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Abstract: Estuaries and coastal zones used for fish aquaculture are often polluted by organic
contaminants and anthropogenic chemicals. Bioremediation has been recognized as an efficient
technology to clear environmental pollutants. The authors therefore studied environmental
remediation using benthic organisms and have shown that some annelids are adaptable to polluted
environments. For example, Capitella cf. teleta, a polychaete inhabiting the sediment beneath a fish
farm, displayed high protease activity, whereas Perinereis nuntia, a polychaete inhabiting an
estuary, displayed high cellulase activity. Additionally, the oligochaete Thalassodrilides cf. briani
was found to survive highly hypoxic and sulfidic sediments contaminated with various pollutants
and was shown to biotransform 1l-nitronaphthalene, a toxic and carcinogenic chemical, into
substances that are nontoxic to fish.

In another experiment in which these three benthic species were maintained in polluted
sediments, the polychaetes P. nuntia and C. cf. teleta markedly increased redox potential (Eh) and
decreased the level of acid volatile sulfides relative to the oligochaete T cf. briani. Furthermore, the
concentration of polycyclic aromatic hydrocarbons (PAHs) in the sediment with all three species was
significantly lower than the initial level. T cf. briani, especially, showed a marked ability to degrade
the PAHs in the sediment. These results indicate that benthic organisms have species-specific
remediation properties and ecological functions in organically polluted sediments.

We are also working on the development of a real-time measuring device for determining the Eh
in the sediment under fish farms as Eh is a comprehensive parameter to monitor the degree of

contamination of these sediments.

Key words: annelid, bioremediation, environmental pollutants, Polychaeta, Oligochaeta, polycyclic

aromatic hydrocarbons

Introduction

Estuaries and coasts are crucial for the life histories
of many aquatic organisms. The estuarine and coastal
sediments accumulate organic matter from both
marine and terrestrial sources (Jorcin, 2000; Hu et al,
2009; Zhang et al., 2009). In the sediments of coastal
areas where aquaculture is conducted, considerable
organic enrichment is caused by the input of large

amounts of unconsumed fish food and fish feces.

This eutrophication causes anoxic conditions and an
increase in sulfides (Pawar et al. 2002; Tanigawa et
al, 2007), leading to serious problems, such as algal
blooms and the elimination of the benthic community
and seagrass (Holmer et al., 2008; Leon et al., 2010).
Polycyclic aromatic hydrocarbons (PAHs), which
are products of the incomplete combustion of fossil
fuels, contaminate estuarine and coastal sediments
in areas associated with human activity (WHO,

1998). Therefore, remediation of organically polluted
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sediment is necessary for maintaining ecological
balance, biological diversity, and the sustainable
development of aquaculture.

One pollutant of interest is l-nitronaphthalene
(INN), a nitrated polycyclic aromatic hydrocarbon
(nitro-PAH) that is formed during the incomplete
combustion of organic compounds (Nielsen, 1984).
Such compounds are formed mainly by the reaction
of PAHs with nitrogen oxides in polluted air
(Atkinson and Arey, 1994). Nitro-PAH products are
more toxic to many organisms than are the parent
PAHs (Yaffe et al., 2001). Yaffe et al. (2001), using an
environmental model, reported that INN had the
highest concentration potential among nitro-PAHS in
the Los Angeles Basin in Southern California, USA.

Macrofauna, especially sediment-dwelling
polychaete and oligochaete worms, are known
to affect sediment characteristics biologically,
chemically, and physically through feeding activity,
bioturbation, ventilation, and irrigation, resulting
in mineralization and organic degradation in the
sediments (Banta et al., 1999; Volkenborn et al., 2007,
Giere, 2006; Heilskov et al., 2006; Quintana et al., 2011).
The activities of some polychaetes are closely related
to the remediation of contaminated sediments and
water (Licciano et al., 2005; Palmer, 2010).

Organic matter in the environment is decomposed
chemically by many enzymes (e.g., proteases,
cellulase phosphatases, and carbohydrases). Some
enzymes have been utilized to estimate organic
matter decomposition in water and sediment in
estuarine and coastal environments (Hiroki et al.
2003; Arnosti et al. 2009). The polychaete Capitella
teleta (formerly Capitella sp. I; Blake et al., 2009) has
been reported to remediate organically contaminated
sediment by enhancing the decomposition rate of
the organic matter of the sediment under fish farms
(Tsutsumi and Montani, 1993; Kinoshita et al., 2008).
Moreover, some benthic organisms, including C.
teleta and Nereis diversicolor, can degrade oil, acyclic
hydrocarbons, and the PAHs, such as fluoranthene
and pyrene in sediment (Gilbert et al., 1994; Grossi et
al., 2002; Madsen et al., 1997; Christensen et al., 2002),
indicating that they can contribute to the remediation
of sediments polluted by PAHs.

