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A Planning study on the method development of
nanoplastics and its global distribution
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3 2. Global production, use, and fate of polymer resins, synthetic fibers, and

additives (1950 to 2015; in million metric tons), (Geyer et al., Science Advances,
2017)
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The pathway by which plastic enters the world’s oceans

Estimates of global plastics entering the oceans from land-based sources in 2010 based on the pathway from primary production through to marine plastic inputs.

Global primary plastic production:
270 million tonnes per year

It can exceed pnmary produ
a given year since it can incorporate
production from previous years.

Coastal plastic waste:

99.5 million tonnes per

This is the total of plastic waste generated

by all populations within 50 kilometres of a
coastline (therefore at risk of entering the ocean).

Mismanaged coastal plastic Plastic in surface waters:
waste: 31.9 million tonnes per year 10,000s to 100,000s tonnes
This is the annual sum of inadequately managed and There is a wide range of estimates of the
littered plastic waste from coastal populations. quantity of plastics in surface waters.

Inadequately managed waste is that which It remains unclear where the majority of
is stored in open or insecure landfills plastic inputs end up — a large quantity
(and therefore at risk of leakage or loss). might accumulate at greater depths or on

Plastic inputs to the oceans: ~ theseafloor
8 million tonnes per year

Y ics from Noun Project.
on global esh mates from Jamb: ic waste generation rates, coastal population sizes, and waste management practices by country
ization from OurWorldinData.org, where you wM fu d data and research on how the world is changing Licensed under CC-BY-SA by the authors

13 4. How much plastic enters the world's oceans? The pathway by which plastic
enters the world’s oceans (www.ourworldindata.org/plastic-pollution)
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Plastics in the Arctic ecosystem?
North-south gradient?

Transport and release
of contaminants from
plastic litter?

OQOO

Plastic particles
in seaice?

L ]
e "8 ®

How abundant are
e plastics in the Arctic?

e 0
.'

Do plastics harm
Arctic biota?

a2 5. Examples of Knowledge gaps on the impacts of plastic litters in the Arctic
(AMAP Assessment 2016: Chemicals in Arctic)
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A Discharge port
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3 Samplenolume . 206L > Sample volume : 500L a
2 From 0 to 80 m depth > 1 container
> n=24 + n=4

1

Surface water
= Manta Net

(200 um mesh size)
< 20 min, 2 knot
2 n=4

» Using scuba
3 Collected at about 30m
> n=12
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et al., 2016, MPB; Song et al., 2013; 2014; 2017; 2018, EST).
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FepzEe) B4y 2 #d ATE g ARl

PS nanoplastics

ZFE (24hpf)

ZFE chorion
ZFE [4Bhpf)

a2 11, Z2jAo]3 Uk Z2tAEo] zebrafish embryod]| A&5% ¥ (Lee et al., Nano
scale, 2019)
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v TtEW 2 tjghe] 2} = (Rachel W. Obbard) 782 2014 Earth’s

Future #'d¢] ‘Global warming releases microplastic legacy frozen in Arctic Sea

ice’ =S WIEITh 2005 NSF HOTRAXSF 20101 NASA ICECAPE 5<%t A3



@ 23 dgelA wAlZeaol it AN FLRE Hlshar, el mas
gt2E wE7F FH sl wREG w3dTh FEA ] AR Zol7t Ad 2 mm
o 27t 02 mm °]ate] Z7|Hh Hol&
(54%)>Z 2] ol 2~E] (21 %)> L £(16%)> Ao 7B 2%)
Fol Atk s o] 50-100 cm® HHF-E MEFoR A2y ARXWE D= 0¢@S
A ASHIATE A& S ¥l =23 0.22 pm nitrocellulose membranes® 2 E 3%
th. B E X233 Leica EZ4D Z@An A o2 FRAAT. A Fetrgoz F
A== &2 Bruker Hyperion 1000 microscope?t MCT(mercury cadmium

telluride) H&717} & Bruker IFS66 FTIR #3712 2213} tH4000 - 600 cm™).

it
)
o,
o
©
o
(]
N
3
3
o
=
to
=,
Y

i

o lo

1=

fru

i)

e

»

N

v

i

C)

[»

o

s

(@) u Polystyrene %
mAcrylic
m Polyethylene 2., %\L\
0 Polypropylene T
300 2 Nylon
@ Polyester A ,"‘%?‘,

250 mRayon . _
@}) Arctic Ocean
8% .
5 5 Site H11 A
200 <. -,,‘é-’ e cél %
; A L ’ ‘s ]
Site H26 : - N
150 - ! : .
¥
100 @
4 Svalbnr_(li
50

e
L
0 s A
0
SteH3 SiteH11 SiteH26  Sitel2 i
Atlantic Ocean Iceland .
' n* Moscow

a4 12, (a) sig=EolY ulME=tagel &(H/L sii4), (b) FT-IR &o]7d ARl (b)
HOTRAX site3, (c) HOTRAX sitell, (d) HOTRAX site26, (e) ICESCAPE site2, (f)
HOTRAX site2, EAHF= 1 mm<, (g) si@l3o] A& Z|F A4 (Obbard et al., Earth’s
Future, 2014)

240l & dAF71# ofv] F4(Amy L. Lusher) 782 2015 Scientific
Reportol] ZEF =FoA 28nl2 G&3 GAZR 9] A EetrY 55 A
o2 AASATE HAETAE L 5516 cm)@t FF (6 m depth)oll A
T 20149 69 RV.GO. Sars AdZoA EFHdA 2dnut2 sfgoz 7t S
AFASA T EFS+= manta trawl(333 um)S H 20 E3F 1.2 =EZ EY 10-16

of ol BRAstAT 4SS 47 mm GF/C paper filter]l 22| Leica M205 C 3%
StenF o g wAZTt2ES #dsdT. 5= IWAKI Magnetic Drive Pump



