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Construction of Evaluation Method for Microplastics Deterioration Degree by
SEC, FTUIR and micro hardness tester
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O In recent years, MicroPlastics (MPs) are considered a threat for the environment. Understanding deterioration

state of MPs in the environment is necessary to suppress outflow of MPs. However a method for investigating the

deterioration state has not been established. Since MPs are trace and minute samples, the analysis method of the

deterioration state is limited. We developed an analysis method of deterioration state using Fourier Transform

Infrared Spectroscopy (FT-IR), Size Exclusion Chromatography (SEC) and a micro hardness tester. In this study,

we evaluated the carbonyl index, molecular weight and hardness of UV-irradiated polyethylene model samples, and

used these as deterioration index. We estimated years of outdoor exposure of MPs collected from the environment

by comparing the evaluation results of MPs with the deterioration index.

10 00

000000000000 000MPSOOOO000O0O
O00000000000000MPsOO0OO0O0O
0000000000 O0OoOoOooOoOoO *™*0ooon
000000000000000000000000

01000oooo00o0ooooo0oooooooooo
02000000000000000000O0OCOCOOOOOOOO
oooo

0000000000000 DOooo00ooooo™™
MPsO 5smmOI 000000000000 O0000 0
O00000000000000000000000
000000000 0000000000O *0

0000 MPsOOODOODODODDOOOOOOOOOM
O0000000000MPsOOOOODOOOOO
0D000000000000000000 ™ Fig.O
O0000000000000uwOoO0000000
0000000000000 *™Ooooooooon

35



5040)I3FTFBSDIIOTISFD 10PIPHZIBFWIFXI7PICO0S 0000dz

00000 *ouvOoo0o00O0o000O00o0oooon
000000000000000000000uvO
000000000000000000000000
OOMPsOOOOODDOOOODOOOOO™OOO
000000000000000000000000
000000000000000000000000
ooooooon

- CH,CH,CH,CH, -
hv + O, + RH

L]

-CH,COOR -CH,CCH;  -CH,[]
+ Il +
(@]

H,0 co
+

CH,=CHCH,-

Fig.O O Photo-oxidative deterioration mechanism
of polyethylened 00 O oo

ooooooooobooobooooboobooboon
ooooooobooboooboooobooboobooon
obOoooOooMpsOODOODOOODOODOO
ooboooocobOoboooboooobooobooon
OO MpPsOOOODOOODOODOODOODOO
od
obOoooOoooooOooooMPsOOOOOODO
obOoobO0oobOoobOOooooooOon0O MpsOO
oboobOoboobOOobOOooFrTIIROSECOOODOODO
ooooovuvbOoooooooooooooboooo
oooooooboobooobooooboboobooon
ob0O0ooobO0oobO0obO0o0obOO0o0obOo0o0on0O MpsOO
ooooooobooboooboooobooobooon
ooboooooobooooMpsOOoOoOonoOooOO
obOobO0o0ooooOoomoobooobooobogon
oooOnoooooboocoboooogn sbGsOoOn
ooooMpsOOOOOOOOOOODODOOOOO
ooooooooooooo

200000

01000
O0DO0o0o0oooooooswmOOO0PEODOO
000000000000 Low Density Polyethylene,
LDPEMMOI 000000000000 OOOOOHigh
Density Polyethylene, HDPEJ O O O OO MPs O O
0000020180 11000000000 MPsOO
000Fig. O

36

1000 pm

"JHI 0O Photograph of the MP sampled from Yodo river
in November 2018

2000

D0000uUwWOOOO0OO0DO0O0O0DO0ODO CLI1000MO
D00000302nmO000 433mWem?00 UV DO
O000D0O0D0DODO 0hd144 hi 288 hi 576 hi 1152
hODDODOOOOUVODOOODOODOO0OO0000000
D000D00DUVIBOODOOODD13.89kim?0
0.06mWem’ D000 000MIUDOOO00000
0000000000

