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Pesticides:

Inseects have survived for more than 250 million years,
while man, 25 we recognisze him, has been around for only one
million yeers. Man's continuous eon”liot with erop pests is
well docunented in history. Tho recurrent plagues of locusts
and the poteto “amine in Ireland illustrate what ean oceur
vhen pests gain control. Pest control hes alweys besn prec-
tised but the methods employed heve changed with edvaneing
eivilisetion from manpowver through mechanieel means to
chenicals or pasticides. One of tha oldest records of pesti-
cides 1s contained in Hdm.r'n nention of sulphur over 1000
years 1B.C.

Pestiocide i3 one of the highly emotive terms of modern
technology:; the reasction whioh it involvas is varied but is
usuelly tempered by voeational interests. To the food
scientist they ere tarmed as food conteminants. Definatioen
of pesticides is not sasy end varies emong countries. Pesti-
cides are defined es substanoces or mixtures of substances
used to control enimal and plant pests dy killing or re-
pelling them. '



At the ocut-break of the Second YWorld War thare vas one

insecticido vhich occupied a koy position; that was pyrethrum,
the oxtract from the deisy flower Pyrethrum cinersriaefolium™

a substance sxceedingly poisonous to insects but practicelly
harmless to man. Por many Yyears chenists had baeaen sesking to

produece & synthetie contaet insectlcide, capable of being made

in the laboratory and manufactured on n large scale in the
chenmieel vorks, whioh would rival this vegetable prodnet in
effectiveness and surpess this in cheapness and avallability,
In 1940 ths Swiss firm of J.R. Geigy, A.0., of Basle
discovered the insecticidal properties of e chemicel that is
2,2-his{(Para.chlorophenyl)~1,1,1-trichlorosthane or more
familisrly known as dichlorodiphenyltrichloroethane, later
abbreviated to DDT. The firm took patents to cover the manu-
facture of this echemieal and its use es an insecticide, and
early in 1942 the British and American branches of the firm
hrought this patents to thas notice of tha entomologists in
countries, who were seeking a substitute for pyrathrul'z.
'ince then sesreh for chamiocal pesticides had been ong
eurrently, ebout 900 pesticides are used in ebout 60,000

rornnlations‘a for various pests in addition to insects.

Ibe Chemigalg:

The organic ehemioals those sre being used es pesticides

can be elasgified into three major groups vizi. organochlorinme,

organophesphorus and cerbamates.
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Chenical compounds whieh are used to control inseets
are harmful, directly or indiresetly, to man. The e;plieation
of insecticides and subsequent control of inscets is achieved
in severel ways: (1) stomach poisona for insects which eat
plant leaves or cloth fabries (i1) eonteet poisons whleh aro
applied direetly to the body of the inseots either by treating
tha materiel with which the insects ecome in conteet or (111)
systenic insecticides in whieh the toxic agent is made o
component of the plant itself, The perfect pesticide should
achievs eomplets and speeific control of the target pest and
degrade in e specified time to harmless sonstituente.

Dizocussion on pestieides inavitebly and eorrectly in-
volves consideretion of the asssssment of risk to man and
wild-1ife and the benaf'its to public health and agrieultnre.

Among the threce classes of pesticides viz. organochlori-
nated, organophosphorous and earbamate in the present discu-
ssion the pesticides belonging to erganoehlorinated group are
found to be relatively persistent,

Tha organochlorinated pesticides viz. DDT, lindane,
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dieldrin, endrin, etec. are commonly known., It was found
that DDT in soil takes 10 years to decline to 10% of the
original amount". The organochlorinated group of pesticides
ere lipohilie in naturo.