2 F5E wlol Fo &Ela 2000 LE 250 pm 2"l Ao FHAI T BAGE
< 47 mm GF/C paper filterol 28 Leica M205 C Fstdn|H o2 mA & FE
< IASAY. BFFE 210 5 207094 HF 0342031 7H/m’ (0-1.31 7/m’)=
AZHAY 55 B F 70004 B 2.68+2.95 //m’ (0-11.5 M/m’)E A
ZH AT WA 6657) PIHEAE S FT-IRZ AR om A-5(95%), 27H4.9%),
E01%) FHE L&A= ZA2HZE(15%), Zelotvte]l=(15%), °FZE(10%),
ZZ 8 (5%), ZnLFZedol=(5%), dol230%) L 3 (20%) A T
i O
Q
Bear o 75°0°0"N
; island
————— - D‘ &
e ~ o Ja°00°N
Surface (=] Sub-surface 9
X5 3 :‘Um:aw[spe”“a :‘I[m:lam[sp?rm: o 73°00"N
%g #0-0.25 o -1 O
1 mm O »025-05 O »1-25 o
; : M »05-075 QO >28-8 S 700N
‘_;{_‘L ] s0rs-1 ‘ QO »s-10 O‘
"_] [0 =-1s Q' ao-as Oh 71°00°N
| [ 250 sem«m. H 0 250  500km h ‘
23 13, 530l ulAZAY (a) A4 A9, (b) BF50 UM EtA (7H/m) () 555
o nAlERAEH(N/m’), (d) SetaE 27, (e) S2t2d FE, (f) Z229 dH{ (Lusher

et al., Sci. Rep., 2015)

=d AWI A7 B Yk dA oo mAZet2Eo] w551 7]
slo] W& sl ojFol wW HAET2HY AT AFEAE TERIUCG
(Peeken et al, Nature Comm., 2018). 20143 &=FE 20153 |55 <t Fram Strait
2} Central Arctic slolA ATE P 3T} Fram Strait 3™ olAl HIL 12,000 7§ /L
o mAEFetAEo]l HAEH/AT. 2EutE A9 oA 52 w59 HAETHS
go] HdEH3on, syl A= wAETH2ES A7]& 100 pm ©]3h7F tiFES



AA T, 1750 Fepsy 4R stk niurgol AW w WA Sehay

o} o] 57 Hﬂd

MAEesEe] B Age) wotz WEE & Atk FA BANA HA T
= o

B4l 7)ol B asith

MP particles (N m™) g
10,000
e 100,000

10,000,000 &

‘({{ ‘4"

s “‘r’
eﬁti gi

40 4

175-200

o 200-225
225-250

150-175

2 250-275

[
o
a2
&
@

23l | E2tAE 2FE (a) B2 Yo U ZAE = (Nm?P), (b) AE
ABlo] 37|¥H B2 (Peeken et al., Nature Comm., 2018)

mA S22 g7]olF

Z#g2> UMR-CNRS tl 2y &#l(Deonie Allen) ATEHLE t7|E 53 mAZgx
ElQl o]F3tttar 20194 Nature Geoscience©] YT Tl ¥l =7
A Pyrenees 4ol AX|gE tf7] 73l AlEoA wAEe2E S GRIEFENVZ
A AT B 365469 Jl/m?/dayE HEEHIAT AEH vAESSAHLS REE

olsto]™ ZAol= 100 - 300 yme|th. wAEg2=go Fe= Ay EFo
E], QS Zezetoldla Egjoddo] tiRol itk Wi, vtg] =A4A o] A
A% t7] ZstA BN E HF 110496 7 /m’/dayE &% 93, Dongguandl A&
it 228443 7/m’/dayE AEHO, =AY} v E WA A & FE

o Al E 22 (v A4 o] VERG Aol



(@) o7 . ®

France

1, Study site location and previous atmespheric deposition MP studies (**

Percentage of fragments in each size group
- A o
) s 3 8
i
50 um |

Fragment size group

a4 15, (a) A= AR A9 A=, (b) Ti7] 7*5}*153&% AF gt Pyrenees 4t (c) DjA|Z2tA
Blo] 37d 81 (d) A&% HGAF 0JN|=Z2tAE (Allen et al., Nature Geo., 2019)

2mtE A 99 3 74 A9 wolA mAETtEYo AE
AWI A7 (@Y HIIRE Melanie Bergmann)2 2019 Science Advances
53 292 FoA mAlEet2Ee] HdEdvn TRk 28utE 2 Aol A
I E5E(SVI-SV5)S Z+ZE 0.106, 0.101, 0.195, 0.246, 0.016 LE ZEI3t] wlA
g JAE A7 39, 7, 165, 30, 1875 A=A PAZT2EHY FEEs
} 369, 680, 846, 122, 1111 N/Lelth. &= % 97 A (ICE1-ICE9)oll A =3 gt
0.008 - 0204 LE FEst] 0 -216709] A Eet2=Elo] HEH ] mAl&Eet
g FEEs Hul 14400 N/LE Yepyth 3 3 Heligoland, Bremen,
Bavaria, Tschuggen, DavosollAl HHT = FolA Bavaria =2 0.038 LE HE3t
o] 5903719 wAEeEo] AEHY FEEE 154,137 N/LE 7M =2 A&
etk ¢ 235 g e m ] FoA "olA= um]zava/] & Fram
Strait 200 kg/m? Z=%¥HlE 2450 kg/m? TFEZ 2500 kg/m’o.2 A4 4= 9)
553 fFHAAA Wd wolA mAESt=Ho] OFF HEHoEA mAEEt2Yol