4.33
4O OT%D t O

M40 00000000000000000 M hM
000000 uvOO0mh
ouvoO000000000000000O0Bar00
O0O00000 FTIIRO OO OO OO IRTI3000FTIR
041000 00 0000000000000000O0O0
000000000000 0D000 1715em™ 0 PE
D0O0001470em'000000000O0O0OODO
OD000000000000000SECOOOOD
0 HLCI832IGPCIHTO D0 D0 D00 0DODO0
01wtOO BHTOODOOO 124100000000
OO0OTCBUOOOOD 14000 10000000000
DO000o0o0s5umOI00000000000000
OO00D0D0O0O0000O TSKgel GMH, 0 20(HT O 3
00000000000 1.0mLmin'000000
014000000000300pL000000000.1
wtODOBHTOODOOO TCBOOODOOOOOODO
O00000000000000000000000
0000000000 mUD0D00D *o000m 20
O000000000D00000000000
000 :

Mu" M =0 A
MOM,.,0O00D0D0D00000000M000000
Ooooooo
O00000000000000000000000



0000O00O00o0ooDb eroo20230

OO0 HM20000 0 000000000O00O00O0OO
O00O00o0O000O0o0oobO0o0muoobodg smNOO
oo0Os5sO0000000000003MmOooon
ooboOooboooooon

HMDﬁjth O

MAMOO0O000000O0ONmMM MAOOO0O000
(O NOAZ AMO 00 hO0 00000000 00 mm?D

3000boon

0100000000
OuvOOOOLDPEOOOOO IROOOOOO Fig. O
0oooouvODO0O000O000D0000 1745¢em™
00000000000000000000OFig.00
Fig.0OOOuvOOOOODOOOOOOOODOOO
000000000000000000000000
000000000000000000gag Psew
00000000Ouo0OO0O00000000000
000000000000000000000000
00000000000000000000000

10
/DDDDDN
0
L/DDDDDN‘

**CTPSCBODF

0ooo 0ooo 0ooo 0ooo 0o
8BIFOVNCFSts DN' °ff

Fig. 31 " 5*3ITQFDUSBIPEI6 71ISSBEIBUFELIPXIEFOTIIZ
IQPNZFUN ZIFOFIGNNL o JOCCCI0CCooIocoooe

150

=
o
o

dw/d(Log M)
S

LogM

"JHT O Molecular-weight distribution curves for UV-irradiated
Olow density polyethylene filmC

= 0

> oo
zZ oo @

Q oo |

o

c 0r

w

£ .

&

A m | )

e ¢.e "

3 i I

I

0 oo iln 0000

671SSBEJBUJPOLINFAS I [

"JHT 1 - BSUFOTI)BSEOFTTIGPSI6 7LISSBEIBUFENIPXIEFOTIVZ
[QPWZFU I ZWFOFIGHNL a4 4 [OTCOCOOoo0oaoon

020MPsO 00000000
OMPsOUOODOFig. OOOOFTIROOOOODODO
00 LDPEDODOOODODOODDOO 1377cecm™ 00
OCH,000D00D0OO0290ecm 000 CH, 000
000 1470em'000 CH, 0000 ®O00000
O0O0D0DD0LDPEOOOOODODOOOOOOODOD
0000000OM,000000000000000
Table DO OOOFg.0OO30110000 uvOO PE
0D0000000000O0MPsOOOOODOOOO
O00000O0OMPsOODOO0ODOO0OOOODOOOO
00OM,000000000000000000 UV

Table O O Properties of MPs sampled from Yodo river

Index Value
Aar15/ Ao 0.27

Mw 1.3x 10*
Martens Hardness 21.3°
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"JHI [ Representation of combined carbonyl index,
molecular-weight and martens hardness on the
UV irradiation time of low density polyethylene
and MP sampled from Yodo river
Open symbols indicate low density polyethylene
and closed symbols MP sampled from Yodo river
(O, Carbonyl Index; O, Molecular-weight; (I ,
Martens Hardness).
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"JHI [ Representation of combined carbonyl index,
molecular-weight and martens hardness on the
UV irradiation time of plastic bags

O 0, Carbonyl Index; O, Molecular-weight;
O, Martens Hardness.
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