PESTICIDES _ an overview with particular

reference to Sri Lanka
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From the earliest beginnings of have been found to reduce yields by
mankind, there were also other species about 50 per cent. Weeds also cause
of living organisms. Some of these were an increase in incidence of pests and
beneficial to man while there were others (iseases as some pests use certain weeds
which caused harm. Man’s competitors a5 alternate hosts and so are some plant
adapted quickly to humar: hatsitat. Many giseases. The use of hebicides extends
insects and other organisms found man’s pack thousands of years, perhaps to the
crops to their liking and his dwellings days of the Roman Empire, when ash,
provided shelter for a host of his compe- common salt, etc. were used to control
titors. As man continued to modify weeds on roads. In 1896 Bonnet in
his surroundings, the competition from France discovered that a solution of
Other organisms became more intense. copper sulphate would kill Charlock
Soon organised patterns of pest control (Sinapsis arvensis) growing With oats,
evolved. Light traps to remove insects without damage to the crop. Sixteen
and scarecrows to discourage birds were “years later Rabate demonstrated that
among the earliest such efforts. With dilute sulphuric acid could also be used
increased incidence of pests and outbreak as a herbicide. In 1932, the use of 3:5
of disease it became almost a necessity dintro-ortho-cresol to destroy weeds in
to develop more efficient forms of con-_ cereals was discovered again in France.
trol. Pest control and various forms of In 1941, Templeman in England found
pesticides were further developed with that one of the early olant growth regu-
advances in science and technology and lating substances and naphtylacetic acid
today these pesticides are used on an ex- acts as a weedicide. This discovery
tensive scale in agriculture, sanitation and together with important findings of Nut-
domestic hygiene. man, Thornton and Quastel at Rotham-
stead and studies of Zimmerman and

Hitchcock in the United States led to
the commercial development of hormone
type selective weed-killers such as 2,4—D
{274 —dichlorophenoxy acetic acid) and
MCPA (2—Methyl 4—Chlorophenoxy ace-
tic acid). Since the discovery of these
compounds a large number of herbicides,
nearly 150, have been developed. Some
of the more common ones are indicated
in Table 1.

Most of these herbicides have to be
selective in action. Some herbicides are
made selective by the mode of appltca-
tion. Toxicity of herbicides is dae to
different reasons, Some are inhibitors of .
cel! divisions. eg. carbamates and thio- -
carbamates. Some such as Ured and
triazine herbicides, paraquat, pheny car-
bamates inhibit photosynthesis, Hor-
mone herbicides, influence, protein syn-
thesis in the susceptible plants. Benzoic
acid herbicides are known to inhibit
respiration,

Insecticides
A large number of insect pests cause
a tremendous loss to agricultural produc-
tion. It is estimated that the losses due to
insect damage is around US $ 10 billion

per year.
In the early part of the century,

mostly inorganic chemicals were used
to control insect pests. Arsenates and
flurides were commonly used. In addi-
tion naturally occuring insecticides such

%
|
|

Types of Pesticides -
Table | 1
Pesticides are classified as a group .

of agrochemicals which consist of fertili- Some commonly used herbicides

zers .anrl 9rowth regulatory subst.ar.wces Common name Chemical name

used in agriculture. In general, pesticides

are chemicals, mostly organic and are 2,4-D 2, 4 — dichlorophenoxy acetic acid

biologically active. These compounds MCPA 2—methyl—4—Chiorophenoxy acetic acid

interfere with one or more of the essen- 245-T 2,4 5—trichlorophenoxy acetic acid .

tial metabolic processes of the organism Simazine 2, Chloro-—-4, 6-l':is (e.thylamino)—c triazine

. . . .. Propanil 3,4 dichloropropionalide

against which they are applied. Pesticides Diuron 3-(3.4—dichlorophenyl)—1, 1—dimethy! urea

could be broadly categorised into Herbi- Monouron 3—(p—Chlorophenyl}—1, 1—dimethy! urea

cieds (weedicides), Insecticides, Fungi- Paraquat }

cides, Nematocides, Rodenticides and Diquat ) qzua;tf(;lvhi:mmonium °°'“°:“"d’

.. .. Dalapon . ichloropropionic aci

Acaricides. (Herbicides: — These are the Alachior 2, —Chloro—2—6—diathyl—N—(methoxymethyl)
chemicals applied to control weeds, acetanilide

which tend to reduce yields of agricultu- Propachlor 2—-Chloro—N—isopropy! acetanilide

ral crops considerably. In rain-fed Bromacil 3—sec.butyl—5 bromo—6 methyl—uracil

rice, failure to control weed growth Glyphosate N—phosplfonomethyl glycine o’
during the first three weeks after seeding Linuron ?;::t’:;dl';:;o"mhmy"—1—methbxy e®

can redure yields by as much as 75 per Metribuzin 4—amino—6—tert— butyl 13 (methylt.hio.) t.riazine
cent, In irrigated wetland rice, weeds §___ J.
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as nicotine, pyrethrums and rotenone
derived from certain plant species were
also widely used. However, with the
development of modern chemical based
insecticides in the post 1945 era, inor-
ganic and plant derived insecticides

have been less in use,
DDT was one of these modern

insecticides.  Its insecticidal property
was first discovered by Mueller in 1939
for which he was awarded the Nobel
prize in 1948, Sir Winston Churchill
hgiled DDT as ‘‘that miraculous DDT
powder” because of its effectiveness
in controlling an outbreak of louse-

borne typhus among allied troops in
1943,

Since the discovery of DDT, a
large number of insecticides, mostly
organic in pature have been developed.
These could be broadly categorised as
chlorinated * organophosphorus and car-
bamate inhsecticides. All these com-
pounds are toxic compounds. Their
LD values vary from around 10 to 1,000

mg per kg. (LD 50 value indicates the
lethal dosage necessary to kill 50%
of a particular animal populationf

