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To clarify the effects of HBP on the aggregation state and thermal molecular motion of PGA, as well as on their degradation properties
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Addition of HBP activated the segmental motion of the PGA chains and promoted the degradation of the amorphous regions. It was revealed
that during the degradation process, the lamella thickness increased due to crystallization of the cleaved molecular chains, and then decreased
as further molecular chains were cleaved. Acknowledgement: JPNP18016 (NEDO). Soft Matter 2023, 19, 7459; Polym. J. 2024, 56, 55.
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Ring-Opening Polymerization of Novel Lactones with Protected Hydroxy Group Derived from Biomass and Deprotection-induced Polymer Degradation

Ring-Opening Copolymerization of Silyl-Protected Lactone

‘ [M1]o/[Comonomer],

Introduction
————————————————————————— . o~ TN . Catalyst ----- Q
$ ! - o p )\ : :
N ! o O A . M1 : N : o
PR 2 If‘> i HO/\/\OH -/ HO\)J\ P 0 Yo 0% 1 R=TBS i f)\/j i 0
ﬁf ‘ OH P OH — N — |} 0 M2 Initiator PSS
Renewable Glycerol |/ | Glycolic Acid \ R =oNBn I :
Resources T e MO “OH/ OR gOH M1 "OTBS

Ring-Opening Copolymerization of M1 or M2 and Various Lactone Monomers
Lactone Monomers

Comonomer

Ring-Opening Copolymn

o 0 o BnOH
! LM Catalyst
:\Q_)__L% R=TBS oii ;)J\\ oJ\/ Y % ;,]Lék/\/\ % 0
M2 A4 /HW/O Ring-Opening \f O)H/
R = 0oNBn VL oL o LA Copolymn )\[(O
OR i Polyester with Bio-Based Degradable Units O LA
Catalyst 100 100 100
F3 Thlourea
PhO\
g5-on fx@ Qﬁ | 3
9
<
Q
gso - 50 50 |-
Degradation Triggered by Deprotection (M1) 2
o) O onn§
izati e} J: M1
"’""\O)J\/O O/"""" TBAF "’W\O)J\/O O/""W —Lactonlzat/on NW\OH /JA/ ]/\ J: M1 J: LA
\EO\TBS k\/(O\H oo J:6-VL
[eeeecescececeee) [eeeerccescnee) Q0 0009 GOAQ 0A0 0 . | . 0 0 . ! .
0 60 0 16 32 110 220
Time (min) Time (h) Time (min)

Conv.(%)
M1/Comonomer

3-VL
82/85

LA
16/>99

My/M,

Biodegradation by BOD (%)

|
105

1
104

MW(PSt)

]
108

Deprotection-Induced Polymer Deqgradation

Incorporation of 10 mol% Silyl Units

PCL . PVL
/{@J\/ ﬂ\ Before After | Before . After
% Depro- Degra- M, My M, . My
\f tection dation  M,/M, My/My i My /My . M,,/M
OTBS  |=4:PVL-Si :
5: PCL-Si 17700 17700 i 19900 “\ 9300

1.14 1.18

80

60

40

20

LELELELID BLELALELE BLELELELE BE AL AL AL BB LR BLAN BLEL AL LA LN BLALEL LI BLELEL LN B AL rrTrTTQg
—e— SA186-4 (PVL) é | | | | ] |
—e— SA176(PCL) : 5 4 3: 5 4 3
—@— SA238(PVLISAIILE) 3 10 10 10°: 10 10 10
—e— SA175(PCLEISS YUILE) ] :
—©— Cellulose = ;
i1 PCL-Si | PVL-Si
BOD Test (Extracted Seawater) i Before After | Before e~ After
10200 | 19900 ., 4200
131 \1.71

Monomer and Polymer Obtained by Radical Homopolymerization
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Deqradable Poly(vinyl Acetate) by Radical Copolymerization
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Application for radical polymerization via appropriate design
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Design of both main chain and side chain
to generate novel degradable polymers

Radical Copolymerization of CKAm and Methyl Acrylate
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Degradation of Various Vinyl Copolymers with Thioamide
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/For developing multi-locked degradable polymers from non-edible biomass, we will develop a\
multi-lock technology by utilizing the technology of precision polymerization, which we had
cultivated in the petroleum chemicals, to biomass-based and multi-locked degradable polymers.
By the polymerization of non-edible biomass as a raw material, we propose the concept of a

manufacturing method for multi-lock biopolymers that can be degraded in the ocean collaborating
\_ With industry.
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Addition—-Fragmentation Ring-Opening
Polymerization of Bio-Based Thiocarbonyl
L-Lactide for Dual Degradable Vinyl Copolymers
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Japanese Patent Application 2021-131293. 2023-025873.

