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Biodegradation of poly (e-caprolactone)
monofilament fibers in deep seawater
at near 0 °C
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Abstract

An application of environmentally degradable plastics for fishing nets may help solve the
ghost fishing problem. In this study, biodegradation of aliphatic polyester, poly( € -caprolac
tone) (PCL) was studied in deep seawater under a low temperature of 0.6 °C during the period
of 8 months at atmospheric surface pressure. Processes of biodegradation were analyzed by
monitoring the time-dependent changes in mechanical strength and scanning electron
micrographs (SEM) of the surface of PCL monofilaments. The strength of 110 D fibers de-
creased to about 80 % of initial value after one month of soaking, about 60 % after three
months and about 35 % after six months. After eight months of soaking, the filament did not
keep its original shape and the strength reached zero. Thus it could not be subjected for the
strength measurement any further. From SEM micrographs of PCL monofilament fibers
soaked in deep seawater for 3 and 8 months, pinholes were observed on the surface of treated
fibers. The number of these pinholes increased with the soaking period. This phenomenon
strongly suggested that the degradation of PCL in deep seawater is caused at least partly by
microbial degradation. From these results, the application of biodegradable plastics such as
PCL for fishing gears is suggested to be effective in reducing ghost fishing problem caused
by non-biodegradable fishing nets.
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Every year, several hundred thousand tons of
discarded plastic products contaminate the
marine environment via various waterways,
causing marine pollution, and harming numer-
ous marine animals potentially resulting in their
death (Laist 1987). Some plastic fishing gear is
also left at the sea floor as a result of uninten-
tional loss during ordinary fishing operations. It

has been reported that some lost fishing gear

could maintain their fishing ability for several
years under unattended, such as ghost fishing
(Kanehiro et al. 1995). For example, approxi-
mately 5000 gillnets were estimated to be lost
annually in Newfoundland during cod fishing in
1970s (Smolowiz 1978). Canadian fishery con-
sultants also estimated that around 8000
gillnets were lost annually in Canadian Atlantic
waters (CFCL. 1994). Vienneau et al. (1984) dem-
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onstrated that snow crab pots were still capable
of catching crabs for at least one year after
abandonment by fisherman in the St. Lawerence
River (Vienneau et al. 1984).

If fishing gear is made of biodegradable poly-
mers which can be decomposed by microorgan-
isms, instead of non-biodegradable plastics,
ghost fishing is expected to be much reduced in
marine environment. Therefore, there has been a
growing latent demand for an application of bio-
degradable plastics to fishing gear. Some ali-
phatic polyesters attract much attention due to
their biodegradability in soil (Doi et al. 1992,
Kasuya et al. 1998). The biodegradation behav-
ior and mechanism in surface seawater has also
been reported for some aliphatic polyesters such
as poly (3-hydroxybutyrate-co-3-hydroxyvale-
rate), poly(e-caprolactone) and poly(L-lactic acid)
(Doi et al. 1992, Kasuya et al. 1998, Mukai et al.
1993, Rutkowsk et al. 1999, Tsuji et al. 2002,
Ebisui et al. 2003). While, these biodegradable
plastics have been developed for agricultural ap-
plications and wrapping materials, they have
not been examined in fisheries science.
According to the definition for biodegradability
made by the Biodegradable Plastics Society
(BPS), implying the conditions of land and com-
posting at 20-58 °C, many researches have
employed this range of temperature for bio-
1992,
Kasuya et al. 1998, Mukai et al. 1993, Rutkowsk

et al. 1999, Tsuji et al. 2002).

degradability examination (Doi et al.

Abyssal environmental conditions of deep sea
have not been clarified sufficiently, particularly
in regards to biopolymer degradation. Since
deep-sea conditions such as high pressure, satu-
rated dissolved oxygen levels and low tempera-
ture are different from those on land and
composting, it is expected that microorganisms

will be less active in biopolymer decomposition.

When fishing gear, such as crustacean pots, are
lost during fishing, ghost fishing would occur in
the deep sea rather than at the surface.
Therefore, natural degradation needs to be stud-
ied under deep-sea conditions in order to mini-
mize ghost fishing.