These compounds interfere with a phy-
siological process in insects. For ex-
ample, organophosphorus

which is essential in normal reactions
involved in the transmission of nerve
impulses. Carbamate insecticides too
act in this manner. Some of the more
common insecticides and their LD 50
values are given in tabie 2.

Fungicides
Diseases caused by fungi in plants bring
about considerable losses in vyields.
In US the loss from plant diseases has
been estimated at nearly US $ 4 billion
a year. In more recent times many ins-
tances of the incidence of diseases which
have had a considerable impact on the
people and economies of.countries have
been reported. The famous Potato
Blight of 1845 which devasted potato
cultivation in Western Europe and Ire-
land and the coffee rust disease which
ru?q,ec.! coffee *plantations, in 1869 in
Cevlog are two such examples. .
As in insecticides, inorganic materials
particularly derivatives of heavy metals,
were used to control fungi. Copper sul-
phate was first used as a fungicide in

Table 2

Some commonly used Insecticides
and their LD 50 values

insecticides’
interfere with the cholinesterase activity,

Insecticide Ld to manual/kg
DDT 200 mg
Endrin 7 mg.
Chlorodane 400 mg.
Aldrin 50 mg.
Parathion 10 mg.
Malathion 2000 mg.
Fenitrothion 250--760 mg
Diazinon ) 600 mg.
Dichloroves 25—170 mg.
Carbasyl 300-900 mg.
Carbouran 8-14 mg,
Dimethoate 500 mg.
Endosulfan 75 mg.
Monocrotophos 20 mg.
Methomyl 20 mg.
Trichlorofon 450 mg.
Fenthion 250 mg.
1761. Mercury containing compounds

were used at the beginning of this cen-
tury to control plant diseases. However,
with advances in Chemistry a number
of organic substances were developed

as fungicides.
All fungicides are toxic compounds

and interfere with vital processes in living
organisms. These compounds largely
inactivate essential enzyme systems and
cause lethal effects. Some of the more
common fungicides and their LD 50
values are indicated in table 3. As seen
from this table, most of the fungicides
are of low mamalian toxicity.

Fumigants
These are compounds used to fumi-

gate nurseries,and grain stores against ha-
rmful micro organisms. These are volatile
at room temperature and hence persist
for short periods. Hydrogen cyanide,
methyl bromide, carbon disulphide are
some commonly used fumigants,
Nematocides

Nematodes are important agricultural
pests and their control is essential to the
production of some crops in some areas.
Methyl bromides, ethylene: dibromide
and chloropicrin are some effective
nematocides.

Acaricides

Ticks and mites often cause damage to
plants and animals. Some insecticides
are effective in controlling these pests.
Sulphur, binapacryl and some of the bis-
dithiocarbamates are commonly used,
and are called acaricides.

Molluscicides

Snails and slugs are often harmful in that
these organisms damage seedlings and fo-
liage. Also, some types of snails are
vectors of diseases such as bilharzia.
Methaldehyde is an effective mollusci-
cide commonly used.

Table 3

Some commonly used Fungicides
and their LDS0 values

Common name LDS5O0 values
per kg
Benomy! 10,000 mg
Captafol 5,000 mg
Captan 9,000 mg
Ceresan 30-- 200 mg
Phenyimercury acetate 30-200 mg
Ferban 1,700 mg
Folpet 10,000 mg
Zineb 5,200 mg
Maneb 6,750 mg
Mancozeb 78,000 mg
Mercury oxide 30—-200 mg

The nced to use pesticides

Pesticides are used in large amounts
all over the world. In the United States
as estimated 700,000 tons of pesticides
are used every year in different agricul-
tural operations. In Malaysia 96 tons
of pesticides were manufactured in 1976,
In Sri Lanka, around 700,000 kg. of
pesticides are imported annually to be
used in food production. Insects, fungi
and other pests continue to affect food
production in various ways and the
most effective method of controlling
these organisms is considered to be the
use of pesticides. Increase in agricultural
productivity during the last two decades
in many countries is supposed
to be partly attributed to the effective
use of pesticides,

A few decades ago, the population
was relatively low and hence the food
requirement remained at a low level.
Clftivation was done less intensively
and usually cultivation was only during