\Macromol. Rapid Commun. 2023, 44, 2200537 .
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Hydrophilic Bio-Based Polymers by \

Radical Copolymerization of Cyclic Vinyl Ethers
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[Purpose] To solve marine plastic pollution, we are working on research and development of a “multilock biopolymer”
that shows high strength during uses, whereas immediately degrade to CO, and H,O when it leaked to marine
environment. We challenge development of an unprecedented polymer that exhibits both toughness and biodegradability

for implementation of sustainable resource circularization.

[R&D tasks of RITE]
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@High functionalization of polymer-degrading enzymes
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enzymes in FY2023

Demonstration of switching in seawater

Water
(without salt)

Seawater
(with salt)

Immobilized

enzyme . PBS film soaked in water or
Enzyme is captured seawater with immobilized

by carrier matrix to enzvme

Thermostable : . . : AL
prevent degradation 3 ST/ BT ST
esterase Degragaglion w -
& -

Polymer

I'f'q 2 Ta .’,’
‘ AR

“
€ e
With salt ‘C s —
(Seawater) c Degradation |8 ‘2 3

Enzyme is released
to degrade polymer

Carrier matrix

=switching by salt POIVmer
- I Degraded PBS film

Switching was confirmed in seawater

Improvement of thermostability of enzyme by
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Thermostable esterase degrading aliphatic polyesters
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Immobilized enzyme-embedded PBS film
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Degradation of enzyme-embedded films
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Immobilized enzyme-embedded PBS film degraded in sea water
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Future plans
-Screening of polymer degrading enzymes

-Investigation of carrier matrix
-Mutation of enzymes to improve thermostability
-Optimized preparation for immobilized
enzyme-embedded PBS film
(temperature, time, shear force. enzyme amount)

Collaboration with companies




No. A-15-13E
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Theme : Control of Higher-Order Structure and Toughness of Marine Bio-degradable Polymers through Polymer Processing .
Organization : Yamagata University f@
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Analysis of the mechanism of low tearing property of PBS film and enhancement of strength
Introduction Experimental Crystalline structure

BioPBS(Polybutylene Succinate . .
_ | (Polybuty Heel ) Time-resolved X-ray scattering method
v' Biodegradable Ustainable ina SPina-8 BL38B1
v Biomass-based Circular economy using srFing- /4
v High heat resistancemm) Used as film application Wavelength : 0.8 A
\”_Flexiblity _/  Sample to detector length : 27.3 cm

200 e

: 4w,
‘Tear test 4==mm) | Crystalline Structure Scattering vector :q = 7= sinf

Crystal Iattice Lamellae Branch Spherulite

PBS

:‘ - .//
150 .
Ligament -

length \‘T‘ (103)B

Load (N/mm)
>
(e

5.3 mm
30 1 nm 10nm 100 nm m 10 um ——
° < K K—><:::> d Double S|ded dr|ve type . D X-ray
ol tenS|Ie testing machlne "ﬂ?& ,
isplacement (mm) ; _ it/ Sample size

_ Appearance of the peak derived from
width 10 mm B—crystal at notch tip

Thickness: 100 um At the tearing tip, the crystallinity

Ligamen_t length 5 mm increases due to recrystallization,
Chuck distance 14 mm

PBS and PBSA has poor Controlling of crystalline structure
tear strength

Analysis of the mechanism of low tearing property

Enhancement of the tear strength by controlling and a crystal transition from a to
crystalline structure B-crystal occurs.
Mechanism of low tearing property Enhancement of tear strength
PBS T T 1T 1 1 % PBSA T 1T 1 1 1 |0 06 m 200
| |
s PBS — 405 0.5 —40 5 05 _Pressing machine |
G 5 Iron plate | 150 - —— as-mold PBS _|
= 305 | 0.4 : —30Z —~04 2 PBS 1 3 pressed PBS
=10 = Z . 5 | =
& = — =]
2 202 F03E —H202 035 - - Z 100 —
= 03 0 =) > = | l ko)
= e = < <
5 B 5 . 3
102 [~ 0.2 110z 02 High-pressure press so Il a
N - under Tm
0o Lol L 1 1 1 1 1 1y Lo . ’
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14 .
Displacement (mm) Displacement (mm) 0 2 4 6 8 10