The persistence of any specific pesticide residuos will
be detarmined by many indspendent but interrelated factors,
ineluding the chemical characteristics of}tho compound and
its susceptibility to radiation, hydrolysis, oxidation and
reduction, and its solubility, volatility and its adsorption
and partition cosffieientl's. Beeause of the relatively low
persistency and high effectivaness, organophosphorous
pesticides are nov used widely. Thus about 140 phosphorus
compounds are or vere used as practical pesticidos (inelud-
ing plant grovth regulators) in the world. The most commomnly
used organo-phosphorous compounds lika malathion, dimethoate,
phosalone, quindlphos, sumithion, thimet, ethyl-parathioen,

methyl-parathion, stc. are known.
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More than 60,000 tons e year of organophosphorus
pesticides are produced in the !UInited States alone™®. Recent
governmental bans and restrietions on the use of organo-
ehlorine compounds and the growing number of organopheosphorus
resistant strains of insects are placing n greater bhurden of
protection into the nevor majer eclass of insect toxins, the
earbamates. The first bonafide carbamate inscotieide was
synthesised by Dr. Kans Oysin, e senior research chamist et
the Ueigy Chemieal Company in svitaorland'7. Beceuso these
materials were developad mostly in the 1960's, after the
global digtribution of DDT and during a period of environ-
mental avareness, the earbametes tend to be more biodegradabdla,

and some are considerably less toxie to nonterget speeles.
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Of the thousands of methyloarbamatas synthasised by various
chemiocal conpanies in tha last P4 years, only about a dosen
have reashed sizedle production as conmercial insectieidos.
Among the nost widoly used carbamate compounds, oarbaryl
(1-nepthyl N-methylearbamate) or sevin and baygon or propoxur
(2-methylecarbamate K-mothylearbamate) etc. are known.
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Toxieity:

Almost all insecticides are toxiec mainly by virtue of
their ability to disrupt the transmission of impulses along
the nervous system of animals. Though the mechanism of
impulse transmission is apparently identical in the target
insect and in other nontarget animals, fortunetely there
exist bilochanical, physiological and morphologicel 4differences
in the gross anatomy of nerves and other tissues whieh permit
seleetive toxieity. That is, e chemical that is lathal ¢o
insects can be relatively nontoxie to other organisms. Turther,
lathal emounts in insects ere mueh less than toxic levels in
bigeer forms of 1ife.

Despite the almost countlass number of expariments
condueted in the research for the mode of ection of DDT and

othar organochlorine insecticides™™, the completa mechanism
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remains e mystery. There seems to be little doubt, however,
that interruption of impulse transmission along the nerve is
involved. The inhibitory aectivity of organophosphorus estars
against cholinssterasee was first found, in 1941, by Adrain
and his eo-uork.ru'g. wWith earbamate insecticides, the mode of
action wvas known before their ineeption as 1naaetic1&oc. This

was moetly bicau:e of prior knowledge of pharmancology of earba-
mate drugs and because of eimilerities to the known mode of
ection of orranophosphorue insacticides. Carbamnte toxieity is
due to inhibition of aecatylecholinesterase at certain synaptie
Junetions in tha nervous system, All of the manifaestations from
this action, and thes exeet bilochemieal mechanism of inhibition,
are understood, but it is very likely that cholinesterase in-
hibition is the prima-faclie ceause of daath.

The simplest way of expressing the toxieity of sueh a
compound 1z by means of an LBBO values, Such a value is e
statistieal astimate of the doeage necessary to kill 50 peroent
of a large populetion of the test species under stated conditions
(a.g. single oral dose or injaction of solution). Secondly.
toxieity may vary with species, age, sex, mitritionel state and
formulation es well es with the route of edministration. in Lﬁso
value is a statistie which, in itself, gives no information on
the dosage that vill be fatal to a smnll proportion of a large
group of animals. Tha no effect lewel in experimental animals
end the accaptable daily intake (ADI) computed for man from it

are practiocal parameters of assessment of toxiocity.



Daring the discussion on pasticides ve should be
sequiinted with following terms which may bring fourth
essential ideas regarding the assesament of the usge of
pesticides: A peeticide residus is a residue in oron a
food of any chomicel used for ths econtrol of pests and the
tera includes derivatives or degradation produets of sueh |
chenionls, The amounts are exprassed in perts by weight of
the chemicel and/or derivatives per million perts by wsight
of the food (ppm). Oood agrieultural practice (on pestleides)
is the recommended usags, of a pesticide, which 1is just
necessary and assantial for the control of a pest under all
precticsl oonditions. |

The tolerance limit of a pseticlde chemicel is the
maximun coneentration of pesticide residue that is permitted
in or on food at a specified stege of harvesting storage,
transport, marketing or praparetion of the foods, upto the
final point of coneumption; the concentration is expressed
in ppm. A tolsrance 1limit ie then the¢ -mallest residue con-
sistent with eontrol of pest, but to be toxieologlesally
accsptable.