% . - Toxicity is usually determined on the basis

of the effact on test animals of an amount of
pesticide entering the body by one of a number
of routes — through the mouth ({oral), the
skin (dermal), or by inhalation. Oral and
dermal toxicities are expressed by the ¢erm
LD50°. This is the dose which results in the
death of 50% of the test animals, ususlly
rats, and this dose is expressed in milligrammes
per kilogram (mpk) of the animal’s body
weight.
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example the modern rice-varieties such
as BG 90-2 have high yield potentials
around 150 bushels per acre while the
rice varieties cultivated a few decades
ago were able to yield only around
75 .bushels per acre. The new varieties
not only have a higher yeild potential

one season., Monoculture was practised
to a small extent. Mixed cultivation,
where a number of different crops were
cuitivated on the same land, was more
popular. Thus, crops such as kurukkan,
gingelly and maize were grown in a few
_ patches and chillies and vegetab_les were

rataraﬂ‘v Occuring Pesticndes

i Whern' diftérent ‘species of piants and aniaals emt in the same habn:at a cohpatmon
gxms amang these species for surviyal end there is always an squitibrium among them, \Pre-
‘Gence’of éhemicals in some of these organisms enable them to be immune to various pest
attack and to survive, Some of the most toxic of known chemicals such es snake venom, stiy-
chinine ete, are of natural origin. A number of chemicals toxic to insects or fungi are known
10 ocaur i natire. 1t is interesting to note that & few detades ago the insecticides usad were -
malnly of plant ongm

) Nacotine is one such Insecticide. It has been used since the 18th century 10 control mmzts,
“f the Tordhs of tobateo. The smoke of this plant has been used to control aphids. Nicotine
is usually formudated es its sulphare-and has little residual effects. it is highly yolatile and is . .
2 useful fumigant. Howevef it ns highly toxic to mammals and has a low 8D 50 value.

Pvretfgrum ls anothér insecticide obtained from plants. The extracts of flowers of Chry-
santhemums cinerarieejolium contains this chemical and hes been used widely for a long time, -
lt has very little resvduai toxicity and its toxicity to mammais is also low,

: Hotenone an insecticide, had been used in the 19th century and is obtalned from the
roots of & {eguminosae called Derris elliptica and Derris malaccensis, Rotenone occurs with
some other related compounds with insecticidal activity. Thess compounds are effective in
tie ebntrol ‘of aphidé and lepidopterous farvae, and are of low toxicity to most mammals,

" Fecent studies indicate that the neem plant (Azadirachta indica) produces compounds
| of inseptical properties, Extracts of neem seeds have been found to be capable of controlling
some rice insect pets. A compound called azadirachtin, has been identified as the _chemlm
respongible.  Azadirachtin repels.caterpillars and locusts from eating lesves or seeds of plants.

A number of naturalfy occuring: chemicals.appesr 10 have high potential as funpicides.
it is known that some species of higher ptants are immune to certain parasitic fungs which
- attack” related mectes. A special endogehous fung}-toxis chemical is considered to be res-
ponsibte for this :mmumty A number of compounds have been isolated from plants, which

a¥e capable Bf coirtrolfing jungle growth; for example, wverone from broad bean plants.

grown as mixed crops. Under such

a system of cultivation, there was little- -are-at a higher level.

possibility for pests to multiply and
spread. Further, the varieties cultivated
were well adapted to the environment
and hence there was negligible pest
attack.

With the increase ir population,
the demand for food increased and the
degree of cultivation was intensified.
More land was brought under the plough
and there was year round cultivation
which provided food almost throughout
the year for pests. Development of plant-
breeding techniques resulted in the pro-

duction of new varieties with higher -

yield potentials and their natural pest
reisistance has been disappearing. For

"
nutritive requirements too

but their
the application of more fertilizer and
along with this came an increase in
weed growth. Associated with this was
evolving of organisms as pests which
hitherto were not harmful.

Out of the large number and varieties
of organisms in existence, not more than
a few thousand are pests. At the same
time a vast population of organisms,
which are parasites or predators of these
pests also exist. Various factors cause
the transition of populations of organi-
sms from the innocuous state to harm-
ful condition. These are both long and
short term. Short-term factors such as
changes in the environment sometimes

This necessitated-

bring about an increase in the pest po-
pulation. This is often due to the effect
on the parasitic or predatory popula-
tion of the pest, disrupting the equi-
librium that exists between the pest and
its parasite or predator. Sudden increase
in the brown-plant hopper population
in some areas is an example. Long term
factors are those evolutionary processes
such as mutation and for natural selec-
“tions which alter the nature of the pest
s0 that it could exploit the host mgre
efficiently. .

Rapid development of agriculitural
technology has resulted in a substantial
increase in food production. Further,
the crops cultivated are of higher nutri-
tive value and high yielding. These fac-
tors have resulted in an almost unlimited
supply of food almost thr%ughout the
vear for pests. Such a situation is extre-
mely conducive to the rapid increase of
pest populations. Removal of -weeds,
although advantageous in many ways
destroys the requirements of many of
the parasites and predators of pests re-
sulting in a rapid increase in the pest
population. Research also reveals that
the pesticide explosion has had a built-
in boomerang. ‘‘The overuse of hazar-
dous pesticides has created a global
race of insect pests that are resistant
to pesticides. The number of known
pesticide-resistant insect species doubled
in just 12 years — from 182 in 1965 to
364 in 1977, according to the UN’s
Food and Agriculture Organization. So
more and more pesticides — including
new more potent ones — are needed
every year just to maintain present yields
state researchers David Weir and Mark
Schapiro. _