Crystallinity and amount of B-crystal change more drastically Displacement (mm)

with PBS than with PBSA

As-mold Pressed

The position The position
of X-ray of X-ray Viold st h i PBe
ield streng
(N/mm) 138 181
acute B crystal A lot 5 O Crystal obtuseB -crystal few Displacement
]I+ ' =p at break 9.34 5.09
i = (mm)
e »ﬁf
Isotropically spread — plane oriented Improved tear strength

Marine field test After 6 months Washed with pure water

25 T ——— g PCL PCLIJ1 |PCLI5 [PCLIJ10
tength 30 mm, , —PCL
Width 10 mm, Sk asance Sample 20 s —PCLal Jelyfish |[Owt% |1wt% |5wt% |10 wt%
Thickness %1025 le oMM, (n=5) 5 —d Sea |
MBS O PCL B T j
PCL/J1 surface |
PCL/J5
PCL/J10 % 4 *
S 0 | Seabed |
Test speed 5 mm/min " 5 10 5 20 g
Temperature 23 °C L. Displacement (mm) [ —
Results of tear test _» Sea
Sample  Tearing Tearing Displacement Weight g0 heaes Films with higher jellyfish
When 1wt% of jellyfish was added, tear 540 content have higher weight
force  strength (mm) . loss rate
N N/ strength improved. However, when the n=3 3o loss rates.
() (N/mm) jellyfish content was increased to Swt% 0
PCL 214 76.5 20.3 and 10wt%, the tear strength decreased. - | Seabed |
PCL/J1 22.1 82.9 19.1 e =1m203 PCL/J10 showed a high
The tear displacement was slightly g weight loss rate of
PCLAIS 217 7.0 18.4 reduced due to the jellyfish content. £ JI II II II approximately 60% in both
PCL/J10 19.6 72.0 18.8 0

c.  rcum pcuss pcuae  SUrface and seabed.
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Theme: Development of a prediction model for long-term impacts of multilocked new polymers

on the marine environment f‘}

Organization: Ehime University MOONSHOT

Contact: Graduate School of Science and Engineering, Hirofumi Hinata (hinata.hirofumi.dv@ehime-u.ac.jp)
S

Bl Outline of our research B Estimation of land-based plastic transport

~N We estimated the annual mass flux of plastic particles from the Shigenobu River

based on field surveys
* M Mainstream

1) To develop a prediction
model for the long-term

J o 6-\5'#‘ oy ’ -..“{-

ARG A LTy Trlbutar'e' |
impacts of new polymers on s Ao fgamp:mg sllteg 07:~|ﬂ7{e .
the marine environment - s amoling g
consisting of physical, TN &
chemical, and biological Ma-N
models. o 'S et al., Wh _
2) To understand the - . e _ =
szanding stocks in the e — "g:teé: Oct 25, g;' 2‘5“;{ pasin SMP (<1 mm) LMP (1-5 mm) & MesoP (5-25 mm)

7'e

DL« PR

100ce

Mainstream Tributaries

marine reservoirs, such as RVl - eyt * POPILE SMP _ _ Mass concentration at M4
water columns, beaches, , ; 247Tgnzg°[;fr'r']3] £ o SMP: 4.3+ 3.4 mg/m3
bottom sediments, marine AR — -t : LMP: 0.0095 mg/m?
biota, and fluxes between = —=——" LMP Jameene i " MesoP : 0.0036 mg/m?
them with the integrated o _ wE KA% _P5.05 #m] s, —~— =
— = ‘\ : a Bt e eésorF num conc.. | € —  Annual freshwater volume: — level K>
;,';"T‘Z')e::'om ehend the 0.87+0.61 [#/m3] |* E5 136 x 108 molyr — dscarge -+
I bp h . . th e gl Hicb AR ORI A o D2 . E
mer viors in I - . 3
po y- e e. a o S e | Hl l !! . 10 ™oTs T o1 o
marine environment and i it e SMP mass conc.: | "R wow o es] = 5
assess the impacts based awry~— | | | I >_$ﬁ§%§® 418 1t1.38 [mg/m3] :E"' 1 ' WL %1 oz o3 04 05 05 07 o8 69 10 11 12 o &
on an input-output system Ao L 4%“; e LMP mass conc.: |5 e e _
— B TN [ Annual mass flux at M4
approach. 0.032=0.047 £ o
. g i :1.43 1.
Researches start with the [mg/m3] | il\“l,llg mass ::UX_ ; 33261t186 tiyr
Seto Inland Sea and then MesoP mass £ oo [l L - " r;lass U;:- : 0 0004)/9"tl
extends to the North Pacific. conc.: 0.16 £0.29 & 1 .1 SHEE esoF mass tiux: 0. yr
7 \ / m3 0001 [NOTE] Annual mass flux from Shigenobu
[mg m ] ML M2 M3 M8 T1 T2 T3 T4 T5 T6 0.13~5.3t/yr (Nihei et al., 2020)

