endings of
these cells on deitors' neurons in the vestibular nucleus and the
cebls of the intracerebedlary nuclei, i

s also possible  that

Lhe polgi cells wmay employ GABA to uwediate their dnhibicion

(Fonnuw et al., 1Y70).

It has been sugpested that biochemical cross regulation
may exlst between an excitatory and inhibitory one (Roberts and
nattysec, 1970). 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 su .ceptible to convulsive selzures was
paralleled by a proportionately increased level of GABA

(Kurokawa et al., 1901, 1963).

Certain abnorwal conditions such 4s aduinistration of

psychotropic drugs, horwones, hypoxia, environmental deprivation

and exposure to fonizing radiation, way induce an alteration in
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thie  lovel of one or more amino aclds ln Lrajn Llusue, Bowe ol
such 3Induced changes have been extensively studied with special
reference to GABA, glutamic acid, glutawine ana aspartic acid in
order to ascertain a direct role played by this group of amino

acid in physiological Ffunctioning of the fully integrated nervous

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

Hussein et al(l9bb) have estiwated the levels of the
aminoe acid GABA ana glutamine in rat whole brain after daily
injections of cyolane (an organo gnosphate insecticide). With
1/2 LD50, an increase in the level of both GABA and glutamjne:was

noted.

Ali  and Hasan {(1Y77) have stu t.  the eifect of organc-
phosphorus insécticiue Lichlorvos on the amino acid content of
different regions of the rat brain and spinal cord, Their
stucsies vrevealed 1 significant Jlowering of taurine, GABA,
glycine, 1lysine, phenyl alawine and aspartic acid concentrations
. of different regions of the central nervous system. Dimunjtionlof
serine level was Insignificant. The results suggest that
dichlorvos~induces lowering of awino acid concentration varied in

~different regilons of brain and spinul cord.

2,3.1.3 DNA and Protefun : The protein content in the rat brain
shows 4ts most rapia increase from 6.27 per cent at 9 days to
. 7.56 per cent at 12 days followed by & reduced rate of accumula-
tion to. adult values at 30 days of the age (Pitts and Quick,

1967}, Tie approximately 2 fold iucreave in the level of protein
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in the brain of the rat Lrom birth to maturity foune by Bayer and
Mclurry (1967) was concomitant with the inversely proportional
decrease in water content reported by Vernadakis and Woodbury

(1962).

in the rat incremenis in the protein content of the
central nervous systew paralleled an increase in the activity of
sBuccinate sewialdelyde dehydrogenase from 10 days onwards (Pitts
and Quick 1967). Significant strain differences in protein

concentration in rat brain were observed by Bemnet et al (1962).

0ja (1967) studieu protein metabolism in the developing
rat brain and showed thai although the cakdown rate of brain
protein was relatively slow early 3Jn postnatal life, the
catabolic rate rose until about 14 ways of age and then
dininishea. Whi'le the rate of protein synthesis did not exhibit

4 clear cut trend, it seemea to be lowest in the adult rat.

Chanda et al (1Y73) investijated the cerebellar develop-
went in the rat after carly postnatal dawage by lethyl Azoxy
Hetnanol (MAl1). Cerebellum showed 50U per cent reduction in DNA,

RWA and protein and wet weigut.

Apholate interfered with nucleic acid and protein
ayntuésis and alkaline phosphatase, GPT and 5' nucleotidase acti-
vities when administerea at a dose rate of 0.05 wg/l00g body
wel nt in wale albino rats. 'the norwal levels were restored at

96 hour post-treatuent, They opined that the interference of
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apholate was duce to its alkylaling action, primarily on DA

(lagqui and Aahami, 1979).

Matsumol et al, (1972) treated rats with Hethyl Azoxy
Methanol {MAM). They observed reduction in foetal brain during

the first 3 days after injection of the cowpound intoe the mother

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

this period, but the reduction in DNA persisted through maturity

of the aniwal. Complete or partial inhibition of DNA synthesis

has been shown to be associatea with but not necessarily respon~

gsible for, teratogenesis in the offspring of pregnanat rats
treated with cytosine arabinoside (Ritiv. et al 1971, Scot et al.

1971).

Monocrotophos had no dysmorphogenic effect on  the
fetuses of both rats and rabbits. It could affect adversely by
reaucing fotal weight and w :n litter weight of the pups at
Bjrth. The weight of live pups at the tiwe 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,

1s an Jndication of the embryotoxicity of the pesticide

(Janardhan et al 1984).

When one or five mgfky of carbaryl was administered to

pregnant rats from llth day to the last day of gestation, no

significant decrease in ChE activity was noted in blood, brain

and liver tissues of wmother and new born pups. however, adminis~—
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tration of S50 mg/ky of carbaryl from 19th to last day of
gestation showed a decrease in enzyme activity in dams and pups

(Declune et al., 1978).

Azodrin interfered with normal  embryogenesis in

chickens, chukar patridge and bob white quajl (Schom et al.,

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

the relationship between adult and enbryonic responses. Azodrin

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

bobwhite quail. Chronic exposure of adult birds to ¢-odrin 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 wmost resistant and the quail were
least resistant to chrcnic exposure to azodrin. Yolk injected
Azodrin caused the embryos of all three species tu develop
abnormally. The chicken and chukar embryos developed a genera-
1ised achondroplasia, the quail were amuscular only. In general,
the 3 day quall embryos were most resistant to injected azodrin
and the chicken embryo least resistant. The relationship between

adult and embryo response was negative.

2.3.1.4 Hutagenecity: Bhunya and Behera (1988) have studied the
mutagenecity of monocrotophos in mouse cytogenic test systen.
Cytogenic assays like sowatic chromosnme abberation, micronucleus
test and sperm shape abnormalities were done. Comparison of
acute and chronic treatments revealed that the chewical has no

cunulative effect. Relative sensitivity of cytogenic assays has

!
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been found to be as sperushape abnormality > chromosome aberra-
tions > micronucleus. Manocrotophos has been found to be mutagenic

in the present test system.

2.3.1.5 Other cffects: lionocrotophos appears to be a strong
nephral poison causing glomerular contraction, vasodialation and
dissolution of Ilymphodial tissue to form blood-sinuses besides

hydropic degeneration of tubules (Kuwar and ranth, 1985).

Methoxychlor and Aldrin are reported to be much nore
lethal than wonocrotophos 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 methoxychlor and

aldrin by sublethal poisdning in the same fish.

Chengli et al (198Y) reported ten cases of puluonary
edema caused by acc¢idental or deliberate ingestion of DDVP, a

commonly used organophosphate insecticide.

Variations in blood parameters of the £ish, channa
punctatus when exposed to sublethal concentrations of phorate
106 (0.2 mg/l), elsan 20 per cent dust (2.0 mg/l) and bazanon 5 G
(500 mg/1) for 1>, 30, 45, 60, 75 and 90 days were reported by
Chakrabarthy and Banerjee (1Y4#). The rapid fluctuations of
blood parameters indicated the toxic cifects of these pesticides

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

control values even aiter 3 wonths, Llsan 20 per cent dust for
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erythrocytes and thrombocytes and bazonon 5 ¢ for leucocytes werc

most toxic.

Monocrotophos was administered to mice at a dose rate of
0.9, 1.8 and 3.6 mg/kg bodywelght over a period of five days and
sacrificed at 35 days following ti.- first dose. No histological
changes were found in the testis. However, at all the three
doses sperm abnormalities were observed (Vijaykumar and Janardhan

1988).

Roberts (1974) and Ottevanger (1976) found low evoked
muscle potentials and low wotor nerve conductive velocity in

relation to organophosphate pesticide exposure in rats.

Electromyographic synapse testing was performed ,and
neurological Jdnformation was recorded for two groups of agricul-
tural workers. Oue group was not expoused to  pesticlde 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 grouyp.
The frequency of different types of amplitude changes was the
same in exposed groups and in the control group. Neurologzical
records showed no significant deviativus from normal, for exposed
workers. Changes 1n wuscle action potential were,

therefore,

attributed to factors outside the synapse. The authors concluded

that eletromyographical synapse testing and clinical neurological
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examination are not sensitive cnough for early detection o

latent pesticide(a) intoxdcation (Jusic et al.,, 1980).

Kortz (1977) reported tial dissociated behaviour and a

decrease in ChE followed malathion exposure. Verberk and Salle

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

& decrease in RBC ChE in man, and these low doses way cause

disturbances of nervous systew if expe:. - lasts longer.

Azodrin was reported to be toxic to adult birds,
however, there appeared to be a species difference in maximun
acceptable toxicant concentration (MATC) (Schom et al, 1972},
The MATC’s based on their hen day production, weight los, and
mortality were between 25-100 ppm in feed for chickemn, 5 and 45
ppm  for c¢hukar patriage 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 3n 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

(8chown et al., 1979)

In 1982 there were reports of high death rate of birds
in Metagorda county, Texas. On jnvestigation, it was found that
the birds died after iﬁgestion of rice treated with monocrotophos
and used 45 balts near paddy fields. The symptoms exhibited by

L]

the aying birds were luss of wuscular coordination,

tetany, outstretched wings and convulsions. The brain AchE

prostration,
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inhibition of aifected hirds ranged From 82-89  per  cent. The
rice ingested by these birds cowrained 950 ppw monocrotophos at

the time of analysis (Flickinger et al., 1984).

in Uctober, 1982 three patients of a hospital developed
organphosphate poisoning symptoms after taking coconut water and
copra. On analysis the coconut water as well as copra were found
to contain monocrotophous residues at a level of 0.34 - 0.96 ppn.
These residues are higher than the WHO recomnendued tolerance
liait of 0.2 ppum. The reasons for such high residues being, use
of monocrotophos at higher !''Jan the recommended dose a;u not
plucking the mwmature coconuts before injecting the trunks with

monocrotophos (Shanbhay, 1989).

Mammals given wmultiple doses of anti AChE organophos-
phate insecticides, develop a tolerance to the action of these
compounds. The observations that agunist resistance attends
tolerance to many anti AChLE compounds has led to the hypothesis
that  subsensitivity of the cholinergic systeuw might mediate cthe
tolerance phenomenon. Particutarly. the hypothesis that changes
in post synaptic cholinergic receptors could wediate the
development of tolerance has received the most direct empirical
support, Other hypothesis eg., induced wmetabolicsm, non specific
metabelic changes, neurochemical redquancy were not supported by
experimental evidence. Assessnent of risk of toxieity 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 wechanism by which the organism
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normalises function despite challenges from the external

environment. Huwever, its mechanism should not interfere with

other physiological functions. The loss of muscarinic receptors

found in brain of animals tolerant to organophosphates raises the

possibility that the coumplicated and delicate balance of neuronal
connections might have been altered and higher brain functions
mizht be coupromised. Taylor et al (1979) suggested that loss of
muscarinic receptors occuring after prolonged stimulation with

_an agonist way represent a pathological phenomenon.

The cholinergic systew is known to play an important
role In certain behavioural functions and wental disorders
‘(Davies et al, 1978, Weis et al 1976, Davis et al., 1978). It
wight be possible, then, that alterations of cholinergic
receptors could be associated with subtle modifigationa that
contribute to psychological and neurological impairument. Soue of
fhe symptoms reported by certain investigators, like memory
fmpairment 1n man (Gershon and Shaw 1961, Stoller et el, 1965)
might be related to alterations of the central cholinergic
systew. However, animal studies did not reveal any memory

jmpairment in a single trial avoidance task in rats sub acutely

treated with parathion.

2.3.2 Effect of Cypermethrin:
2.3.2.1 Sodium-Potassium Ademosiu. triphosphatase (ha+K*
ATPase): The active transport of sodiun and potassium is

a

fundamental and major enerpgy requiring cellular process underlyig
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the malptenance of cell voluwe, absorption processes In kldney
and intestine and exitability in nerve and muscle. In fact, wmuch
of the energy metabolism of a vafiety of cells is directed at
supplying ATP for sodium transport (Whittam 1964). In the
erythrocyte where the data are most accurate, three Na+ are
pumped outward and two K+ inward for everv ATP hydroiysed. The
Na+K+ ATPase catalyses the hydrolysis of the r-phosphate of -ATP
it

if HMg™ ', Na+ and K+ are all present, and this hydrolysis is

inhibited by cardinc glycosides, such as ouabain.

The products of ATP hvarolysis, ADP and Pi inh1b1£‘the
reaction, whereas AMP does not, although Na+ and K+ both are
required to activate the enzyme, high concentrations of either
ion will dahibit activatiovn by the other. Optimal enzyme
activity has been observed at Na+/K+ ratios between 1031 and 5:1.
The requirement for Nat 33 absolute, but numerous other ifons 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 ah action on the central nervous
system consist of sedation, ataxia, splayed gait, tip-toe walk,
with occasional tremors and convulsions. These signs of voxicity
appear within a few hours following dosing. Survivors show

L)
clinical recovery within 3 days. Factours known to influence the

oral LDSU value of cypermethrin include concentration, vehicle,

temperature, age of the a&niwals and the animal strain used

(Coombs et al, 1976).
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The 4acute toxicity of cypermethrin was approxiﬁately 3
times greater in 3 weeks old, than i 12-week old rats kROSu and
Dewar, 1978). =zijus of #ntoxication, such as hyper sensitivity
and abnormal ga’t were observed in 1600 mg cypernethrin/kg feed

for 3 months.

Coombs et al (1976) have conducted short term oral
feeding trials for 5 weeks with cypermethrin in rats, At 1506
mg/kg they observed reduced body wefght gain and food intake,
pj loerection, nervousness, 3In coordinated movement, IJIncreased
liver welght, and increases in blood urea and the Hb concentra-

tion, but no patholougical changes.

Groups of charles rfiver rats, 12 of each sex were fed
with dietary condentratjon of 0, 25, luu, 400 or 1600 mg cyperme-
thrin/kg diet for 3 months. Signs of Sntoxication such as hyper-
sensitivity and abnormal gajt were observed fn 160U mg/kg group,
during the first 5 weeks and one animal died. The survivors
showed clinical recovery Jin the second half of the study,
However, body weight gadn was reduced, 1liver, kidney welghts
increased and there ﬁere increases in plasma-urea concentration
and plasma—alkaline phospnatase act3vity and decrease Jin Hb
concentratfon 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, showed axonal breaks and vacuolization of
myeliﬁ in the sciatfc nerve. None of the survivors showed nerve
lesions and no other pathological effects were found. In the 400

mg/kg group of rats, mwales showed inrreased weights but no histo-
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pathalogical changes. No effects were found fn the 100 ug/kg
body weight group. Male and female rats were fed cypermethrin at
|dietary levels of ¢, 75, 150 or 1500 mu/ky diet, for 90 days.
:Hematology and the results of urine anal}sis were normal. Both
males and fewales receiving 1500 uy/kg showed reduced body weight
and reduced food consumption during the first month of the study.
Increased liver wono oxygenase activity was noted at 1500 wg/kg
diet in both males and females and only in males at 150 ng/kg
diet. These changes were substantially reversed within 4 weeks.
Gross microscopic exanination of tissues and organs did :not
reveal any significant difference between the treated group and
the controls. There were no changes ‘i ¢ s¢iatic nerve that

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

(Glaister et al 1977).

