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Arthropod
Caridina multidentata

(20-30mm, 0.7-0.89)

Annelida
Eunicidae

(5-20cm, 1-39)

Fish @—-—//D

Oryzias latipes
(30-40mm, 0.2-0.39)

(FR) Water: 100mL / biological object
40

(- . Microplastics
"+ .~/ Number of particles:
SN~ 1.0X108 / 100mL

1 -J\ Water: 100 mL / biological object

T

Formalin-fixed paraffin

Exposure of Microplastics  smpedded sample

w MPZEI &Y. WL E L UVREBICRUERT 5755
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Microplastics
Number of particles: 1.0X108
Particle size: 0.2 ym and 0.49 um

C57BL6 mice Normal DSS-induced
Colitis model

Exposure of Microplastics Analysis

48 h

R %4

Sacrified C——)
Formalin-fixed paraffin

embedded sample

W MP%MHFLAEICRMEEREE T 554



Y.Nakanishi, Y.Nakashima, Y.Fujiwara,
Y.Komohara, M.Takeya, H.Miura, H.Higaki:
Tribology International 118 (2018) 538-546
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96-well plate
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CICEDEREXZD
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—

B DREFHRAE)

/ Wear debris (2.0 X10 ug/cell)

/ Culture medium

Human monocyte-derived

" macrophages (HMDM)

(1.0 X10¢ cell/well)

A

—

Inverted incubation|

— — — —_— —
x ® : 7 e o * ® & o . °© o ¥ . °
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o o e @ s o °© o © o o
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(+)
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—
Incubation for 72 h Covering by parafilm
. 9 6 s ¢ o = * 9
. o
Collection of o B :
culture supernatants o o o
o o © o © o
o o o
= =

l

Assay evaluation of IL-6
using ELISA kit

I ANTWEA T )L L — ML BMpPESEL

Incubation for 72 h
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Glass
1. Coating 2. Ultraviolet irradiation 3. Resist development
PDMS Polydimethylsiloxane @

6. Castlng 5. Casting mould 4. Pattern on surface

|:> =

Glass «200um OE-I_,
7. Assemble S
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Glass plate

Masking process
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~—— Micro chamber ~
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Polystyrene particles in water with dispersant component

-

Addition to ultrapure water ]
1

Dispersing with ultrasonic wave, 2 minutes ]
.

Ultracentrifugal separation, 3 hours ]
|

Skimming of supernatant water ]

7

\

-

Repeated

(.

two times

s

N

Addition of water solution of 0.1 % polyoxyethylene sorbitan monooleate W

v

Dispersing with ultrasonic wave, 2 minutes ]
.

s

e

Ultracentrifugal separation, 3 hours ]
I

Skimming of supernatant water ]
|

[ Addition to ultrapure water ]
v

Dispersing with ultrasonic wave, 2 minutes J

.

[ Ultracentrifugal separation, 3 hours J
|

[ Skimming of supernatant water ]

Addition to ethyl alcohol ]
p—

Dispersing with ultrasonic wave ]

v

Polystyrene particles for test specimens

WHESRD B A 5" e BHIZT 572HD

B FAPS B E FMP

PRKANR (EMIER3 . ~A 27075 X F v 7 DA

Surface treatment
4

E: 0.046 um




Air cylinder
for applying vertical load

Table with actuators

for relative motions =
between pin and disc ©

Liquid bath with holder jig ===
for quartz glass disc '

1: Polyethylene (PE)

2: Polypropylene (PP)

3: Polyvinyl chloride (PVC)

4: Polyethylene terephthalate (PET)

v BIF L 73T
W ar- 7XF_@JZ ) %

PRKANR (EMIER3 . ~A 27075 X F v 7 DA

[
~

_4

. Plastic material (pin)

UV lamp

Contact pressure: (Wavelength: 280-315 nm)
1.8 MPa

o L Pin:
g;l;d(;ng V‘/?'OC"‘Y- Diameter of pins: 9.0 mm

U mm/s e Fixation (No movement and rotation)
Lubrication: [l
Galiaiaalitn «_ /T Disc: Quartz glass disc

Centre of wear track: 10 mm X 10mm

IMPERZES X 7 L

LN ERBE L. 77 XAF v 75 H{RE
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. — : : (F k
Microplastics in saline solution Calculations of morphological aspects
[Filtration with membrane filter (10 um) ] D:
l Equivalent circle diameter
= 2

[Filtration with membrane filter (0.2 pm)] §=nx(D/2)
a l : : ) "

SEM observation and image processing Assactiatio

=
Boundary Length

C:
Complication
L/ XD

W BB FR /N T A — XD
s YA XD T 4L L —> 3 EEE
- SEMEREMGRDALIBIC L V), AIFHI/RXT X —XIFHRE & H ICREER~HG
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Flsh