B Transport of degradable biopolymers in Seto Inland Sea
» Governing Equation:

B Modeling for fragmentation process

Fragmentation model of foamed polystyrene (FPS)

in Hiroshima Bay —_

1. Governing Equation . . dc dUC odVC G(W + VVS)C . 9, 4 dC 9, y dC 0 K aC S
ac a(uC) a(vC) Ph @ Simulation results 5 + 5 + 5 + 5 =3 Ho 3y \ AH 5_ 37\ i, +
=== ( > ) + (Kh > ) > (Kh > ) + S 8 208400 (All beaches in the domain) t X Yy Z X X Yy y Z Z

x x y y & 1 .
S L oeeos Corresponging to » Degradation term: S = —y,C, Sceqa= —V¥seaC

2. B?CaCh pgcc)cess ac ac ac ac 2 results of gbse¢rvation. g v sed sed
K a + K, @ = | Ksp a + Kpg a) + <KSB @ + Kpg @) - ;0&00 o 1 2 3 4| s No. Cases Yw (Iday) Vsed (lday) Ws (mls)

£ ] _ 1 e 10

C; Concentration (-/m2), u,v; Current velocity (m/s), 0 % . Observation in Hiroghima Bay 1 CERI (YW1 ’ ysedl) 7.352x10 4.818x10° 10 107

K, ; Horizontal diffusion coefficient of sea (m2./s), . o N & \% 200 - Sagawa et al., 2018) 2 Y2 [1], Voedz = Vw2 6.187x105 6.187x105 10-1 ~ -10-1
S; Input flux (-/m? - s), Kgg, (Kgs); Backwashing (beaching) diffusion coefficient (m?/s) B c

. . e S 2 — _ -4 4 A~ _40-1

3. Fragmentation process; Size division based on the 5E 10 3 Yws = ¥Yseas = (Vw1 + Yw2)/2 3.985x10%*  3.985x10* 107 ~-10

normal distribution curve (o = 0.1) was performed for each size of § 0 LH——_— 4 Ywa = Vw3 Yseds = Vsed1 T+ Vsedz)/2 3.985x104 2.44%x103 10" ~ -101

beached FPS after ten days. — 7 ¥ T Ssemm) Note: [1] Sudhakar, et al., 2007

Temporal changes in the size distribution of FPS generated from the milling test 259%, S S W — S

S Four cases in Generated FPS (>5 pm) il :—N0.2 ToNeS ==Nod

Ratio of mass in the seawater

10° 3 " | 12.5% | ' 1
rr;g:v;hsecrﬁglrl]gged O H;howsndaymaysmays """" - — _ﬁto the total river input
. were conducted. h y 0o, | (@) | I - .
NE 101 o J 1000/;] T | T | T ! I
100 75%

Number of generated FPS particles Ratio of mass in the sedlment

Generated FPS (pieces/um/pellet)

o o |
= Milling test — Blank test :Z gg;" to the total river input |
|, sand, |, Sand, o | (b) | 4 -
Ultrapure water, Ultrapure water % B = N 0% NGO R X 6o B % B OB O x oXx OB g N
Virgin spherical : bl Siz;‘}‘;m) 1000 1000 Q0 WO 4,53 QO N +® O J;..g:. O 4@ ISIPSIRN
FPS pellet .. FPS particles larger than 100 ym : @ % 2 <
were generated over 1 day. Settling velocity (m/s)
- - Changes over time are calculated by . c - -
B MP sinking process model mapyng () e nuer o savs ties | [Jl] A 3D numerical model for the POPs and its interactions

amount of MP input, and (3) the survival rate

Reproduction of secular changes in MP sedimentation flux  ; wp particles in the bay, which is Wlth planktons and polymers

in Beppu Bay (one-dimensional MP sedimentation model)  calculated from seawater residence time. o
(D Basic equation: settling velocity of MP particles ¢'a concentration - MP input Residence time Evaluation of sorption parameters of hexa-chloro CB-153 (-~~~ ) from sea-water to

MicroPE, and comparison with tetra-chloro CB-52 ( ::: )

— (1) Surface Chl.a (summer) — (1) Residence time (summer)