In this proceeding, we introduce research results

targeting organic pollutants, chemical pollutants, and

the remediation of polluted sediment using annelids.

Materials and Methods

Animals

The benthic organisms used in this study (Fig.1)
are as follows: the nereidid polychaete Perinereis
nuntia, opportunistic polychaete Capitella cf. teleta,
and oligochaete Thalassodrilides cf. briani. Nereidid
worms, including P. nuntia, are common in intertidal
and shallow marine waters and are widely distributed
off the coasts of Asia and in the southern hemisphere
(Wilson and Glasby, 1993; Muir and Hossain, 2014). P.
nuntia is a large-sized species, very common in Japan,
and is often found burrowing in sand under stones
in estuaries and on sheltered beaches, sometimes in
near-anaerobic conditions. This species is used as a
model species for pollutants and has the potential
to be used for wastewater treatment through its
ability to reduce organic matter (Palmer, 2010). C. cf.
teleta is frequently observed in the sediment under
fish farms in Japan and is a small- to medium-sized
species. Capitella species are opportunistic and can
tolerate hypoxia and sediment toxicants (Gamenick et
al., 1998; Bach et al., 2005; O'Brien and Keough, 2013).

Fig. 1. Nereidid polychaete Perinereis nuntia (a),
opportunistic polychaete Capitella cf. teleta (b), and
oligochaete Thalassodrilides cf. briani (c).
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T. cf. briani are distributed in the sediments of many
areas including China, North America, and Western
Australia (Erséus, 1990; Milligan, 1996).

Enzyme activities of the benthos

The whole body of each P. nuntia and C. cf. teleta
worm, was homogenized in 10 mM sodium phosphate
buffer (PBS; pH 7.5) using a pestle on ice. The
homogenate was centrifuged for 30 min at 10,000 rpm
at 4 °C, and then the supernatant was used for the
determination of enzyme activities. Protease activity
was measured using milk casein as a substrate
according to the procedure of Kashiwagi (2004).
Cellulase activity was measured at 37 °C for 24 h in 10
mM PBS (pH 7.5) with 0.8 % carboxymethyl cellulose
as the substrate. Reducing sugars produced by the
reaction were determined by the dinitrosalicylic
reagent method (Miller 1959). Glucose was used as
the standard.

Chemical pollutants catabolism tests with annelids

The residual INN in seawater following metabolism
by both of the annelids was examined. Each replicate
used 300 7. cf. brian: individuals (total weight: 0.1
g), 5 P. nuntia individuals (average weight: 90 mg/
individual; total weight 0.42 g). INN test solutions
were made by adding the necessary amount of
stock solution to pre-filtered (GFC filter, Whatman,
Maidstone, UK) seawater. Animals were exposed to
INN at 170 ug/L for 5 days in the dark at 20 °C in
aquaria containing seawater and quartz sand. The
residual INN concentration in seawater was analyzed
by GC-MS at 0, 2, and 5 days.

Remediation of polluted sediment using annelids.
Artificial microcosms, consisting of clear glass
columns (diameter 9.0 cm, height 12.2 cm) filled with
150 g of sediment (Sediment was collected from
Hatsukaichi Marina of Hiroshima, Japan, an active
harbor in which many fishing boats travel) and 300
mL seawater filtered through sand and activated
carbon, were prepared. Approximately 150 mg
biomass of one benthic worm species—P. nuntia
(mean =* standard deviation) (n = 5 = 0), C. cf. teleta (n
=59 £ 5), or T. cf. briani (n = 160 = 6)—was added to
each of three microcosms. A fourth column, without

benthic organisms, was prepared as a control. Three

replicate columns were prepared for each treatment.

The benthic worms were fed a commercial fish diet
(N400; Kyowa Hakko, Tokyo, Japan) once every 3 days
(5 % of total biomass per day; approximately 22.5 mg).
The columns were closed and kept in an incubator
at 20 °C for 50 days. For the initial sediment sample,
a column was prepared as described above and kept
overnight to allow the mud to settle. After removing
the overlying water, the oxidation-reduction potential
(ORP), acid volatile sulfides (AVS), loss on ignition
(LOI measured as organic matter), and concentration
of PAHs in the sediment were measured.

After 50 days, the overlying water was removed
from all test microcosms, and the ORP (mV) of the
sediment was measured at 2 cm depth using an
ORP meter (D-55, Horiba, Kyoto, Japan). AVS was
measured using a Hedorotech-S gas detection tube
(GASTEC, Kanagawa, Japan). Benthic organisms
were sorted from a subsample of the whole
sediment sample. The living infauna were cleaned in
seawater and their biomass measured; total column
biomass was estimated from this measurement. The
concentrations of 16 PAHs were measured in the

whole sediment samples.