Bright-fields images
Fluorescence images

Superimposed images

3.2um

1.1um 0.49um  0.20pm

Microplastics: PS
v PSEEHMP%Z b X X H(ICEMEBRE S H /-85
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,_ (R: 1.50+0.44
¥ % AL b7948.59um
C: 1.16, 7

-~

. 5um 0377 .16 30 SEI"

¥¢ PE&EIMPA b X X A |C
SHIREE X B /- R
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D:4.20+7.61um
R:1.69+0.66

L: (21.0+42.1um
C:1.22

© " 15kV X5,000 Sum | 0377 1530 SEl

¥ PPEIMPA & X X A
SRS X B -8R

VAR
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£y D¢ 165+o“7pm
P R: 1.52%049
v‘gw '} (L4632 + 3. 38pmb
/r iC: 1"19

w0 15kV  X5,000 5pm_ " 0377 15 30 SE|gd

pAY PET*”I\/IP?S: L XX HIC
SHIRE X B /-2

700
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D 1.2944'30um
4R$1.49+0.40
3 L 4.98+5.69um
h C:1.15

15KV X5,000 ﬂ 0377 1630 SEI w3

N

pAY PVC*UMP% L XX HIC
SRS X B -8R

700N
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Liver tissue Microplastics: PS (0.49 um)

C57BL6 mice Normal C57BL6 mice DSS-induced Colitis model

g
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10
0

24 well culture plate

HMDM: 1.9 X 10°/well
Culture medium : DMEM(low glucose)
+ 1.0% (penicillin + streptomycin) 2.0%FBS

1.0 mli/well
Culture time: 24 h st
Control PET PET PET LPS
0.2-1.0um 0.2-10.0pm 0.2-1.0um 10ng/ml
X X
10 per X0 ppr X200 o
0.2-1.0um 0.2-1.0pum 0.2um
X 25 X100 X 200

v RIEEY A FhA vOEEEIIMPOERES (Z LA
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— DL BEREZTOEE
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Admlmstratlon of MP (PS)

1.1 um

" PE D:0.67%0.46um

X100 R:1.39+0.30
L: 2.52+1.70um
C:1.22

[Micro-chamber device]
Height of chamber: 200um

M Control (without MPs)
B LPS (10ng/mL)

- PET D:0.30£0.20pm
X100 R:1.47+0.34

L: 1.26+=1.04um
C:1.23
1200
€
1000 : q : ‘ : |
= : : J |
3 ! ! | !
5 800 E E o | |
< : ! :
= 600 ! ! | :
o | : " 5 |
S 400 5 | ; W |
° : . ! ! |
=) : : : |
5 200 a | ||
= 0 IE__,., I El-_ ﬂ El_ ﬁm‘ll
0-3 ' 3-6 ' 6-9 " 9-12

Medium aspiration, h

WHFELIEYA 78T /N ABEITRFNREHRED

D RZFHAE)

<A AF v N—RRAESE T /N A

- PP D:1.43%2.46pm
x100 R:1.70£0.75
L: 6.28+12.5um
C:1.27

~ PVC D:1.87+1.66um
x100 R:1.54+0.41
L: 7.18+6.97um

C:1.18
||‘ Ll I||I| Sl
''12-15 ' 15-24



-1, RROBE (EEER2 :v/70 77— VICLPEREZDEZEDREFTHHAE)

PE D: 0.39-0.16um PP  D:0.5120.30um
[ Micro-chamber device] X100 R:1.46+0.32 x100 R:1.50%+0.34
_ R R ! Height of chamber: 200pm L: 1.46+=0.67um L: 1.91%=1.24um
A7 AF v /N—4 C: 1.16 C: 1.11
MRa 2 5 /N
MigEET /N1 R M Control (without MPs) PET D: 0.340.13um PVC D: 0.340.10pm
B LPS (10ngimL) x100 R: 1.43-0.31 x100 R:2.91%1.21
L: 1.24--0.57um L: 1.460.54um
C: 1.14 C: 1.36
1000 . .
E
2 800
3
L 600
n
400
-9 ] 1 ] I
© ; : : :
3 200 s | | s
O : : ! !
& : : : |
0 0.3 ' 3.6 ' 6-9 ' 9-12 ' 12-15 ' 15-24

Medium aspiration, h

W HEELIZYA 70T /4 BT TEERN R FHMA A 8E

WNIAT 7 —IEERNICRIT - BRELIEY A 78X — B4 A X—FIL
L RILOMPZEEB L, Y4 bHhAVvOEENBEEL

W RIEEY A b A DEEEIMPEME L PERAIZNRI X —XDEEERIT 5
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e BEMPIRES 27 LA L 7=
ARHZATARVKREADYA 270 - F /5 ()