1 /3 § 20  —l(2)Surface Chl.a (winter) E“ﬂ ‘W:, river flow rate

— 5 S| —O® river flow rate
to t S W ,Z Hi 2 100
Vi(z,t) = — W,V ¥ i
S ’ *YSW,Z i
p - 2w
SwW,zZ £,

H
. . . . . .
195 190 17  1%0 190 2000 2010 2020 1950 1%0 1570 180 1%

= 1500 i o 2500 T
V; :Settling velocity [m/s], z :Depth [m], p;,:: Total particle density [kg/m?3], w0 wm Eo [ En 2000 £
psw. . Water density [kg/m3], g : Gravitational acceleration [m/s?], w, : CASE4: Chl.a C°”;;Ti§'e“n"c‘;'fi'nf:$e‘:jg;’ VP inbut-Flow dependence = 1000 = .
Dimensionless settling velocity[-], vy, , : Kinematic viscosity coefficient [m?/s] [ oummer ver movig average] 300 = : / } I /
=50 —Winter(Syear.movingav‘erage) 250 % g : ..................... 45 1000 _;
@ Time-varying equation of biofilm on MP particle surface 2 | rreemdston e e . 03 & Reproduce c o7 o o s !
g 2 . . . o [ AT o T S
dA  Aup (not considered) thﬁ. Sr:tltjr?tl?\;;Pm S, farx” } ,,,,,,,,,,,,,,,,,,,,,,, § i S
— A A A m A Q(T 20)/1OR A §20 wo% w Ic.; © . 0 5 10 15 20 25 30 0 5 10 15 20 25 30
d 0 .uA A 20 f sedl_mentatlon Time (h) Time (h)
t pl 310 = ¢ fluxincreased . .
| | in the 1990s lTemporaI increase of adsorbed concentrahonl
A, : Algae concentration [m=3], B, : Encounter rate [m%/s], 6,,;: Surface area of MP particles [m?], ~ "= —————~—————  © 201
ua: Growth of attached algae [s'], m,:Falling off/withering [s], @5y >”/*°R,0A: respiration veer and 2010s. Calculation of sorption rate constants and equilibrium concentrations from the measured concentrations using
i N R R e e the model equation:* C..stic(t) : concentration of PCBs adsorbed to plastic at time t
Plastlc |nCUbat|0n at Sadamlsakl for anaIyZ|ng blOflIm grOWth 1 @;‘ﬁl‘Dﬁ & wag C (t) — K C (1 e_kt) C:,ater concentration of PCB in seawater
1 1 . — —
Started from September- October- November- 1 3342 plaSth pw water f’w pla.s tic/water partition coefﬂc'.ent . .
May taken taken taken : I . k: sorption rate constant XRochman et al., Environ Sci Technol 47 (2013)
F;;‘)’pmpy:e"e A ime Prefecturer ’
sample 1 5390] AP EA
Size 8 x 2 cm i ! — 4000 T — 4000 ¢ CB52
Thick 0.2 mm ! = %’; : %‘; 5
! w £ 3000 § £ 3000
13 0242 132°48 162'54' 13300 g [ 8 [ CBSZ . Cplastic(t) = 1815 (1 —_ e_0'069 : t) R2=0_941
Polyethyl , 9 — — @—0.014 - — 0 -
(POE))/Za%;r;e Density start from May| E):;I;at.PE Center  — Sink "é 2000 CB153 Cplastlc(t) = 2725 (1 e t) R?=0.997 -lé 2000 'r__________________________j _______
Size 5 x 7cm 1.20 ; ; ; : : ; ] ; = : T
Thick 0.04 mm 116 |- i E RRhnn SEEEEE SRR -mmee B § 1000 ¢ ‘I g 00T l
o o 112 e s RaGnEEt! EESEEEEE R o : "1 5 :
E 108 | .o T - 00 --;----1-0----1-5----2-0----2-5----30 S 0o”lI.i,”II1=olIII1=5””2=0””2=5””30
_- WatersampleorRlnko }‘0 104 ””””4:””””:“”””’4:””””:‘ ”””” "”””’% ”””” . .
| e e R for ad d 00 bR Time (h Time (h
" 202‘3,04 202:‘3,05 JC”)UZIBZV!IS,CC'!E Ld'\C”202%07 202‘3;' 2023 .09 * 202‘3 l?)r: JUStZIEiS fia Zg_ml "? 096 ,,,,,,,,1:,,,,,,,73,,,,,,,,1: ,,,,,,,, ‘,,,,,,,,i ,,,,,,,, é ,,,,,,,, ( ) ( )
. . ' chl.a £ 092 | — | I - S CB153: equilibrium concentration (C.,): 2725 ng/g MPE CB52:equilibrium concentration (C,,): 1815 ng/g MPE
] o A S Ll _______ (R S . .
22 W_/ “/Vr/\/\ ggj R e sorption rate constant (k): 0.014 sorption rate constant (k): 0.069
202‘3,04 202‘3,05 202‘3,06 202‘3{,07 202‘3,08 202‘3,09 * 202‘3,].0 * 202‘3,11 2*‘3,12 080 : : : : : :
alini ’ Naked J Jul A t Sept Oct Nov-tak H = = =
+ ¢ + Salindy srec ey Juens o B e Differences between CB-153 and CB-52 may be caused by physico-chemical properties

