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ABSTRACT

Organochlorinated pesticide such as Lindane is very persistent in the marine
environment. The distribution of14C-lindane in a simulative mudflat microecosystem;
in sea water, sediment and cockle (Anadara granosa) compartments was studied for a
period of 10 weeks under aeration. Cockle bioconcentrated 2808.4 Bq/g tissue one
day after exposure, which was gradually reduced to 1754.5 Bq/g tissue six days later.
Lindane was probably depurated by cockle following its migration to deeper sediment
layer within one week exposure. Sediment absorption of 14C-lindane was observed in
the first and second weeks, reaching 595.4 Bq/g sediment at 15 days after exposure. A
steady decline of its concentration was shown between 2-10 weeks of exposure to
216.7 Bq/g sediment possibly due to sediment desorption. The 14C-lindane level in sea
water was shown to steeply decline to 0.47 Bq/ml between 2-10 weeks of exposure.
The unaccounted radioactivity could have been lost in the form of volatilized lindane.

INTRODUCTION

Organochlorinated pesticides i.e. Lindane (y-BHC) are immensely important from the
Malaysian environmental perspective because these pesticides have been widely used
over a long period of time and are still being used for agricultural and horticultural
purposes and also to control the public-health pests. These pesticides are very
persistent in the abiotic environment and highly bioaccumulative in the faunal fatty
tissues. Lindane (1,2,3,4,5,6-hexachlorocyclohexane) is also extremely stable to light,
air, temperatures up to 180°C and acids (Tomlin, 1994).

The intensive agricultural activities, which rely on chemical pest disease and
weed control, are currently taking place in most agricultural fields. Located on the
western area of Peninsular Malaysia, the major agricultural fields are the Malaysian
rice bowl area of Muda in Kedah and the rice granary area in Projek Barat Laut
Selangor (PBLS) in Selangor. A long stretch of sea coast is in the vicinity of these
agricultural fields. The mudflats of this western sea coast are commonly used for the
culture of cockle {Anadara granosa), a popular and economically important marine
bivalve. The applied pesticides may enter the culture bed through agricultural runoff
(Abdullah and Shanmugam, 1995). Hence there is the need to study the effect of
pesticide residues on marine environment.

In this paper we are presenting results of a laboratory study on distribution of
14C-lindane in a simulated mudflat microecosystem.
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MA TER1ALS AND METHODS

The simulated mudflat microecosystem was prepared in a small glass tank ( 1 2 x 6 x 8
in.) containing sea water, sediment and cockle (Anadara granosa) which were
collected from the mudflats of Sungai Tiang, Bagan Datoh, Perak, Peninsular
Malaysia. The tank was filled with 1 in. of sediment (size < 212 um) and 5 L of
filtered sea water. This microecosystem was continuously aerated by using an
aquarium pump.

At the beginning of the experiment, 16 cockles were placed on the sediment
surface. The insecticide 14C-Lindane (Specific activity: 3.6 mCi/ml, purity > 98%)
was added into the glass tank at the rate of 1155 ug/tank (231 ppb) at water solubility
range. Samples of cockle were collected in duplicate at 1,2, 3,4, 5, 6 and 7 days after
exposure. Samples of water and sediment were collected in duplicate at 1, 2, 3,4, 5, 6,
7, 15, 22, 29, 36, 43, 50, 57, 64 and 71 days after exposure.

Prior to pesticide addition; blank samples of water, sediment and cockle were
also collected for pesticide extraction and analysis. All the chemicals used in this
experiment are of the analytical grade.

Analysis of C-pesticide in biological material (cockle).

Two cockles were dissected by using forceps, per sampling time. The soft
tissues were collected into beaker and weighed. 150 mg of tissues was homogenized
by using a tissue blender and the aliquot was extracted twice with 2 ml of acetonitrile
and ultrasonification. The acetonitrile extracts were separated in a centrifuge tube and
combined. 16 ml of distilled-deionised water was added into this tube and the
pesticide was back extracted twice with 2 ml of hexane. The hexane extract was
transferred into a Liquid Scintillation vial, 10 ml of Liquid Scintillation cocktail was
added, swirled and counted in the Liquid Scintillation Counter (EXTRACTABLE
14C- COMPOUND). 1 ml of the remaining water phase in the tube was transferred
into a vial, 10 ml of Liquid Scintillation cocktail was added and counted (POLAR
BREAKDOWN PRODUCTS).

The debris (tissues pellet) was dried at 60 °C overnight, weighed and
combusted in the Harvey Biological Oxidizer. The trapped 14CO2 was counted in the
LSC (BOUND/UNEXTRACTED RESIDUE).