Results and Discussion

Enzyme activities of the benthos

The protease activity of Capitella cf. teleta (89.7 ug/
mg) was about 10 times those of P. nuntia brevicirris
(8.0 ug/mg). High cellulase (endo-B-1,4-glucanase)
activity was detected in P. nuntia brevicirris (3.2
ug/mg), whereas the activity was scarcely detected
in Capitella cf. teleta. The high protease activity of
Capitella cf. teleta enabled it to survive in the sediment
under a fish farm, where it degrades organic matter.
In contrast, the high cellulase activity of the estuary-
dwelling P. nuntia brevicirris allowed it to degrade

organic matter originating from terrestrial areas.

Chemical pollutants catabolism tests with annelids
In the INN metabolism tests with annelids, the
INN concentration in seawater did not decrease
significantly from the initial concentration of 170
ug/L without animals present. However, in all animal
treatments, the concentrations in the seawater

decreased significantly (7. cf. briani: 23.3 %; P. nuntia:
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32.6 %) after 2 days. After 5 days, the concentrations
in the seawater were 3.0 = 0.2 ug/L in the 7. cf.
briani tank, and 14.3 = 2.1 ug/L in the P. nuntia tank.
The ability of the 7. cf. briani to biotransform 1NN
was significantly greater than that of the P. nuntia
(p < 0.01). Furthermore, 7. cf. briani can survive in
highly hypoxic and sulfidic sediments contaminated
with various pollutants, and have been shown to
biotransform INN, a toxic and carcinogenic chemical,
into substances that are nontoxic to fish.

Remediation of polluted sediment using annelids
The annelid’s effects on physicochemical
properties, such as organic matter (LOI), Eh, AVS,
and the degradation of PAHs, were assessed. Eh
levels were significantly higher, and AVS levels
lower, in the sediments of the polychaetes P.
nuntia and C. cf. teleta than they were in those of
the oligochaete 7. cf. briani or the control (without
benthic organisms). Total PAH concentration
significantly decreased from the initial level in
all three groups; T. cf. brian: displayed a marked
ability to reduce PAHs in sediment. These results
indicate that benthic organisms have species-specific
remediation properties and ecological functions in

organically polluted sediments.

Real-time device for measuring Eh in sediment

In our group, sediment remediation tests using
benthos were carried out in the field, such as at
fish farms. Periodic surveys conducted by sediment
sampling and diving were necessary to verify the
effects of the annelids. The Eh is a comprehensive
parameter, which can be used to monitor the degree
of contamination of the sediment under a fish farm.
Currently, we are working on the development of a
real-time device for measuring Eh in the sediment
under fish farms.

In fact, we are operating a real-time measurement
in a 3-ton water tan and confirmed that the processes
by which the organic matter in the sediments was
being removed by remediation with annelids were
successfully monitored, demonstrating that it is
possible to measure redox potential in real time even
in the field. In future, in the case of a fish farm where
organic pollution has advanced, we plan to use an

appropriate benthic species to restore the bottom

sediment. To observe the progress of the remediation,
we plan to use real-time measuring to trace the Eh.
If sediment pollution progresses, we will implement
countermeasures, such as increasing the number of
benthic organisms or decreasing the feed volume.
This allows not only for evaluating the healthy
conditions of benthic systems, but even facilitating
the remediation potential of benthic organisms to
improve the toluene of sediment ecosystems against

over feeding on fish farms.
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polychaete, Perinereis nuntia, which was obtained from
a commercial source. Populations of both organisms
were exposed to 1400 ug/L of l-nitronaphthalene
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toxicity of residual 1-nitronaphthalene from the same
water using mummichog (fish) larvae. After the
larvae had been exposed for 96 h, the percentage
of apparently unaffected larvae remaining was 83.3
% in Thalassodrilides sp. group but only 16.7 % in
the P. nuntia group. Clearly, of the two species we
studied, Thalassodrilides sp. had a superior ability
to convert l-nitronaphthalene into substances that
were nontoxic to mummichog larvae. Therefore, we
recommend the use of this species for bioremediation

of chemically polluted sediments.
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This study aimed to evaluate the possible
remedial effects of three marine benthic annelids
on organically polluted sediments from the waters
of Hatsukaichi Marina, Hiroshima, Japan. Two
polychaetes, Perinereis nuntia and Capitella cf.
teleta, and an oligochaete, Thalassodrilides sp.,
were incubated in sediments for 50 days. Their
effects on physicochemical properties, such as
organic matter (loss on ignition), redox potential
(Eh), acid volatile sulfides (AVS), and degradation
of polycyclic aromatic hydrocarbons (PAHs), were
assessed. The polychaetes P. nuntia and C. cf. teleta
significantly increased Eh level and decreased AVS
level compared with the oligochaete Thalassodrilides
sp. and control (without benthic organisms). Total
PAH concentration significantly decreased from the
initial level in all three groups; Thalassodrilides sp.
had a marked ability to reduce PAHs in sediment.
These results indicate that benthic organisms have
species-specific remediation properties and ecological
functions in organically polluted sediments.