= W Mm - ——— ‘ Month-taken
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Theme : Development of accelerated evaluation of biodegradability in mari é

Organization: Chemicals Evaluation and Research Institute, Japan ~
Contact: Takako KIKUCHI Lo

1. Background

@ International Standard about determination of aerobic biodegradation by ISO
(Each method is s simulation under laboratory conditions of each habitat found)

v For the widespread adoption and societal implementation of marine biodegradable plastics, reliable evaluation methods of biodegradability are essential.

v Clarifying the correlation between lab and field tests and providing feedback for material development accelerates material innovation.

the habitat found in sandy tidal zone that, in marine science,is called edlittoral zone (1) Development of the accelerated test method for marine biodegradability (2) Comparative verification of biodegradation rates in the field and in the laboratory
/ (inoculum : sediment ) [1SO 22404 : 2019 (by evolved CO2)]
4R, . . Validation of the accelerated testing method Verification of field tests and comparison of the developed accelerated test methods (laboratory)
¢ + offshore areas with low water currents and low tidal movements with field tests
* coastal areas with stronger water currents and tidal movements - Simol ration and
(inoculum : seawater) (ASTM D6691 is similar) [ Outline of development method ] Iq&cek%egparlatlon Lab. test Field test

[1SO 23977-1:2020(by evolved CO2), ISO 23977-2:2020(by 02

demand)] (1) Increasing number and diversity of bacteria  (2) Increasing number and diversity of bacteria

Correlation
evaluation

...‘ 0.05 g/L NHA4CI co2
0.1g/LKH2PO4 —— -
raw seawate absorber
(600 mL) .... ‘5! N~ (0.5M KOH)
- | Long-term incubation in * Feedback for material open system
% m ‘ ' {J e Flosed ystem development v' Mass loss

the habitat found in different seawater/sediment-areasin the sea, e.g. in a benthic
zone where sunlight reaches the ocean floor (photic zone) that, in marine science,
is called sublittoral zone  (inoculum : seawater/sediment interface)

[1SO 19679:2016(by evolved CO2)], 1SO 18830:2016(by 02 demand)]

sediment Extracted

- B t v’ Ri il * Social implementation
The evaluation of biodegradability in laboratory has some issues such as reproducibility (100g) seawarer Biodegradability
and variability of the test, and long test period (6 months~24 months) .