53] olBse AEE ANFAL Agbe] TES %%H/H o 42 iEAmﬂ

1

2 i 4

=
R
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il
R
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[ 5E 10°E 15 20

79°N

78N

55'N

o 5'E 10°E 15'E 20

a9 16, () 23 & AR A Aodd og=EetaE 58 (N LY, (b) 9% & AlE AF
Rdg oM SatAE 58 (N LY, (o) & A%, (d) 259 0]4ZetAE (Bergmann et

al., Sci. Adv., 2019)

J99 s 20189 E= RIS W 3ol A mlAHEet Aol HEEHE AT BT
4 1L & 0.8 56 MY AF7F AEHAeH 132 A& Zolx=H, &8
Z234d, PTFE, AE2 2, YdEo|th

ojgtE]o} AFHLE miEleFAY ZAZE HAA FF 22 FH G| sfrelA
B¢ 0.17 particle/m® (> 60um)2] "M ZFet2ES HESA T vhe] 274 2] (Mario
Zucchelli) 71#|7} A7 sl sfrolA wAlEet2=Yol =4 AEH7] #WEol
71A19] FEgFo g2 wetstal th(Cincinelli et al, Chemosphere, 2017). &= 3|42
Bt vAES Y FE7F 55 359 W 034 particle/m® BT} mlAEEtE 9
T AAR, E5 2289 Fe g eFAly 7| A S AR 7)A ] S gt
< FaAdo] AUt
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Microplastic per m H

= 0-0.005 (a) H

> 0.005- 0.01

> 0.01 - 0.05

>0.05-0.1

O o =

>0.1-0.5 ws *
>05-1.2

0o

Wo i Ross Sea

o
&rE 1N0rE 18 10w

3 17. (a) §= 2280 A4 A9y vjMEfAE 5= (N m™), (b) 4G P A =at
A8 () 27F 9] t]A|E2tA2 8 (Cincinelli et al., Chemosphere, 2017)

Tl okl A o)A Fere e pxsieh, 2ade @, v, FEAL, oY
ol B9 FAAZL Y AFBFO| WE BFo] B Folth Py YlA £
She ol HABES AT YA T &Pl MMI Rol/E Sk mebA
et FAGTEE R AL ANT 223 Gt dehentyre] o) AE

29 A7s B2 AENAE FHOE dFwee] MASGsY A7E 9B
Be 4 M Ak 34 S9N v ST a5t o) F JEE Y
st shel® Baiel Yot
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a4 18, (a) = Sl E EAZ0lA AEE UlA g (W eV, A AL
macroplstics, =AAURZ} DN E2AY, HepAohibg: 6H1‘?rHoP6<>]:), (b) 2009/2010 A& &
arst o] "W+ 4 (Waller et al., STE, 2017)

rultl
I,‘i

I3 ADD ATEHLS g5 o] vAM &2 S AASIY Y EFgtrgoR2 73

st @4S 43t th(Dawson et al, Nature Comm., 2018). A@A =34 &

= FIdo] mANEE2RHES HolZ2 w=IAA FAFAH, 43, A, AEFE 9
A~ =
T 5ol

i Y (Dawson et al, EST, 2018). &= A& =& = 3
ghE Buk olygt 84 FolA EIlE yYxZZxgHel HEE F o

EGESTION

UPTAKE .
— + nanoplastics

microplastics ~———

a7 19, ojqEetage] Y 3

Nature Comm., 2018)

A4 T UeZgtags BAT & dve FEskE B4 o] ofA AYE dA @
o AT S0 U2y &4 F 299, As, s B2 AAISE, A=A
U 2E, 3 54 59 A7 #2253 JtHGigault et al., 2018, EP-What

is nanoplastic?). 0.2 37 F vlA|Egt~g Btk olyeg Y Fetxg e A7t
guks) 2= Ao



- s s B ahiars

20. (a) BOIALoIA ®ZFIsH vl ZetAslo] w&tEl TEM o]ulx], (b) PS & aielA
(80, 100, 200, 400 nm)e] TEM o]0]X] (Gigault et al., Envi. Poll., 2018)
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3-14. v &2t 2E 3 Y Eeh

A& A m A&t 2~E (Microplastics, MPs)= 11&d] &7 Fol EAst= =7] 5

olste] FA 1A IFEE Aot AT =& Y =A B A
ofd WAEH2EH Y Fetage G BxA wep A7]d nE & &R
E A&t 2008 NOAA7ZF &3t AE7F 3lojoA =7] 5 mm ]3] A4
1A SFES MASHLE R FAHEAL o]F IukstE o] AHgEtal Tk o
FZg g Ir)E X Yxa7Q 1 ym H| R R A5 s, 7 A