Hend and Butterworth (1976) in their experiments fed cis
cypermethrin to male and female rats at levels of 0, 30, 1)U,
300, 750, 1500 wmy/ky diet for 5 weeks. Mortality as well as
neurotoxic signs of poisoning were observed at 1500 mg/ky diet
level. Growth was reduced at 750 wg/kg level. Food intake
reduced during the initial phase at 300 mg/ky and more doses.

Liver weight increased at doses of 750 mg/kg and kidney weights
increased significantly at 300 mg/kg or more dose. There was
substantial degeneration of liver ana sciatic nerve at 1500

ug/ky,. No lesions were observed in brain or spinal cord.
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Beagle hounds were fed dicts containing 0, 5, HU, 5M) or
1500 mg/kg cyperumethrin/kg diet for 3 weeks. At 1500 mg/kg
severe signs of intoxication consisting of diminished food

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

the paws, whole body tremors, « stiff exaggerated gait, ataxia,-

incoordination and hyperaesthesia were observed. No changes in
haematology, organ weight and histo pathology were observed ana
despite - the severe signs of inioxication no lesjbns of the
sciatic nerve were observed in the dogs. No effects were seen at

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

McAusland g£‘§£(1978) conducter - 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  parametere like  survival, biocheuical, clinical,
" hamatology, histo pathology were not affected. 100 mg/ky diet

did not produce any toxic effecis.

Analysis of liver microsomal enzyme activity in ¢ rats
of each sex fed U or 1000 wmg cyperuethrin/kg feed for 2 vyears
showed, cypermethrin to be a weak inducer of the micreosomal
enzyme, hepatic P-nitroanisole (-diuwethylase (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 fawales were given diets containing U, 20, 150 or
1500 mg/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 weight increased, swooth endoplasmic :3{;
reticulum in hepatocytes and sone haeuetological and other slight
clinfcal changes were observed. Ho other changes or increases in
the incidence of tumours were found. The dose of 150 my/kg diet
was considered to be no~observed adverse effect level in thj§

study (US EPA 1984).

tats when fed 1500 ppu showed reduced body weight gain

and poor food consumption over the first tﬁree weeks but there
after gained welpght and ate as well as controls. The actual body
weights remained depressed throughout the study includ!ng the
recovery period (Glaister et al 19?7). When rats were fed 1500
ppa of cypermethrin there were no haematologlcal chénges other
than a slight $ncrease of the myeloid-erythrodd ratio in the bone
marrow In female rats on the top dose. There was proliferation
of hepatocyte smooth endopliasmic reticulum, IJncreased "hepatic
aninopyrine demethylase activity at 1500 ppm cypermethrin in wale
and fewmales and 150 ppu in males. Thiese changes were considered
to be due to physiologlical responses of Liver to detoxify the
cheuical more effectively and not to have any

toxicologlcal

significance.

Lindsay et al. (1982) fed mice with cypermethrin at o0,
100, 400 or 1600 ug/ky feed level. The body wedght géin was
reduced at 1000 ug/ky diet. Several haemetological changes,
consistent with a mild anaemnia were found in 1600 mg/ky group of
anfuals at the interim kill i.e., 52 weeks after initiation of

the experiment (decreasea Hb, haematocrit and RBC counts in
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males, fixed mean cell voluwe and mean cell Hb concentration in
females) but were not [ound at termination. JYhrombucytosis and
Ancreased liver weights were also observed in this group, at both
interim and terminal kills. There were no accompanying histopa-
thological changes. No effects were ohserved at dose levels of

400 mg/kg diet or less.

Cypermethrin (dissolved in corn 0il) was administered to
4 groﬁps of 8 beagle dogs of each sex ar dose levels of O, 1, 5
or 15 mg/kg body weight per day, by capsu.c, for period of - 52
weeks., The purity of the cypermethrin was 90.6 per cent. (Cia-
trans ratio, 54:46). The dogs in the highest dose group
exhibitedg loss of appetite, tremors, gait changes, incoordina-
tion, disorientation, and hyperscnsitivity. No other abuorma}j-
ties were found in the composition of the blood or urine or in
organ welghts. Doys receiving 5 wg/ky or more showed liquid
stools by this mode of adminiscration. However, this effect was
not found when cyperuethrin was fed in the diet for 2 years. No

effects were seen at 1 mg/ky (US-EPA, 1984).

Groups of % male and 4 fewale Beagle dowys were fed diets
containing 0, 3, 30 or 300 myg cypermethrin/ky feed for 2 years.
An  addftional 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 jait, whole body tremors, head

shaking, incoordination, ataxia ana conmvulsions. After 3 weeks
. .

¥
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of feeding at 750 wy/kg, the animal received the control diet,

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

were then fed a diet containing 600 myg cypermethrin/kg frowm week

8 until termination at ¢ years. Wo signu of intoxication were
observed in aoys fed dlets containing U, 3,. 30 or 300 wg/kg
during fhe course of the study. There was redﬁced body weight
gain in male dogs in the 600 mg/kg group. Clinical chemistry and
haematological investigations performed at 6-week itervals for 2
years, did not reveal any consistent ui .rence between treated
groups and controls. The wminor changes in absolute organ welght
observed in the brain and thyroid in the 300 mg/kg group were not
present when the differences vwere corrected for terminal body
welght, Furtheruwore, a dose relationship was not apparent, and

there were no accompanying histopatihological changes,

Opthalwological observations perforued auring the course
of the study did not reveal any ocular diiferences between
treated groups and control. No abnormalities were found in the
sclatic nerves, brain, or spinal cord in any of treated groups.
The feeding of diets containing upto 6U0G my cypermethrin/kg diet
to dogs for 2 years aid not reveal any treatment related gross or
histopathological effects, although the dogs receiving diets
containing lOUU mg/ky decreased to 60U mg cypermethrin/kg

showed

reduced body weight gain. Cypermethrin did not produce any

toxicological effects in doys fed dietary concentrations of 300

ug/kg feed or less, over Z years (Buckwell, 1981).
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The effects of synthetic pyrethroid pesticice cyperme~
thrin on the jmswune system were studied by Desi et al (1983).
Both humoral and cell mediated ji.aune response of rabbits and

rats was suppressed due to the cypermethrin treatment,

2.3.2.3 Persistence in tissues : Male albino rats werc treated
by oral or ¥ntra peritoneal {(3p) route with pyrethroids dissolved
in 125 wl of glycerol formal. Food was withheld for 24 hr.
before oral treatwents with a uwixture of cis-permethrin, trans-
cypermethrin, deltamethrin ana (2-RS, of{-RS8) fenvalerate (each at
3 wg/kg) In one serfes and a mixture of trans permethrin, cis-
cypermethrin, deltamethrin and (2-RS,a -RS) fenvalerate (eaclt at
3 mg/kg) $n another treatment. Residues in fat were higher and

more persistant with the cis than with the trans J3somers of

peruwethrin and cypermethrin.

Another Jnvestigation utflized administration with a
mixture of (1R)-cis and (FR) or with a mixture of cls-permethrin,
cia-cyperuethrin, deltamethrin and trans permethrin each of 5
mglkg wt. Brain analysis were carried out at 3 hours, 3 and 5
days after treatuent with the permethrin Jsomers and at 1, 3, 5
ana 7 aays after treatment with the other pyrethroids, On ip

administration the brain levels were remarkably higher with (
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IS-permethrin than with (TR} trans—perncthein,  (IR) S=clu=cyper=

wethrin, deltawcthrin and (25,6 8) fenvalerate. The high levels

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

to slow aissipation between | to 7 days (Mares et al., 1982).

Male rats were given 1.2 wg/y body weight and females were given'

2,1 mg/kg body wesght of cis/trans mixture of 14 cyclo propyi
labelled cypermethrin, as a single oral .use. Three days after
douing, low concentration of vacioactiviey was found for both
sexes Jn the kidneys, muscle, brain ang blood. The highest
levels were found in liver for males and fat in case of fewales.
Concentration in muscle, brain, were less'than 0.5 ug/kg, urinary
excretion was rapid in both sexes, approxiuvately 50-65% of the

dose bednyg excreted in 48 nours (Crawford, 1977).

When cows were fed diets containing U, 2, 5, or 10 mg
cypermethrin/ky feed with 14 c-benzyl and 14 c-cycle propyl
labelling, for 7 or 21 days, residues in the milk were (.000F,
0.012 or 0.03 wg/l of milk wostly in cream phase (Croucher et
al., 1985). Swaine and Sapiats of FAO/WHO (1982) dosed cows
daily with 0.2, 5 or 50 my cypermethrin for 29 days., Residues in

wilk were cowpdrable tv those repurtes by Croucher et al. (1985).

2.3.2.4 Reproduction, embrytoxicity and teratogenicity: Groups
of pregnant fewale sprague dawley CD rats (25 animals per group)
_ were aduinistered cypermethrin orallylﬁs 1% solution in corn oil
at doses of 0, 17.5, 35 or 70 mg/ky body weight per day, from

days 6 to 15 (inclusive) of gestation. Cypermethrin at 7.5

ug/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
70 mg/kg body weight, respectivelv, slight and significant retar-
dation of meternal body weight gain was recorded. In additionm,
at 70 mg/kg per day slight to severe neurological disturbances
were observed in nearly half of the fewales, including slight
splaying of the hind legs while wal .y ranging to severe
splaying of all limbs, involuntary movements of the jaws,
convulsive spasms, and hypersensitivity to nolse. Dispite this
maternal toxicity, there were no indications of any embryotoxic

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

Ahmed and Gupta (1988) studied reproduction toxicity of
cypermethrin in rats. The female fertility Index was signifi-
cantly reduced at 15 uy and 30 wmg/kg of cypermethrin. The
pregnancy index, average litter size, live birth index, average
gestation period and day 1, 4, 12 and 2] 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 reducéd

at day 4, 14, and 21 of lactation.

Groups of pregnant fewale banded dutech rabbits (30
controls and 20 for each dose group) were dosed orally with U, 3,
16, or 30 ug cypernethrin/kg body weiqht per day in corm’eil (by
gelatin ciapsute) during days 6-16 (inclusive) of gestation, No
influence was found on growth, pre-inplantation losses,

resorptions, fetal deaths, or nuubers and sizes of fetuses. The
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incidence of fetal visceral and/or skeletal abnormalitics was

couparable to that iun the vehicle control group, except for a

gslight dncrease in the mean percentage of fetuses showing

visceral and/or skeletal abnormalities in the group receiving 30
ng/kg body welght per day. No teratogenic effects were found in

this study (Dix, 1978).

Cyperuethrin was fed to wistar rats (30 male and 30
female per group) at a dietary concentration of 0, 10, 100 or 50U
mg/kg for 5 weeks, after whicit the males and females (10 weeks of
age) from each treatment group were mnated. Two succéssive
litters were produced from each pair. The first of these litters
was discarded, and randgon.y - selected wale andg fewale pups of
the second litters were mated to produce the mnext generation.
The study was continued until 2 litters frowm each of 3 successive
generations had been bred. The parent aniwals in the 500 wmg/kg
group consumed less food than the controls and this was accomnpa-
nled by a reduction in body weight. Otherwise, the parent
aniwals of control and treatwent ygroups behaved similarly.

Cypermethrin did not cause any adverse effects on the reproduc-

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

No consistent changes were observed in mean 1litter
weight between birth and weaning in ally treatwent group, wit. the
exception of a reduction in total litter welghts in the 500 ug/kg

giet of Fla litters on days 4, 14 and 2]. There was also a

statistically significant decrease compared with controls in

total litter weights and size in the Flb litters at 500 mg
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cypermethrin/kg diet. tn  the 500 wg/kg diet FO group, one A

animal showed 2 nquinesus cell carcinoma of the skin. llowever,
this was considered not to be related to the compound, because no
increase in tumour incidence was fgund in the long-term studies
in rats and wmice. No changes were observed in rats administered

100 wg cypermethrin/kg diet (Hend et al., 1978},

2.3.2.5 Protein metabolism : Reddy and Bashqmohidueen {1988)
have studied the toxic fmpact of cypermethrin on the protein
metﬁbolism in the branchial tissue of fish. Ther total,
structural ang soluble proteins were significantly decreased
where as the neutral pro.ease activity levels were significantly

raised with a concomitant increment in the Aspartate and alamine

aminotransfarase a4activity which showed significant elevation in

all the exposure periods. Ammonia content decreased but the urea

and the glutamine levels increased.

2.3.2.6 Studies on human subjects : HMale volunteers were each
given a single oral dose of 0.25, 0.5, 1 or 1.5 wmg cypermethrin
in odl 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 wag netabo-

lised wmore readily than the cis-isumer (kadsforth and bBaldwin,

1983).,

Vansittert et al. (l985) carried out experiments by

feeding cypermethrin over five day period and concluded that no

accuuulation in the body occured.
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In another field study in India, 18 workers, including

spraymen {spraying an euulsifiable concentrate formulation by.

mist-blower or knap-sack), mixers, and loaders, hand!cd cyperme-
thrin daily for 5 consecutive days. IMecdical examination, with
special attention to the sensory funct%on of the peripheral
nervous system, was carried out before, during, and after
spraying (Suthers and Marlow, 1981). No compound-related adverse
clinical effects of peripheral neuropathy were noticed in any of
the  workers. The wurinary excretion of the cypgrmefhrin
metabolite (methyl ester of the c¢yclopropane carboxylic . acid
moiety) increase from day 1 to 5 of the study, but decreased 24
nhours after spraying had ceased. On the f£ifth day, concentra-
tions of up to U.18 mg (average 0.1 mg) were found in the 24 hr.
urine of workers using tiie wmist-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 Inaia 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. bBxposure of 7

]

spraymen and 2 loader wixers was monitored by measuring the »%=~h

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

rates; permethrin, 150 g, a i/h a and cypermethrin, 70 g ai/ha.
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Average exposure was approxima;ely 4 nours per day Tor 5 dayn.
No compound related adverse clinical effects were noticed. The
average urinary excretion of 3~(4'nydroxyphenoxy}-benzoic acid
jncreased from day 1 to 5, but then decreased 24 hour after

spraying had ceased (flart et al., 1982),

He et al. (1Y8Y) have reviewed 573 cases of acute
pyrethrold poisoning reported in the chinese medical liteﬁature
duriny 1983-54. Of these 45 cases were of acute cypermethrin
poisoning. The clinical manifestations of acute poisoning
induced by the major kinds -f pyrethorid are very similar. ‘Apart
from the idrritative symptoms of the skin and respiratory tractl

(or digestive tracts in intestine poisoning) acute pyrethroid

poisoning is clinically characterised by abnormalities of nervous

exitabllity.

Several studies of ccupational exposure te pyrethroids
inaicate that pyrethroids cause abnormal sensations of the face
and drritative symptoms of the skin and upper respiratory tract
in some exposed subjects (Le quesne and Maxwell, 1980; Kolmodin-
Hedman et al., 1982; Tucker anaFlammigan , 1983; Keox et al.,

1984; He et al., 1989), g
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CHAPTER 1]

MATERIALS AND METH 5

The Jnvestigations formed three parts viz., (1) Survey
on the pesticide usage in three vegetable growing areas of Andhra

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

thrin on okra and eftfect of selectea processing procedures o. the

deposivs 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 CROPS

To elicit information on the pesticide usage on vege-
table crops in the major vegetable growing areas, a survey was
ungertaken in Guntur, Visakhapatnam and Ranga Reddy Districts of
Andhra Pradesh, which are ldentificd as wmaximum, medium and

winimum pesticide usage areas respectively.

