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Environmental issues caused by marine
plastic debris
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Plastic f;ollution in Kuiu Fig. 2. Derelict fishing gear in coral
reef.

46% of plastic debris around

Great Pacific Garbage Patch from
fishing nets, Lebreton et al. Sci.

Rep. 4(2018)4666.

Fig. 3. A sea turtle plastic straw stung
From a movie that research team of Texas A&M U posted

on YouTube on 20150810.

Damage to marine ecosystem




Most plastics leaking into environments go
to the oceans

What are the problems ¢

1. Plastics that were originally used in the ocean would caused environmental
damage at hlgh pl'ObCIbiIii')’(ALDFG :Abandoned Lost or otherwise Discarded Fishing Gear).
2. Most plastic waste that leaks into environments could reach to the ocean.
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Biodegradable plastics would solve such issues.
What is Biodegradable plastics?
U

J/

Water

Step1: Biodeterioration

Step2 : Depolymerization

Step3 : Assimilation H=0
Mineralization Mgpomer CO:
imer
NO
* Oligomer \ CHj

Chemosphere, 2008, 73, 429.



Biodegradability of biodegradable plastics in
environments (including marine environments).

Polymers Environmental degradability

Excellent Depending on site Poor

PHAs Soil

Freshwater
Brackish water

Seawater

Aerobic sludge
Anaerobic sludge

Compost
PESu Soil
Freshwater S -
Compost eawater
Activated sludge
Seawater
PBSu Compost Soil Activated sludge
Freshwater
. Freshwater
PBAT Compost Soll Seawater
PLA Compost Soil Seawater
PCL Soil
Freshwater
Seawater
Compost

Now most biodegradable plastics we can buy do not degrade in marine

environments except for PHAs and PCL.
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2. Development concept of marine biodegradable
plastics
* Potentially biodegradable plastics(PBP)
» Trigger system for biodegradation of PBP



Biodegradable plastics have conflicting elements

Specific use :
Uncollectible after use (Agricultural and fishing gears, e.t.c.)

What are perfect biodegradable plastics: TBP ?
(@)

Difficult goals
To make perfect biodegradable plastics,

initial time of biodegradation must be controlled.

It is defined as “Timing biodegradable plastics: TBP”,
which has a switch function to start degradation.



Proposal: To create LT “Potentially biodegaradable
plastics: PBP” and “Trigger system” could be used.

ﬁ Receivers

Cleavage sites

l/Kf Triggers
«  Environmental factors

/’h : « Biological factors

Terrestrial Marine
JIL Ve[ L LIS Non-biodegradable

PBP in marine

Biodegradability of Biodegradation
PBP depends on starts by “Trigger
environments = system”.
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3. Research in lab: study examples
« PBP: Aliphatic polyesters are candidates in PBP
Switching: Abiotic stimulation(disulfide bonds)

Switching: Bio-stimulation(Polycaprolactone)
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To create TBP, “Potentially biodegaradable plastics:
PBP” could be used.

Terrestrial Marine
JIL Ve[ L LIS Non-biodegradable

PBP in marine

Biodegradability of
PBP depends on
environments
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Most aliphatic polyesters would be promising
candidates for PBP

Polym Degrad Stabil 138, 18-26, 2017

Terrestrial Marine Jr 0 OL

LY L L1 A Non-biodegradable O—(CHy,);~0-C—(CH,),—C

Poly(butylene n-alkylene dicarboxylate)
(PBAD)

PBP in marine

PBADs could not induce degrading enzymes.
Biodegradabilities of them would be related to abundance of
respective degrading microbes.

We conclude that PBADs are some kind of PBP, of which the
onset of biodegradation can be controlled.



To create TBP, ) :
"Trigger system” could be used.

ﬁ Receivers

Cleavage sites

f Triggers
Environmental factors

/’h : « Biological factors

Biodegradation
starts by “Trigger

system”,
« Abiotic-stimulation
e Bio-stimulation
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Biodegaradable switch provided to PBP by
Abiotic-stimulation using environmental factors.

Polym Degrad Stabil 137, 67-74, 2017
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|High ORP(oxidation-reduction potential)l Low ORP

S-S . Plastics with disulfide bonds
High ORPJin seawater (z -50 mV)

S-S o

W <

_ Switching mechanism:
= 1. The polymers were stable at high
300mV ORP!D Y 9
2. The polymers started cleavage of
SS after reaching sea sediments
(switch on).
3. After that, degradation products
' were mineralized completely.
/

Biodegradation
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Biodegaradable switch provided to PBP by
Abiotic-stimulation using environmental factors.

PBP

Q Q
O-(CHy)4=0-C-(CHy)y~S—S—(CH2)n~Cm
PBDT S-S
m=1,2
Under low ORP environment Under high ORP environment
Reductve | | Hydrolys: 4
cleavage i

(@] (@] (@] (@]
I 1 1 1
HS_(CHz)m_C_O_(CH2)4_O_C'(CH2)m_SH HO_C'(CHz)m_S_S_(CHz)m_C_OH + HO—(CH2)4—OH
BBT DTDA BD
i I::-\ | {:ﬂ
) . Mineralization l Mineralization l
Hydrolysisl ' Mineralization l‘

CO, + SOz + H,0 CO, + H,0
CO, + SO; + H,0

0
I
HO-(CHp),~OH + HO-C-(CHp),~SH
BD TA

co, i & Co, + Q?@S
POC

In marine environments .
TBP would be created by PBP (PBADs with SS)+ Abiotic trigger (low ORP) .



Biodegaradable switch ?rowded to PBP by
bio-stimulation using biological factors.

Polym Degrad Stabil 149, 1-8, 2018.

/Poly (ethylene succinate): PESu Polycaprolactone: PCL
O\/\ Oj\/\ﬂ' wo}
Potentially biodegradable: PBP Highly Biodegradable

Strain TKCM 64

In marine environments
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Deduced carbon cycle on PCL by strain TKCM 64 in
marine ecosystem
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hydrolytic activity

In marine environments

. . Utilization
Oligomer, dimer, monomer
TKCM 64

Cutin ‘ ’ : wo}
Mineralization A

I L/ﬁ
\ / x Enzymatic hydrolysis
e o _ -
- PESu -7

/;'uselzr/wn hydrolysates

$

Cutinase
Fig. The inference of PCL and PESu-degrading mechanism in marine environments

In soil
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Biodegradation of PESu could start in seawater
by blending PCL

PESu film blended with small amount of PCL

@)

(o,

PBP(PESU)

Biostimulant trigger (PCL
-—
Inducer for cutinase gene expression

In marine environments

POC

In marine environments .
TBP would be created by PBP (PESu)+ Biostimulant trigger (PCL) .
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4. Further proposals for social implementation
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Further proposals for social implementation

Terrestrial Marine
JIL Ve[ L LIS Non-biodegradable

PBP in marine

Switch function added
ﬁ Receivers

Cleavage sites

l/_\f Triggers

Environmental factors
,\m +  Biological factors

PBP would determine the properties
in TBP.

To create a variety of TBPs, we must
create novel PBPs.

e.g. strength, formability, gas
permeability, thermostability, e.t.c.

More variations of trigger
systems should be proposed so
that PBPs could start

biodegradation absolutely.

e.g. by salt concentrations,
temperatures, other bio-
stimulants, microchips, e.t.c.



Further proposals for social implementation

Biodegradation rate control

—
=3
)

(S
, R

Biodegradation rate could be controlled,

e.g. by control of crystallinity of polymers, primary structures, e.t.c.

by control of biofilm structures formed on the polymers(plastisphere
control).
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