Sto A BAA g FASE 100 nm ©l3tY A7E YZgAgHo g Ao ALE
371 % 3} A ZEg2HE FXF0 g FASE 1 ym - 1000 pm £ 1 mm7HA
Aold & Utk FF vMEFetagHY AFE HAa AolAle FoE 7 ¢ U] o

nanoplastics microplastics mesoplastics _macroplastics

Gregory & Andradys 2003 67-500 pm
Browneet al.52 2007 B <1 um | 1-1000 pm ~
Moores: 2008 <5000 pm Errm
Ryan et al.s+ 2009 <2000 pm [ 220mm >2em o
Costaetal.ss 2010 <1000 pym
Desforges et al.s6 2014 1-5000 pm
Wagner et al.s7 2014 20-5000 pm |s25mm >25cm
Koelmans etal.” 2015 pm-scale-5000 pm EI s
Andradyss 2015 <1 m | 1-1000 ym 1-25 mm 25100 cm
Koelmans etal.s® 2017 =TT 335-5000 ymiEST
NOOAs 2009 <5000 pm
EU Commission22 2011
EU MSFD WG-GES® 2013 20-5000 pm 525 mm >2.5 cm
GESAMP2: 2015 1-1000 pm 1-25 mm 2.5-100 cm
EFSA (CONTAM)s 2016 0.1-5000 pm
10 108 107 106 10 104 10-3 102 particle size [m]
1nm 1um 1 mm 1cm

a8 21 B w29 BA waAo] Uepd 27)o] mhe A2 ohe ojNEetas 2R o
(Hartmann et al., ES&T, 2019)

i} ¢ERHNanna Hartman) 9782 2019 ES&Tol| EE3 =&dA F 7714
ERHel mwel mAMEeag s FEITA AA AT s, aAdE, S,
A7), JHl, A%, 71l wet rAEgGAHe ERSAT 274 nE ERe U



Y Z2%28S 1 nm-1000 nm, "le] AZZ g~ m A ZH2E)S 1 un - 1000
m(l mm)E FESIAT AFFHY mASTHS dol/2A 7 H|7F 3R T Zojok
3tH, 81ed WHolrt gle dd TEAE (A)ENZE H7] wiEol wAEE2g ol A

= Hiol EggHoA HAStE A&~

Criterion | o
Chamical C”te':mn \Y nanoplastics: 1 to <1000 nm
sz ize microplastics: 1 to < m
composition g o et vt
v . . . mesoplastics: 1 to <10 mm
A/EXCL polsy)::g::m and semi-synthetic macroplastics: 1 cm and larger
x Slightly modified v’ Disregard additive content
natural polymers v Copolymers

v Composites with synthetic Cittafion | » '
polymer as essential ingredient = ,;7 % o
v Tire wear (and road) particles Shape and o =S i
Criterion 1l 1 structure spheres irregular fibers  films
Solid state particles
‘/Excl. gl
* Pty gols v Solid polymers Criterion VI *
(T Or Ty >20 °C) Color ] ‘
Criterion 11l ,
Solubility -
‘/Excl Criterion VII - -
) Origin = f
x Soluble polymers v’ Insoluble polymers (optional)

1 L gt 20 *C ’
(1l e ) primary secondary

2 22, ONZ2tAE B8 AIote (Hartmann et al.,, ES&T, 2019)

AeE v TR d2avlojolA E3F3E A ‘Microplastic Copntamination in
Aquatic Environment An Emerging Matter of Environmental Urgency ¢ |17
‘Marine Microplastics:Abundance, Distribution, and Composition”ol| A B A &2}
8o 7 WHS AASHATHShim et al., Elsevier, 2018). Z7]o| we} m| A &Fet2~
HS 1 um - 5 mmE A3y, Y=Ze2H2 1 um ©ol3t2 AstAth 1EAE A
A JE AEAR EFSAL, 7] LEAE ALl ©WE PE PP, PS, PVC
PES, PA, PET, PC 5o & Uelfa, Azt #ajo wel 134} 2212 &3t o
Fejol wetie 27 A6, 7R, BE, A 5o TRE



Eh:ape[ Fragment, fiber, sphere, film, sheet, efc. ]

1pum 5 mm 2.5cm 1m
2 !, :!1 it * >
Size Micro Meso Macro Mega |
[ F’rlmary ] [ Secondar‘y ]
Manufactured Fragmented

PE, PR PS, PVC, PES, PA, PET, PC, efc.

Plastics, fibers, coatings, adhesives, elastomers

[ Inorganic ] [ Organic ]

——{ synthetic | [ Natural ]

O 23. 0N EZ2tAE 1 e EetAE B=0F (Shim et al., Elsevier, 2018)

29 A7]E 1 ym - 5 mm ©|3}
m FIREe] &7 Foll EAstE I8 L&A sdE
. 2} 2~ 8l (microplastics) =W oAl o|n] HAEgt2
goz g8 AREHI oA mAlETaY o2 ARSShe WY, YIS
ZUARA(PM25, 25 ym °]sh¢t E=HE e Adstd v St ol
Eoj Bt} Y Egt 2~ (nanoplastics) O & AR&stE A& AQFgHT

ot
i)
o
=)
o
i
fru
me =

3-24. mAZet2E AE AHH

Ulﬂl%ﬂ‘ré AEAA D BN F w09 $A
MAEesE AEe] WA 09 o/l g meslok & 5 /A FHS theal
2ot

() ASAAS BAe] A BE /e f8 T g5 ALZ 8 4 ALS
(2) 100% W ARBE 8 ATy Tr AT AFSE 5 T4 48 AL
2 9%

(3) 70% ol @ Fol BHYUE WS Su V5L AAMH F xesE AA.

.
2gRE WE Y Yol AgEE §4e) ofnin azs FulE ARE ALS

76



o] zpel7k vEbd o lorz Alg AFH Al o ot vA

207ME AR A3 B30 A mAEFg2ES AHS7] 98] net(11), pump(b),
sieve(3), bottle/bucket(1) 7} AF&E o o Alx AFH W FEHS 7HeEFs
YEH AT o] T 871 dAarke] wiEFA el AHEH F(10-2,000L)F AHEA

NOAA| A= sieving(0.3mm), filtration(0.3mm)©] manta nets AF&ES A3

7.