At random about 4V farmers from four villages of each

district were selected and idnterviewed with the help of a

L]

schedule forsulated in the Appendix 1.

3.2 DISSIPATION STUDIES

3.2.1 Test Host

Pusa Sawani variety of Oxra (Abelmoschue esculentus) was

grown Jn the stuaents farm of College of Agriculture, Andhra

Pradesh Agricultural University, Rajenaranagar during August-

Noveuber, 1957. 'he crop was raised in sub-plots of 8x5 m. The
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plants were spaced at 30 cm within the row and 60 cm between
rows. There were 13 rows per plot. In total there were 200-210

plants in each plot.

3.2.2 Insecticider and their applications

The dissipation was studied for two insecticides viz.,

monocrotophos (phosphoric acid, dimethyl l-methyl 3 {methyl
amd no=3-oxo-1-propenyl ester), an organo phosphate and cyperme-
thrin (KS~alpha~cyano-3-phenoxy benzyl (1 RS)-Cis-Trane-3-(2, 2-
dichlorovinyl)-2, 2~dimethyl cyclopropane carboxylatg)a syanthetic
pyrethroid, which are commonly used against the pests of okra,
Monocrotophos in the form of Nuvacrom 36 per cent EC and cyperme-~
thrin 1in the form of Ripcord 10 per cent EC were supplied by
Hiinaustan CIBA-GIEGY Limited, Bombay and Natlonal Organic
Chemical Industries Limited (NOCLL), Bombay respectively for

experimental use.

Monocrotophos € (.25 and 0.38 kg ai/ha and cypermethrin
€ 60 and 100 g aj/ha were applied as ;prays. 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

aistance was wmaintalned between the plots and the okra fruits

from the border plants were not included for Sampling.
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3.2.3 Estimation of insecticide reaidues onfin okra fruits

The residues of monocrotophos and cypermethrin present
infon okra fruits were determined by colorimetric and gas chroma-
tographic methods respectively. After the third spray optimally
mature okra fruft samples (5 tu 10 cm in length) from the control
and treated plots were collected at 0 {(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

Y7.6% purity obtained frow Environmental Protection Agency,

Bombay was wused for preparation of standard solution. While

preparing standard solutions, corrections were made for the per

cent purity. A quantity of 102.5 mg of wmonocrotophos was
dissolved in 100 ml of acetone to obtaim a concentration of 1

mg/wl (1000 ppm).

A eseries of working standard solutions conteining 5 to
250 mg momocrotophos 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 made upto 5.0 ml with chiloroform 4 drop of

propylene glycol was added to each tube and the solvent was

evaporated. Then 0.4 ml each c¢f 2% 4~(P~nitro bensyl) pyridine

and cyclohexylamine were added ana air condensers were fixed,
The tubes were placed in an oil bath for 3 minutes at 175-180°C
and subsequently cooled in ice waiir bath for half minute. The

NGRAU
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condensors were removed and the contents of the tubes were
diluted by adafng 3.0 ml of aistflled ethyl acetate to each tube.
A blank was also run without the Jnsecticide solution. The
absorbance of the coloured solutions was read at 3540 ; in
Spectronic-21 agafnst the blank (Table 1). A straltght line was
obtained by plotting the ab: »rbance values against the correspon-
ainy insecticide concentrations (Fig. 1).

Table 1 : Absorbance values of monocrotophos at
various concentrations

bonocrotophes Absorbance
concentration value

(mg)

5 0.08

10 0.17

15 0.28

20 ' 0.37

25 0.47 X

3.2.3.1.2 Recovery, extraction, cleanup and determination of
inpecticide : A representative 25.0 g of sample of okra fruifts
were collected from the untreated control plots and cut into

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

insecticidal solution was added ana mixed thoroughly and left forl

two hours to facilitate absorption of the #nsecticide, Later the
samples were subjected to extraction, clean up and the Fnsecti~-

cide residues were estimated.

For extraction, the sample was blended for 3 minutes

with 50 ml of acetone and fi3ltered through buckner funnel under

n
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suction., The simple residue was transferred back to the blender
and re-extracted twice with 50 ml acetone filiering cach time.
The filterate thus collectc:® from the three extractions was
condensed to 5.0 ml after adding a drop of propylene glycol in
rotary vaccuum flash evaporator. This extract was quantitatively
transferred to a 500 ml separating funnel and to it 10 ol
distilled water, 5 ml cnloroform, LU-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
winutes. The lower layer of chloroform was passed through a
funnel containing anhydrous sodium sulphate over laid on a cotton
plug. The aquecus phase was apain extracted with fresh 10-15 ml
chloroform and above procedure was repeated. The chloroform

extract was evaporated to'a volume of 5 nl.

For the clean up of the above*extract 0.5 g of attivated
charcoal was added and mixed well. A glass column of 4Ucm length
and 2 cm diameter was taken and packed with a column packing
consisting of 30 cm layer of anhydrous sodium sulphate over laid

with 5.0 em layer of aésorptjon 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

vere determined.

For the determination -1 residues 5.0 ml of the above

clear elute was taken ana ssme proceaure was followed as per the

standard cure. The absorbance values were interpolated on the

standard curve and the residue confent was expressed as mg of

3



pesticide residuc  per  ky of the okra frait. The perceculage

recovery of insecticide was calculated from this value (Table 2).

Table 2 : Recovery of monocrophos from Okra fruits

level of level of Recovery Average

insecticide* insecticide (%) recovery + 5.0

{mg) Tecovery. {X)

(myg)

25 24,0 96

25 23.5 94 94.606 + 1.15

25 23.5 94

50° _ 49.0 98

50 48,0 36 97.00 # 1.00

50 48.5 97
Overall average 95.83 + 1.496

' recovery

*Technical grade MCY was added to *:5 g sample

5.2.3.1.3 Monocrotuphos residues on/in okra fruits: A representa-
tive sample of 25.0 g of okra frujts treated with wonocrotophos
were taken for each treatment and were subjected to extraction
and clean up as described earlier and the residues levels were
determined, The dnsecticide residue values thus obtained were
multiplieda by the recovery factor to arrive at the exact levels

of reslidues present in the sample.

3.2.3.2 Cypermethrin residues

The standard insecticide solution of cypermethrin was

prepared by taking U.1U098 g of technical ;rade material of 91.1%



puriLy obtalned Lrom Envirommental frotection Agency (LPA) and

aissolveds in 100 ml hexane to pive 1 ppm (I mg/ml) solution.

3.2.3.2.1 Recov;ry of insecticide Qkra fruits from the

untreated plots were collecied and a sample of 25 g was taken and

cut dInto 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 facilitare absorpticn of the jﬁsectjcide by the
fruit. The sample was then subjectea to extraction, clean up and
resfdues were determined by gas chromatography (Talekar, 1977;

Baker and Bottomley, 1982; improved by Awasih!, 1985).

For the purpose of extraction the above sample was
blended for 3.0 minutes with 5.0 g soajum sulphate and 50.0 ml of
acetonet hexane (1l:1} sclvent mixture. The macerate was fil-
tered through buckner funnel under suclion, The residue was re-
extracted 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 5.0 g-

of the fruit sample was taken and concentrated to 5.0 ml in a
rotary flash evaporator.

- The clean up of the hex..c extract was done by eluting
through a glass column (10 x 30Cmm) containing 5.U gy floresil,
2.0 g =alumina grade~Illl and 20 mm layer of anhydrous sodium

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

eluate was concentrated to 10.U ml.

.
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Heslidues of cypermethrin were doetermined by pas |l uid
chromatography on a packard 437 A Gc model equipped with N3 63
electron capture detector and fixed with a glass column packed
with a 3% 0V 10l on Gas chrom 4. Uther GLC parameters were
nitrogen as carrier gas at a flow rate of 100 ml/min; column
temperature Z&UUC, injection port temperature 27000 ana detector

temperature 300°C and attenuation 6, chart speed 10mm/min.

Two Al of | ppm standard solution of cypermethrin was
injected inte the GC and its retention time and peak area were
noted (Fig. 2). Two ul of cleaned up sample was injected aﬂd 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 standard.

L]
From this the per cent recovery of the IJinsecticide 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 3 for each dose and also from
untreated control plots was subjected to the extraction and cleaﬁ
up as described in recovery study. The residue level was deter- .
i ned by GLC. The values thus_ubtained were multiplied by the

recovery factor to give the actual amount of residues present in

the fruits.
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3.2.4 Half life value (RLSU)

half 1life was calculated for both monocrotophos and
cypermethrin using the formula given by Hoskins (1961),RL50 or t
1/2 = log 2/ki; 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-% (y =¥

(x = %)%

j.e., Sum of the products of the deviations from means divided
by the sum of squares of deviations from the mean x.
s
3.2.5 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

ey = initial deposit (ppm)

to} = tolerance limit of the insectjcide
Kl * regression coefficient of the equation of
RLSU.

3.3 PROCESSING PROCEDURES

The effectiveness of the following cooking procedures in

removing the residues of monocrotophos and cypermethrin from okra
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fruits was studied. For each processing procedure a representa—
tive sample of 25 y of okra frults from the treated plots of each

insecticide was used,.

3.3.1 Washing

A representative sample of whole okra Iruits 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
R
described above, they were cut into staall pieces, fried in iive

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 juice (8 gy tamarina/l00 el water)

for 10 min (time sufticient to evaporate all tawmarind juice).
3.3.4 Washing and boiling in tamarind julce with turmeric

The okra fruits werc washed and cut bits were boiled for

10 minutes in tamarind juice (8%) containing 25 mg of turmeric

powaer.

3.3.5 Washing in sodjum bicarbonate water and stir frying

The okra trults were svaked in sodfum bicarbonate solu-

tion (75 mg/200 mi of water) for two minutes. Then the frujts



were cut into small pieces and fried in 5.0 ml groundout oil for
3.4 minutes.

The residues of monocrotophos and cypermethrin were
détermined in the above processed okra fruits by following the
procedure described earlier. From these values the per cent loss

of resfdues by each cooking process was calculated,

3.4 TOXICITY STUDIES
3.4.1 Experimental subjects
Wistar strain adult female albino rats were obtained

L4

from Natjomal Institute of Nutrition (SIN).
3.4.2 Insecticides and mode of administration

Monocrotophos technical grade (72.2% purity) supplied by
M/s8 NOCIL, Bombay and cypermethrin technical grade (92.0X% purity)

procured from Gharda Chemicals Limited, Bombay were used.,

Monocrotophos and cypermethrin were dissolved in water
and groundnut oll respectively. The pesticide was administered

orally through intra gastric 'ntuuvation yging ruberculin syringe.

3.4.3 Acute toxicity study

Acute toxicity study was conducted to determine the LD
50 value i,e., the dose at which fifty per cent mortality of the

experimental animals is observea.

Fifty rats were randomfized into f£ive groups consjstjng

of tem rats each and technical grade monocrotophos was
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administered orally at the rate of 7, 1lU, 12 or 15 mg/kg body

weight respectively. ortality was noted in all groups for 24

hours periad.

The LD, was calculated by graphic method (Finney,

1952).

in the case of cypermethrin dose related mortality was
not observed and LD 50 value coula not be computed. Therefore
to decide the doses at which the experimental groups of r?ts have
to be tested, a range finaing tes! was carried o;t using
Na+K+ATPase activity in whole brain. A dose range of 200, 500

ana BUD mg/ky body weight was administered to four groups consgis-—

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

344 Selection of doses for testing the effect oa brain

The doses of 0.2, (.l and 0.05 mg monocrotophos/kg
bw/day which corresponded to 1/5, 1/10, and 1/20 of LDsg of

monocrophos were selected to test the effects on the brain.

Based on the rangye finding study 25, 50 and 75 my

cypermethrin/kg bw/day were chosen.
3.4.5 Schedule of feeding the insectic.ues

Female virgin rats weighing between 150 and 200 g were
used., Three female rats were mated overnight with a norma’ male

in a cage and the following morning the vaginal smears were

examined for the presence of sp. . us. Findings spermatozoa in the
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vaginal smear in the morning  was  considered as O-day tl

pregnancy {(Hariharan, 1980).

Each female pregnant rat was caged separately. The
pregnaht dam received the oral dose of insecticide from 6th to
15th 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 cypermethrin groups

*
respectively.

The dosing wés resumed from the first day of delivery
and continued till the pups were 21 days old (till weaning).
Immegjately after the birth, the pups were observed for gross

-malformations and their body weights and crown-rump length were

recorded.

At the age of Zl days the pups were weighed, decapi-~-

tated, -the bralns were dissected and weighed. The brains were
stored under refrigeration. Subsequently, the brains were proce~
ssed for estimation of acetyl choline esterase (AChE), Gama Amino
butyric acia (GABA), Protein and DNA. In aadition Na&t¥r.lPase

was also estimated in cypermethrin treateu groups.

3.4.6 Acetylcholine esterase enzyme (Fleischer and Pope 1954)
3.4.6.1 Principle : The enzyme activity is inairectly measured

by estimating the amount of acetylcholine remaining unhydrolysed

at the ena of the reaction.
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The ester present  in acetyl  cholline  reasctuy with

hydroxylamine to form acethydroxaminic acid.

L] + — al . 1 R
(LHa) N - CH, CH, U CO CH, + NH2 OH >

3
+ . .
. e e . Gl Com
(cu) ¥ N - Gl CHOH + Ci Co-NboH
o.....Fecl
CH. Co~NHOH M reCl, ===> CH, C Fecly

- 0

The hydroxamic acid forms a soluble red purple complex
with ferric dons in acid solution. ‘*e intensity of the colour

ig proportional to the concentration of Ach present.
3.4.6.2 Reagents

Phosphate buffer : 715 al of #/15 disodium hydrogen phosphate

(11.876 g of N32HP04.H20 per litre of glass distilled water) ana

265 ml of M/15 potassium dihydrogen phosphate (9.078 g of Ki, 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/L5

Na, HFo

2 LH. 0 or KﬂzPo

472 4"

Acetylcholine U.0U4 ¢ : A stock solution (0.04 M stable in
refrigerator) was prepared by dissolvire (,7266 g of acetyl
choline chloride in 10U ml of an Hcl solution of PH 4.0, Before

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

7.2 pH.

Hydroxylamine Hydrochldortae, 2 M: 13.9 gy of NHZUH HCL i85 aissol-

ved in U0 wl of glass distilled water and kept in refrigerator.

4 .
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Sodium hydroxide, 3.5 M 1 14.0 g vl Nabll was dissolved fo 100 wl

of plass distilled water.

Alkaline hydroxylamine solution Eenal volumes of the hydroxy-

lamine solution and the NaOH were mixed immediately before use.

Hydrochloric acid : Concentrated HCl (sp. gravity 1.18) 1s

diluted with 2 parts by volume of water.