Deforestation, modern irrigation
projects etc. which alter the environment
also often result in organisms rising to
pest population levels. In Egypt is one
example where large scale irrigation
works have resulted in certain organisms
becoming pests. All the factors discussed
above bring about an increase in the pest
population levels making it necessary to
apply pesticides. . o’

" Pesticides are used not only m*rop
production. In the control bf a huimber
of human diseases, these chemicals are of
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considerable value. In 1950's there
were around 200 million people infected
with malaria and DDT was successfully
used in the control of this disease.
Yellow fever, another disease transmitted
by a mosquito and Trypanosomiasis
(sleeping sickness) transmitted by tsetse
fly are two more examples of human
diseases controlled through the use of
pesticides.

Economics of pesticide use
)

*Crop losses due to weeds, insects and
diseases are enormous and worldwide
are estimated to exceed $ 14 billion
anm'.lally. The more important aspect of
this is the aggregate loss of more than
one-third of all agricultural production,
or food fog about one billion people.
Almost all cultivated crops are known
to be attalked by a wider range of
pests and diseases (table 5) and control-
ling these effectively is of paramount
importance in the efforts to increase food
production, '

Table 4

Accepted Daily Intake (ADI)
values of some pesticides

Pesticide ADI values mg/kg body weight

Aldrin 0.0001
Captafol 0.05
Captan 0.125
Carby! 0.01
Chlorodane 0.001
2,4-D 03
DDT 0.005
Diazinon 0.002
Deildrin 0.0001
Diquat 0.002
Dithiocarbomates 0.025
Endrin 0.0002
Fenitrothion 0.001
Ferbam 0.025
Hexachlorobenzene 0.0006
Lindane 0.0126
Maneb 0.025
Paraquat 0.0007
Parathion 0:005
Pyrethrins 0.04
Thiram 0.0256

Use of pesticides has made possible
an increase in per acre yields in ma'ny
cayntries. Mak.ing a case for pesticide
usage some economists have estimated
that cesfation of use of all pesticides
in the USA would reduce total produc-

ECONOMIC REVIEW, JANUARY 1883

tion of all crops and livestock by 30 per
cent. Studies conducted in many parts
of the world have indicated similar eco-
nomic advantages from pesticides use.
However, the hazards of pesticide and
the economic advantages attributed to
such hazards should also be noted in
this regard. (see feature article on met-
hods of Pest Control).

Pesticides in soil A

Pesticides are applied as emulsions,
dusts or solutions to foliage or to other
surfaces, Whatever the mode of appli-
cation of these chemicals, the ultimate
recepient of most of these pesticides is
the soil,

Pesticides undergo a number of
changes in the soil. Initially the organic
molecules get adsorbed in the soils-
colloidal particles. Some of these,”
due to their low melting points, vola- -
talize to the atmosphere. Molecules of
some pesticides would get decomposed
when exposed to sunlight, a process cal-
led photodecomposition. The molecules
which escape all these changes may get
decomposed by soil organisms.. It has
been shown that bacteria, fungi and
other organisms in the soil use the pes-
ticide molecules as sources of food.
Various anzymes are produced by these
organisms and the molecules get decom-
posed. However, some compounds are
resistant to this process. These recalcit-
rant compounds, specially those with
more chiorine atoms tend to remain
in the soil for longer periods and may get
leached down and enter water bodies
such as rivers, lakes etc. Usually, pesti-
cide molecules decompose to non-toxic
or less toxic compounds but, there are
some compounds which decompose to
form more toxic compounds. Plants and
other living organisms may also take up
the pesticide molecules. The various pro-
cesses these chemicals undergo are sum-
marised in Fig. 1. on page 8.

Pesticides are toxic compounds and
interfere with vital processes of living
organisms.  Hence these compounds
affect the soil organisms too. Studies
carried out in many parts of the world
indicate that some of the important
processes of soil organisms are retarded
by some pesticides.

Pesticides in food

The problem of pesticides in food
has become important'more recently with
the introduction of chlorinated hydro-
carbons such as aldrin, endrin, DDT etc.
as pesticides. Prior to this only mercury
and arsenic were involved but only
to a limited extent,

Food tends to get contaminated
due to direct application, when pesticides
are applied to food crops. However,
most of these pesticides disappear within
a short period, but some pesticides are
recalcitrant and hence, tend to remain

in foods over a longer period. -
Food also get contaminated due to

indi'fectv effects. This could occur when
crops receive drifts of pesticides applied
"to adjacent crops and also from atmos-
phere fallout. Contamination may also
occur when crops are grown in soils
containing residues of persistent pesti-
cides. Most of the pesticides have an
affinity for limpid materials and hence
tend to accumulate in fatty tissues,
when ingested with food., Thus, milk,
liver tissues have been found to contain
pesticides such as DDT in relatively lar-
ger amounts. The Food and Agricul-
ture Organisation and the World Health
Organisation have established Acceptable
Daily Intake (ADI) values for a number
of pesticides and the amounts reported
to be present in most of these foods
are well below the ADI value. The ADI
values of some of the common pestici-
des are indicated in table 4.