<ERANA AE AFH ERe] >

Sample | Type Advantages Disadvantage
a7k Al
}\ .9_':‘ 2] O .
F&3k7] % Auk g
g=el & AFH s
Neuston / Manta nets ° ) ° AZre] o A,
AR 7 vlaEy] Fol ¥
dup 2 ovkEe 9§k A A
o] AM-&¥ o o1
=
a7k Al
AHEsE7] 4l Ad d e
Plankton net AA #AZEEA: 100 pum; G AY g 5 9l
2 Hyo B A3 Manta trawl®. t} A &8 o]
Water ESR-E
=31 A 7ro] o A,
Sa g w0 T -
Sieving T Fu Y AlE
A5 o] &o
ES A AFAMA &HF &
el = AH 7hs; CRlIE
Pumps FAEA &S A7) 9 28,
s 27 A8 7hs. AR ofgk A A 2.




A EFo] A Z g,
AR A Lol A
APz ANE &%
Filtration or Sieving AEFHste 29 9 A cue -
LT FA o o @ A 2%
ex situ ZF 7hs
- W ZL7)ol uhgl AlZko] S
v+ 27 A9 7k
A4,

3-34. v|A &g Als HAAZH

nAZesage] g 2 5482 QA HAZHagS 2o Bl @
b BeE AR R9E a7 wie Wk w2 ool o7e} A
A9 Fa) AR 292 a7 9, 2E el pore 2719} Aol W4 270l wt A

sl Fotageol AV7F EebA7] dol A AdE o] HluE 9
gl olygh 27E WA HooF gt Uk EEle drtdor HHPES NaCl 23§
Azt E3sle] ZetrgS Relsd Uk 14 g cm® 0139 §9& AME S Ho
SoaE Tl wEl 9 Zge AR = vYke &= el e b oy
£ yebWd. 1+E9 NaCle HDPESH #& PEE ®#sts 9 &80 =t
Nal(1.6 g cm™), ZnBry(1.7 g cm )& 538 3 58(99%) = Zet2eS 2ad ¢

AAN o} Nal&e= AEZ A HE S HHS3te] HEHE AA wrEo] A|ZHFQ AdS
ol&A sl ZnBr,= 344 F3stn T £ BE uaciE dAdS X3 9
a8y NalE Ag A AZEz2x DHE AFS8HA ga AQAEd o

i=]

AL NaClg A8k 29 fAMe ngow uE

<AERe] AFHE GOl 9% Fehriy FR mE 2>
Density Water NaCl Nal ZnBrs
Polymer _3 _3 3 3 3

(g cm™) 1gcm 1.2 g cm 16 g cm 1.7 g cm

PP 09-091 + + + +

PE 0.92-097 + + + +

PA 1.02 - 1.05 - + + +

PS 1.04-1.1 - + + +

Acrylic 1.09 -1.20 - + + +

PMA 1.17-1.20 - + + +

PU 1.2 - + + +

pPVC 1.16 - 1.58 - + + +




PVA 1.19-1.31 - + + +

Alkyd 1.24 - 2.10 - - + +

Polyester 1.24-23 - - + 4

PET 1.37 - 1.45 - - + +

POM 141 -1.61 - - + +
Label: +: separation, *: possible separation, -: not separated.

Polymers: PP: polypropylene, PE: polyethylene, PA: polyamide (nylon), PS: polystyrene,
PMA: poly methyl acrylate, PU: polyurethane, PVC: polyvinylchloride, PVA: polyvinyl
alcohol, PET: polyethylene terephthalate, POM: polyoxymethylene. (Prata et al., 2019)

7 Aol fr7lEol xeH = olgd EAEHY EEH ¥4 W F
=5 FHfFrtstA "AY SAH L st A FE S web o
g x4, gy S dF= vAA koedM frles #aAE 5 Sde
LR R o]l dastth Aol 23E frl=e w=ol wEbA Aleke] F
b @it ol Eotaygel ¥ S FA wowd mAETage] A4S FY
A e f7lE AA HHES Uy

T Tstedl F2 ZAHHNOy)H dAHHCDe] ARgET. 2y Ayl
©olut PETSF 22 ZZvl= kol tidh Wido] il sl Ah ai2olA Zd
g glenr 84 ARdA vAEetage] fagriE ojojd 4 itk whEbA,
TlEe EeHor AASY] S = Ak Te 2kt Fastt

dAY S o] &3 7= Bale IEhagS EZATIAY WA = o &
e Y JHRES G F orng HE PSS olge B4 A ZAE
dod 4 vk KOHe= w712 A= d F&stArt HdE, PE 9 7123}y
A% PVCY wWAle fdetn ydE, EYoAHE, PE, PC, PET, PVC,

LDPE, CA(E 22 ofAlHO|E)E ®alste @3e] v NaOH= PVC, PET]
WA CA, PA, PETE EajAZ2 = )

Ho0,(30735%)+= Z2we] #all7F A9 dojuA ¢kom NaOH, HCIRT f7]&5&
Ho g&How g 4 vt 28y PVC, PET, ¥, ABS (ela€= HE
4 FEHel 2gleldl), PC, PUR(GEYS-# &), PP, LDPE, LLDPE(linear LDPE),
HDPE®l w3l HyO.o theh Wiida ofzhe] WMol velytet 50 CellAl 96 ARt &
oF Hi0x(35 %) A&l & Jd&e 29 PETS WAo] Yepd o] By nf gl
ok HOp AHE Al A AFol o8] mAlEetage] 35-gS

Fo7t Fastth 0.5 o83 718 AA Al 2571 wlg- Fasich 20l 7

o

A & Ho0x(35%)5 ©l &3 7= AA Al 25%¢] AA a&s BAAT, 50T



A BkERE S HoO0u(15%)F AHEAS o

=

20% R 71 & =Roem o] F 7hA A
a
[¢)