L]

Ferric chloride, 0.37 M : 1U.0 g Fecl3 6 H20 is dissolved in 1UV

ml of U.1 N HC1.

0.1 N HCYL : 0.117 ml of concentrated Hcl was diluted to 10U ml

with glass distilled water.

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

distilled water.

3.4.6.3 Procedure : To one hLalf of the brain 50.0 wl of

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

homogenizea.

For each sample two test tubc mnarked test (T) and

control (c) were taken. Into the tube marked as (T) 100l of
the tissue homogenate was added. To both the tubes 1.U ml of

acetyl choline was added. Imwediately the tubes were Jncubated

for 10 minutes at 37°C in a water bath. The reaction was imme-

diately stopped in both the tuues by adding alkaline hydrox&la-

mine solutton and shaking vigorously. Now Lo the tube marked as

(c) 100 wl of homogenate was added. After not less than one
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minute, 1.0 ml of 1U% of TCA was added. 2.0 m) of HCl solution
ang (.0 ml of Fec].3 solution were then added and wixed by
shaking. The wixture was then filtered through whatman no.40
filter paper. The amount of unreactea Ach 3n each tube was

measured by reading optical density of the colour at 340 omm.

3.4.6.4 Calculation : The enzyme a* ivity of each sample was

calculatea using the fornula :

A moles of Ach hydrolysea = 4 (1 - Ri/Rc) where RT and
RC are the reacing of the test and control samples .respectively.

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

1.0 g4 of bratn at 37°C n 10 minutes.

3.4.7 Sodium Potassium ATPase (Post and Sen, 1967)

3.4.7.1 Principle: Sodiuw-Pot ssiur adenosi3ne triphosphatase
S + +

(Na®~ K ATPase) transport Na and K against concentration

prauient at the cost of ATP molecule liberating Jnorganic
phosphate (P1). The liberateg P'i was estiwmated by Fiske ano

Subba Raw wmethoa (Oser, 1Y65),
3.4.7.2 Reagents

Enzyme preparation - Une half of brain was taken 'n 50 ml cold
plass alscrilled water and homogeniseaq. This was placed in ice,

till, (urther use.

Reaction mixture consists of 1 M Nacl (14.U0 wl) 1 M Kel (1.4 ml),

1 MMy ClZ (0.3 ul), 0.5 M Tris HCL (10 ml) and 4.3 ml of glass
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distilled water (store retrigeriated). use U.15 ml per U.5 wml of

assay medium,

30 md. ATP : Dissolved 181.8 my (disodium salt) in 6 ml water and
adjusted pH to 7.4 with 0.5 M tris base. Made up to 10 m1 with

glass distilled water and Kept frozen {in emall convenient
*

-

aliquots. A

Ouabajn @ 10 mm, 14.57 mg in 2 ml. Stored frozen iIn amber

coloured bottles.
' 0.02 mt EDTA : 0.578 g in 100 ml glass distilled water.

10% TCA in water

Reagents for Fiske and Subba Rao wmethod for phosphate

determination.

3.4.7.3 Procedure : ATP and ouabain were thawed and kept on

ice. To two test tubes (.15 ml of reaction mixture, U.!% ml EDTA

and 0.05 ml of enzyme were added. To one tube 0.05 ml 10 mm
vuabain was added, while to the other an equal 3@Qpunt of giass
djstjlleu water was added. After pre incubation for 5 minutes
reaction was initiated with the addition of 0,05 ml of 30mM ATP.
The reaction was terminated after a perioa of 30 mts of incuba~
tion at 37°C in a water bath, v adding 0.5 ml of 10% cold .uA.
After keeping on ice for 10 min, the tubes were centrifuged for

15 mts, knzyme 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

phosphorus is given in Fig.3).

The enzyme activity was expressed as moley of P1

liberated/30 mts/g of brain tissue.

*

The difference in the ac*ivity in the absence and

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

3.4.8 Gama amino butyric acid

Gama amino butyric acid in the rat brain was estimated

by the method of Sadasivudu and Tajtha (1970).

3.4.8.1 Reagents

GABA standard solution -~ 20.62 wy of GABA was dissolved in 100 ml

of distillea water

80% alcohol

Butanol : acetic acid : water (63:15:25, wixture

Ninhydrine (U.23%) in acetone with 1% pyridine

75% alcohol

75% alcohol containing U.005% (0, . '
3.4.8.2 Procedure

3.4.8.2.1 Standard graph : Different aliquots of standard solu-

tion containing 10, 20, 30 and 4U 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 contalning 0.005% Cusoa after developing the colour with

ninhyarine., The colour was read at 515 mm (Fig. 4). -
»

3.4.8.2.2 Estimation in sample: Immediately after decapita-
tion, one half brain was separated and put fnto ice cold 80%
alcohol., To one half of the braim 25.0 wl of B80% alcohol was
anded and homogenised. 3.0 ml of the nhomogenate w;s centri fuged.

The clear supernatant was carefully transferred to another test

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

dissolved 1o 250 ul of distilled water. The amino acid content

(GABA) was determined by paper -hromatography as described in

etandard graph,

3.4.8.3 Calculation : The amino acid conteant in th brain was
calculated by extrapolating the sample reading bn the standarua
curve, The value being equal to the amount of GABA in 25 ml of
the extract. The amount present in 250 ml was then calculated
which 18 equivalent to the amount present in 3.0 ml of the
homogenate. Amino acid content was finally expressed as a1 moles

of amino acid pér gin of Wet we' it of braia.

3.4.9 DNA
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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3.4.9.1.2 Reagents

¥

TCA @ 5% ana 1U% 3in glass distilled water

NaCl : 0.9% saline in glass distilled water

3.4.9.1.3 Procedure: To one half of the brain 10.0 ml of (.9X

galine wae addea ana the tissue was homogenised. The homogenate

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

the filterate 5.0 ml of 10% TCA was added and then centrifuged,
the supernatant was dfscarded and the residue was washed twice
with 1U% TCA followed by washing with 5.0 ml of ethanol twice.
After which the residue was ether extracted twice to remove the

phospholipids. The following acld extraction was done next.

To the residue 2.5 ml of 10Y. 1Y was adoea 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 101°C for 15-20 min. After cooling the wixture
it was centrifuged and the supernatant added to (a). 2.5 ml of
5.0% TCA was added to the final residue ana heated as above. .The
final supernatant was saved and added to.(a). From the total

10.0 ml of the clear acid extract, alfquots were used for DNA

vetermination.
3.4.9.2 Estimation of DRA (Dische, 1955)

3.4.9.2.1 Pripciple: The deoxyribose moiety of DNA forms
-hyaroxy levulaldehyue 3n TCA solution. This reacts with

diphenylamine to give a blue colour which can be read at 565 nm.
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3.4.9¢2'2 R.easentﬁ

] v
Dische's Reagenl: bissolve 1.0 g ol crystalline aiphenylanine 1n
100 wl ylacial acetic acid and 2.75 wl of concentrated HZSUQ.

The reagent Js stored In tile dark.

I N Perchloric acid. 10.87 ul of perchloric acid was taken and

the voluue was wade up to 100 ml,

5 mbf naDH .02 ¢ of NaOH was dissolveus in distilled water ana

the volume was wade upto LUU ul.

Standard DNA solution 3 A stock solution was prepared by dissol-
ving 40.0 wy of calf thymus DNA anc making up the voluuwe to lU0.U
ml with 5 n NaOl. Working stancaras were prepared by wixing

10.0 uwl of DHA stock solution with .| perchloric acia ang

hieating at 70°C for 15 uts.

3.4.9.2.3 Procedure: A standard curve was uade by pipetting
different aliquots or working stangaras of DNA solution contai-
ning 0O.U5, 0.1, 0.2 and 0.5 ug BNA anto clean test tvhes,
Separately 1.0 wl of the acia extract was also taken into test
tube. To this 4.0 wl of freshly prepared Dische's reagent was
aaded ana the total voluwe in eacn tube was waae upto 5.0 ml with
slass aistilled water. The inftial turbidity formed.uisappeared
graqually, The tubes were covereu with glass marbles and heatea
in a boiling water vatht ror 15 winutes. Tne solution was then
cooled unuer tap water anu tne blue colour aeveloped was uweasured
at 56> nu in spectronic—ZU against a blank Created in the same

wanner (Fig. 5).
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3.4.9.2.4 Calculation : Frow the standard curve the value of DNA
was computea for 1.U ul of extract used and finally calculated
for the dnitial 1.0 wl of acid extract wage, this being the
anount present in 5.0 al of the tissue extract. " Final values

were expressed as my of DNA per gu of brain.
3.4.10 Protein

Protein was estimated by the methoa of Welchselbaum,

1946,

3.4.10.1 Principle: The - CoNH gyroups in the protein molecule

react with copper sulpnate in alkaline wedium to give purple

colour which is then read at 540 au.
304.10.2 Re.agents

Bluret Reagent ¢ Uissolve 4.25 y potassium sogium tartarate

: o . . 1 sulpi ; ] i F
(KNaLéH4Ob 4H20) 1.5 of cupric sulphate (Cuboa 5 HZO) and 2.5 of
potassiunm foaide In about 500 ul of uistilled water. Dissolve 4(

g of HaOH in the solution and wake up tne volumwe to 1.0 1.

btandard : ‘the stancard was prepared by aissolving 2.5
& oI Bovine serun albuwiin ana wmaking up the volume to

100 wl with 0.9% saline,

3% NaOR

0% TTA

3.4.10.3 Procedure : to one half of the brain 10.0 wl of (.9%

saline was aaded and tissue was howogenised. From this 0.5 ul of
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' howopenate was  Laken ana V.0 wl ol LU4 TCA was  added to it
tolloweu by centritugation. e supernatant was carefully
discardea ana the resjdue was washed twice with acetune : ether
(5:1) uixture rfollowee by washing with ether. To the precipitate
10 ml of 3% NaOH was then aaced followed by aduition eof 5.0 ml.of
biuret reagent. The wixture was thoroughly mixed. After U
winutes of adaitlion of biuret reagent, readings were taken at 540
nu agajnét a blank containing U.Z ﬁl slass distilled water, 1.0
@l 3% NaUH and 5.0 wl biuret reagent. The protein content from
the aliquots of brain tissue was deternined frow a calibration
curve and expressed  ds g, protein per in of Wet weight of

Lissue.

3.4.10.4 Standard graph : Dirfferent aliquots of standard protein
solution containjua V.5, L, 2, 5, 4 and 5 u of protein in 0.2 wul
of norwal saline were taken into clean test tubes. To each | of
these tubes was auaed 1.0 cl of 3% NaGlt and 5.0 wl of biuret
reagent. e puryle colour ueveloped was neasured at 540 na,
apainst a reagent blank. A prapn was plotted with the optiecal

uensity agzainst concentration of protein (Fig. o6).
3.5 STATISTICAL PROCEDURES

The statistical siznilicance of neonatal uwortality of
pups  at weanin, was tested by SNU test for proportions

(xa0,1983). The aqata pertainin te tiocheuical changes in  pup

brajus was analysec by one way unalysis of varlance as per

snedecor anu Cocuran (1967).
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CIAPTER 1V

RESULTYS

The- fiudings of the survey omn pes;jcide usage on
vegetablé crops, dissipation of uonocrotophos and cypermethrin
residues on 6kra, effect of home processing on these residues and
changes in certain biochemical parameters of brain in pups born
to dams treated with monocrotophos and cypermethrin are aetailed

in this section.

4.1 SURVEY

Survey wus conducted in tnree different reglons of
Andhra Pradesh viz.,, Guntur, Anakapalli and Ranga Reddy district
categorised as high, medium ana low pesticide consuning aréas.
The total number of farmers interviewed in Guntur, Anakapalli and
Ranga Reddy district was 40, %2 and 40 respectively. Information
regarding the following uspects 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 tne faruer between last insecti-

ciual spray anu harvest

-training received in the wethod of application and know-

ledye of expiry cate
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4.1.1 Use of pesticides on vegetable crops

fhe data regarding different sources of iunformation on
which a farmer dcpends to decide the pesticides to be used on
vegetables is presented in Table 3.
Table 3¢ Frequency distribution of farwers regarding

source of information on pesticides to be used
on vegetables

No. of farmers « pending on
Region
Self Local Dea- Adver— 0ffi- Radio
expe~  far- lers tise- cial
rience mers ments source
Guntur 9 25 19 1 5 1
(n=42)%
Anakapalli 7 18 14 - 8 -
(n=40)
R'R dig- [ 18 23 ~ - -
trict
(n=40)
Total 27 6l 56 1 13 1
{n=122)

* No. of farmers interviewed

A perusal of the data presented in Table 3 indicates
that the farmers 1in all the regions 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 wminor role. o
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The farmers relied mostly on their own experience for

deciding the dose of the pesticide to be used (Table 4). The
experiences of other farmers, advisc of dealers were also consi-

dered to some extent in uecidiﬁg the dose of pesticide to be

sprayed on the crop.

Table 4: Yrequency distribution of farmers' source of
information on dose of pesticide

No. of farmers depending for dosage of
pesticide on

Reglon
Self local Dealera Contal- Qffi-
expe- far- ner cial -
rience mers label gource
Guntur 26 ZU 12 5 1
(a=42)*
Anakapalli 10 7 21 2 11
(n=40)
R'R dis- 16 13 11 - 1
trict
(n=40)
Total 52 40 44 7 13
(n=122)

* No.of farmers interviewea

The data shows that to 1+ lesser extent farmers receive

inforpation from more than one source regarding dosage.

The frequency distribution of farmers on pesticide usage
during different stages of plant growth is presented in Taple 3.
A perusal of this data indicates that avLl the farmers interviewed

in  Guntur and Anakapalli and most of the farmers in Ranga Reddy
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(37) district useg pesticides at least once on each vegetable 53()

crop during the season.

Table 5: Frequency distribution of farmers . pesticide
usage during different stages of plant growth

Stage of No., of far- Average No, No., of far-
Flant growth mers using of pesti- mers using
pesticides cide appli~ more than

cationg ‘recommended

Guntur (U=4y)*

Transplanting 9 1-3 8
Vegetative growth 35 i-4 21
Flowering 29 1~8 18
Fruiting 32 1-10 18

Anakapalli (n=42)*

Transplanting o 1 3
Vegetative growth 27 -4 9
Flowering 17 1-3 o
Fruiting 34 i-25 15

R.H district (n=40)*

Trénsplanting b 2-3 b
Vegetative growth 14 | 1-10 6
Flowering 29 1-3 i6
Fruiting 21 1-8 7

¥ No, of farmers interviewed.

1

The pesticides were less frequently used by farwers just
efore and after transplanting in all the districts. Majority of

those wito usea, exceeded the recouwendea dose.



In Guntur, wore than 30 farmers out or the 40 raruwers
interviewee used pesticiaes during vegetative growth, flowering
and fruiting ana wore than LU per cent of these exceeted the

recoumended dGose and also number of applications of pesticides.

The nuaber of farwers in Anakap:'1i using pesticides
aring ﬁegetative yrowtih, tlowering and fruiting was 27, 17 aund
34 respectively, of these 33-44 per cent exceeded the recoumerdea

dose of pesticides.