Analysis of 14C-pesticide in sediment

A small sample of surface sediment was collected from the experimental
aquarium. About 10 g of this sediment was transferred into a glass centrifuge tube and
spinned at 3500 rpm x 10 min. to remove the interstitial water. Water was discarded
and the sediment was oven dried at 60 °C overnight. The sediment pellet was pounded
using pestle and mortar and about 100 mg was transferred into clean centrifuge tube,
and extracted twice with 2 ml acetonitrile in the ultrasonic bath. After each extraction,
the tube was centrifuged and the acetonitrile extract was collected and combined. 16
ml of distilled-deionised water was added into the combined extract and pesticide was
back extracted twice with 2 ml of hexane. The hexane extract was transferred into a
Liquid Scintillation vial, 10 ml of Liquid Scintillation cocktail was added and counted
in the Liquid Scintillation Counter (EXTRACTABLE 14C-PESTICIDE). 1 ml of the
aqueous phase was similarly pipetted into a scintillation vial for LSC counting
(POLAR METABOLITES).
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The pellet of the extracted sediment was oven dried at 60 °C overnight,
weighed and combusted in the Harvey Biological Oxidizer. The released 14CO2 was
trapped, collected and counted in LSC (BOUND RESIDUE).

Analysis of 14C-pesticide in sea water

1 ml of sea water was collected with an automatic pipette from the aquarium and
transferred to a Liquid Scintillation vial and 10 ml of Liquid Scintillation cocktail was
added. The vial was swirled and the total 14C radioactivity was counted (direct
measurement) in the Liquid Scintillation Counter.

To avoid effects of sediment and biogenic particles in water on radioactivity
measurement, pesticide was also extracted with solvents. 15 ml of water sample was
collected and centrifuged to remove these particles. 10 ml of clear supernatant was
transferred to a Pyrex tube and extracted twice with 1 ml hexane by shaking the tube
for 30-60 seconds. The hexane-water phases were allowed to separate and the upper
layer of hexane extract was transferred to a Liquid Scintillation vial. The hexane
extracts from both extractions were combined and added into this Liquid Scintillation
vial for LSC counting (EXTRACTABLE 14C-COMPOUND). 1 ml of extracted water
was pipetted, transferred into a Liquid Scintillation vial, 10 ml Liquid Scintillation
cocktail was added and 14C radioactivity was counted in the Liquid Scintillation
Counter (POLAR BREAKDOWN PRODUCTS).

RESULTS AND DISCUSSION

14C-Lindane applied to sea water at the rate of 231 ug/L (231 ppb) has caused no
mortality to cockle (Anadara granosa) during one week exposure. Apart from
nutrient, this filter feeder has apparently removed lindane from water. It
bioconcentrated 2808.4 Bq/g tissue one day after exposure and gradually reduced it to
1754.5 Bq/g tissue six days later (Fig. 1). The bivalve mussel (Mytillus
galoprovincialis) was shown to eliminate 90 % of the initial humic substances/acid
(HS/HA) particles in 90 hours from water, when 92 % of the spiked DDT pesticide
are known to be bound to these particles (Gonzalez-Farias, 1995). This phenomena
could also be expected from the bivalve cockle because both lindane and DDT are
less soluble in water. Following its migration to deeper sediment layer, lindane was
probably slowly depurated by cockle and tied up in bottom sediments.

Sediment absorption of 14C-lindane was observed in the first and second
weeks of exposure, reaching 595.4 Bq/g sediment at 15 days after exposure (Fig. 1).
Precipitation of HS/HA particles was observed at 77% in sea water and the particle
formed through this precipitation is stable (Gonzalez-Farias, 1995). However, the
concentration of 14C-lindane (assumed to be highly bounded to these particles as is
DDT) declined steadily to 216.7 Bq/g between 2-10 weeks of exposure possibly due
to sediment desorption. After 10 weeks of exposure, 14C lindane has dropped to nearly
half of the maximum level measured in sediment (at 15 days) which act as its
reservoir (Abdullah & Shanmugam, 1995).

The 14C-lindane level in sea water was shown to steeply decline to 0.47 Bq/ml
between 2-10 weeks, particularly in the first one week of exposure (Fig. 3). In the
initial three and four days of exposure, 90% of the initial pesticide containing -
HS/HA particles (Gonzalez-Farias, 1995) could have been filtered out from water by
cockles.
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The unaccounted radioactivity (up to 50% of the applied lindane as stated by
Ramamoorthy in 1985) particularly between 2-10 weeks exposure, could have also
been lost in the form of volatilized lindane.
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