‘The accepteble daily inteke of a pesticide is the delly
intake which, during an entire lifetime, appaars to be with-
out reasonabls risk on the basis of all the known feots at
the time. It is axpressed in milligrams of the shemicel per
kilogram of body waight (mg/kg).

The "no-effeot” leval ig the dose (presusmably the
highaest attaineble dose) in s ehronic toxieity study et
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whieh no adverse effeots are observed in a group of test
aninals eompared vwith the untreated econtrol group. Rstima~
tion ef the "no-effcot” lovel of a pesticide is a eritiocel
step in arriving at the maximum ecceptedle dietary intake;
"no-effect” implies no toxic or adverse affact,

Howaver, the environmental contaminants spread through
a veristy of ehannela, many of whieh sooner or later lead
to our food and drinking water. Among these contaninants,
pasticides hava raised strong publie concern and have con-
tributed markedly to the general unensinass associated with
the pollution bosn of the lasgt tvwo decndas.

Many 111 ef'fects with prolonged low dosage axposure of
pasticides are on record. Thus DDT showed atrophy of Adrenal
eertcx'lo, hepatotoxic offact~11-14, Fxposure to lindane
eauses blood dyserasise like ugrannlooytocis'ls”lﬂ, paneyto-
ph.nin'17, splastic anaamia~l® and lenkaemia=1?, aldrin

-20

causes hspatic tumors . Organophosphorus compound result

in parealytic syndrome identical with earbamate co-pcunds‘gl.
Carbaryl may cause skin irritetion as vell as systaemie
paisonin;'zz. A number of investlgations concluded that

morbidity directly varies with the dagree of postieidos”ga.

Eestigide Resliduss:-

Pesticides came into extensive use both in agrieulture
and public health during 1944 to 1960 and, ewer sinoce, this
trend has continued., The table I, II and III summarise the
information regerding the amount of pesticides already eon-
sumed, boinx consumed and to be consumed in India~24-26,
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vear | Asriedtnal | comumiiontn | Toml
1065-66 6,654 7,978 14,630
196667 7,442 9,696 17,137
1967-68 11,208 9,696 20,900
1968-69 14,008 14,102 28,800
1969-70 11,84 14,168 26,000
1970-71 10,164 14,186 24,320
1971-72 19,938 9,600 29,538
1972-73 28,076 10,084 35,160
1973-74 31,963 13,137 45,000
1974-76 37,823 12,341 49,964
197676 43,414 15,400 58,814
1976.77 36,713 15,208 51,918
1977-78 39,880 19,100 58,900
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Pesticides Tonnes
BHC 24,260
DDT 9,980
Malathion 1,73g
Me-Parathion |
Metecys tox 1,279
Fenitrothion |
ndrin 986
Dimethoate 347
Ouindliphos 192
Aldrin i
Chlordane : 317
Heptachlor 2
Zined | o4
Maneb t
2,4,D 96
Other Pesticides 17,840

TOTAL »

58,540




1y 12 s

nd Tor 1585-8% as sstimated by the

‘ mr‘mmmam

T
Produet Requirements - Technieal in NPS/area covered

1975-76 1‘ 1976-77 Iwn-?a L.wra-n T 1ve3-8¢

Insectlicides 42,070 51,976 68,806 68,080 94,390

Fungleides 12,808 14,074 16,626 17,788 22,738

tearicides 201 297 463 644 965
Herbiecldes 2,695 4,420 7,260 10,140 16,850
Plant Grovth

Tegulators 80 160 280 400 600
Rodentiecides 280 380 800 1,000 1,800
Pumigants 650 800 900 1,080 1,380
Nematicides 60 160 380 600 1,700