Among conditions mentioned above, water
temperature seems to influence remarkably on
the biodegradation by the microorganisms since
enzymatic activity varies depending on ambient
temperature. In this paper, we focused on
degradability of poly (e-caprolactone) (PCL) in
actual deep seawater at a low temperature of 0.6
°C. PCL is a well-known biodegradable aliphatic
polyester that is synthesized from eg-capro-
lactone by ring-opening polymerization. This
polymer has been known to be biodegraded by
microbiological action not only on land but also
in surface sea, river and lake waters.

Biodegradation tests of PCL samples in deep
seawater started on April 2003 for a period of up
to 8 months. Deep seawater pumped at 320 m
depth from 2600 m offshore in Toyama Bay was
used for the biodegradation test. PCL
monofilament fibers with different denier (D:
designation of linear density of fibers (JIS
L1073)) of 110 D, 300 D, and 500 D were pur-
chased from Chukou Chemical Industries, Ltd.
Six monofilament fibers of 40 cm of each denier
were bundled together with nylon strings and
put in the polyester nets. Four sets of these bun-
dles were soaked into deep seawater under com-
plete darkness in the FRP tank (10 tons) at the
Toyama  Prefectural Fisheries Research
Institute. This tank was always filled with
running fresh deep seawater at a flow rate of 3.5
tons/hr. and controlled at 0.6 °C. One set of the
bundles was taken out from the tank after one,
three,

six and eight months, respectively,

washed with water and air dried to be subjected
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Fig.1l. Time-dependent changes in breaking streng-

th of PCL monofilament fibers in deep sea water
at 0.6 °C. l: 110D, @: 300D, A: 500D

to the measurement of breaking strength. The
measurement was performed with an Auto
graph (Shimazu;AG-1) under the conditions of
25 °C and 60 % humidity, initial material inter-
val of 50 mm and crosshead speed of 100 mm/
min. The surface morphology of the fibers was
examined under a scanning electron microscope
(SEM, Hitachi S-2000) with secondary electrons
at acceleration voltage of 3 kV at room tempera-
ture.

The breaking PCL
monofilament fibers of 110 D, 300 D and 500 D
were 0.34 kg, 0.96 kg and 1.38 kg, respectively.

strength of intact

The relative retained breaking strengths of PCL
fibers soaked in deep seawater are plotted
against soaking time (Fig. 1). The strength of
110 D fibers decreased to about 80 % of the
initial value after one month soaking. Then it
became about 60 % in three months and about
35 % in six months. Eight months later, the fila-
ment did not keep its original shape and thus
could not be subjected for the strength measure-
ment. Fibers of 300 D and 500 D showed similar

behaviors for the reduction of their strengths for

the first 3 months. The strength decreased
gradually to become 60 % within 3 months.
When these fibers were soaked for 6 months, the
strengths remained at the 60 % level like those
of 3 months soaking. The difference in degrad-
ing behaviors according to the fiber denier
showed that thinner fibers were degraded faster.

Fig. 2 shows the SEM micrographs of the 300
D monofilament fibers soaked in deep seawater
for 3 and 8 months, compared with the intact
fibers (Fig. 2, A and B). On the surface of treated
fibers, pinholes were observed. The number of
these pinholes increased with soaking period. If
PCL monofilament fibers are degraded by
chemical hydrolysis with seawater, they are pre-
sumed to become thinner homogeneously.
However, as shown in Fig. 2, the fibers were
degraded with heterogeneous erosion accompa-
nied by formation of pinholes. This phenomenon
suggests that certain microorganisms grow
their colonies on the surface of fibers and eroded
parts of the fiber surface contacting directly
with the microorganisms. Although microorgan-
isms were not detected on the fiber surface by
the present observations by a scanning electron
microscopy, it can be considered that only
microorganisms adhered to the filament fiber
can grow their colonies resulting in pinholes
(Tabata et al. 2004). And, thus, the decrease in
breaking strength can be considered to be
caused at least partly by microbial degradation.
This is in good agreement with the observed
fact that thinner fibers with greater surface
areas reduced their breaking strength faster
(Fig. 1).

From these results, it is concluded that PCL
monofilament fibers can be degraded under
deep-sea conditions by possible microbial attack
at atmospheric surface pressure. The application

of PCL for fishing gears seems to be effective for
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Fig. 2. Scanning electron micrographs of PCL monofilament fibers before (A and B) and after (C, D, E,
F) soaking in deep sea water at 0.6 °C. A and B: before soaking, C and D: soaking for 3 months, E

and F: soaking for 6 months

reducing the ghost fishing problem caused by

non-biodegradable fishing nets.