A. Height: 3 um

B. Diameter (Top): 75 um

C. Diameter (Bottom): 125 um
& D. Pitch: 180 um

-
-
o

y, Ultraviolet irradiation

(o)
o

V/

(o))
o

S
o

N
o

| o B I

PE PP PVC PET
Plastic material

Production of microplastics, mg

o

ve MP A BiiRst
ENBOREIC L Y BHFEHEOTMARENTING
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Plastic material: PE

15kV. X1,000 10pm 0092 24 30 SEI 20kV  X6,000 2pym 0092 2230 SEI UltraVIOIet g

( irradiation

|

15kVv. X1,000 10pm 0092 23 30 SEI 20kV  X10,000 1pm 0092 2230 SEI

Equivalent circle diameter (D): 5.64 £4.59 um Equnvalent cnrcle dlameter (D): 8. 31 +11.5 pm
Aspect ratio (R): 1.63*+0.40 Aspect ratio (R): 1.67 £0.58
Boundary length (L): 24.1%+25.8 um Boundary length (L): 39.6+53.6 um
Complexity (C): 1.23x0.23 Complexity (C): 1.29£0.33
Number of samples: 75 Number of samples: 75

Y MPORAIFRY/XT X — 247 (PEEIMP)
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Plastic material: PP

SASEE Rs S P PO ’
- X x
T‘;

ek Ultraviolet

15kV X200 100pm 0092 2330 SE! 20kV X1,000 10pm 0092 22 30 SEI » ;15kV XZGO 100pm~+« 0096 22'SOSE| 15kV X1,000 10pm 0096 22 30 SEI
R g 'i“‘ S Y g AR O ¢
irradiation | A )
S Aeg 0 t?.u. %

!

- ™

Equivalent circle diameter (D): 12.6 £10.5 um Equivalent circle diameter (D): 10.6 +13.1 um
Aspect ratio (R): 1.67 £0.63 Aspect ratio (R): 1.53x10.56
Boundary length (L): 52.3+49.0 um Boundary length (L): 44.8+65.9 um
Complexity (C): 1.24 £0.21 Complexity (C): 1.20£0.24
Number of samples: 82 Number of samples: 160

Y MPORRAIZRY /N T A — K47 (PPEIMP)
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Plastic material: PVC

&

®

J 15kv  xs500 S0pm %092 24sosei N 20kV  X1,500 10pm 0092 23:;OSEI UItraViOIet_
el ’ ’Q\ ) 2 - - - >
G TN > $ A irradiation
o $a\.

4

15kV X500 50um 0096 22 30 SEI

g ;} 20kV X1,500 ,10711 0092 23 30°SEI 15kV X500 50pm 0096 22 30 SEI . %, & b .
Equivalent circle diameter (D): 3.81 £4.59 um Equivalent circle diameter (D): 5.87 +6.33 um
Aspect ratio (R): 1.562+0.44 Aspect ratio (R): 1.57£0.45
Boundary length (L): 15.3%+20.3 um Boundary length (L): 24.9+32.4 um
Complexity (C): 1.15£0.18 Complexity (C): 1.2210.20
Number of samples: 340 Number of samples: 429

Y MPOAIZ R/ 85 X — X947 (PVCEMP)
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Plastic material: PET

y
-‘ £
- T s ba »
- .8
e
- . ~ @
X
B
»
3
A = .
v

. .:@;V X400 .‘J\(‘)p[n 0:)9’2\ 2; 36’8 _ » UltraViOIet 15!2/ X4_00 S50um 0096 22 30SEl 3 15kV X1,500 10pm 0096 2230 SEI
. i 3{,, ‘ = iradiation v ‘
&
15kV 'X400_53:r‘r\i 0092 23 3d'§é| ‘ 20kV.  X1,500 10pm. 0092 22 30";51 45kV X400 50um¥ 0096 2230 SE.I 15kV  X1,500 10pm 0096 2230 SEI

Equivalent circle diameter (D): 4.10+4.15 um Equivalent circle diameter (D): 7.08 +£6.22 um
Aspect ratio (R): 1.49+0.46 Aspect ratio (R): 1.50+0.46
Boundary length (L): 16.3£19.0 um Boundary length (L): 28.1+27.6 um
Complexity (C): 1.11+0.29 Complexity (C): 1.16+0.28

Number of samples: 522 Number of samples: 553

Y MPOAIZ89/85 X — %248 (PETEMP)
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1)

2)

3)

4)

5)

Yoshitaka Nakanishi, Yuta Nakashima, Yukio Fujiwara, Nana Motojima, Haruki Miyamoto,
Hajime Yamaguchi, Masaaki Morita, Kazuma Shibata, Yoshihiro Komohara, Kazunori Hino,
Hiromasa Miura, Hidehiko Higaki: Biotribology 23(2020)100137 (h-index:13)
Microfluidic device used for the secretion of inflammatory cytokines from human
monocyte—derived macrophages stimulated by ultra—high molecular weight polyethylene
particles.
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