Total 58,814 72,236 54,303 99,679 1,40,090
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Peaticides in food are predominantly residues from
their ues on groving cerops and, less often, from post harvest
use on stored agrieulturel products. Awakening to the probles
of toxic residuos ef theso pesticides in food and environment
oame to sharp focus around 1960. The wvide use of a large
variety of po-tioidoo'27 has generated serious problems of
their toxic residues. The justification for using pesticides
in egriculture is frequently a subjeet of discussion; various
axperts have arrived et different conclusions with ragerd to
the value of chsmical crop protection in food and feed produc-
tion. According to saveral experts the world production of
food would prebably be reduced by more than thirty percent if,
ell of e sudden, no pssticides vere available™23, e world
et present would be very badly eff without pasticides. A world
without pesticides in feet will bhe a world whers nillions of
people would sterve to desth each year in addition to those
already starving. S0 ve have to live with the pesticides and
use them so wvisely that their hermful side effecte ars kept
at an almost negligible level.

The chlorineted hydrocerbvone liks DDT, endrin, dieldrin,
etc. are very persistent and heve a high lipid/water partition
coef'ficient, Due to those physico-chemicel properties they
eesily penetrate biologicel barriers, eccummlate in the lipid
osmponents of organisms and tend to be enriched by their
passage upverds in the ecoleogical food chains.

The edvanteges to public health and the economie of the
biodegradedble organophosphates and oarbamatas replacing the
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more persisgtent organcehlorines in egrioculture and pubdlic
health are assessed. Por suecessful agriculture in the
developed nations wvhich ean afford the mors expensive biec-
degradadle insecticides, organochlorine are no longer
essential.

In developing countries hovever the replacensnt of the
chlorinated insecticides in agriculture would retard sconomie
develepnent, while their elimlination in publiec health would
result in ths abandonment of many vector eontrol programmos
end 8 resurgence of diseases. Consequently, restrietione
imposed hy a number of governments on the use of DT have
been a matter of concern. The Direetor General ef WHO™29
emphagized the econtimuing importaneo ef DDT in operatione
against nalaris and other vector borne disoases.

Little information is available comparing tho eost in-
volved in using organophosphates and carbamates in plaee of
organochlorine in agricultnre. In tropieal eountries, the
use of organochlorine group of ingeetieidos is rslatively
high for ashieving eeconomy, effieiency and persistency. The
averags persistaney of most shlorinated insectieidos 1is
around 3.10 years. Regent literature reveals that parathion
and diazinon are also persistant in the environment for
several months. Wide-spread detection of pesticides and their
toxic terminal products, in several eategories of food, wator,

soil, air and demonstration of bioconeentration of some
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pesticides through food chain has arcused consideradle
eoncern, since soms of the pesticides are reported to de
eareinogenie, mutagenic and toratog-nio‘so.
Hansgement of Residues:-

The solution of the problem of pesticide residues starts
vith legislation, approval procedures, spread of correet in-
formation on the pesticides and the propor education and
instruction of the usars. The residues of various pesticides
on erops depend on the fellowing important r.oeorl‘slz

a. Crop and its variety.

b. Climatie eonditions - Dissipation of pesticides has
been shown to bde faster in hot and rainy seasen than in winter.
Residues of pesticide applied te the same crop grown in
different seasons bt with the same dose, are difforent.
Preeipitation ean wvash down the rosidues from aerial parts
of the plant, many a times to levels less than the toleranee
linits fixed for the toxieant. In bright sun, some compounds
are photo-degraded.

e. Managemunt praoticos such as: the doso of fertili-
sers, vater manageassnt, ete,

d. Doss of pestieide applied has a direet bearing on
the amount of residue left.

e. Hutho@ of applieation of pestieides - The type of
formulation used, nature of appliances (particularly sprayers
vhether high volume, low volume or ultra lov volume) used,
and vhethor it is applied on tha foliage er to the soil.

2"
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f. Time interval betwean applications of the pssticide
and betwveen last applieation and harvesting.

g. BSoil Type - Its pH and texture : Most of the
pestieides are unstadble under alkaline conditions. The per-
sistence will bDe longer in acidic and clayoy soils than in
elkaline and sandy soils, Rven the absorption of pseticides
by plants is redueed by inoreasing clay sontent ef the soil.

h. Treatment of the orop produee sueh as drying, vaeh-
ing, cooking, ete. which ere known to decroaso the residues
considerabdly.