AA ZEol

&< Et H.0,
B HClRG $2

15%7}

Ang

F2 FA gowA agol F Wl
RAE olgdte] £71% AAJ bedth ol vREd AY 8xst Hovf w4
sepoago] AY 4 F4 Gou} ase f71%e §80 uet 2o
<Fr7lE AA B BE 28>
Organ
ic
. Recov
Digest . matte
. Treatment ery Polymer degradation
ion T
rate
degra
dation
Fusion of PET and HDPE,
HNO; (35%), 60°C 1 h n.a . 100%
destruction of PA
HNO; (65%), RT overnight, 60°C 2 h, ; )
o Y n.a PA degradation; yellowing | n.a
dilution 80°C distilled water
HNO; (65%) and HCIO4 (65%) 4:1
Acid overnight, boiled 10 min, dilution 80°C | n.a PA degradation, yellowing | n.a
distilled water
Melted LDPE and PP;
color change in PP, PVC,
HNO; (5-69%), RT 96 h <95% n.a
PET; decrease Raman
peaks
Whitening of PVC,
HNO; (55%) RT 1 month n.a ) n.a
degradation of PA
HCI1 (5 -37%), 25-60°C 96 h n.a Changes in PET and PVC | >95%
NaOH, 60°C 1 h 94% No 100%%
NaOH (10 M), 60°C 24 h n.a CA degradation n.a.
CA degradation;
Alkali KyS:0g (0.27 M) and NaOH (0.24 M), ) )
n.a unpredictable weight n.a
65°C 24 h )
increase
KOH (10%), RT 3 weeks n.a No n.a




KOH (10%), 60°C 24 h n.a. CA degradation n.a.

KOH (10%), 50°C 96 h n.a. Loss of PET and PVC n.a.

Loss of PET; yellowing of
KOH (10%), 40°C 96 h n.a. PA n.a.

Most,
except
otolith
S,

Degradation of LDPE, CA, | squid
Cradonyl and PA. beaks,
paraffi

KOH (1 M), RT 2 days n.a.

n,
palm
fat

Degradation of PA, PET,
95% EPS, LDPE, PVC; color n.a.
change in PVC and PET

NaOH (1 mol LY, 17.5 mL of 65%
HNOs; and 2.5 mL UP and drying

H20, (30%), 60°C for 1 h, 100°C for 7
h

n.a. n.a. 1n.a.

Decrease in Raman peaks
H.0, (35%), RT, 40°C 96 h n.a. n.a.
of PVC and PA.

Degradation of PA; color

Oxidati
H-0- (35%), RT, 50°C 96 h n.a. change of PET; foam and | n.a.
ve
oxidization
78%
H>0:, (6%) 70°C for 24 h n.a. n.a.
(PE)
H,0, (30%), 60°C until evaporation n.a. n.a. n.a.
Corolase 7086, 60°C 1 h 93% No n.a.
Tripsin, 38-42°C 30 min n.a. No 88%
Collagenase, 38-42°C 30 min n.a. No 76%
Papain, 38-42°C 30 min n.a. No 72%
Pepsin (0.5%) and HCL (0.063 M), Incom
Enzym n.a. No
) 35°C 2 h plete
atic

15 mL Tris-HCI 60°C 60 min,
proteinase K (500 pg/mL) and CaCl2
50°C 2 h, shaken 20 min, incubated
60°c 2 h, 30 mL H.O, (30%) overnight

97% Calcium layer n.a.

n.a. - not available; RT - room temperature;

Polymers: PA - polyamide (nylon), PE - polyethylene, PET - polyethylene
terephthalate, LDPE - low density polyethylene, HDPE - high density polyethylene, PP
- polypropylene, PS - polystyrene, PVC - polyvinyl chloride, CA - cellulose acetate,
EPS - expanded polystyrene. (Prata et al.,, 2019)



344, WA Eehag B

TagaEs BAS 98] SoF AALZ v £8e] FT-IR, Raman 393 3
A E o83 4%, 44 98 B Vs ARvtEIY-dF ZA4Yo] ALEH
q 2

= =
Btk aen Zgzke] BAMES 4HE ol gste] 274 olabel WO R4

S|
AE F2, AEFsed 7Hg gl AR E = el e o # 7 Rl kA o
AL Al o7k eapry Aw Alzko] Wi e Adnt
DA A5 A2 AR Mo r AlZbH AEE 7 sk WHoly AR dA
gl @AM o] AAVE AR o] Fo|XA o ) FUiH= eAs ¥
AAL 4 At
MAESAY 248 918 FT-IR, Raman 3%l 7H¢ tixdos AHgal gl
oo F 7AW vk Aolal v Aehei mebHor Fapeh ulo] Yo
AgS VIvto g ~HAEYS AT FT-IRS 452 RUES Wtz g 4
ol ~HEYE A= WA, Ramane 318 Ajte] 46 & &9 A&
~HEYL AT o5 59, C=C, C=C, C=N, C_S, S_S, 0_0, N=0
= C

o] stretching vibrations< Raman #3430l 7FslA Yelys wW=olx _ OH,
—0, C_0O, S=0, SO,, P—0, PO,, NO>= IRo|A Z}35}A YEAFT}

73 F HAF FT-IR(ATR-FTIR) #2152 20um ©|d9] vAMEet~g e 243
% QA% Raman 2HWE 20um olste] mA|Eetse B sl Leju
ARel B4 weh 257} okl ALY 1 A Algke] astn §W (o Qe
=40 A 5 3

