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Abstract

Model ecosystems have played an important role in predicting environmental behavior of
agrochemicals. The microcosms used in these studies generally include soil units containing usual biotic
components common for that ecosystem. In present studies, scope of two such ecosystems has been
sxtended to study the fate of 14C-labelled pesticides in marine environment. 14C-labelled pesticides used
in these studies were chlorpyrifos, DDT and HCH. Two systems were developed in laboratory simulating
marine environment to study the fate of these pesticides. The first system was developed in an all glass
aquarium tank with marine sediments, seawater, clams and algae and is referred to as marine ecosystem.
The second system was developed to permit the total 14C-mass balance studies. It contained marine
sediments under moist (60% water holding capacity) or flooded conditions and it is referred to as
continuous flow system. Fate of 14C-DDT was studied in marine ecosystem while degradation of I4C-
chlorpyrifos and l4C-HCH was studied in continuous flow system. 14C-DDT did not bioaccumulate in
clams while at the end of 60 days 50% of the applied 14C-activity was present in sediment fraction of
marine ecosystem. l4C-HCH degradation showed about 22-26% mineralization while 45-55% of the
applied activity was recovered as organic volatiles. No significant bound residues were formed. 14C-
chorpyrifos underwent considerable degradation in marine environment. TCP was the major degradation
product.

1. INTRODUCTION

Since the introduction of DDT (l,l,l-trichloro-2,2-bis(p-chlorophenyl)ethane)as an insecticide in
early 40s, organochlorine pesticides have played a major role in sustainable agriculture especially in the
developing world. Many of these pesticides were later found to be highly persistent in the environment
causing concern over their use. One of the major objections against DDT is that since it is fat soluble, it
can get into food chain and bioaccumulate. Since oceans are the ultimate sinks for agricultural runoffs and
other surface pollutants, marine ecosystems face a direct threat from such persistent compounds. Another
organochlorine compound, which became integral part of intensive agriculture in late 60s was
hexachlorocyclohexane (HCH). HCH is a group of 8 isomers of 1,2,3,4,5,6-hexacholorocyclohexane. The
gamma isomer is having insecticidal properties and known popularly as lindane. It is known to metabolize
rapidly in soil environment. However other isomers are not as readily degradable. Especially (3-HCH is
known to be very persistent in the environment. The residues of HCH isomers may accumulate in soils
and sediments due to their low polarity. The relatively high volatility of HCH has led to global transport
even into areas like arctic, which are away from civilization [1]. In 1990 it was estimated that 98% of the
worldwide use of HCH was alone in India [2]. HCH loads in sediment have been reported along the coast
of India [3].

Chlorpyrifos (O, O-diethyl O-(3,5,6-trichloro-2-pyridyl)-phosphorothioate) is a member of the
organophosphorous class of insecticides. This class now represents one of the most widely used groups of
compounds for pest control all over the world [4]. Chlorpyrifos is a broad-spectrum pesticide, displaying
insecticidal properties against a wide range of insect and arthropod pests. Because of its versatility,
chlorpyrifos is used globally in a myriad of pest control situations. It is rapidly gaining importance in
Indian agriculture especially in light of recent bans on organochlorine compounds.

Use of radioisotopes to trace the fate of pesticides in agricultural systems is well known. Various
experimental setups simulating ecosystems have been reviewed [5]. Two of these simulated systems used
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in studies on pesticide degradation in soil ecosystems are extended to study fate of I4C-labelled pesticides
in marine environment. Results are presented here.

2 MATERIALS AND METHODS

2.1 Marine sediment and water

Marine sediment and seawater were collected from Trombay creek (Arabian Sea, West Coast of
India). The sediment had 0.6-0.8% organic carbon. The pH of seawater was in the range of 7.5-7.7. Salt
concentration was about 4.5-5%. In continuous flow system sediments were maintained under aerobic
(60% water holding capacity) and anaerobic (seawater level of 3cm above the sediment surface)
conditions.

2.2 14C-labeUed pesticides

All labelled pesticides were provided by International Atomic Energy Agency (IAEA). I4C-DDT
(specific activity 923.15 MBq/mmol, phenyl ring 14C-labelled, radiochemical purity 98% as checked by
TLC) was used in marine ecosystem experiments. I4C-HCH (sp. activity 60.83 MBq/mmol, uniformly
labelled, radiochemical purity 75% as checked by TLC) was used in continuous flow system experiment.
14C-chlorpyrifos (uniformly labelled, sp. activity 1.106 MBq/mmol, radiochemical purity 95.2% as
checked by TLC) was used in continuous flow system experiment.