Mixing

somcatlon by 38 kHz . =
(10 seconds) Biodegradation test v Mass loss

2. Development of acceleration test method

€ Evaluation of degradation rates of positive control (cellulose) and biodegradable polymers ¢ Validation of the accelerateg te,:.t mEtI]'qu e biodeeradation of cellu hed 609
by the developed accelerated test method, 1ISO 19679 (seawater/sediment interface) and Inoculum collection location Number of tests where the biodegradation of cellulose reached 60%
ISO 23997-1 ( t ) _ . Accelerated test method ISO 23977-1
seawater T B seawater (1) 15 marine areas in Japan (Extracted seawater + Nutrients ) 15 ( seawater + Nutrients )
Cellulose  .-=Extracted seawater+Nutrients PCL = Extracted seawater+Nutrients - v —_
Y . = Seawater/Sediment(ISO19679) —o-Seawater/Sedimen : —_ X
‘ TeSt Condltlon Inoculum : Hayama port, Kanagawa +geawaier/gegimeni“ggigg;gLNutrients +geawaiergegimeniﬂggigg;gLNutrients LT e _%D c 100 X _%D c [] Overseas 100 %
g %0 < 80 b it 2 e El]a\;)zrr?eas 60 % 2 e 60 §
S0 19679 1 Seawater/Sediment < = - o g9 £ g9 g
(15019679) S 60 S 60 ¥ \ 538 s 0 g 58 5 40 g
8 8 Y 2% 20 = g 20 &
5 Seawater/Sediment 0.05 g/L NHaCl & 40 @ 40 ' E S H < E3 2 H = g
(15019679) 0.1g/LKH2PO4 3 S v z 0 - 0 & z 0 -2 0 3
@ 20 20 @ o 15 30 45 60 75 90 © 15 30 45 60 75 90
SO 23977-1 3 Raw seawater _ 0 verseas Test period (days) Test period (days)
/E\ (1S023977-1) 0 (English Channel ) (Gulf of Thailand) '
— . . g EheY @ Number of tests where the relative biodegradation of PCL reached 90%
Raw seawater 0.05 g/L NHaCl Time (days) Time (days) E
4 ) g = Extracted seawater ) = Extracted seawater il ' : Accelerated test meth.Od ISO 23977-1
(1502397-1) 01g/LKH2PO4 | Cellulose - faned compepupins PCL =i L% g Pfracted seawater Nutrients) 15 | seawater ! Nutrients)
Extracted 100 —— Raw seawater (1SO2397-1)+Nutrients 100 —— Raw seawater (1ISO2397-1)+Nutrients . ?:n 100 ? %D 100 ;\?
seawater 5 Extracted seawater — = ko3 z Overseas %J = Overseas ‘gjo
SR RS  R R : = 80 _ 30 — . g g -§10 1 Japan 80 g § v é 10 [JJapan 80 %
: 6 E i 0.05 g/L NHaCl % X : Validity of tests in ISO — 43 E : 60 Q g B o 60 O
xtracted seawater 0.1 g/L KH2PO4 S 60 5 60 After 180 days (at the end of the test?), the ¢ ;% o L ;% 8
................................................................................... © s biodegradability of the cellulose in the control S X W 5 40 3 S X W 5 40 o
Accelerated test method ?}, 40 € 40 meeE T e s e O /3 & § 20 e g % E L—6—6——0 | 20 %
oo © —_
. . % % Requirements for marine g H |_| ‘ ‘ H E g |_| E
& Sample (particle size 250~125 um) & 20 & 20 biodegradable plastics in 150 22403 1\ =2 0 0 § z 0 Le 0o 3
* Cellulose [positive control] 0 MEe g ] 0 The iodegradabity ofthe st mterial within 15 Tigt p‘;SrioZO(dZ; ) 30 15 Tits)t ptSrioSI(idZVSS ) 90
. Polycaprolactone (PCL) 0 30 60 0 30 60 relative to the positive control material. . . .
Time (days) Time (days) J In all areas tested, the accelerated test method was found to be effective in assessing
the marine biodegradability potential of the materials.
g
3. Field test . — . . : : : -
) # Field test in Misho Bay (outside the bay), Ehime € Degradation rates and influencing factors in
@ Test procedure five ocean regions
sample Appearance of PCL sample after Mass loss per unit area of PCL Degradation rate per unit area of PCL
* Polycaprolactone (PCL) 6 months of testing 200 4.0
* Polyethylene (PE) ; PE mesh Before washing  After washing | Surface layer (Depth 1.5m) = 35
® Medium layer (Depth 20m) -§ '
Surf; N -~
lIjaryaeie ,:g 150 @ Seafloor (Depth 50m) E 3.0
(Depth
: £ > 2.5 T
1.5m) < : Ojff
PE mesh b ) y = _ =
forTaeripleig Fixed to test jig % 100 r y=06837x g 20 X
(2 mm gap) g R1=09903 o : =
@ LTy E 0.6128x @ 1.5
: - £ 0 Re=0.9824 o
@ Evaluation Medium | | 50 | Y 2 1.0 n—
. | over | B8 R St " :
* Visual observation of samples after exposure (Depth g g 02023 0.5 @
- Degradation rate by mass loss 2om) ; , 0 o‘ ......... | R2|= 0.878 - ——
. i i " Adhered marine organisms ) Ehime Ehime
165 rRNA analysis of bacterial flora . 0 50 100 150 200 Kanagawa  Kanagawa  Iwate inside outside
[biofilm on seawater, sediment, samples]. Seafloor Time (days) 20.11- '21.2- ’'20.12- the bay the bay
______ (Depth & « Large amounts of marine organisms '23.6- '23.6-
@ Test location lwate | BT 7 adhere to the surface and middle layers Degradation rates per unit area of PCL varied by sea area.
Ehime (Yamada bay) « Degradation proceeds at a constant rate . .
ol (Misho bay) on the seafloor Effects of four environmental factors on PCL degradation rates
1st Project field test

