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‘ INTRODUCTION '

It is well known that loss of crop yields due to insect damage is substantial
and that the most direct method of insect control is by the use of insecticides.
Insecticides are chemicals which are poisonous to insects. They are also poi-
sonous to other forms of life but they may either be much more lethal to in-

seCts than to mammals (mcludmg man) or it may be poss:ble to apply them in
such a way that insects receive lethal doses while other forms of life escape.

Many different chemicals are used to control insects. In general, these che-
micals fall into three groups namely organochlorines, organophosphates and
carbamates. The organochlorines are generally very persistent while most
of ‘the organophosphates persist at most for a few weeks in soil. All avail-
able evidence shows that organophosphates are relatively short-hved in bio-
logical systems. There is very little data concerning the persistence of car-
bamates in the environment. According to Metcalf (1966) carbamates are
not persistent in biological systems and are readily metabolized and excreted.
Several organophosphates and some carbamates however, have higher mam-
malian toxicities than the organochlorines and are more hazardous to the user.
Generally, organochlorine insecticide residues are stored in the tissues parti-
cularly in fat (being fat soluble) so that toxicity could result duetoa cumula-
tive effect. The persistence of some of these insecticides is mainly due to the
fact that they are transformed in the soil or living tissues to equally or even
more toxic chemicals. For example, heptachlor turns to heptachlor epoxide
a stable substance considerably more poisonous than heptachlor itself; aldrin
is transformed into dieldrin which is toxic and stored in the fat byliving animals.
Although some of the DDT is changed into the much less poisonous DDE
and some of it (DDT) is excreted, there is substantial accumulation of DDT
in the body. The potential hazards of persistent insecticides to the environ-

ment have been dealt in detail by many writers (Carson, 1963 ; Mellanby, 1970;
Edwards, 1976).

In Sri Lanka prior to 1976 organochlorine insecticides such as DDT, BHC,
heptachlor, endrin, dieldrin and aldrin were used for agricultural purposes.
Of these DDT was also extensively used for the control of malarial mosquitoes
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since 1946. This was, however, replaced by malathion as the malarial mosqui-
toes developed resistance to DDT, Fortunately, most organochlorine insec-
ticides have now been replaced by the less persistent organophosphates' and
carbamates, but BHC and, to a lesser extent, aldrin and chlordane, are still
available for agricultural use. Since large amounts of organochlorines
have been used in the past a survey was undertaken to determine their residue
levels in the Sri Lankan environment and the results are presented in this

paper.

MATERIALS AND METHODS
1. Collection of Samples

Market sampling of fruits and vegetables such as cabbage, carrots, beet-
roots was initiated in 1974. Around 300 samples were collected from differ-
ent parts of Sri Lanka (Table 1). Jaffna was selected to carry out a more
detailed survey since farmers here use intensive amounts of pesticides in their
cultivation. In this latter survey samples were collected directly from the
farmers. Other than fruits and vegetables, samples of soil and water were
also obtained.

Processed foods (fruit juices, jams, etc.) submitted by the Marketing Depart-
ment, tobacco from Ceylon Tobacco Company Limited and spices and coffee
from Bureau of Ceylon Standards were also included in the survey.

A few samples of human fat tissues, cow’s milk and rice were also analysed.

2. Procedu}'es

() Fruits, Fruit juices and Vegetables

(@) Sample preparation

Sample preparation consisted of taking a representative sample,
weighing it and if the sample was solid, homogenizing it.

-(b) Extraction procedure

The acetonitrile procedure of Mills, Onley and Gaither (1963)
was followed for the extraction. The extract in acetonitrile
was transferred to a separatory funnel and petroleum ether
(50-60°C) added. After vigorous shaking and separation, the
petroleum ether phase containing the pesticides was dried with
anhydrous Na, SO,. This was thereafter concentrated to
a small volume in a Buchi rotary evaporator.
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(c)' Clean up procedure

The concentrated extract was sent through a florisil column

and different pesticides eluted with 69, and 209, ethyl ether in

petroleum ether. Both eluates were reduced to a small volume
. (10 ml) for injection into the gas chromatograph.

(i) Water and Soil

The samples were extracted with hexane and no clean up procedure
was carried out.

(iii) Milk
Fat in the milk was extracted using a mixture of methanol, ethyl
. ether and petroleum ether. This was concentrated to a small vo-

lume. Thereafter extraction and clean up carried out as for veget-
ables (Mills, 1961).

(iv)  Rice

The extraction was carried out as described in i (b) but using
a different ratio of acetonitrile to water. Clean up was done as for
vegetables.

3. Analysis

The samples were analysed on a Carlo Erba gas chromatograph Model GI
Series 450 using an electron capture detector (ECD-HT 20-63 Ni) and coiled
glass column (2.5 mx6 mm) packed with a mixture of 1.159% SP 2250 and
1.95% SP 2401. The column temperature was 220 °C while the nitrogen carrier
gas flow was 25 ml/min.

RESULTS AND DISCUSSION

In this survey the residues of DDT, lindane, aldrin, dieldrin, endrin, hepta-
chlor and endosulfan were determined. Although both aldrin and dieldrin
were detected, they were added together and reported as dieldrin. Very little
dieldrin was used in the past while aldrin is still in use to a limited extent. It
is therefore likely that the dieldrin could have mostly arisen from the trans-
formation of aldrin to dieldrin.