1. GSampling and analytieal method employed - There
exists different accouraey (deviation from the real value)
of the residus values obtained by adopting diffeorent nmethods.

The type of extraection and clean up proocedurss used, the

extent of recovery ebtained, etc. are important considerations.

The analytieal samples have to be representative of the lot:
Ths management of pestieide residues is then a comprehen-

eive exereise involving selection of the appropriato pestieides

(and substituting these when resistence manifests) standardis-

ing analytical methods for ths pesticides and their degradation

produets (reesidues), stadility or deeay of the pestieides,
lethality fer ths targets and toxieity fornantargets, survei-
llanee and monitoring in the bioesphere, in food and water and

in diet and ultimmtely to man, properties ef tha residues, eto.

Ike present vork:
Ths requirements of further knowledgs on pesticidss and
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their residues, particularly in food, are many es mentioned
in the foregoing paragraph. A fev have been selected as
follows in the present studies. These are sxpscted to holp
fdentify the areas requlring particular attention to forming
the base on vhich the ultimate objeet, "Salfe use of peatiel-
des” ean be structured.

A large number of comprehensive treatlisas are availadble
today whieh have outlined various methods and techniques for
pestieide rosidue analynin'slkaa. official attonpts havs also
been made for establishing unified and acceptable analytieal
techniques which would be adopted by all the agencles involved
in this work. Por lnstanee, the Food and brug Aduinietration,
U.SeA, Nns compiled adequate analytical mathods for use in
their annlytieal laboratories—>4,

Similnrly, final methods of analysis have also been
publighed by Acac’az. Codex Alimentarious Conmission (”AO
and wHO) at its ninth session in Rome in November, 1972
strongly felt the need for "Codex referee methods”,

The importance of pesticide residue problem led to
intengive search for analytioal methods for acourate and
rapid analysis of residues in diverse esommodities and materi-
als, This effort has not only besn direeted towvards improve-
ment of the existing analytical techniques and development
of nev instrumental methods but also for doveloping expertiso
for adequate separation of miero-quantities of residues from
bulk of the material under test™>>, In faet, the final
analytical methods alone have been found incapable of giving
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consistent and aecurate results; suitable techniquas for
muantitative extraction of residues snd elean up of the
extractives are instituted as first basic steps. Briefly
spenking, the following steps are negessary for sdequate
analysis of pesticide residues in any materiali-

(1) Sampling and sample storage.

(11) Preparetion ef the sample.

(111) Solvant extraection proecduro'ao.

(1v) Clsan-up of extractives~341-36,-37,-38

(v) Analytieal techniques (both for qualitative and
quantitative terminal annlysis):-

(a) Gas liquid ehromatography’sg.

(b) Wet teehnicml analysis, 1ne1uding‘39'41 visible
and ultraviolat spectrophotomatry(ndmds total
ehlorine and total phosphorus method).

(¢) Chromatography ~ in respect of column, paper and
thin layar~361-38,-42

(d) Pelarography.

(o) Infra-red npcetroaeopy"a.

(f) *luorimatry.

(g) Mass speetroscopy.

(h) Neutron activatien analysis.

(1) ®nsymatic (cholinesterasa inhibition) methed.

There are already indications that in ebsenca of agraed

nathods, widely divergant results may be obtained aven vhen

tha same sample has bean analysed in more than ona eentre.
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Residue anelysis laboratories in India are fev and have
yet to acquire the entire range of sophisticated oquipments
which are usually iaported, expensive and are continually
being replaced by never and bettor modols. We shall have to
tailor ocur technisues and methods according to our resources
with minimum saerifice of accuracy and speed. We may not use
the most sensitive instruments of analy:is always but ve shell
find out the concentration as par raquirsments. Analytieel
complexities are ezsoeciated with even the best of the methode
available to-dey. The serious analytical errors have even
been observed in the estimation of organochlorine pesticides
with the use of the most sophistieated and costly instrument
11ike oLc™44,

S0 simple methods for axtraction, cleanup and deteramina-
tion are needed. A small number of atudinl"s“e have been
done in Indie to generalise a multiresidue routine or to re-
duce the steps of determination of pesticide residues. %Flimine-
tion of s etap from ths extrastion to determination ean reduce
or minimise the operational errors.