OBmann et al, (2017)2 1ume ¥YA =Z7] FF9 F ol
micro-Raman 3 & A183to] T FEAI82E BAAY. WA A
7N1HE Adeks A9 A3, 29 249 o] Ale R FH g¢l e 7t 7
g ool Hds FAsdth ¥ 98] Plassys MEB 550 S &S ARg38le] <2
x 1077 mbarel Al 04 nm/s =<t Aluminium layer thickness 100 nm® PC # B g
Jd dEE ZYsn. Ast dEE o] 839 XploRa Plus(Horiba Scientific) R
o] LabSpec 6 AZESJo]E o] &3k H[Ty] FAd] 7 A A =S
532nm<] laseroﬂ/\i Hdl 732mW, 785nmeol A& T53mW 4& AASkATh ey
78nmE AHSdSu] ZEo|A gt FF background’t UERSTE 19 25% AlS

[«
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&) AR A= Y3k A FES F=7tE 2ASH 2 Aotk a# o T A
B e gat AT AdEA ag v ot ofFe §AE #Fd
L AZgA nHZSAES 3 Hrlets 292 28 d Aot oW AL F%
o7 AQEAo] et trHEo]

N
Qlonz mysjol g WolFE oAl Fe shu

Aloz FESH PC Wygol =E]e] SEM o]ujX]. b, c. ZEE EQXZ A 2
o Vil o
= LS o=

giet o] Lol FHOo 2 7]Fo] H5|A ¢SS HojE. (OBmann et al.,



10 000

8 000

5000

g
% 4 000 PE
E |I.
E 2000 \
- o et e, ..Il'-\._-'. - o'._'l o
2 i PSS
2 000 |: .|=|
) ] mn
'\-‘,_a___,__.?u’u;_/' v 'ﬂu"n\.,ﬂ-nﬂ_ o ;‘-_ﬂ_ o I i, ™ | I'\___m_
500 1 000 1 500 2 000 2 500 3 000 3 500
Raman shift {cm~")
23 25, Al 28 © PC Wueel ™E o] mE Zatrel xje] HakHu|A ofu|x|, Hlg
1o 22 ot vld, A E2o
=l

x50, dark field; (a) ZA2] o]u]X|; (b) YA} mlg Eg(—‘;—/\_'
g3, BA: E A, M b FetAY YRHe s #A | 2ol AAY olu]A]; (c) o
AL mpole w2 A © o4 Zetael Qxtel atgh AmEl (54 mebo|e: 532nm, o]
A &3 ~ 3.2mW, Grating 600groove/mm, Confocal hole 300 um, Confocal slit 100 p
m, acquisition time 2 X 1 s, objective 50x: intensity correction applied) (OBmann

et al., 2017)

OBmann et al, (2018)2 micro-Raman #33HS o]&3to] 32719 A5 A=

nAZe 28-S B4 Ale® FEI PC WHgel HHE AFE ozl
T AA Fg Z9W 113mm° F Imm’ ¢ 5XHE Adste] HAA A5 44%S &

ol

23}t XploRa Plus(Horiba Scientific) 222 LabSpec 6 AZE Y o]E o] &3}
Fom Jx gy e zzafoes FASAY. 54 vy ey 2ok
dlo] A 532 nm, 600 groove/mm, MZolA9 &3 ~ 32 mW, data 5 Al 2x1

Z, 29 E" W9 150cm! - 3500cm ! olth HHO AAE A3 FFE HolA
=4 745 998 (78nm, 600 or 1200 groove/mm, MZolAle] &7 ~ 53

mW) A=Akt 29 279 PET(EZEA) 9} Pigment Blue 15(3FHA1)2] 1A}

3t Raman W Z23E Bt 42 AHEFHELS LabSpec 6 AXZEQ 2 H
A3Fe] d o] g ul o] ~(BIORAD, KnowItAll® Informatics System Horiba Edition) %}
Hl skt dio]guo] et ~2AEY S 2bgo=z Hluwd = gl7] o, &4

@<=3kal 7] 98 Beerd W& (Workman and Howard, 2010) % LabSpec 6¢] A3



Ego] $A4E 7HlogdtE 83 T A~ 2 CLS(classical least squares

L - SN
algorithm)& AH§3ke] RE ~3Ege e Febadol ta) ~aegsn 1
¥ 280] CLSS ALgsle] Behay QA8 ~aedd ¢S Ryt Fxw 44

94 ge i deAd e BAY ot 4%® AnE WA A4
!

e
o2 oA AES|otstAIRE dolH HIME dWedtstal 24 AIRES AA

=

2
A

%0

26. (&) ol g9 (113 mm)old 24 9 5 7j9] BEE (1xl mm) B1%, ($) B4
2 AloZ Y3 PC WHeYl Wel= oizf AR F WE BEQ] Ful ol SEF

(1000x1000 pm, generated by stitching of several single images; 82 x50, dark field

a9
AH AT
o=

illumination) (OBmann et al., 2018)



C 300 m Particle spectrum
m Pigment blue 15
m PET

200 - W

250

Intensity (counts)

N MJU
100 - LMM%AA/\.“
50

T
1 000 2 000 3 000
Raman shift (cm™)

a2 27. A Ale2 FEISE PC WY Ql e AW ]9 9= PETQ} Pigment Blue 15 ¢
Ao tst Raman %3 & raster 307 o]0]X|(vf&: x50), B. Raman A™MEHE 7|&FO
2 o PET(MZM)e} Pigment Blue 15(x2bd)e] &} R 919] Raman Wy Az o]
A84s g grel AmEgo] Zshl Uehd Y. C. YAt Raman AMEw
Pigment Blue 15, PET9 #A1 AHEZ (X ZX71: laser 532nm, CCD detector,
Grating 600/1200/1200 grooves/mm, Confocal hole 300 pm, Confocal slit 100 pm,
acquisition time 2 X 5s/2 X 2s/2 X 2s, objective 50X, laser power ~3.2mW/1.2mW/3.2
mW, dark field illumination; intensity correction applied, baseline corrected,
normalized by maximum) (OBmann et al., 2018)