In Ranga Reddy district the number of farmers us’ g
pesticides during vegetative growth, flowering and frufting was
14,29 and 2! respectively, of these 33 to 55 per cent exceeded

the recommended dose of pesticides.

The data presented in Table & clearly indicates that in
all the three districts surveyed, wmajority of the farmers harvest
the vegetables between l-2 days after the junsecticidal spray to
avoia maturation of the vegetable and loss of market value,
Koval (chcumber) is une vegetable where fruits are harvested a
week after the insecticidal application in Guntur district, where

this vegetable Is prown in abundance,

The usual methods of applying pesticides were dusting or
§praying, using hana operated or power s;cayers., In Anakapéili it
ruge method of using twigs to sprinkle insecticide on plants and
? locally made sprayer to spray insecticide are found to be used.
Tne reasons given for not using a proper sprayer were non availla-

bility of sprayers in time for hire, anda the frequeﬁt blockage
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Table o :

frequency distribution of farmers ussling pesticldes at harvest

and the

spray on vegetable crops,

time interval between harvest

*

and Jast

tnseet tcide

g L L L L T

Veqetable

Bittergourd

Bottlegourd

Brinjal

Cabbage

Cauliflower
Cowpea
Kovai

Okra

Ridge gourd

Snakegourd

Tomato

Amaranath

Guntur
Anakapalid
R.R.district

Guntur
R.R.district

Guntur
Anakapalld
R.R.district
Guntur
Anakapalli
R.R.district

Anakapalld
R.R.district

Guntur
Anakapallj
Anakapalli
Guntur
Anakapalli
f.R.district
Guntur
Anakapallj

R.R.district

Guntur
R.R.district

Guntur
Anakapalii
R.R.district

Anakapallj

Anakapaili

No,of farmers

Culti-
vating
the ve-
getable

22
29
16

10

18

Using pes-~
ticide at
harvest

18
26
10

Interval between last
spray and harvest

{days)

1 1-2 3-% L]
- 1 - 8
- 2 - -
- 2 - .
- - 3 i
- 2 - -
- 1 - -
- - - )
1 14 - 3
A | 5 -
- - 6 4
- - 2 -
1 6 3 1
- [ - -
L 3 3 7
- 5 -

1 n 1 -
- 2 - -
- 5 - -
- 5 - _
- - - 2
- - - 1
- - - 1
- 2 1 -
- 8 4 1
- 3 1 -
- 1 - -

* No,of farmers gut of 40 in Guntur, 47 in Anaﬁapal]i

districts

and 40 in Rangareddy
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of nozzle which takes a long time thus prolonging the spraying 83

operation.

In Guntur hand operated ( back pack) sprayers were used,
when plants were young and DOwWer sprayers were Qsed when the
growth was dense. In Ranga Reddy district mostly hand operated
gprayers vere usedg. Table 7 gives the frequency distribution of
farwers according to the source of information regarding method
of application of pesticide.

Table 7: Frequency alstribution of farmers according to

source of information regarding method of
application

No. of farwers getti- information from

Region
self Local Dea=-  Offi- Through
expe-  far- lers cial demons-—
rience uers source tration
Guntur 2 34 5 5 4
(n=42)%
Anakapalli 3 12 3 23 L4
(n=40)*%
R.R dis- 34 2 - 2
trict
(n=40)*
Total 5 B4 10 28 20
(n=122) B CY RN (1) (8)  (23) (16)

* No, of farmers interviewed,
** Figures in parenthesis indicate percentage.

A perusal of the data in Table 7 indicates that the
influence of other farwers was Ligh in selecting the method of
application of pesticide. Very few firmers observed a demonstra-—

tion of the spray operation before using cifferent sprayers.



The awareness about the expiry date is summarised in

Table 8.

Table 8: Frequency distribution of farwers . regarding
awareness of expiry date of pesticide

Region No. of farmers No. of farmers

aware of expiry avare but
date indifferent

Guntur 30 (710" 1 (2.5)

(n=40)*%

Anakapalli 10 (25) -

{(n=42)

R.R dis- 23 (58) L (2.7)

trict

(n=40)

Total 03 (52) 2 (2)

(n=122)

* No. of farmers interviewed
*% Figures in parenthesis indicate percentage.
The per cent of farme ; aware of date of expir,; was high
in Guntur followed by Ranga Reddy District. In Anakapally only

25% of the farwers were aware of the date of expiry and mostly

they a0 M0t know about it.

4.2 RESID“ES OF MONOCROTOPHOS AND CYPERMETHRIN IN OKRA

The residues of wmonocrotophos and cypermethrin in okra
raised in experimental farm sprayed € 0.25 ky (recoumended) and
0.38 kg (higher dose, but frequenty used by farmers) ai/ha and 60
s (recommended) and 10U ; ai/ha (higher) were determined at 0, i,

3, 7, 10 and 15th vay after the third spray. The residues were
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observed upto

cypermethrin  and hence the dissipation rates were

these periods.

based on the rate of dissipation,

15 days in case of wonocrotophos and LU cays

studied

tor

till

The intervals fixee for dissipation was mostly

i.e., the dissipation was

faster inueuiately following the spray and slower later.

4.2.1 Residues of monocrotophos ¢n Okra fruits

When U.25 kg

sprayed on okra, an initial deposit (U day) of 4.45 and 6.86 ppw

was observed respectively.

ard U.38 kg ai/ha of wonocrotophos was

These initial deposits

84.5 and 5.3 per cent on lUth day oi .ue spray.

after the

(Table 9).

spray

the

reduced by

On 15th

day

residues were below detectable level

Table 9: Residues of ilonocrotophos on Okra

Day after Monoce; vtophos residues (ppm)
sgraying
Applied at % reduc— Applied at ¥ reduc-
0.25 kg tion 0.38 kg tion
aifia aj/ha
0 4.45 - 6.86 -
1 2096 33-5 "3.12 39&9
3 2.52 43,4 2.96 56.0
7 L. 34 69.9 2.03 70.4
10 0069 8"*05 1002 8503
15 WD Ry nb ND

Nb : HNot detectable.
Tolerance limit = 0.2 ppu (FAO/WHO, 1973).
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The residue levels 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

relatjonship (Fig.7) between the two variables, which help Jn

guick visualisation of the loss of residues. The linearity was'

clearly seen in regression line ~omputed with the help of regres-

sion analysis ot loyg ppn residues and time. From the linear

function, half life value of the insecticide and safety interval’

was Iinferred. However, these values were also calculated mathe-
matically by using Hoskins formula (,.0l) and the half 1life
values were found to be 4.03 and 4.14 days for (.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 Resldues of cypermethrin on okra fruits

The residues resulting from spraying cypermethrin at two

ditfferent concentrations on okra are presented in Table 10.
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Residue (ppm)

6.4

0 0.25 kg ai/ha
4+ 0.38 kg ai/ha
O 0.25 kg ail/ha
A 0.38 kg ai/ha
Fig.7 DISSIPATION OF MONOCROTOPHOS ON OKRA.

10
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Table 10: Residues of cynrermethrin on okra

Days after Cypermethrin residues (ppm)
spraving
Applied at % reduc- Applied at X reduc-
60 g ai/ha tion 100 g ai/ha tion
V] 1.46 - 2.28 -
1 1.09 25.3 1.55 32.0
3 .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 ppu (USHEW 1978 a,b)

The Jnjtial aeposits of cypermethrin on okra were 1.46
ppm and 2.28 ppm when sprayed @ 60 g and 100 g ai/ha respec~
tively., By lUth agay after the spray about %3% of these deposits

were lost at both the concuntrations of spray.

As in the case of monocrotophos, residues were plottea
against time and exponential type of curves were obtajined
(Fig.8). To obtain strajght line relationship, the log values of
ppm residues were plotted against time (days). The linearity was
cleaély seen by drawing a regression 1ine computed with the help
of regression analysis of log ppm resfdues and time. From this
linear relationship, half 1ife and safety intervals could be
calculated. However, these values were also computed using
Hoskins formulae (1961) ana were found to be 2.4} days and 3.54

days respectively at 60 g ai/ha dost and 2.49 and 5.19 at U g

a’ fha dose (sample calculation in'Appendix 11).
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4.3 EFFECT OF HOME PROCESSING ON RESIDUE LEVELS

The effect of home processings such as washing in plain

water, washing in alkaline water, stir frying, boiling In

tamarind extract and boiling in tamarine extract containing.

turueric was studied for the okra fruits treated witl: wonocroto~
phos and cypermethrin and the results :re presented iIn this

section.
4.3.1 Honocrotophos

Okra harvested on U, I, 3, 7 and lU days after spfaying
the field with wonocrotophos . .25 mg ang 0.38 kg ai/ha, " were
subjected to different processing wetnods and the results are

tabulated in Tables 11 and Table 12 and Figures 9 and 10,

A perusal of the data presented jin Tables Il and 12
indicate that washing in tap water could remove 58-60 per cent of
fhe initial deposits of monocrotophos in botn the doses. The per
cent renoval of uveposit was slightly hizher with processess like
stir frying, boiling in tamarind extract with ana without
turperic and washing fn alkalin. water followed by stir frying.
It was also observed that the per cent rewmoval of fesidues
decreased with ageing of residues and even 1U days after ;praying
none of the cooking processes could reduce the residues below the
tolerance liamit of U.Z ppu prescrityd by FAQ/WHO (1933) for
vegetables. Irrespective of the doses applied the removal of the

resiuues in all the processing proceaures was alwmost similar,

90



91

SINPLSAIA IO 559 abequaraad 21eotpur sysayjuaded uL saanbid
(€261 ‘OHM/OV4) wdd 270 = JiWLL duwsalo]

LoTLL) 1900 (0°901}) 29°0 e f) t9°0 {£°L ) #9'0 { - ) &2°D 69°0 - 11}
{0°¢Z) 10°1 {£°61) 6071 {9°12) s0°1 {6 0z} 90°1 {z 0z} L0°¢ vETlL ¢
{0' vk} O¥°1 {L°8g) 95°1 (6°9E) 0971 ({76} 29°¢ {27¢€) L9°1 25°¢ £
{0°LS) £%°1 {6 8¢} 157! {£°05) {p°1 {€°05) {1 {fo'sp) #5°1 962 L
(0°29) 49°L (£2°09) s&°L {2:09) ££71 {(1719) EL71 (2785} 1871 Syt 0
JLAIWANY JLaBwany
‘patdl 1N0YILM Yem
gwmm pug B T e AQEm

0IHEN 1224)%X3 pULARWE} pPat4) AL)S buLuund Buifeads

UL Paysep uL pajtogq pue paysep pue paysep L payseN passasoJddun Jalse

e e ea e mmm e AR & = e e e e mMdeeasCSmessmssesseee skeq

Hlnmw UL sanpisad soydoloJadouoy

‘ey/ie 5% §2°0 @ pakeads sayo ui senpLsad soydojoudouow uo Guissanoad 0 poylaw J0O-1933533 CoL 9Lgey

. — ..



sanplsaa Jo 5501 abejuasaad ajeaipul spsayjuased w_ sa4nbLd «
(EL61 ‘DHM/OVS) wdd 2-0 = Jrwr} 3doueas|o)

(g ) z8°0 (6°£ ) €670 (6°¢ ) £6°0 {6°2L) 88°0 {6°8 )} 2670 Lo7L ol
(¥ 9€) 6271 (9°62) 1571 {952} 1571 (e78p) S0°L {1°52) 26"t £0°2 L
{2°8f) €671 (9°5€) 2671 {6°¢vt} #6°1 (2°0¢) 80'2 (2°0¢) 80°¢ 86°2 £
(Z°18) 10°2 {0°6%) 0172 {1°8¥) v "2 (0°0%) 90°2 (0°6¥) O 2 FAN § 1
{6°69) #E°2 (g°19) ¢9°2 {2-19) 992 {1°v9) 9% 2 ={6765) SL°2 989 2
ALADWANG J143uAN]
‘P4 noygLm 4iLm
L_m“ pue B T TR T o Ja3em
OIHeN 3Ie43%3 Puidewe] pat4d AL1s GuLuuna Bupkweads
Ut payseN uL paii1oG pue paysepn pue DIYSEN uL paysen passasoadufl Jagje

e e St skeg

{wdt} u} sanpisad sOYAOI0AIOUOY

e e o e i o e o o o A e R e B e e e Y R E MR R L e RS e —m S - m ==

‘eu/1e 5Y gEt0 @ poAeads w40 ML Sanpisad $04d030NI0OMOH LD Butssasoad 4o poygaw jo 139343 21 @lgel



93

rey/re H) 520 8@ JIAVEdS
40G1STY SOHAOLONOONOR J0 TVAOWAY LNAD ddd * 6-h1a

A0 WOHd ONISSADOUd 04 ana s
’ : sieqd

paLd4 4135 Due
€gagen uy pausen

BL4 N3 RNOYILM
1Je4:X3 pulaewey
UL P3110Q PUR PIYSEN

Iy dawsny
YILA JIR41X3 DULIPERY
UL PaLLOg pue PIYSEH

pata}
4115 pue PIYSeM

AB)eN
fuLuund up paysen

anpIsoval Jusd I9d

SSOT



94

+ey/Te By g£°0 8 QIXVEES VIO
TYAOWSE JNID WAJ

WOH3 9NISSIOOEd O ANA SANAISHU SOHAOLOYIONOH JO

sAva

iy

DalL4s JV3S DUE
€powen ul pausen

e iBEANY JNOUILM
A1X3 DULSEWEY
. UL pe -10Q PUB PIYSEHM

\ * 3L ABUSRY m

_;uw; 12043%2 pulsewe] ‘

i uy paiiog pue paysex

i :

b i

" r.l.‘nl H

i DAL 4} - :
oy i i

AL1S DUP PRYSEN =

133em
fuLuung ut PIYSEM

SSO[ 9NPISDI JUID I3J



4.3.2 Cypermethrin

Okra fruits harvested on 0, 1, 3, 7 and LU days after’

spraying the fields with cypermethriﬁ @ LU and IOV g ai/ha were
subjected to varjous cooking processes and the data on effective-
ness of these processes in reducing the residues are presented in

Tables 13 and 14 and Fig. 1l and 12.

Data presentedq 1Jinu.cate that washing okra fruits
harvested on the same day of spraying, under running fap water
could remove arcund 4l-4b per ceut of tne residues. The per cent
reaoval 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
slightiy high amount of residues. Boiling the w;shed fruits in
tamaring 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 orzanogensis period of pregnancy and
lactation on certain biochewical paraweters of pup brain was
stugied. 'The biochemical parameters used were AChE, Na+K+ATPasé

(only for cypermethrin) GABA, DNA and protein.
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4.4.1 Monocrotophos
4.4.1.1 Acute toxicity study

N Clinical signs like lacrymation and salivation were
observed even at 7 mg/ky body weight dose. At 10 mg/kg body
welght and higher doses the other toxic symptoms such as
paralysis of hina liabs, diarrhoea, excessive urination,

convulaions, ataxlia and prostration were also observed.