Pesticides in water

Water gets contarninated by pestici-
des as a result of a number of processes
suchas: ° :

{a) international application of pestici-
des .as in the case of mosquito
cbntr&l_,

(b) atmospheric fallout,

(c)

soil erosion,

(d) effluents of pesticide industries,

{e)

sewage.
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The insoluble organic pesticides
which are resistant to hydrolysis and the
fnorganics such as arsenicals and mercu-
rials tend to cause water to be unsuitable
for use and may bring about undesirable
effects. Among these are the harmful

Table §

people for whom fish represents an im-
portant source of protein and a means of
livelihood, The presence of pesticides
in food, water and in the environment
could be expected to cause undesirable
effects on animals, including man. This

Some common pests and diseases of the more important food crops
cultivated in Sri Lanka

Crop Diseases
1. Rice and other Blast
Cereais 2rown spot
Bacterial blight
Foot rot

Sheath blight

2. Leguminous vegetables Rust
(Beans, soya
beans etc.) Anthracnose
leaf spot
3. Cucurbits
(bitter gourd, snake
groun etc,}
4. Solanaceous crops Blight
(Chillies, potato, leaf curi
brinjals etc.) Anthracnose
Wilt
5. Cabbage, cauli-
flower etc. leaf spot

results on aquatic organisms. The pesti-

cide residues may have lethal or sub-
lethal effects on fishes and other orga-

nisms which play major rotes in fooc
chains,

The easily decomposable compounds
disappear within a short period. The rate
of decomposition of these pesticides
depend on the characteristics of water
such as PH, chemical and biological
composition and temperature.

Among the aquatic organisms affec-
ted by pesticide residues, fish are the
most important. Studies carried out in
the. Unitesd States and Canada indicate
that DDT is toxic to fish at concentra-
tions as low as 0.5 ppb. Chlorinated
compounds are generally more toxic.
The efféct of pesticides on fish, both
resh water and marine, especially in
Asia are of significant importance to the

Pests

Stem borer

leaf hoppers

leaf eating caterpillars
Brown plant hopper
gali midge

Thrips

teaf roliers

Bean fly (agromyza fly)
leaf eating caterpillars
Fruit fly

beetle

Aulacophora

Fruit worm

Borers
Caterpillars

leaf eating caterpiilars

aspect is dealt with in the medical per-
spective by Professor Kodagoda, Out
of the commonly used pesticides, chlo-
rinated insecticides have a relatively
higher LD 50 value, compared to organo-
phosphorus insecticides (table 2). Hence,
the chances for pesticide poisoning are
more with the latter type. The ratio
of deaths due to organophosphorus
insecticides and organochlorine insecti-
des is about 30:1 and about 75 per
cent of all deaths due to pesticides are
cases of suicide, 0

Chronic effects of pesticide® on
animals and human beings are due to
the residues of pesticides in the en-
vironment. Out of the commonly
used pesticides, DDT and other chlo-
rinated insecticides appear to be most
important with regard to gccumulation
in the body. Although no definite
chronic effects have bden .reported
due to exposure to these chemicals,
high flevels of DDT and other related
insecticides have been reported in the
fatty tissues of human beings. DDT
values as high as 24 ppm have been
reported in Texas, 2.9 ppm in Uganda,
6.5 ppm -in Nigeria, 13.0 ppm in Thai-
land. Workers involved in the manu-
facture of DDT also had high levels
of this compound in their fatty tissues,

Fig. 1
The various processes pesticides undergo in the soil
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though there was no conclusive evi-

" dence that these pesticide residues had

any lethal or sub-lethal effects on man,
Problems of pesticides

The use of pesticides has its advanta-

ges as well as its disadvantages. The most-

important is the harmful effects of these
on human beings as well as on many
other animals, including beneficial
insects, as a result of acute toxicity.

Handling poisonous chemicals invol-
o . . o
volve considerable risks to many people,
A number of pesticides banned in deve-
loped countries are imported to Third

World countries in bulk.
Workers get exposed to these

chemicals during repacking and others
are affectedgduring transport and storage.

A number of incidents are reported

in newspapers where people have died

.due to accidential pesticide poisioning.

{See box on ‘Occupational Hazards’).
Farmers who uitimately handle these
toxic chemicals get exposed to them
and mishaps result frequentiy. Statistics
of WHO indicate that nearly 500,000
people are poisoned by pesticides every
year. According to the World Health
Organisation, someone in the economi-
cally underdeveloped countries is poi-
soned by pesticides every minute. Fur-
ther, a pesticide-caused death occurs
about every 1 hour and 45 minutes,
totalling at least 5,000 each year. {These
two statistics are quoted from the procee-
dings of the US Strategy Conference
on Pesticides Management, US State
Rept. June 7—8 p.33). A large number
of deaths due to pesticide poisoning
have been reported more recently spe-
cially in the Third World.