Acknowledgements

This study was supported in part by a Grant-
in Aid for Scientific Research (C-2-16580146)
from the Japan Society for the Promotion of

Science.

References

CFCL. (1994) Review of fishing gear and harvesting
technology in Atlantic Canada. A report prepared
for fisheries and oceans Canada, Fishing industry
service branch, fishing operation, Canadian fish-
eries consultants Ltd. Canada.

Doi Y., Y. Kanesawa, N. Tanahasi and Y. Kumagai
(1992) Biodegradation of microbial polyesters in
the marine environment. Polym. Degrad. Stb., 36,
173-177.

Ebisui A., K. Tabata, H. Kanehiro, C. Imada and T.
Kobayashi (2003) Degradation of biodegradable

plastics in seawater. Fish. Eng., 40, 143-149.

Kanehiro H,, T. Tokai and K. Matuda (1995) Marine
litter composition and distribution on the sea-bed
of Tokyo Bay. Fish. Eng., 31, 195-199.

Kasuya K, K. Takagi, S. Ishiwatari, Y. Yoshida and Y.
Doi (1998) Biodegradability of various aliphatic
polyesters in natural waters, Polym. Degrad. Stb.,
59, 327-332.

Laist, D.W. (1987) Overview of the biological effects of
lost and discarded plastic debris in the marine en-
vironments. Mar. Pollut. Bull,, 18, 319-326.

Mukai K., K. Yamada and Y. Doi (1993) Enzymatic
degradation of poly(hydroxyalkanoates) by a ma-
rine bacterium. Polym. Degrad. Stb,, 41, 85-91.

Rutkowsk M. M. Jastrzebska and H. Janik (1999)
Biodegradation of polycaprolactone in sea water.
React. Funct. Polym., 38, 27-30.

Smolowiz R]. (1978) Trap design and ghost fishing.
Mar. Fish. Rev,, 40, 59-67.

Tabata K. and H. Kanehiro (2004) Application of bio-
degradable plastic to fishing implements. Aqua-
biology. Seibutsu Kenkyusha, 26, No.2, pp. 136~
141.

Tsuji H. and K. Suzuyoshi (2002) Environmental deg-
radation of biodegradable polyesters 1. Poly (e-



Biodegradation of PCL in deep seawater 35

caprolactone), poly[(R)-3-hydroxybutyrate], and technical report of fisheries and aquatic science,
poly(L-lactide) films in controlled static seawater. 9-21.
Polym. Degrad. Stb., 75, 347-355.

Vienneau R. and M. Moriyasu (1984) Study of the im- Received: 4 October 2006

pact of ghost fishing on snow crab, Chionoecetes Accepted: 26 December 2006
opilio, by conventional conical traps. Canadian

EREKPIZBIERY HhTaS5r b kD
BRI WL @ MIREA KT WL B2 EE E— R B

E ¥B

BECHRELZBERZFICLET -2 7 4 v vy SREBORRO—> & L TESNREBRBOFIA
BRIFENTWS., BKPICBIZENBRET S 2 F v 7 OREHICBET 2RIV FITE
BIRIC B BANREIC OV TRIZEA LIRSV, AR TR, SLEKERRIESDFERBKRS
FIMERORBKE (KX D BE, EHKER06°C) BT, U752 F v 7ORY H 7o
52ty (PCL) €/ 7 147 * v+ ORERBREITV, ERBKPICE T 3 EDEMED M AT -
7z, 0.6 COFERBKFITREL 72 PCL (110 ¥ = — V) OME I RERFBIE L bt KEETFLTWL
X (1-ATH20%, 6 »HTHG65%ET), 8 ARICIIBERIIOICEFTTETLTCLA.
ETIMEREER LD, RERMLE & S ICBHERIIC/NSSAEORBEHAEL T2 D05
Sht., BHEE LR ONZAEORIBEKPICEET 284 (52 F v 7 9FE) 1Tk
BNMROETICE BB > TR > bDEHRAIEN. hSDERLS, ENEETSZF v 7
BIEBROBEFBKPTHRINRT 2 EMBHERSN, T—R b7 4 9 YV IBRICOHEHN BT
EMTREBE N,

F—I9—FK:T—RbT74 9y, EREUETS T 49, RV AT S v, FEK W
W5 iR