(excluding marine flora)

(June 2023, Misho Bay, Ehime) ' Outside

the ba : P o . ' '
a Bacterial flora of plofllm on PCL and PE, | In the -Iab/fleld Number of microorganisms Total Nitrogen
seawater, and sediment at the class level Biodegradation rate of PCL = <o e
el . .
~
100% 100 100 € y = 7E-05x + 0.5148 40 |v=00081x+0.3846
yis 1 E0 T R* = 0.60 “ | R2=0.65 °
e *Kanagawa K % 80 4 80 < 2 30 L P <0.036 30 - P =0.003
: s 1 2
sample (Hayama port) § oo < 60 {608 20 5 2.0
z c (7] 4] %]
1250 pieces 3 2 1 o o
2 2 40 | w0 & 5 10 1.0
> S 3 ©
Z 1 3 £ 0.0 ' 0.0
Ehime Misho bay & 20 20 120 0.0E+0 2.0E+4 40E+4 0 50 100 150 200
the bay the bay 0% 0 0 (count/mL)
After After After After After After Atthe At Atthe At 0 50 ] 100 150 200
PCL PE Seawater Sediment —@— Mass loss rate in the lab -=<3--- Biodegradability in the lab > 5.0 5.0
2021/2 2022/6 2021/3 2023/12 M Betaproteobacteria Gammaproteobacteria Alphaproteobacteria B Acidimicrobiia Mass loss rate in the field § y = -0-0188X + 1-GOE
15 o Sl tesne s *In lab tests, there was a divergence between the mass E 40 V7030800755 40 R?=0.01
Depth (m) 10 10 143 128 20 =Plncomycets - @Awseroineae Verrcomicrbi Eatari ik reduction rate and biodegradability, with the mass £ R*=0.18 © P=014
50 wbacterodn T mactinobacterio.c  mNtrespire ¢ - Callithri ¢ reduction rate being higher. This result is thought to be 3.0 | P=0.15 30
Number of e Sorochases  AcoOg0.c  Dehaocameids due to weight loss from the samples' fragmentation ¥, L 20 |
microorganisms 15104 26x10* 51102  16x103  16x103 monr e e and partial conversion into biomass. 2 '
count/mL : : : : . . i 610 0 r
( ' ) « Sediment-derived microorganisms such as Anaerolineae In the closed system of the lab test, the degradation g 1.0 g 10 8 s
TOta'|NL'tr°96” 140 190 18 14 13 (anaerobic microorganisms) were detected in samples activity decreased over time. 2 0.0 ) . 0.0 . e
(Hmol/L) exposed to the surface layer. * In the field, the degradation activity remained stable, E oo 2.0 4.0 6.0 5 15 25 35
(Tsr;acl)l%os‘)hor“s 45 42 48 10 10 « Acidimicrobia (PCL-degrading bacteria) were present in a and the degradation rate was almost constant over 6 T-P (umol/L) Sea water temp. ("C)
high percentage on the PCL surface, suggesting that they months. There was a high correlation between microbial biomass and total
ng/f.er't/lem?‘ (C) 7 18 9.4 26 22 proliferated through PCL capitalization. « The microbial activity and its temporal changes differed nitrogen content with the degradation rate, indicating a significant
in-Viax (14-21) (15-23) (7-14) (20-28) (20-25) between the lab and field. impact on the degradation rate

4. Conclusions

» The accelerated test method (extracted seawater + nutrients) in the laboratory developed was able to evaluate marine biodegradability more rapidly than the existing ISO 19679 and ISO 23977-1.
Its effectiveness, confirmed using plants from 15 Japanese and 2 international sites (English Channel, Gulf of Thailand), showed reduced variability, faster degradation, and reliable short-term
biodegradability assessment.

Y

The results of field tests in Misho Bay, Ehime (at a depth of 20 m) showed that microorganisms present in seafloor sediments were detected in PE exposed to the surface layer.

» The degradation rate of PCL in field tests differed with water depth and remained constant at seafloor with few marine organisms. Results from field tests in five marine areas showed that the degradation
rate of PCL varied by area. Multiple regression analysis indicated that the number of marine microorganisms and nitrogen significantly affected the degradation rate in field tests.

Y

In lab tests, the degradation rate decreased over time, suggesting that microbial activity differs between the lab and field environments.

> In the future, enzyme activity and genetic analysis of the biodegradation process will be carried out.