2.3 Marine ecosystem

A marine ecosystem was developed in an all glass aquarium tank to follow the fate of 14C-labelled
DDT. The tanks (45X29X30 cm) were filled with 20 L of seawater and 3 Kg of sediment (dry weight
basis). Clam (Katelysia opima) and marine algae were other components of this ecosystem. Clams were
purchased in local market. 14C-labelled DDT in acetone was applied to the ecosystem at the rate of 3 \xgfL
(31.25 MBq) of the tank water. In each experimental tank there were 30-35 clams at start of the
experiment. Two tanks received labelled DDT while one served as a control tank and received only
equivalent amount of acetone. Samples of water, sediment, clams and algae were drawn at time intervals
of 0, 2, 5, 24, and 72 hours and then after 7, 15, 30 and 60 days. Samples of clams and sediments were
freeze dried and extracted with hexane in a Soxhlet extraction apparatus. 14C-activity was estimated using
a liquid scintillation counter (Packard Tricarb Model No. 3255) in dioxane based cocktail (PPO - 5g,
naphthalene - lOOg, 1,4-dioxane - 900 ml). Aliquots of extracts were further analyzed by thin layer
chromatography-autoradiographic procedures to study the degradation of DDT. Remaining portion of
clam extracts were evaporated to dryness to determine lipid contents. Extracted samples were subjected to
combustion in a Biological Material Oxidizer (Harvey Instruments, USA) to determine the bound
fraction. 14CO2 liberated from oxidized samples was trapped in a special cocktail (3-phenylethylamine -
270ml, methanol - 270ml, toluene - 460ml, PPO - 5g, POPOP - lOOmg).

2.4 Continuous flow system

A continuous flow system [6] was used to study fate of 14C-chlorpyrifos and 14C-HCH in a marine
environment. This system permits a mass balance of 14C-labelled pesticide. 14C-chlorpyrifos (0.21 MBq)
and i4C-HCH (0.33MBq) were applied at the rate of lfAg/g to 50g marine sediment maintained under
moist or flooded conditions. A flow of CO2-free and moisture-saturated air (5-8 ml/min) was maintained
through the system using a fish pump. Ethoxyethanol traps were used to capture organic volatiles while
IN KOH traps were used for capturing 14CO2. Polyurethane foam plugs were used to trap any other
volatiles that may escape earlier trap [5]. The system was maintained at room temperature (28±2°C).
Aliquots of KOH and ethoxyethanol were counted at frequent intervals. After a period of 40 and 85 days,
experiments involving respectively chlorpyrifos and HCH were terminated. Sediment samples were
freeze dried and extracted with hexane in a Soxhlet apparatus for 8 hours. Aliquots of hexane extract were
counted in a liquid scintillation counter (Packard Tricarb TR-2100). Concentrated hexane extracts were
subjected to TLC-autoradiographic procedures for further analysis. The extracted samples were subjected
to combustion to determine the bound activity as described above.
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2.5 Thin layer chromatography

Hexane extracts were concentrated and analyzed by thin layer chromatography. Silica gel (G)
plates containing a fluorochrome indicator were used for TLC.

2.5.1 14C-DDT and 14C-HCH

The solvent system was hexane: acetone: methanol: diethylamine (100:1:1:1 V/WWV). The Rf
values for DDD, DDT and DDE were 0.37, 0.53 and 0.66 respectively. Analytical grade compounds
DDT, DDE and DDD (Sigma Chemicals) were used in cochromatographic procedure. The Rf value for
HCH was 0.56. Analytical grade HCH (Sigma Chemicals) was used in cochromatographic procedure. For
DDT and its metabolites identification, plates were viewed under UV (190 nm) and spots were marked by
comparing with standards. For HCH, plates were sprayed with Kovac's reagent and then exposed to UV
(190 nm). Spot areas were marked and scraped. The scraped matter was suspended in liquid scintillation
cocktail and counted to estimate 14C-residues therein.

2.5.2 14C-chlorpyrifos

The solvent system was toluene: methanol: hexane (18:1:1 V/V/V) [7]. The Rf value for
chlorpyrifos and TCP (3,5,6-trichloro-2-pyridinol) were 0.73 and 0.24-0.30 respectively. Analytical grade
chlorpyrifos provided by IAEA was used in cochromatographic procedure. Chlorpyrifos and TCP spots
were marked by comparing against standards under UV (190 nm). 14C-residues in each spot were
estimated as above.

2.6 Statistical analysis

Standard errors were estimated using standard statistical methods wherever necessary.