Regular unitentional intake of small
quantities. of pesticides as residues in food
and water ‘cause accumulation of these
substances in the body. (See Box on
‘Pestilence of pesticides in Sri Lanka’).
One of the harmful effects of pesticides
is the damage it causes to the organisms
of Jthe environment which play impor-
tant.rples in maintaining the equilibrium
in thes %ece-system. Among these:are
birds, fishes, reptiles etc. which are
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PRECAUTIONS

A rypital dealer warning,
but how many users pay heed ?

1., Al pesticides in the concentrated form
#re more or fess strong poisons. All pes-
ticides must be stored under lock and
key beyond the reach of children and
.sway from foodstuff, animal food and
‘domestic pets. Insist.on buying genume
packings only.

| 2. “Use pésticides for recommended purpo-

ses and at recommended rates of appli-

- ‘gation -only.. . Misuse is dangerous and
might be harmful,

3. Spray ‘only with the wind and never

ral intake of any insecticide.
ﬁlow clogged nozzles with your

-of fmre far clesning nozzles.

L ;thg hpnds -~ use a rod or stick
snnead;» \\ - =

6. After handling the product, wash your {

7. Clean sprayers with water after the day' '

8. Destroy all empty pesticide containers,

9. Do not engage children for spraying

.11, Persons handling pesticides must wash
aingt:}1-50 a8 10 avoid spray drift settling

* 12, Spray only during the early hours of the

paring:the spray solution, do not .

- hands and paris of the body on which |
the spray solution or concentiate may |
have split with soap and water. i

work is over, .

Do not use them for any other purpose
whatsoever,

purposes. Engage healthy adults, free
of sores and wounds, for this puipose.

10. Do not drink, smoke, eat or chew beetle
while spraying or preparing spray mixturg,

their bodies and hands with sosp anc
water - before taking meals end affer
the day‘s wark is over,

morning or late in the avening and never
durmg mld-day heat.

13. In the event . of mcidenul poisoning,
call 8 Docrorimmedintely. - -

serlously effected by the acute and
chronic toxicity of pesticides. Biological
magnification of recalcitrant pesticides
also contribute to these harmful effects.
This process refers to concentration of
pesticide molecules in an organism,
when one type of an organism feeds
on another type which already has
pesticide molecules in its tissues. Con-
tinuation of this process results in a pro-
gressive increase in the concentration

.of the pesticide, A number of examples
‘could be given. -

Clear evidence of this
process is found in the Dutch Elm dis-
ease control programme. In this DDT
was applied as a 6 per cent suspension
in water at .a dosage of about 1.1 Ib.
per tree. Immediately after this treat-
ment, the leaves were found to have
a DDT + DDE (DDE is a decomposition
product of DDT) concentration of
183 to 283 ppm. The soil under this
tree had 1-8 ppm. Earthworms in the
soil under the trees feeding on the fallen
leaves had residues of 120 ppm. Birds
dying from eating these earthworms
had DDT residues as high as 342 ppm
in the brain. This cycle could continue.

Another problem associated with the
use of pesticides, referred to earlier
is the appearance of new pests. This is

mainly due to the removal of all preda-
tors and parasites which normally hold
a species under control. Use of pestici-
des often create conditions in which
a previously minor pest can fiourish.
A clear example of such a process is
seen in the red spider mite of fruit
trees. Prior to the introduction of
DDT red spider mite was only a minor
pest as it was controlled by predators.
ODT killed all its predators but not
the mite, Thus the mite was able to
increase its population and now it is a
major pest to fruit growers., In such
instances, the pesticide has altered
drastically the natural balance bet-
ween the pest and its predators.

Development of resistance to pes-
ticides is another problem. In any
species of a living organism, the indivi-
dual susceptibility to poisonous sub-
stances vary and hence, in a large popu-
fation of insects or any other pest,
a proportion of individuals naturally
reisistant to a particular pesticide will
survive. The resistail organisms will
multiply rapidly due to less inter-
specific competition and thus thevpes-
ticide will become less effective. Orga-
nisms with short generation periods

A
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. they have been investigated’’.

.or heavily

eﬂﬁngBanﬂed Pesticides in Third World Countries
f‘David Wenr and Mark Schapu'o

[

\,
A number of pesncides banned in the developed countries ﬂnd arcedy bulk markel in
-the ‘Third World countries. This issue has been investigated indepth by two American re-
“searchers, David Weir and Mark Schapiro, and their findings published in “Circle of Poisen

- Pesticides and People in a Hungry World,” )

Giant multinational pesticides manufacturers
using sophisticated marketing techniques and
their world-wide network of subsidiaries and
affiliates have created a giobal supermarket,

its shelves stocked with products so dangerousF -
wi

they have been banned in the countries where
They emphasise
that “the multinationals claim they sell pesti-
cides overseas merely to supply a demand
a demand for their products to help feed 2
hungry world. But the fact is that muiti-
national companies use sophisticated mass

_marketing techniques to create a demand

in the Third World"*

*“To escape regulation in their home coun-
tries, the multinationals have discovered a
clever strategy: they simply ship the separdte
chemical ingredients of a banned pestlcnde
to a third world country, then manufacture
it there in “formulation plants”, From the{
third world country, the prepared pesticide
can often be re-exported to any third country,
free of regulation.”

