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Abstract  The polychaete Perinereis aibuhitensis, a key species in estuarine ecosystems, can improve the
culture condition of sediment. Endosulfan is an organochlorine pesticide used globally to control insects and
mites; however, it is a source of pollution in aquaculture as a result of runoff or accidental release. In this
study, we evaluated the toxicity of endosulfan to polychaeta and its ability to improve polluted sediment.
Specifically, the effects of a series of endosulfan concentrations (0, 1.25, 2.5, 5, 10, 15, and 20 mg/L) were
investigated, and the results indicated that the 24h median lethal concentration (24 h LCs,) was 55.57 mg/L,
while the 48-h median lethal concentration (48h LCs,) was 15.56 mg/L, and the safe concentration was about
1.556 mg/L. In a 30-d exposure experiment, the animal specimen could decompose endosulfan effectively

while improving endosulfan-polluted aquatic sediment.
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1 INTRODUCTION

The organochlorine pesticide endosulfan is used
worldwide to control insects and mites. Endosulfan
(6,7,8,9, 10, 10-hexachloro-1, 5, 5a, 6, 9, 9a-hexa-
hydro-6, 9-methano-2, 4, 3-benzodioxathiepin-3-
oxide) is applied as a mixture that typically contains
two diastereoisomers, known as o-endosulfan and
B-endosulfan. Technical-grade endosulfan contains at
least 94% a-endosulfan and -endosulfan, with a- and
B-isomers present at ratios ranging from 2:1 to 7:3
(Herrmann, 2002). Endosulfan enters aquatic
environments via off-field movements through runoff
of contaminated surface soil due to rain events, drift
and overspray from aerial applications, and accidental
releases of irrigation tail water (Pablo and Hyne,
2009). Upon entering the environment, endosulfan is
changed to its diol form in water and its sulfate form
in soil or sediment, after which it is further broken
down to hydroxyl ether lactone, and alcohol forms
(Martens, 1976; Miles and Moy, 1979; Stanley et al.,
2009). Endosulfan sulfate, which is the sole metabolite
of endosulfan, exerts toxicity to organisms similar to
that of endosulfan (Berntssen et al., 2008). Endosulfan

and endosulfan sulfate are persistent when absorbed
by soil and sediment, with half-lives ranging from
weeks to years (Peterson and Batley, 1993; Leonard
etal., 2001).

Both endosulfan and endosulfan sulfate were
reported as fish toxicants in the 1950s and are known
to be highly toxic to non-target aquatic organisms
(Maier-Bode, 1968; Rajeswari et al., 1988). In South
Korea, endosulfan has been sold and is still widely
used because of its high efficiency and low cost.
Furthermore, human dietary intakes of endosulfan in
South Korea increased significantly from 38.68
(1.3) ng/(kg bw-d) in 1994 t0 92.17 (4.4) ng/(kg bw-d)
in 2011 (Desalegn et al., 2011). Accordingly, it is
important to reduce endosulfan pollution and its
metabolite in seawater and aquatic sediments since
seafood is the primary route of exposure.

To date, most studies related to endosulfan toxicity
and its decomposition with respect to bioremediation
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have been conducted in soil environments using
microorganisms and earthworms (Kumar and Philip,
2006; Bhalerao and Puranik, 2007; Goswami et al.,
2009; Liu et al., 2009), and there have been no
investigations of benthic species in coastal regions or
their role in endosulfan degradation. Considering its
widespread use in agriculture, long distance transport
and persistence in nature, it is important to assess the
impact that endosulfan has on coastal benthos and its
decay in the coastal sediment. Perinereis aibuhitensis,
belonging to the class Polychaeta, is often used to
improve coastal sediment. Indeed, this organism has
been shown to have the potential to improve sediment
conditions where scallop cultures exist. Because P.
aibuhitensis is similar to the earthworm in its life
habits, we selected P. aibuhitensis for this study.

In the present study, we evaluated the toxicity of
endosulfan to polychaeta and its ability to improve a
polluted sediment to determine whether the
polychaete, P. aibuhitensis, could be introduced into
endosulfan-polluted environments for ecological
restoration purposes.