Table 15: Mortalfty of adult fewmale rats due to acute
dosing with wonocrotophos

bose(ug/kyg No. of Mortality L05 *
body wt.,) animals No. % (mg/kg gody wt.)
Control 10 0 Oa
7 g 1 11.12 ,
. i b ‘
10 15 8 53.33 10
12 15 11 73.33%¢
15 15 14 93.33¢9

Per cent wmortalities with different superscripts are
significantly aifferent.

P < 0.01

* Details of computing LD50 by probit analysis is given
in Appendix III,

The mortality was signilicantly high (P<0.0l)} when the
dose was increased from 7.0 to 10 wg/kg body weight and from 10

to 15 mg/ky body weight.
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4.4,1.2 Teratogenicity testing

Adult female rats were given sub—acute doses j.e., ﬁU.S,
1.0, 2.0 mg/kg body wt./day of monocrotophos auring 6-15 days
(both days fnclusive) of pregnancy and from f£irst to 21 days of
parturition. In all the treated groups, except diarrhoea as
jndicated by so0}lea hind 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: Ilne ‘lody weights of rats during
pregnancy are presented in table 16 and Fig.13. The data shows
that the weight gain during pregnancy in 2.0 mg/kw body wt./day

treatment group was less (P < (0.05) than those of controls.

-4.4,1,2.2 Effect on postnatal deﬁelopnent: The effect of
treating pregnant and lactating dams with monocrotophos on
postnatal development viz., size, litter 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 s3ze was not affected due to treatment of -

pregnant dams with monocrotophos at the doses tested in the

present study.
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Birth wefght and crown-rumy tength: As indicated in Table 17 the
body wefght and crown-rump length of the pups bora to dams
treated with 0.5, 1.0 and 2.0 mg monocrotophos mg/kg body wt/day
were significantly (P < 0.0l) 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.

Welghts of pups at weaning: A perusal of data presented in Table
17 indicated that mean body weights of the new borns, born to

dans treated with monocrotophos were decreased significantly.
L]

However, only the pups born to dams treated with 2.0 mg/kg body
wt/day had significantly (P<0.05) lower body welghts even ar 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) hjghér

compared to:those of control group.

Brain wefghts of pups at weaninu; The brain weights of pups at 21

days of age are delineated ¥n Table 18.
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Table 18 : Effect of monocrotophos on brain weights of
pups at weaning.
Group Mean body mean Brain wt.
(mg/ky wt. at brain wt. as ¥ of
boay {y) (g) body wt.
wt./day)  + sp + 8D + 8D
Control 23.40+3.9 1.2140.09 4.82+0.69
0.5 21.25+5.8 1.1740.13 6.19+2.2
1.0 26.2943.6 1.26+0.12 4,99+40.8
2.0 16.20%*+3.6 1.06%*+0.10 6.90%%+] .72
% - pULOL - R '

From table 18 it can be inferred that the wmonocrotophos

at 2.0 mg/kg body wt/day reduced the brain weight significantly

(P,0.01) as compared to countrel pups.

4.4.1.2.2

Effect on biochemical parameters of brain : The
brains of 21 days old pups born to control end treated dams were
assayed for AChE activity (Table 19) and, GABA, DNA and protein

concentrations (Table 20).
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Table 14: Brain AChE activity of pups born Lo mono-
crotophos Lreated dams.

Treatment AChE AChE

(mg/kg body activity . % inhi-
wt./day) + 8D bition
Control 241.50 + 35.51 -

0.5 143.08%% + 12.86 40.75
1.0 94.17%% + 10.57 61.01
2.0 63.26%% + 28.69 73.81

1 A goles ACh hydrolysed by t g of brain tissue, at
37°C in 10 min. X ' :
¥ - P < 0.01

The AChE activity was significantly decreased (P<0.01)
at all the doses tested (Fig.l4) and the per cent inhibition of

the enzyme activity showed aose dependent increase.

The brains of pups born to dams treated with 1.0 and 2.0

ug wonocrotophos showed significantly low GABA levels when

compared to controls.

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 in 11 the treatment groups as .

compared to controls, this increase was only significant at 1.0
wg kg bw/day dose. The number of cells of total brain was

calculatea (Wiunick, 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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Per cent inhibition of AChE
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Table 20 : GABA, DHA and protein levels in brain of 21 days old pups born

to monocrotophos treated dams

L ]
Treatment GABA DRA Protein Protein Ho.of cells
{mg/kg/day} { mole/g {mg/q {mg/g brain) -v---- - in bra;n +
b KA 1
........ 3 A Y S
Control 2.09 a.n 144.8 36.66 83.55
+0.69 30.98 4123.52 $8.7 - 318.41
0.5 1.7% 3.27« 132.9 45,72 63.7
+0.53 $0.9 110,53 $18.5 16,39
1.0 1.22%+ 2.17%% 122.1% 67.74%> 44, 54w
+0.26 +0.82 27,92 4£32.45 $16.34
2.0 0.97%> J.43%x 71.694x 52.60 1 24.0%
+0.13 $0.29 $15.7% 12.82 +5.44
* P < 0.06 ; wxp < 0.0

+ Winick 1976,
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d.4.2 Cypermethrin 1;1()
4.4.2.]1  Range finding test : Initially an acute toxicity study

was conducted to Find the Lug,, obut cven after several trials,

dose related wortality could not be obtatned. Therefore a range
. finding test was conducted, using Na+ K+ ATPase as indicator of

toxicity (Tfable 21) since 200 ug k5 body weight also affected the
;Na+ Kf AlPase levels significantly, 10U, 300 and 500 mg kg'bwlday
were declded as the doses to be given during period of organoge-
inesis and lactation. However, at U0 wmg/kg body wt./day itself
gthe pregnant dams developed toxic symptows on Yth day. of
 pregnancy (i.e., on 3rd aay of dosing). Therefore,ﬁ the doses
were altered to 25, 50 and 75 mg/ky body weight.

Table 21 : Na+ K+ ATPase levels in rat brain at
different doses of cyperumethrin.

Dose No. of ' Na+ K+ ATPase
(ng/kg body animals (mg P/y tissue)
wt./day) + 5D
Control 4 6.81% + 1.12
200 5 5,450 + 0,34
U 5 4.92° + 0.42
80U 3 1.47 + 0.34
P < 0.05; weans with different supercripts are

significantly different.

4.4,2.2 Teratogemicity testing @ Adult female pregnant rats were
aduinistered with cyperuethrin at the gose rate of 25,50 and 75
mg3/ky Dbody wt./aay during 6-15 days (both dgays inclusive) of

preganancy and from first to Z2lst way of parturition,


file:///dult

4.4.2.2.1 Effect on pregnant dams

4.4.2.2.1.1 Body welght: IThe body weight of pregnant dams

recorded every 3 days is presented #n Table 22Z.

Unlike in the case of monoqrotophos, administration of
cypermethrin to pregnant dams did not affect the body weight

during pregnancy (Fig.l5).

4.4.2.2.2 Effect on postnatal development : - 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. ‘
Iitter s¥ze: A perusal of résults presented in Table 23 would
reveal that the litter size was affected at 50 mg and 75 ng/l;

body wt./day dose.

Birth weight ana crown-rump length: A highly significant (P <
{.05) decrease 3n 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 Lhe neonatal

death rate significantly at the doses tested Jin the present

study.
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Body weights (g)

a7+

260 |

0 A

T t 1 T ¥
6 9 12 15 18

Days of pregnancy

Control

D

+ 25 my/ky body weight/day
¢ 50 my/ky body weigyht/day
b 75 my/kyg body weight/day

Fig.1l5 : BODY WEIGHTS OF CYPERMETHRIN TREATED RATS
DURING PREGNANCY.
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Murtallty al  weauing:  The murtaltly ol pups wdas nfpulifeant by _1 15
hiph (P < 11.05) dn 50 and 75 mp/ky, body wt./aay treatment proup

&
as compared to controls.

Welght of pups at weaning: The body welght was significantly (P <
U.01) affected at 25 and 50 mg/kg body wt./day, compared to
control. Pups $n 75 mg/ky body wt treatment group showed a non

significant decrease in body w: ight.

Gross abnormalities: In the 75 mg/kg body wt,/day group abnormal
tail formation was observed #n .uree pups. The tails were short

ana roundea unlike controls where the tails were long ana

tapering.

Brain weight at weaning: At 21 days pups were dissectea and brain
welght was recorded (Table 24), AChE and Na® K' ATPase activities

were estimated, GABA, DNA ana protedn concentrations ¥n  brain

were measured.
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Table 243 Effect of cypermethrin on brain weight of

pups at weaning N
L]

Mean body mean Brajn weight

Group weight brain wefght as per cent

of body wt.
Control 23.4 + 6.16 1.412 +0.14 6.30 + 1.62
25.0 16.Y%*+ 3,22 1.335% 4 0.14  7.79%* + 1,32
50.0 19.0%%+ 2,64 1.294% + 0,11  6.88 + 1.03
75.0 22.1 + 4.9) 1.394 + 0.18 6.42 + 1.21

* P <005 ; ** p < (.01
The brain welghts expressed as per cent body welght
showed an Jncrease on cypermethrin treatment. with a highly

significant ‘ncrease at 25 mg/kg body wt./day.
4.4.2.2.2.1 Effect on biochemical par .wcters of brain

The AChE and Na+ K ATPase activities are presented #n

Table 25 and GABA, DNA and protein concentrations in the brain

are given in Table 26,

+ .
Table 25: Brain AChE and Na K" ATPase activities in
pups born to cypermethrin treated dams

Treatment A¢hE Na+K+ATPa3e
mg/kg bw/day activity activity
Control 142.3 + 26.7 2.41 + 0.65
25 109.7%%+ 28,9 1.19%%+ 0.35
50 77.84%%+ 28,3 1.89%*%+ 0,50
75 ?Z.Ué*ﬁi 21.2 1.01%%+ 0,48

1. u moles of ACh hydrolysed by 1 g of brain tissue at .
37°C 3n 10 minutes
*¥% .~ P < 0.0]
Dose related decrease in brain AChE activity was noticed



(P<U.05) in treated groups. The pyr cent snhibition (Fig.16) of

the enzyme activity increased as the dose increased.

Na+K+ATPase activity was significantly  (P<0.01)

decreased in all the treated groups compared to controls.

DNA and protein concentration were sjgnjfjcaqtly

decreased (P < 0.01) in cypermethrin Conse-

treated pgroups.
quently the protesn to DNA ratio increased significantly in all

the treated groups. The cell number 3n the brain was signifi-
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cantly (P < 0,01} lowered at all the doses.
Table 26: GABA, DNA and protein content of brafn of pups born fo
cypermethrin treated dams
Treatment  GABA DNA Prote 'a Protein No. of cells
mg/kg u moles nglg mglg = —=———— in brain
boay wt, g brain brain brain DNA x 10
Control 2.66 3.94 137.2 32,99 97.0
+ 0.83 + 1.19 +16.2  + 12.28 + 21.63
25.0 1.85%x 2.38%% 101.0%%  44,7]1% 45, 6%%
+ 0.42 + 0.39 + 5.6 + 8,356 + 8.27
50.U 1.45%% 2.24%% 91.1%*  47,9% 45,69%*%
+ 0.29 + 0.28 + 8.8 +10.0 + 3.71
75.0 U,92%* 1.99%% 91.39%*  39,.33* 40,0%*%
+ 0.36 + 0.33 + 5.7 + 6.12 T 11.1
* pPCO0,05 ;3 P<0.01
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CHAPTER V

DISCUSSION
5.1 SURVEY

An appraisal of tihe results (Tables 3 to 8) of survey

comducted to elicit information regaruing pest control practices

for wvegetable crops revealed that farmers relied mostly on local

farmers, dealers and their own experience 3in selection of

pesticides, doses to be usedq, frequency and nethod of

application. Tnis incuicates that there is a need for information

on pesticides use, to be given to the faruer.

It was found that farmers could not think it unwize €o
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 o any laria to hunans,

Fitty per ceunt of the farwers were unaware of the date
of expiry anu tuose who were awvare, occassjonally bought then
since they were available at a lesser price. Srivastava ana
Patel (190Y) are of the opinion that wost of the farmers being
i1lliterate cannot reau the expiry date written in English on the

label anu are cieated by aealers in this regard.

The tiwe gap between tne insecticiaal spray and harvest
of vegetables 1s an iuportant factor in weciuing the ultimate

amounts of pesticiue resiuues reacning the consuwer., 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 iIn

overripeniny of the vegetable crops, thus decreasing the market

value,

5.2 DISSIPATION OF INSECTICITES

5.2.1 Monocrotophos

Monocrotophos is one of the commonly wused organophos-
phate insecticides, on vegetables. This insecticide was applied
on okra crop at two different doses, viz., 0.25 kg a i/ha (recom-
mended dose) anad 0.38 kg a’i/ha (higher dose), selected on the
basis of farmers use. The deposits of residues on '0Q' day were
4.45 anc 6.86 ppm respectively (Table 9). The $nitial deposits
appear to be higher. pixit _t al. (1981) have also repurted
such higher in¥tial 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 ai/ha
observea a very low initial deposits ranging from 0.23 to 0.49
ppu  in three alfferent sets of experiments cver three seasons at
pangalore. HReporis of low ¥nitlal deposits on brinjal, chilld,
onion (Awasths 19663 Nandihall! and Thondadarya, 1986;
Srinivasan and Lingappa, 1986) and also high inftial deposits on
coriander, chickpea, green chillies (Jain et al., 1987; Singh and
Gupta, 1981; Patil and Dethe, 1984; Narkhede et al., 1977) are
not uncomaon. The low inftifal deposits reported by Krishnalah and
Prasaa (1978) on okra and also our present Jnvestigations are
higher than the prescribed tolerance Limit of 0.2 PpR éFAO/KHO,

1973), In view of thesz findings these vegetables should not be



consumed on the same gay of insecticiaal spray. The reasons fgr

such a wide variations in the initjal deposits are not clearly

known. This mnay be due to amount of spray deposit recefved by

the fruits, use of different spraying equipment, and spraying

conditions,

The rate of aissipation for monocrotophos f.e., the pe£
cent loss of pesticide was 33 ana 39; 43 and 56; 70 and 70; and
84 and 85 by 1,3,7 and 10 days at U.éb and 0.38 kg a'/ha respec-
tively (Table 9). It can be seen that the residues dissip;ted at
a slightly faster rate at the higher dose compared to recommended
dose of pesticide application, The half 1life values (calculated
after Hoskinsg, 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 ana safety intervals for monocratophos
found J¥n the present study are higher than the values 2.6 - 4.8
aays, half life; 14.4 - 17.1 days - safety interval reported by
Dixit et al. (1Y81), ana half life - 1.63 to 2.3 days and safety
interval of 4 says reported by Krishnajah and Prasad (1978). In
the 'ljght of U.2 ppm tolerance limits prescribed and on the
bagis of our aata a 1% to 17 cay gap between spraying of monocro-
tophos ana harvesting appears to be safe for consuming okra
fruftrs. The restdue levels were higher than the tolerance limft

even upto 10 days and at below detectable level at, 15 days

3

after application. Extengive data are ava’ilable for the aseple~
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tion of monocrotophos on Liceld crops.{West lake et al., 19/U;

Aharonson and Resnick, 1971) indi-ate slower digsipation rate on -

fruits than on cereals. The systemic properties of monocrotophos
permit the absorption ang retension of residues on fruits and

hence slower dissipation.