"Like many other Third World countries,
Brazil offers special incentives to bring foreign
chemical plants into the country: deferral.of
taxes, exemption from import duties, govern-
ment-sponsored clearing of land for the plants.
Shell has put £ 20 million to £ 30 million into
new plants under these incentives over the past
fow years. Dow has a 2,4-D plant there. The

" Swiss firms Sandoz and Ciba Geigy set up a
“joint operation,
~comoany in the world-—-Bayer—has formulation |,

And the largest pesticide

plants in Brazil as well as in virtually every

- other country with market large enough to
warrant one.

in the Philippines are operating
about-20 of the world’s largest manufacturers,
formulators and importers of pesticides.

*Formulation plants are spreadjng
throughout Asia:

Indis. Many pesticides that have been banned

are produced In India, including BHC and
DDT. Union Carbide, 1CI, Bayer, and Hoechst
have plants there,

| ‘Malaysia. Dow and Shell alone formulate one- |
quarter of all liquid pesticides here. Three
organochiorines banned.in the United States’

~Aldrin, DDT and BHC—constituted' 730
of the 960 tons of pesticides manufactured in

tricted in the United States :

Cd
Indonesia, Bayer, ICI, Dow, and Chevron°
dominate the local pesticide manufacturing
industry, sccounting for over 70 per cent of the
total production in 1978, '

' continue to ir

' Future of pesticides

Human population has increased
steadily in \the past and is Ijekly to
rease although the amount

‘ of land -available for crop production
" continues to decrease due to factors

‘develop resistancé moré * rapidly
than those organisms with
generation periods. Furthermore, experi-

' ments on organisms have clearly shown

' that some pesticides are definitely muta-
'genic, they produce irresistible change
in genes. It has also been ~roved'that
pesticides can cause ill-effects un chro-
mosomes, the carriers of the gene.

Pesticide Legislation

Legislation with regard to pestici-
. des have been introduced in some coun-
tries with the following objectives.

a. To protect people who may be
exposed to risks during manufacture,
packaging, transport and storage of

pesticides,
b. To protect people from direct or in-

{,dlrect comtamination with pesticides
c. To protect the buyer against the sale
of low-quality or misleading products

d. To ensure proper and correct applica-
tion of pesticides so that there is no
direct or indirect risk to the people.

To ensure that these objectives
are met, all pesticides are registered
with the authorities. The following de-
ails of the pesticides are normally
.obtained for registration purposes.

a. Complete - chemical and phyeical
' description of the pesticide

b. Data as acute, sub-acute and chro-
© nic toxnclty

«¢. Metabolism and degradation studies

d. Residues and the label.

| Malavm in 1976..

such as desertification, salinisation etc.
In order to keep the levels of food
production comparable to population,
ifcreasing agricultural' productivity is of
importance.  Insects and other pests

* continue to harm crops and are a major

longer -

obstacle in increasing productiong and
h‘ence, effective . measures to control
these organisms is a sine qua non. As
indicated elsewhere, use of chemicals
to control pests has been found to be
a very effective method and hence
chemical pesticide will contmue to be

-used in crop protection in® the foresee-

able future, in spite of the undesirable
effects these compounds have on the

environment.
In view of the undesirable effects

of pesticides, studies are now being con-
ducted in different parts of the world
to develop more efficient and effective:
methods of pest control. In this regard,
neturally occuring chemicals are inves-

‘tigated to determine the possibility
" of

using them as pesticides (See
box on ‘Naturally occuring pesticides’).
The fact that certain crops are not
harmed by some insects or diseases
indicated that these crops may be produ-
cing substances which distract the pests,

Hence, the possibility .of using these '

compounds
looked into.

Alternatives to chemical pesticides
The problem of crop protection and-
pest control has been with man ever since
he bagan to practice agriculture in settied’
communities.
growing in abundance, other forms of
life. are there to use it as a food. This
is the main cause of crop damage in

monoculture,
Man has attempted to use different

methods of crop protection and pest
control. Before advances in technology,.
non-technological methods were widely)
used. Even at preseni these rgeghods
could be used with a certain°degree of

as pesticides are being

_Success.
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Use of other organisms to control
pests on ‘biological control’ is one of
the most effective alternatives to che-
mical pesticides. (See ‘Biological
Control’). In this method, a .parasite
or a predator of the pest is used to
control the pest. Bacteria, fungi, viruses
and nematodes have been successfully
used to control certain pests. In Sri
Lanka too this method was used in the
control of the coconut caterpillar which
ca.used considerable damage to coconut
palr:\s.

In' the Autocidal method of pest
congrol, the male insects are made sterile
by various means. This will control the
pest population and after a few genera-
tions, it may be reduced to negligible
levels. A mumber of insect pests have
been succegsfully controlled by this
method. Several cultural methods
and mechanical methods can effectively

. 'be used in the control of pest and weeds.

{See box on ‘‘Mechanical and Cultural
Methods").

Still another approach, which has
been used with much success in the
integrated approaches to pest and di-
sease control

. However, these varieties of
crops were, not high yielding. Many
new high vyielding varieties have lost
their resistance to pests during it's deve-

of the

lopment by the plant breeders as charac-
ters such as yield are given priority.
However, varieties with resistance to
some major pests and high vyielding
property have been developed by the
efforts of plant breeders and are of
value in crop production programmes.