2 MATERIAL AND METHOD

2.1 Animal, sediment and seawater for indoor
experiment

The test specimens, P. aibuhitensis, were collected
from Mokpo, Jeonnam, Korea. Following collection,
the specimens were immediately placed in an
insulated box and transported to the laboratory. The
specimens were then acclimated to the test conditions
for 96 h before exposure to endosulfan. Sediment
with a pH of 7 without infaunal organisms was
purchased from a biotechnology company. The
particle diameter of the sediment was less than 1 mm,
and it was composed of 10% sand, 70% silt and 20%
clay. The specimens burrowed into the sediment, and
survived without showing any abnormal appearance
or behavior.

2.2 Acute toxicity

Stock solutions of endosulfan (Fluka, Switzerland)
were prepared by dissolving the crystalline solids into
15 mL acetonitrile at concentrations that varied
depending on the experimental conditions. The
primary tests for detection of acute toxicity were
conducted using 5, 10, 20, and 40 mg/L for one day.
None of the animals in the 5 mg/L group died;
however, all in the 40 mg/L group did. Therefore, the
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acute toxicity bioassays were conducted at endosulfan
concentrations of 0, 1.25, 2.5, 5, 10, 15, and 20 mg/L.
According to the LCs,, the final concentration of
endosulfan in the seawater for the long-term exposure
experiment was set at 3 mg/L.

2.3 Endosulfan degradation experiment

The experiment was conducted in a 10 L tank with
5 cm of sediment on the bottom and 30 L of circulating
seawater. Three replications were prepared for each
group, and 30 polychaetes (length 16.0+1.3 mm;
weight 0.4+0.1 g) were introduced to each tank. The
average water conditions during the experiment were
22°C, pH 7.5, and a salinity of 30.6 g/L. Oxygenation
and turbulence of water and sediment were produced
by air pumps and air stones. In the acute toxicity test,
the polychaetes were examined every 24 h and dead
ones were removed. Over the 30-day long-term
exposure experiment, seawater, sediment and
polychaete samples were collected at days 0, 5, 10,
15, 20, 25, and 30 and stored at -20°C for further
analysis. Nothing was supplied to the polychaete for
the duration of the experiments.

2.4 Chemical analysis

The endosulfan and endosulfan sulfate
concentrations of the sediment and specimens were
measured at 0, 5, 15, 25, and 30 days by gas
chromatography (Shimadzu 2010plus). To accomplish
this, 50g sediments were extracted with 100 mL
CH,;CN in a 300 r/min mixer for 30 min, then shaken
for an additional 30 min after the addition of 20-30 g
NaCl. For extraction of the polychaete tissue samples,
1-3 g of tissue were simply added to 100 mL of
CH;CN. The mixtures were then centrifuged at
3 000 r/min for 5 min, after which 10 mL of extract
was decanted. The solvent was then removed, the
residue extracted with 1mL of acetone/hexane (2/8
V/V) and the sample solution was loaded into a solid
phase extraction cartridge (Florisil) and extracted
with 5 mL of acetone/hexane (2/8 V/V). After removal
of the solvent, the residue was dissolved in 1mL
acetone and endosulfan was quantitatively analyzed
using a gas chromatography (Shimadzu 2010 plus)
equippedwithanECDanda30mmx0.32mmx0.25mm
fused-silica DB-5 capillary column (Restok, RTx-5).
The oven temperature program was as follows: 180°C
for 1 min followed by an increase to 250°C at 3°C/
min, which was held for 1 min, after which the
temperature was increased to 300°C at 20°C/min,
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where it was held for 3 min. Endosulfan and
endosulfan sulfate concentrations were identified
using a standard curve. Endosulfan diol, endosulfan
ether, endosulfan hydroxyl ether and endosulfan
lactone were also detected using this method.

The seawater samples were analyzed for total
organic carbon (TOC) and total nitrogen (TN) at 0, 5,
10 and 15 days using a TOC/TN analyzer (Shimadzu,
TOC-V/TNM-1) to monitor the eutrophication status.

2.5 Statistical analysis

Statistical comparisons of the mean cumulative
mortalities were examined by ANOVA at 0=0.05. The
concentration of endosulfan at which 50% mortality
of the test organism occurred (LCsy) and its 95%
confidence limit were estimated for 24 h and 48 h by
Probit analysis (Finney, 1971). The LCs, value was
multiplied by an application factor of 0.1 to estimate
the safe concentration (Akinbulumo et al., 2005).