Of the organochlorine insecticide residues determined, two are of particular
interest in terms of their past and present usage in Sri Lanka. The first, DDT
was used in agriculture until it was banned in 1972 but its use for malarial
vector control continued until 1975. An idea of the quantities used could be
obtained from the 1971 import figures according to which some 2.5 million
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pounds of DDT was used for vector control and about 10,000.pounds of

DDT for agriculture. The second organochlorine insecticide BHC is still

being used for stém borer and’ paddy bug control. In this case some 25 tons of A
total i 1somers are annually 1mported '

The all island survey showed that DDT and BHC residues were detected
in 60.9 and 42.59, of the vegetable samples respectively. The percentages for
dieldrin, endrin, heptachlor and endosulfan were 27.9, 6.1, 13.3-and 22.8 res-
pectively. In the detailed survey carried out in the Jaffna district more samples
contained BHC (75.9%) than DDT (53.4%). None of the samples contained
endrin while dieldrin, heptachlor and endosulfan were detected in 39.6%,
27.67, and 24.17; of the samples respectively. The levels of these insectigides
were low and well below the FAO/WHO recommended res1due tolerances
(T ables 2,3 & 8) :

Most samples of rlce gram obtained from Bombuwela, Bathalagoda and
Maha Tiluppallama contained lindane and DDT. - These- values are much
lower than the FAO/WHO recommended residue tolerances (Tables 4 & 8).
In additon, samples from Bombuwela contained heptachlor while those from
Maha Illuppallama had dieldrin. The levels of these two insecticide residues
(especially heptachlor) in the grain samples were much higher than the FAQ/
WHO limits (Tables 4 & 8). It is very likely that these two insecticides must
have come from the adjacent uplands where they would have been applied for
the control of insects such as termites. The presence of lindane in rice grain
is understandable because BHC dust is widely used for the control of paddy bug.

- A batch of processed fruits obtained from the Marketing Department. indi-
cated the presence of insecticide residues only in the case of pineapple (Table 5):
Export products such as spices, tobacco, coffee and tea -also contain these
insecticide residues but as for vegetables the levels were low (Table 6).

A few soil samples taken from Jaffna contained very low levels of insecti-
cide residues (Table 3). In fact they are extremely low when compared with
the value reported in-USA, Canada, and U.K. (Edwards, 1976). On the other
hand, water samples collected from Jaffna wells and those from tanks located
in Anuradhapura (Maha Illuppallama, Tissawewa and Nuwarawewa) Polon:
naruwa(Parakrama samudra and Giritale) and Minneriya did not contain any

DDT, but some samples had traces of BHC, dieldrin, heptachlor and endo-
sulfan.

Organochlorine insecticides are all of very low water solubility so that re-
sidues reported in the surveys of waters are those present in sediments (Barthel,
1966) and suspended' particulate matter (Lammers, 1968). Generally the
concentrations found in water are in the parts per billion (ppb) range and ana-
lysis is affected by absorption of the insecticides by materials with which the
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samples come in contact (e.g. glassware, p'lastic ware etc). Furthérmore, the
procedures for the analysis of soil and water have not been standardized
_(Frehse, 1971). Therefore, until a more systematic survey involving a large
"number of representative samples ‘is carried out nofirm conclusions as far as
organochlorine residues in soil and water could be made.

- Analysis of a few human adipose tissues taken at randdm from patients in
Kandy gave DDT residues ranging from 10 to 102 ppm (Table 7). These
are high compared to the probable world average of 5 to 10 ppm stipulated
by Edwards (1976). The maximum values (indicated within brackets) reported
in surveys conducted in U.K. (9.6 ppm), U.S.A. (56 1 ppm), Canada (6.8 ppm),
[srael (40.6 ppm), Australia (3.5 ppm), and India (23.9ppm) are lower than
the maximum obtained in Kandy. It is interesting to note that levels of 38
to 647 ppm DDT were recorded in the fat of men working between 11 and 19
years in a DDT manufacturing plant without any demonstrable ill-effects
{(Laws and Biros, 1967). More samples collected from different parts of the
island need to be analysed to determine whether the high value recorded is
normal or not. The high value obtained could be due to the fact that during
the period DDT was used to control malarial mosquitoes these people were
exposed to appreciable qua}ntities of DDT. -

Two possible reasons could be given for the presence of organochlorine resi-
dues in vegetables and tree crops. One, the plants could have taken up these
from the soil which would- have contained the residues as a result of earlier
agricultural and vector control usage. Two, from the direct application of
these insecticides to the crops by farmers who obtained them from the black
market which existed after the ban.

The observed low levels of insecticide residues could be due to the rapid de-
gradation of even the more persistent insecticides under tropical conditions.
Although the residue levels are low, over a long period, low concentration of
residues can gradually increase as they pass up a food chain as illustrated in
the classical example of Clear Lake Affair in California where fish eating birds
at the end of the food chain were killed (Mellanby, 1970). One consoling fea-
ture is that during the 25 years man has been exposed to these chemicals
there is little evidence of resultant illness. However, according to Woodwell
(1967) the spread of these persistent chemicals into all parts of the environment
must be viewed with caution until we know more about their persistence, dis-
tribution and possible long-term ecological effects.

The survey in Sri Lanka seems to indicate that, unless the ban on the agri-
cultural use of the more persistent organochlorine insecticides is lifted, there
is no real danger of residue problems from this group of insecticides. A moni-
toring programme should however, be maintained particularly in respect
of export items to maintain the residue standards set by the importing countries.
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Table 1—Samples of vegetables collected on a district basis.

District No. of Samples
Anuradhapura 12
Badulla 17
Bandarawela 9
Colombo 20
Jaffna 90
Kandy 37
Kurunegala 10
Matale 17
Matara 14
Nuwara Eliya 32
Polonnaruwa 9
Trincomalee 27
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