Using correct cultural methods in
crop production is also of considerable
value in crop protection and pest con-
trol programmes. Use of clean and di-
sease free planting materials, correct

‘timing of planting to minimize pest

damage, uniformity of the area with
regard to availability of the crops in
the field, application of ‘balanceds fer-
tilizers and control of weeds are some
important cultural methods,
useful in pest control. Use of mecha-
nical methods to control weeds is a
cheap alternative to chemical methods
of weed control. Light traps etc. could

also be used ‘%o control certain insect

pests,
Pesticide use in Sri Lanka

In Sri Lanka, pesticides were first
used _to control malaria in the 1940s.
Since then various types of pesticides
have been used. The gradual increase
in the amounts of pesticides used in
the country is shown in table 7. As
shown in this table, there has been a

considerable increase in the use of pes-
ticides in Sri Lanka, during the last few
years, These compounds are available
almost everywhere in the country. The
more common types of pesticides marke-
ted in Sri Lanka are indicated in tables
1, 2 and 3. With the increase in the use
of these pesticides, deaths due to poi-
soning of pesticides has also increased
during the last few years - (table 8).
Most of these deaths are due to acute
poisoning.

While the benefits of pesticides
cannot be ignored, very little attention
appears to have been given to the harm-
ful effects of pesticides. A number of
these chemicals, banned in some coun-
tries like USA due to their toxic nature,
are freely available in Sri-Lanka. Highly
toxic compounds could be bought
without any restriction over the counter

although no hard drugs could be obtained
from a pharmacy without a prescription
from a recognised doctor. There appears
to be no control over sales of pestici-
des and often they have been put up
for sale in shops along with food items.

An Act of Parliament on control of
pesticides, Act No. 33 of 1980, has been
passed but no action appears to have
been taken so far to implement the
various measures in.this act.

' *Table 6
Pesticides imported to Sri Lanka (in Thousands)
1970 1972 1974 1976 1978 1979
kg lit Kg it Kg lit Kg lit Kg lit Kg lit
insecticides 60 10 46 2 36 27 869 2. 776 148 73 115
Herbicides ~ 3 - 08 - -~ 35 94 1 340 78 237
Fungicides - - 16 - - - - 29 - 95 9 ) 1:19 3
Other 49 16 - 96 ¢+ — - - 22 - 7 _4.5 74
«Total . 109 29 48 12 36 28 803 126 882 503 339 363
T -
Value in Rs. 2386 | 13818 1,0008 215733 23,733.1 37.906.6
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District

Amparsi
Gampaha
Colombo
Kantalai
Ratnapura
Galle

Matars
Kandy
Puttalam
Matale
Kurunegala
Batticaloa
Anuradhapura
Jaffna
Vavuniya
Nuwara Eliya
Badulla

Sri Lanka

As shown in table § the cost of most
of the pesticides have increased consi-
derably during the last few years. This
is likely to have contributed towards
the high cost of farm products. Hence,
while continuing to use these chemicals
in the struggle to increase agricultural
production, it is essential that cheaper

Deaths due to pesticides in Sri Lanka

Table 7
1977 1978
8 24
1 -—
1 —
17 1
25 5
- 6
24 13
3 1
20 45
8 4
7 12
1 12
28 20
1 ’ -
- 45
7 9
236 217

1979 1980
- 29
53 17

5 7
21 14
15 21
43 23
20 100
17 39
16 14
73 33
26 122
22 13
33 24
53 49
10 24
22 62
16 28

463 641

The figures given are deaths reported to hospitals

use in Sri Lanka,

by specialist in their areas.

1981

18
30
1"
4
25
13
70
25
24
63
111
15
55
69
37
63
42

690

methods of pest control, which have
less adverse effects on the environhent MCPA 450 ml.
are developed. -

The papers that follow, deal in greater
depth with specific aspects of pesticide

Cost in
March 1982

52.00
10.70
60.00
4250
26.00
89.00

Table 8
Prices of some commonly used pesticides

Pesticide Cost in
Insecticide 1980
Aldrin 450 ml. 35.00
BHC Dust 3 kg. 7.50
Carbaryi 500 g. 40.00
Carbofuran 2 kg. 30.00
Chlorodane 450 mi. 26.00
Diazinon 400 ml. 70;00
Parathion 450 ml, 36.00

Primiphos-methy! 450 ml.98.00

- Fungicides
Benomyl 170 g. 78.50
Captan 500 g. 27.50

Copper oxychloride 500 g 18.00
Maneb 500 g. 27.20
Mercury oxide 4.5 litres 39.50

Sulphur % kg. 11.20
Thiran % kg. 42.00
Herbicides
Alachlor 450 mi. 60.00
Bromacit 4 1b. 256.90
Diuron 500 g. 85.00
MCPA 450 mi, 19.00
18.00
Propanil 450 ml. 33.00
Simazine 500 g. 35.00

40%0
184,00

78.00
64.50
18.00
50.00
63.50
13.50
60.00

94.00
279.20
129.00

29.00

30.60

47.00

69.00

The Prices indicated are of the same pesticidé

from the same firm,

12
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