Repeated measures ANOVA followed by Duncan’s
multiple comparison was used to identify significant
differences in TOC, TN in seawater, endosulfan and
endosulfan sulfate concentrations after different
elapsed times. Analyses were conducted using the
SPSS statistical package (version 18.0).

3 RESULT

3.1 Acute toxicity bioassays

As shown in Table 1, none of the specimens died
following exposure to low concentrations (1.25, 2.5,
and 5 mg/L) of endosulfan during the course of the
experiment, and at 24 h the mortalities at the
concentrations of 10, 15, 20 mg/L were still low.
There were also no significant differences (P>0.05)
among concentrations at 24 h. However, at 48 h, the
mortalities at concentrations of 10, 15, 20 mg/L
increased to 26.7%, 48.3% and 63.3%, respectively.
Themortalities inthe presence ofhigher concentrations
(10, 15, and 20 mg/L) were found to be significantly
different (P<0.05) from those at lower concentrations
(0, 1.25, 2.5, and 5 mg/L).

The probit of mortality was linearly dependent on
the log concentration of endosulfan (Table 2).
According to the regression equation, the 24 h median
lethal concentration (24 h LCs,) of polychaete was
55.57 mg/L (Table 3), and its 95% confidence limits
were 31.74-79.45. The 48-h LCs, of polychaete was
15.56 mg/L and its 95% confidence limits were
13.73-18.09.

Table 1 Toxicity of different concentrations of endosulfan
to polychaeta, Perinereis aibuhitensis

Cumulative mortality (%)

Concentration(mg/L)

24h 48 h
0 0° 0° 0°
1.25 0¢ 0° 0¢
2.5 0¢ 0¢ 0¢
5 0¢ 0° 0°
10 0¢ 5.0% 26.7°
15 0° 6.7% 48.3°
20 0¢ 13.3% 63.3

Different letters indicate significant difference (P<0.05).

Table 2 Regression equation at different times

Time (h) R Regression equation
24 0.877 Y=-4.341+2.488X
48 0.999 Y=-4.414+3.476X

Table 3 The LCs, and safe concentration of endosulfan for
the polychaeta, Perinereis aibuhitensis

LCs(mg/L)  95% confidence limit Safe concentration (mg/L)

24 h 55.57 31.74-79.45 5.56

48h 15.56 13.73-18.09 1.56

Probit analysis was carried out between the
concentrations and mortalities in SPSS. When the R®
at24 h and 48 h was compared, the probity of mortality
and log concentration at 48 h showed greater linearity.
Thus, the concentration deemed safe was 1.56 mg/L.

3.2 Endosulfan and endosulfan sulfate for long-
term exposure experiment

Endosulfan and endosulfan sulfate were not
detected in seawater samples by HPLC analysis. The
endosulfan concentration increased for the first five
days in the control sediment with only endosulfan
(Fig.1), then slowly declined and approached zero
after 30 d. In the experimental group, the endosulfan
concentration in the sediment at the beginning (=0,
4.5 mg/L) was lower than that of the control sediment
(=0, 6.7 mg/L), indicating that endosulfan began to
be consumed or decomposed by polychaeta.
Furthermore, the endosulfan concentration in
sediment of the experimental group decreased
continuously, reaching 0.11 mg/L after 30 d. The
maximum concentration of endosulfan in polychaeta
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Fig.2 The concentration of endosulfan sulfate, in the
sediment and in P. aibuhitensis at different elapsed
times

* indicates significantly different from the time 0 (P<0.05).

was observed at time 0, after which it decreased;
however, one-way ANOVA revealed no significant
differences among groups.

Endosulfan sulfate, a well-known primary
metabolite of endosulfan, was also detected in worms
(Fig.2). Specifically, the maximum concentration was
observed at 15 d, after which it decayed completely.
The formation of endosulfan sulfate occurred
simultaneously with the decomposition of endosulfan.
In the sediment for both the control and experimental
group, the concentrations of endosulfan sulfate were
less than 3.15 mg/kg.