Although a large number of pesticides ehemioals are being
used nov-a-deys, attention hasg been concentrated on e limited
number of widely ueed pesticides bdelonging to organochlorineted,
organophoephorous and carbamate groups in the receant study.
fome epproaches to generalisetion and development of nev
mathodology or improvement of the steps used in reeidue analysig
of foods have been made.
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Degradation of postieides has been studied by e number

’47“49. But there is e strong need to get infoma-

of workere
tion on rasidues of various pesticides on different crops or
ecommodities from suparvised triels at different perts of any
ecountry. Such studies are helpful for canphring the published
results, wvhich are tried under highly heterogenous and loeelli-
sed conditione.

Study on the dseay of pesticides in water, varlety of
food articles and also loss due to processing heva been
estimted. Stability in the solvent generally used in formu-
lations has bean studied. ,

The ehonistry’so'sa or the chemieal nature of the
pesticides in rslation to sommodities or environment or to
non§~spoc1f1c chemicals or in some resetions like those
occurring in do-systems should be known. It may help one to
know of ths formation of toxic materials and properties to be
used for analyticel purposes.

uffeats of a few inorgenic salte on pesticides are also
inoluded in the study. The observed changes ean be used in
the identificetion and determination, or for the spscifiea-
tion, of a single componsnt (pesticide) even in a mixture.

Determination of a few individual pestioide reasidus has
bean done; gel elsctrophoresis method hes been proposed esuccess-
fully for the detsrmination of dimethoete (an organophosphorous
compound). Also ths gas liquid chromatogrephie method of ane-
lysis has bsen examined for the anelysis of pesticides.
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For an assessment of the residual pestiecides in rav foods
market survey have besen donoe. The residual lovols vere com-
pared wvith the residue limit as required by Prevention of Food
Adulteration Rules (Miniestry of Ysalth and Pamily Welfars,

GCovt., ef Indie).

Environment consists in a nunber of micro-organisms.

There are some examples ragerding tha ef'fect of micro-organism
on pesticides or vicc-vcrna“a"ae and also of no effect in
this ra;ard’sv. As 801l harbours a number of organisms, it 1is
very important to study the miorobiel influence on pesticides
and viea-verse. This has been done.

The pesticides those are known es possassing less toxieity
and high efficacy may be tried for application to soma desired
commodities for protection. 4 short but very interesting study
has baen done regarding the epplication of phosalone (an
organophesphorurs compound) in controlling the insgeot in dry
fish.

Spectacular developmant in analyticel techniques has been
dona and extensive literature has been m~de available on rasidue
an-lyliu'al'as. Howevar, more studies are nacossary for suitably
adopting the existing, or asteblisghing new, analytical techniques
for the pestieide residue annlysis under Indian conditions.

Pesticide residue survey all over tha Indias should be done
as there is an heterogenous olimatic eondition, though sonme
studies have elready been done~58
India.

axcept the eastern part of
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As various items of food contaminated with pesticides,
the body tissues are likely to contain pesticides, particulerly
the organochlorine ones which tend to accumulate in the body
fet. Dale 35_51.'59 reported reeulte of analysis of body fat
from 104 samples taken in 1964 from people without any known
occupational exposure to insecticides. Three inlneticidcy, viz,
DDT, 3HC and dieldrin, were datected. A comparative valuee of
DDT 4n human fat in different countrias have been reported in
the Special Committem on Haraful Effects of Pesticid.c'so.
There is little informetion regarding the residue level in
human tissuas in India except the report of Dale et al. Hence
extensivs work is neaded on this subject. Some amount has been
done here.

The formation of nitrosamines by some o” tha pesticides
has also been studied in some detalls.

Though mostly thin layer chromatographic method of deter.
mination have been followed in most of the cases the results

were authenticeted by GILC.