3 RESULTS AND DISCUSSION

3.1 Fate of 14C-DDT in marine ecosystem

Distribution of DDT residues in various components of ecosystem is presented in Figure 1. Clams
recorded maximum residues after 3 days. Sediment analysis showed that 60-65% of the applied
radiolabelled residues were present throughout the period of experimentation. Product analysis revealed
that DDE was a major degradation product in clams, while in sediments DDD was found to be a
significant metabolite. The latter observation is consistent with the anaerobic conditions in sediment.
Algae showed maximum residues of 14C-DDT residues at 3 days, subsequently these residues decreased.
Recently there are reports of DDT residues in sediments and formation of DDMU which is an important
step in degradation of DDT [8, 9]. It is known that DDT degradation leads to formation of toxic chemicals
such as DDE and DDD which are broken down by subsequent processes to DDMU and other compounds.
It was difficult in our studies to separate DDMU and DDE on TLC plate as Rf values for these two
compounds are very close. The degradation of about 50% of applied DDT in two months in marine
ecosystem is indicative of the fact that the degradation is faster under these environmental conditions.
Even faster degradation of DDT has been observed in soil system under tropical regions [10, 11]

3.2 Fate of 14C-HCH in a marine environment using continuous flow system

Fate of 14C-HCH was studied in marine environment using a continuous flow system. Results are
presented in Table I. Extractable residues accounted for about 7 and 12% of the applied 14C-activity after
a period of 3 months. There was substantial mineralization under both moisture conditions. Under moist
conditions 25-26% of the applied 14C-activity was accounted as 14CC>2 while under flooded conditions the
extent of l4CO2 liberated was about 20-22%. The most significant part is the organic volatiles liberated
during incubation. Under flooded conditions, about 55% of the applied activity was trapped in
ethoxyethanol while under moist conditions about 49% of it was trapped in these traps. The attempts to
identify these products on TLC plates failed indicating the possibility that these volatiles may be in
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gaseous form like benzene. A similar or higher rate of mineralization of 14C-lindane has been reported
[12] under aerobic conditions in sediments. It is evident that lindane is undergoing faster degradation in
sediment hence possibility of its bioaccumulation is less. In present studies bound residues are formed
only to the tune of 2 to 5% of the applied 14C-activity, though earlier reports predicted that binding of
lindane may play a significant role in the fate process [13,14].

3.3 Fate of 14C-cblorpyrifos in a marine environment using continuous flow system

wC-mass balance of I4C-chlorpyrifos in a continuous flow system is shown in Table II. It is evident
from the table that this insecticide did not undergo mineralization under either moist or flooded
conditions. However there was extensive degradation under both the moisture conditions. TCP (3,5,6-
trichloro-2-pyridinol) was a major degradation product especially under moist conditions. Chlorpyrifos is
known to undergo abiotic as well as biotic transformations in a variety of matrices [4]. The primarily
important abiotic factor is hydrolytic degradation. It has been observed that the hydrolysis rate of
chlorpyrifos is pH dependent. Under alkaline conditions more rapid hydrolysis has been reported. The
hydrolysis product is TCP. In present studies the pH of seawater was between 7.5-7.7 and hence may
cause enhanced hydrolysis. Results obtained by TLC-autoradiographic procedures revealed that under
moist conditions 16% of the applied activity could be recovered as TCP while under flooded conditions
this was about 32% of the applied activity. The recovery of chlorpyrifos was a mere 3% and 0.5% of the
applied activity under moist and flooded conditions respectively. More bound residues were formed
under moist than flooded conditions. That chlorpyrifos forms bound residues in soils is well documented
[4]. The major significance of the high affinity for sorption of chlorpyrifos by soils and sediments lies in
the implication it presents for the availability of chlorpyrifos for environmental transport processes. It is
interesting to note here that in our earlier experiments to trace the fate of chlorpyrifos in a marine
ecosystem containing clams, seawater, sediments and marine algae, no residues were observed in

TABLE I: 14C-MASS BALANCE OF 14C-HCH IN A CONTINUOUS FLOW SYSTEM
(EXPRESSED AS % OF APPLIED 14C-ACTIVITY)

Sediment 14,CO2 Organic PUF Extractable
volatiles extracts activity

Bound Total
activity activity

Moist 25.59±1.52 48.66±1.47 7.27±0.38 4.76±0.21 86.28

Flooded 22.16±1.41 54.85±3.18 12.17±0.81 2.43±0.36 91.61

TABLE II: 14C-MASS BALANCE OF 14C-CHLORPYRIFOS IN A CONTINUOUS FLOW
SYSTEM (EXPRESSED AS % OF APPLIED 14C-ACTIVITY)

Sediment Organic
volatiles

PUF extracts 14CO2 Extractable Bound Total

Moist

Flooded

1.04±0.30 0.48±0.08 30.85±2.02 58.76±2.81 91.13

0.67±0.12 0.42±0.06 42.53±0.82 49.15±1.30 92.77
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sediments after 60 days [15]. Clams could have played major role in degradation of chlorpyrifos although
there was no evidence of its bioaccumulation in clams. In present studies it may be said that marine
microorganisms are not degrading the insecticide and hence more bound residues are formed. The
sorption also depends on pH of the matrix and organic carbon fraction therein. Though the organic carbon
fraction in sediments in present studies was 0.6-0.8%, the alkaline conditions with low amounts of
organic carbon together might have led to formation of higher amounts of bound residues.
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FIG 1. Distribution of 14C-DDT residues in a marine ecosystem
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