3.3 Seawater improvement during long-term
exposure experiment

For seawater (Fig.3 and Fig.4), the total organic
carbon (TOC) and total nitrogen (TN) increased
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Fig.3 The total organic carbon (TOC) of seawater at
different elapsed times

* indicates significantly different from initial TOC (P<0.05). Initial TOC
means the TOC of the sediment in the natural condition.
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Fig.4 The total nitrogen (TN) of seawater at different
elapsed times

* indicates significantly different from initial TN (P<0.05). Initial TN
means the TN of the seawater in the natural condition.

significantly (P<0.05)upon introduction of endosulfan
dissolved in acetonitrile, after which they decreased
with time.

4 DISCUSSION

Endosulfan, like other cyclodiene insecticides, has
been shown to cause neurotoxicity through GABA-
gated chloride channel inhibition (Naqvi and
Vaishnavi, 1993; Jia and Misra, 2007). Endosulfan
causes decreased adenylate energy charge, oxygen
consumption, hemolymph amino acids, succinate
dehydrogenase, heart-rate (mussel) and altered
osmoregulation (Naqvi and Vaishnavi, 1993). The
present results indicated that the endosulfan is slightly
toxic (10-100 mg/L) to P. aibuhitensis (Kamrin,
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1997). The LCs, of endosulfan at 48h for fish has been
reported to be less than 0.1 mg/L (Gill et al., 1991;
Desalegn et al., 2011), while it was shown to be below
1 mg/L for crustaceans (Gill et al.,, 1991). When
compared to other aquatic organisms, polychaete can
endure high concentrations of endosulfan.

The accumulation of endosulfan by the polychaeta
was highest at time 0 (Fig.1), indicating that their
accumulation rate of endosulfan is very high.
Freshwater animals have been found to be able to
accumulate endosulfan to some extent, but then lose
the compound rapidly during depuration (Naqvi and
Newton, 1990). Pablo and Hyne (2009) pointed out
that endosulfan had a tendency to move preferentially
toward or remain bound onto solid gravel and
sediment substrate. This may be the main reason for
the increase of endosulfan that was observed in the
control sediment at Day 5. In the chronic toxicity
experiment, endosulfan was not detected in the
seawater, which was likely due to the hydrophobic
nature of endosulfan (1.32 mg/L) resulting in its
adsorption to soil particles (Bhalerao and Puranik,
2007; Pablo and Hyne, 2009). The fact that the
endosulfan sulfate concentration in polychaete
eventually decreased and only trace amounts were
detected in the sediment of both the control and
experimental group suggests that endosulfan sulfate
was not extruded from the P. aibuhitensis, and that it
decomposed further inside the organisms. Other
possible metabolites, such as endosulfan diol,
endosulfan ether, endosulfan hydroxyl ether and
endosulfan lactone, were not detected at any time.
Microbes have commonly been used to decompose
endosulfan, but animals have rarely been applied for
its remediation. We previously found that endosulfan
decomposition by polychaete was in accordance with
that by Aspergillus niger, the concentration of
endosulfan decreased while endosulfan sulfate
increased, and the endosulfan and endosulfan sulfate
completely disappeared in the presence of A. niger
while the endosulfan increased in the presence of
polychaete (Bhalerao and Puranik, 2007).

Endosulfan pollution is often also accompanied by
organic pollution. Therefore, we measured the TOC
and TN of seawater. The TOC and TN were elevated
at the beginning of the experiment, possibly because
of the CH;CN solvent that was used to dissolve the
endosulfan. Accordingly, the subsequent decrease in
TOC and TN could have been caused by loss of this
solvent by the aeration of seawater during circulation
through the system, sorption to the sediment (Leonard

et al., 2001) and decomposition by polychaete in the
experimental group. However, it should be noted that
the decrease of TOC and TN in the experimental
group was more dramatic than that in the control
group, indicating that the polychaete influenced the
reduction. The movement of benthic invertebrates
through sediment can accelerate solvent volatilization
and create conditions favorable for their aerobic
decomposition. This finding and interpretation can be
applied to the removal of other volatile organic
pollutants that contaminate coastal sediments.

Overall, the results of this study indicated that
polychaeta could improve environments that have
been polluted by endosulfan. Indeed, the organic and
endosulfan concentrations decreased significantly
(P<0.05) under experimental conditions. Accordingly,
P. aibuhitensis are a good candidate for the
remediation of endosulfan contaminated coastal
environments.
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