5.2.2 Cypermethrin

Cyperuethrin a synthetic pyrethroid insecticide, when
sprayea at two different concentrationé viz., 6V g ai/ha (recon-
mended dose) ana 100g ai/ha (higher dose) on okra crop,. the
jnitial deposits were found to be 1.46 and 2.28 ppm (Table 10).
The initial depousits were slightly higher compared to 1.1 and
1.3 ppw reported by Rai et éi. (1980) with the 40 and 60 g aj/ha
rates of application respectively. Lower initial deposits (0.93
mg/ Kg ) was also observed on brinjal fruits sprayed with cyper—
wethrin (Awasthi, 1986). bventhough the initial deposits are

less, they are still above the tolerance level of 0.5 ppm

(USHEW, 1978 a,b).

The wissipation of cyperwethrin resulted in 25.3 and
32.U; 67.6 and 58.3; 8Y.7 ana 8Y.U; and 93.8 and 93.4 per cent
less by 1,3,7 ana 10 days at 60 and 100 g ai/ha respectively
(Table 10). Unlike with monocrotophos, the rate of dissipation
¢l not differ for the two doses after the first aay. The half
life's were 2.4 and 4.5 days and safety periods were 3.5 and 5.2
days for 6U ana 10U y ai/ha doses respectively. In brinjal fruits

& .
Awastiii  (1986) observed tiwe fall of cypermethrin residues to 53%

no



by second harvest 85.3% by third harvest giving half life value’

of 1.46 days. The rate of decrease of pyrethroid residues from
plant wmaterial dnder normal conditions was influenced essentially
by fruit growth resulting in the dilution of residues (Ebling,
1963; Awasthj and Anand, 1963) by evaporation and photodegrada-
tjon.(Elljott, [980). The non polar and non systemic properties
of synthetic pyrethroidas do not permit the absorption and move-
ment of the residues from the site 'v. application and they
rematned localised on the surface of the fruit exposed to the

processes of degradation, Hence the resfdues of cyperwethrin

should be removed through the decontamination process.

A large body of infori :tion on the levels of residues in
crop commodities where cypermethrin has been used was avajlable
(FAO/WHO, 1980, 1985¢) ana proposed maximum residue levels
rangea freom 0.05 to 2.0 ngfkg . In addition to these data, a
1jwited information on residues have been published by Lauren and
Henzel (1977), Braun et al. (1982), Frank et al. (1982) and
Awasthl and Anand (i983). Based on these maximum residue levels

prescribed,when the okra fields are sprayed with cypermethrin, 3

to 5 déys 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
R

cooking, mewium of cooking anu other *ngredients used in cocting

varies with vegetables. Effect of coumon wuethous of cooking
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followed in Andhra Pradesh for okra were used to test the effect
of processing on residucs. As vashing Js the first  step, the
effect of washing on residual jnsecticide was  determined and
was found to remove wonocrotophos deposits to an extent of 58-60%
at both the doses (Tables 1l and 12). Our results. are IJn
conformity with the findings of Krishnajan and Prasad (1978) who
reported a reduction of 6l% residue by washing. Since the
compound 38 readily soluble in water, surface residues are also
likely to be reduced consjugerably by washing process. Such
conclusjons have been found to apply in practice. For example,
Fahey et al. (1971) showed that a cola water wash removed 36 to

72 per cent of wonocrotophos from field treated tomatoes.

When okra after washing was stir fried or bojled in
tamarind extract with or wjthout turmeric the removal of deposits
did not show any appreciable Jincrease (61-64%). Washing In
alkaline water followed by stir frying (02-66%) was not any more
advantageous than sjwmple washing In tap water followed by stir
frying '(61-6&2) jn terms of decontamination. Monocrotophos is
thermally unstable, decomposing readily at 7530 and abouve (Brown
et al., 1966) and thermal decompositfon js 1likely to play a major
role JIn loss of residues. Since the compound 3s also readily
soluble Jin water and most of the residues were renoved, during
washing by hydrolysis, the differen;e in per cent removal of
deposits between washing ana stir frying and bojling was not

appreciable. The per cent removal of residues was observed to

decrease with increase jn time gap between insecticidal spray and

0



harvest (Fig.8 and Y). Sfmtlar wubservations were wmade by
Krishnalahh  ana  Prasad (1978). Monocrotophos betng 4 systemic
insecticide may wigrate into the tissues and get firmly bound to
the tissues, thus making the process of dislouging them and

destruction difficult with increasing ! i

As with wnonocrotophos, the effect of commonly used
cooking processes on loss of residues frow okra was studied for
cypermethrin (tables 14 and 15). Washing okra fruits (after one
hour of spray) in tap water could rewove 41-&;% residues  -nly,
witich 3s lesser than the reﬁoval of mohocrotophos residues.: This
may be because of lesser amount of inftjal residues present In
case of cypermethrin. Awastii (1986) also reported only 30.1) to
19.2% loss of residues in brinjal fruits through washing. When
washed frufts were stir fried 7t resulted in a further 19-21%

reduction, increasing the total resicues loss to 60-68 per cent,

The process of washing in alkaline wedium before stir frying did

not appreciably jncrease the loss of residues (66-70%) as with
nonocrotophos resjdues. Bojling Ju  tamarind extract removed
nearly 78=79 per cent of the injtial residues. The chenical

constituents such as tartaric acid n the presence of high tempe-

ratures may have caused this higher loss of residues, When

L

turueric was added to tawarind extrsct, the extent of residue

reduction was siwmilar to that when only tamarind extract was

used, on 'U' day of spray. = However, on subsequent days the

removal of resjdues was sligntly higher when turmeric was used.

raji et al. (1980) have reported a loss of 70-b0% ;hen three day



old okra frujts were washed and builed. The residue anmounts were
well below the tolerance limit of 0.5 ppn (USHEW , 1978 a,b),
based on which they recomumended a wajting périoa of 3 days. A
similar effect (as with wonocrotophos) ok uccreasing efficacy in
removal of resjidues was found on ageing of the resjdues. The
decreasing effect of these treatuents in reducing the residues
on ageing may be due to reduced avajlability of the free form of
the pesticldes as the pesticides molecules become physically
bound or conjugated with chemical constituents of the fruit skin
and becowme wore resistant to the decontamination process even
with alkaline mediun. Synthetic pyretihroids are susceptible to
alkaline hydrolytic breakdown, but are stable under acidic condj~
tions (Elfott et al., 1978) and therefore washing the fruits in
gsodium bicarbonate solution enhanced the deyradation pattern of

the residues,comparea to pla’n water washing.

Decontaninacion of the insecticidal resjdues through
varjous processes js essential, since decontamination through the
- ajlution of residues during fruit growth and physico-chemical
deyradation may not always be sufficient to prevent wunacceptable

levels of pesticide remaining on fruit Jntended forJ human
consuaption, particularly under present‘condjtjons In IndJa where
there Js no regular mondtoring of market sampels of fruit and
vegetablea. It Js therefore advisable to utilise a sujtable
decontamination process, such as those described here, on a

regular basis as a precaution ajwed at reducing the

possible

hazards of pesticide residues,



5.4 TOXICITY STUDIES

5.4.1 Monocrotophos

Considerable amount of literature has been reported on
LD50 of monocrotophos ranging from 12 to 21 mg/kg body wt
(Agrochemicals Hund Book, 1984; Eto, 1976; Janardhan, 1981).

FAO/WHO (1973) reported an oral LD.. of 20 ug/kg body wt for

50
female rats, In the present study the LD50 for monocrotophos in

female adult rats was found to be 10 mg/kg body wt.

In the present study monocrotophos treated rats had
shown signe of diarrhoea during pregnancy and lactat’on. Similar
observations were reported with monocrotophos (Janardhan 1981}
and DDVP (Civen et al. 1980) fn adult rats. Such gastro-
intestinal manjfestations usually appear due to local
antjchgljnesterase action in the gastro-intestinal tract. This
may be one of the reasons for décreased body weight gain during

pregnancy as observed #n the present study (Fig.l3 and Table 16).

The 1litter size was not affected in any of the treated
groups. Ramsey et al. (1969) immersed rats in a 1% solutiﬁn of an
organo phosphate ‘nsecticide 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 et al., 1971). It is apparent

from the present findings and also the findings of other workers

that the litter size is not affected by the ingested sub-acute

doses of organophosphorus insecticiaes. However, Janardhan et al.
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(1984) found reduced litter size n the rats treated with higher

dose of (2.4 mg/kg body wt) monocrotophos.

The body weight and crown-rump length at birth were
significantly (P < 0.05) less compared to those of control group.
Growth retardation is a manifestation of abnormal development
(Maclaren and Michie, 1960). It s contended (Budreau and Singh,
1973) that the lower birtn weight was due to availability of
nutrients' to the fetus being affected due to Inhibition of
esterases by the Jnsectfcides. Perrota and Lewis (1968) havg
shown the presence of esterases in hum#n, 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 Jin rats with malathfon (Kalow and Morton, 1961) and
methyl parathionn and DFP (Fish, 1966) and monocrotophos

(Janardhan et al., 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 befng detoxified $n the body, thus exe?t!ng toxic
effects on the infant (Newman and Gross, 1963; and Areis et al.,
1964). It is also pbssible that the chemical could be excreted

in milk and render it unpalatable to the infant (FDA, 1970).

Crown-rump length 35 considered as one of measures of
growth parameters in rats, other mammals and also chicks

monocrotophos  significantly affected the crown rump length



adversely and recent avadlable evidence (Kalakumar, 1948) also
clearly indaicated sipni{icant gecrease fn the crown-rump length.
Growth retardation 3s a manifestation of abnormal development and
i statea to b. the most sensitive parameter to judge the embryo
toxicity. The growth retardation may be due to plac?ntal

3nsufticiency resulting in decreased rate of DNA synthesis during

intra uterine period,

In the present study the mean weight from birth to
weaning was found to be reduced in 2.0 ng/kg body Gt!day
treatment group (Table 17). Eisenlord and Loquram (1965 and 1966)
in a three generation study found a sinmilar effect with monocro-
tophos at 12 ana 30 ppm in diet. Menzer and Casida (1965) found
that ﬁonocrotophos is excreted fn wilk when goats were orally fed
with 1t. In the light of above observation it could be possible
that a similar excretion might have occurred In rat mflk,
exerting adverse 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 apge (Table 18). Similar decrease in brain
welghts JIn day-old chicks with wonocrotophos was  reported

(Kalakumar, 1948). The decrease in the brain cell numbers {Table

20) wight reflect the decreased brain weights.

In the present study the reduction in brain weight was

accompanied by a reduction in bolh DNA and protein content, with

N2



an increase tn protedn/ONA ratio, Stwiiar effeets were observed
wi tl wethylazoxy cthaunol (MAH)} when rals were exposed. A prenatal
exposure of rats to MAM reduced brajn growth in the first three
days, regaining the normal growth after 3 days, but reduction in
DNA persisted throughout maturity of anfwal. Apholate waslfound
to interfere with nucleic acid and protein synthesis 'In male
albino rats (Haqqui and Adami, 1979). The vulnerable period of
development extenus nearly over the whole perfnatal period,
Particularly the brajin growth spurt reaches jts maxiwmum at the
end of the first week in the rat. This corresponds to the: late
fetal phase of human brain developuent (Benesova et gl.; 1984).
Therefore the whole period of organogenesis, and post natal
developuent till weaning was chosen JIn rats for sub-acute
treatment with monocrotophos. Alterdation of protein synthesis in
growing organs may produce a reduction of DNA synthesis, and
measurement of ONA synthesis is the biochemical basis of cell
proliferation, Since any brajn growth deficit may be cauged
either by a reduction of cell numberssor by diminution dé average
cell size, the DNA content and protein DNA ratin respectively
were estimated Jn weaning rats. The perusal of data (Table 20)
gsuggests that inhibition of neonatal protein synthesis adversely

affected permanently the growth of the brain.

The effect on rate of synthesis of DNA seems to be more
than that of protein as jnuicated by increases Jn protein/DNA

ratio, which is « wmeasure of Jincrease jn cell (Table 20) size.
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Exposure of dams during pregnancy and lactation to mono-
crotophos decreased the brain AChE activity (PKU.05) in pups.

Hoffman and Silco (1984) observed a similar inhibition of brain

Cht activity 3in hatchlings from mallard eggs when exposed to

topical application of EPN on day 3 of development. Dose-
dependent aecrease 3n brain ChE activity in day old chicks was
feported (Kalakumar, 1988). When chick embryos were exposed to
wmonocrotophos during ewmbryogenesis in vovo. Similar reduction jin
brain ChE activity has been reported in Japanese qualls yjth
monocrotophos (Shellenberger, 1966), rats with cyolane {Hussein
and. Abd-El Massih, 1977) and monocrotophos (Janardhan et al.,

1984), chicks (Natdu et al., 1978) with dichlorovos.

GABA 485 the most powerful inhibitory transmitter

(system) 3in the mammalian brain which plays a major role in

functioning of nervous system. The GABA concentration in the
. o+

brain 1s an judicator of the functional' state of GABA receptors.

In the present studay the GABA levels were significantly lowered

in groups treated with 1.0 wg/kg bw and 2 mg/kg bw (Table 20). A

similar phenomenon has been noted by Al} and Hasan (1977), with

dichlorves 3in adult rats. Roberts and Kuriyan (1968) have

reported that neonatal cerebral GABA levels are generally low and .

increase with age. In rat GABA and glutamic acid JIn brain
increase dramatically during first 21~30 days of life. Vernadakis
and Woodbury (1962) also have pi:i. pointed a progressive Increase
in GABA and.other amino acids in cortical grey matter of rat

brajn from birth to 25th day. Therefore decrease in brasn GABA
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jevels 3n the present study is yet another indjcation of  cthe

disturbances of inhibitory braln wechandsws  consequent  to o

perinatal brain méluQVGlopment (Benesova et al., 1984).
5.4.2 Cypernethrin

In the present stud: the LDbU of cyperuethrin coula not
be arrived at, since the nortalities were not correlating with
the dose of the cheufcal. LD50 is known to be affected by concen~
tration, vehicle, temperature, age and strain of the experimental
subjects (Coombs et al., 1Y76). The toxic sywptoms viz., splayed
gait, tip-toe walk, with occassional tremors and convuisjons
leading to prostration and deatn in severe cases of poigonjng
observed Jn the present study on acute dosing were simllar to

‘those observed by Coowbs et al. (1976).

Tiie results of the sub acute dosing of pregnant. dans
5iuriu5 the perjod of oryanogenesis indjlate that the body wedgut
tajn  in treated groups were simjlar to that of the controls
(Table 22). In contrast Tesh et al. (1978) observed a slight but
&ignjfjcant reduction in maternal boay weight gain at 35 and 70

wg/kg bw  cypermethrin. . This difference could be due to

difference ¥n strajn of rats used.

The avera;e litter size was reduced by 50 and 75 mg/kg
bw (Table 23). These results are n accordance with those of
‘Ahuwea and 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 in treated groups were not signifi-
antly different Erom those of controls. A similar result at 15
na 30 my/ky body wt doses was reported by Abmed and Cupta

1988).

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 al. (1978}, in a three
eneration study found a similar decrease in total litter weight

na size at 500 mg/kyg diet (25 myg/kg body wt) in Flb 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
rontrols. However the body weight ga’n showed an unsual trend
ith significantly low body weight at 25 and 50 mg/kg body wt and
1w effect at 75 mg/kg body wt. This may be due to high neonatal
teath rate at 75 mg}kg dose compared to 25 and 50 mg/kg body
it/day groups. This could be the result of the fact that ieas

wwber of pups were nursed by the dam during post-natal period.

Ahmed and Gupta (l988) also recordea & significant reduction in

weight gain at 4, 14 and 2! days of lactation. At 30 uwg/kg the'

lactation Jndex was reported to be significantly reduced by
Croucher et al. (1985) and Swaine and Saplets (1980) have
reported that cypermethrin residues were present in wmilk when
cows were fed cypermethrin jn 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 due to either unpalatability/insufficiency

of milk or the adverse effects of the chemical in the growth

process.,
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The results of the present study revealed decreased
brain weignts in all creates roups (Table 24) with  sfgnificant
decrease only at =9 .o S0 w,/ky, bwfoay ;roups. Bul, the si; ni-
ficant recuction in brain voight was recordeu oanly in the group
treatea wita 25 uy/k, bw/day. This discrepancy could not be
explained and coulu be an artijfact. DNA and protein content of
brajns were si nificantly rewuces in all the treatea groups
(Table 27). The protein to bWA ratio showed a esignificant
increase Jn all the treateg groups. This suggests thuat the
effect on cell pruvliferation as a consequence of decreaseaf DNA
synthesis 3s much wore compared to the effect on cell size due to
a decreaseu protein syntnesls. Protein metaboliegw was shown to
be affectee 3n branchial tissue of fish (Keady and Basha
Honjaeen, 1985). Winerein, the tota%, structural and -*soluble
proteins were shown to be significantly decreased with the
increase Jn cdatobolic enzyuwes. Therefore it could be consa;uea
that the decrease in protein content could probably be due to
nicrozonal stiuulating effect of cypermethrin, resulting in

increased wetabelisiny enzyues,

The AChE as well as Na+K+ ATPase enzyme activities
{Table 25) were found to be inhibited due to cypermethrin. The
AChE has been known to be inhjbitcd to a lesser deyree due to
cyperwethrin as couparea to nonocrotophos. Since the organophos-—
phates are specific cholinesterase iJnhibitors, the enzyne

activity 78 a weasure of toxicity of organophosphate pesticides.

. ST 205 S . '
Siwilarly the Ha K AlPase activity Js 4 weasure of toxicity due
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to pyrethrotos. The privary target site ol eyperwethrion and ol

pyretiroia fusccticices in ceneral is the soaiun channel, causing,
a long-lasting prolongation of tne normally transjent increase
in sodiul  perweability durfng excitation, resulting in long

+ +
lastin, train of repetitive jmpulses. The decreases Jin Na £
ATPase activity was significant at all the aoses tested, but thig

decrease was not dose-related .

A dose-relatea gecrease in the brain GABA (Table 2b6)
levels iJn all the treated rats poiuL to disturbances of JInhibi-

tory bra’in mechanisus consequent to perinatal maldevelopment of

brain.

In conclusion Jt can be stated that pesticides are
+

invarjably used as one of the nost effective pest control
measures on all most all the food crops. When used on vegetable
crops they have a specjal sfynificance Jn thal they tend to leave
‘higher residues by the time they are consuwed as compared to
other crops such as cereals, willets or pulses. This is because
of non adherence to recommenued crop protection schedules such a;
use of appropriate pesticides jn thelr right concentration,
nunber qf applications and safety ntervals. As a step towards
recucing, the residue content before consunption different

pretreatiuents before cooking and different

have been reporteu in literature,

Dissipation stunies on two mosl _oitwonly used pesticides

je., wonocrotophos and cypermethrin have revealed that since

cooking procedures .
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safety intervals range trow 1o to 19 ways ror uwonocrotophos anu 3 .]:if;
to Y uays tor cyperweliorn, Lo toruer pesticlue slivuld be uscu
at least 20 cays belore harvest anc the latter can be used 5 duys
before harvest, so that as tue safety intervals can be maintained
without loosing the econouic viability of the vegetables due to
over ripening. Of the ujfierent cooking processess studied in ah
enueavour to seck wost effective wethous for further reducing the
resjuue levels, wasnin, okra iruits prior to cooking was wuost
effective Jn case of aonocrotopgivs resioues, but cyperuethrin
resiuues coule be reuoved to a nigher levels by wasuity the
fruits and stir frying or boiling in tamarind extract with or

¥
without adding turueric.

The toxicologjcal stuujes on the offspring of the uwaus
exposeu to poth wonocrotophos ana cypermethrin during pregnancy
anu lactation inuicate that tie brain parauweters guch as nthf,
. Na+Rf Alpase, GABA, protein anu UNA show slight to significant
changes aepenaing on the gose Lo which the animals were exposed
pointing to wmaldevelopwent of brain in young ones. The wurban
population wmay or way not be exposea to such levels of these
pesticides, since even if the recouuenued safety fantervals are
not auuered to, Lhe transit tiuwe way cause further wegravation of
resfuues, specially where safety Jntervals are less as with
cyperuethrin, But the rural wasses stano yreater chances of
receivin, vegetable crups with nibuér resjuves as the produce

reacnes thew witirout wuch welay after harvest. Horeovver the

exposure to pesticiaes s not only through consuwing fooas



containing residues but aluo quring agricultural operations. LL
Is da counol pr;cLicc tor wowen to participate in agricultural
operations and thouph they way not be actually Snvolved ja spray
operation are exposeud to tiese sprays ejther by Jnhalation or
derual rout. If tids kifnu of exposure, coupled with consumﬁtjon
of fpous containing hiph resfdues occurs durfng pregpancy or
lactation, may forebode couplications in fetal development and
development of new burn. Thus there is a great need for proper
education of those Jnvolved in agriculture regarding health

hazards and precausions to be taken.

¥
Since in India the fooa habits amd agricultural

practices oiffer from region to regyjon, it is desirable to assess
the levels of varjous pesticides present ¥n composite diets of
i ffesrent regions with emphasis on rural areas and study the
toxic effects in terus of physical and wmental well besng of the

population,
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CHAPTER VI

SUMHARY

fhe jnvestipations carrieq ocut botu under fiela as well
as Jn the laboratory jincluges (3} survey on the pesticide use in
three vegetable yrowing areas of Andhra Pradesh representing
wlgn, wmediuw ane low pesticide consuwing area, (33) dissipation
of wmonocrotophws ana cyperuethrin on Ukra and effectiveness of
various cooking procevures jn reducing the residue levels, and
(ii1) teratogenic effects of wonocroptophos and cypermethrin

"

through wonjtoring of relavent bjo-chemical parameters jn albino

rats.

The survey under taken Jin three different pesticiues

using areas of Andhra Pradesh viz., Guntur, (high peéticides

consuwing, area), Anakapally (mealuw pesticides consuning area).

and HRanga Reddy wuistrict (low pesticides consuming area)

selecting arounu 40 farmwers as subjects from each area, clearly

indicated aJnstinct differenccs in the pesticides usage. In
guntur region most of the faruwers apply higher than the recommen-
ded «oses anu number of applications of pesticides on vegetable
¢rops, whereas at Anakapall’ and Kanga Ready District regions
wostly faruwers use less than the recomw ..ded noses, except few

faruers who exceed the recomunended doses.

In all the cthree reyjons, safety Jntervals between
application ana harvest of the prouuce were not followed by the

faruers. The source oI infor..tion for tne pesticiue to be used
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and dose to be applieu was nostly the dealers of the pesticides
anu experienced faruers but oot the official sources anu
advert) sewents. Few faruers are aware'of the expiry date of the
pesticlde at Anakapall] and fanga Reeady regjons. However at
Guntur region wost of the faruwers werc aware about expiry date of

pesticige.

The diséjpation studies on Okra under field conaftiens
for uonocrotophos applied at U.25 kg, a.i/ha (recommendgg vose),
V.38 kg. a.l/na  (higher dose) anc c;permethrjn 60 ana 1UU g
a.j/na (recoummenced and higher dose respectively) recorded
nitial uvepowdts of 4.45 and ©.86 ppu for monocrotophos ana 1.46

and Z.28 ppu for cypermithrin on Okra frufts.,

Half life periods for wmonocrotophos were 4.03 and 4.14

days and for cypermethrin Z.41 and 3,54 cays. The t.tol perjods

were 17-19 days for wonocrotophos and 2.5 to 5 days for

¢ypernethrin,

Amony the processing procedures tried viz., washing Jun
running water, washing and stir frying, washing and boiling in
tauarind extract with ana without turweric and washing in  sodium
bicarbonate water followed by stir ffyjng; washing in running

water removecu 58 to bU%X ol initial wonocrotophos residues. The

other processing procedures reuoveu 60-65% Jinitfal noneecrophos

deposits. In the subsequent cays (1,2,7 and 10 days) the effect

of processing procedures In rouoving tne residues was woro  or
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less slwilar Llke inftlal weposits, however Lhe  percenluagu

rowoved wiat luoss,

Boilin, with tawarinu extract (with or withoul turweric)
proved to be best in removing tie injtial aeposits of cypermi~
thrin (75 to 79%4) followed by wasiing in water and stir frying
(66 to 70X%) anu washing n running water (41 to 47%). The extent

of the removal of resjuues appears sjuilar anu followed‘the gaue

R
order of the yrocessing procedures wurfng the subsequent ' days

after application,

In teratogenicity studies, wonocrotophos was auninis-
terea at the dose rate of 0, 0.5, 10 and 2 mg/kyg body wt day to

pregnant rats during the period of organogenesis and postnatal

vevelopuent.

Monocrotophos significantly affectea the body wefght in

the rats auring pregnancy at 2 ug/kyg boay wt./day. Siwilarly

wean reuuction Ju birth wefght, mean crown ruup length, and

increase In neonatal deaths were si nificant at all the doses

(0.5, 1 anu 2) of wonocrotophos. Effect on the litter size by
the pesticide was not apparent. Per cent survival of pups was
significantly affected at all woses and mean litter weight at

weandng was afrecteu only at higher dose,

Honocrotophos also resulteu in the vecrease Jn brain

weluhts, AChE activity ana vwA Jn all the woses. DecIeaée in

GhApA  anu protein conceatration in the bra’n was observea at
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niher uoses (1 ana 2w, ky bouy wt./uay) Indicating waldevelop-

went of brajn uwurin, post natal perjou.

For cypermetirin the vose range of U, 25, 5V amd 75
‘mgfky bouy wt./uay chosen for teratogenicity testing did mot
‘affect tire wedght ga’tn of daws during pregnancy. 5S5mildrly
litter size ana per cent neonatal deaths were not ?Ffectéd.
Siyndffcant reduction Jn wean ljtter*weight and.mean Crowi=ruup
length ana per cent servival of pups of 25 days age vas qbserVed
at 50 and 75 my/iy body wt./day. lean litter weight was sigai-
ficantly affected at 25 éna 50 tug/ky, boay wt./day with ab;arasi

tail forwation (only at higher aose).

Effects of 'cyperuethrin on the decrease Jn brajn

wefghes, AChe actfvity anu DNA were siuflar to wmonocrotophos.
Protein, GABA Jn brain decreased sjynificantly at all doses.

Protéihfvhﬁ ratio sionificantly fncreased at all doses. Sodiup

and potassium ATP are sjgnificantly decreased at 50 and 75 mg[ﬁg'

‘body wt./day Fndicatin, the teratogenic potential of boeth

© thepesticides.
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APPENDIX 1
Interview schedule for j$nformation regarding I1msecticide
usage on vegetable crops

Name of the vegetable : Date :

Season ¢
Name of the farmer @
Village :

Msrrict @

1. Area under cultivation of the crop :

2. Who recommends the ingsecticlides :
to be used.

3. Source of iInformation regarding

a) The dose to be used :
1. From label on the contalner ¢

2. From other farmers

"

3. From agricultural officers :

4., Any other

e

b) The method of application - :

1. From the dealer

»a

2. From the farmers

"~

3. From Agricultural officer

4. Any other

4, Uid you recelve any trailniang in
the method of application? Yes/No
I1f yes, state frum whom training
was received 7?7



APPENDIX T

Calculation of ®L,, and T.tol. for wonocrotophos residues

50
2
Days Residue in ppm Log ppm X Xy
X y

1] 4.45 3.6484 0 U
1 2.96 3.4713 1 34713
3 2.52 3.4018 9 10. 2042
7 1.34 3.1271 49 21.8897
10 U.69 2.8388 100 28,3880
15 ND
21 16,4870 154 63.9532

=x 21

X = -— = e 4,2
n b
&y 16.4870
y = == = e m—— = 3.2974
n 5
€t nt
Correction factor(CF) = ---- = —— = gg 2
. n 5
.2 e
£x =Ex" = Cf = 159 - 84.2 = 70.8
Ex) (&) (21)(16,4870)

Exy =LKy ~ mm——ee——ee *F 63,9532 - mememeaeeen _
3

= o~ 5.2922 -
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RL

S5u

h = =———— = mm————— = - . 0747

3.2974 = a - [(0.0747) (4.2)

a = 3.6l111
log K, - log tol
T.tol =. where
loy K2 = a; Kl = b and

tol = prescribea tolerance limit

d.6lkl - 2,300

17.5382
=U.0747

Log 2
or half life = ’—"ﬂ" where Ki:: b

i<,

U.3ull .
| R L" 03

0. 0747
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Emperical probits.

€&
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, _
Enwx = nwy (Eawx) =twx ] { £ nwy)
X+ memeess 1,0079; ¥ & cceeccee s 53061 & 8 = ceeeemens * 27.9805; b *  edeceacacane. 138,952¢
£nw = nw £ﬂ'.f | £
. b
tinwy]? Col A = 27,4035 Col B8 140.757) Col € 724.9845%
C = ~aveesc x 710,3547 - a = 27,1805 -b 138.9525 -c  710.,3547

gnﬂ LT T N T L Y A T E R, -

Eox o+ 0.2230 Ty + 1,806 Syy = 14,6298
Zxy
b = -eee- » 5,0924

Zxx

Y = Fib {x-X)

L1Dso = 5 « 5.306% + 8.0924 (x - 1,0379)

X+ 1,000074 APAU €' ~& 11BRARY
b.YD F 13 560 030
Antilog of 1.0000784 « 10,0 mg/kg body welght ' .

Flductal Jimits = .y 4 t x SE{m}

! ! (x-%)°
¥ (M) eneen mees b temecan.
13 nw -‘.;.J(!
) 3 1.00074 - 1,0379
B --1-----5 LT b} omestcmeacmaaooaa - ¢
(8.0024)°  25.23 0.2230
= 0,01527 (0.0396 + 60.0064)

. 0.0007024
SE(m) =]vm = 0.0265

Fiducia) limits = 1.000074 + (1.96 x 0,0265)

1.00074 4 0.05194