1000 PA=0.00 %

900 PE=0.75 %
| PP=0.00 %

800
PVC=0.00 %
700 PC=3.27 %

600

500

400

Intensity (counts)

Il ,u "l v i ‘\H 1 \1“ L

M” i‘l"‘ v,#« n VI“ ‘ r’ '*I‘J y“Hl

500 1000 1500 2000 2500 3000 3500
Raman shift (cm™)

a2 28. CLS(classical least squares algorithm)g A2s5te] ZatAE UXE AF2]dsH
oAl wlAle] AAHRZ 13 pm)l HeA AmEge
PE, PP, PS, PVC % PC)9] gto 2 AAt ZAiut= wiB gz AAsH (OBmann et al., 2018)

Anger et al, (2018)% 7]&o| WHE ¥ Raman #3HS o] &3 nAZetre B4
A AHRE ZAbste] SA SdvE vl A3E F 49 YErET 404
OBmann et al, (2018)> 1.3um®] 7F¢ 22 WA Zgt=E AAE A0
o] wje] 7S 50u)& 9 EH% A= 0.7 /H7(NA, numerical aperture) ©] 1t}
ZgagEo] 3t 2F9EY EAL 200 cm!' - 3200 cm ! RE H A e
t} 200 em? - 1500 em e AEAE Y, 2800 emt - 3200 ecm! oA alkyl,
alkene, aromatic protons®] CH stretching 4<% e 3000 cm o] ~HEH
HAE AWt A2 7] 33 (excitation Wavelength) AL W AR Aol
(dutx o= uAF), AAHgrating)e] 2kl 4 2 CCD 7Zhelgte] Hnlel ola) 24
Ao meE FAS A HAY AAS AR g A A & Wl SAste] dA
F= Aolmg ¢ &2 S AREStal Aol A2 AXE ALE

A = =49 F Utk ¥ S 2 ES e oA ARt nAE2}

28 A& 54 Wz AHAEY 9AE Hluwste] FRHBR F EAVF HA
gtk EolA Frere et al,(2016)= o] gk o] && o]&3to] 300 I/mme] AA =

oA 2 x10 29 &2 24 Ao mAEAHS 243 As #gdd = 3



<A 9 AFE ARAA EAE v Ee~Ee dE Raman =4 FHebr|E o] B>
Laser L Measurement . Spectral
Study o Power | Objective . Grating <<MP
excitation time range
Imhof et 0.4-4 | 50x (NA = 600 50-4000
633 nm 5-500 s i 9 pm
al., 2013 mW 0.75) 1/mm cm
100-
Enders et 50X (NA =
455 nm - 20 s - 3500 7 um
al., 2015 0.75) 1
cm
Imhof et 0.4-4 | 50x LWD 600 50-4000
633 nm 5-500 s 1 5 um
al., 2016 mW | (NA = 0.5) 1/mm cm
Kappler 160-
20X (NA = 600
et al., 532 nm 5 mW 20 X 500 ms 3600 5-10 pm
0.5) 1/mm .
2016 cm
. 200~
Frére et 10X (NA = 300
785 nm - 2 %10 s 1700 279 pm
al., 2016 0.25) 1/mm 1
cm
Sujathan —120 -
10.8 | 50x (NA = 600
et al., 532 nm 0.5-2 s/4 h 3500 20 um
mWw 0.55) 1/mm -
2017 cm
Erni-Cass 100-
20 X 10 s + 5
ola et al., 442 nm - y . . - 3500 20 ym
min bleaching -
2017 cm
OBmann 150-
3.2 50X (NA = 600
et al., 532 nm 2xX1s 3500 1.3 ym
mW 0.75) 1/mm -
2018 cm
Schyman 200-
) 1040
ski et al., 532 nm 12% 20% 5s 3200 5-10 ym
1/mm -
2018 cm
200—
Ghosal et 1-100 20X -
785 nm 10-60 s - 3200 1 mm
al., 2018 mW 100X )
cm
(I/mm = lines/mm, LWD = long working distance, <<MP = smallest MP particle)




Name Abbr. Jfingerprint” region C-H stretch

Polystyrene PS \—
Polycarbonate PC = I I o I = = = e
p -~ JL —. M ™

Polypropylene PP L £ poa ) =0 X E) £
- | _," |
Polyethylene PE = %0 joo 20 =) ) )
|_~——|
Polyethylene terephthalate PET o0 i) f b 2w £ 20
A A AN J\ J\ ~A
Polyvinylchloride PVC = B . = =0 A= =
/ e | L | -v\- —
Polyamide PA i 0%, b =m =m0 o Fny
_‘M__L

Polytetrafluorethylene PTFE Lol

polymethyl methacrylate | PMMA e I L I = el _'A‘: "5
p— o —

Palylactic acid PLA o) 1000 1o 2000 2500 —
e e e e e A . .
Polycaprolactone PCL o4, 1900 koo 200 o s oy
— -
500 1000 1500 2000 2500 3000 3500

Raman shift [em™)

a2 29, thgst Z22tAE 59 Raman A®EH (Anger et al., 2018)

SEM/EDS(scanning electron microscope combined with energy dispersive X-ray
spectrometer) =AM v ZFE2E Y FJH| 2 35k 7o g JRE IS
UTH SEM< #stadn| 43 Hlaste] 4zt W on A& aujE, L=

_?|

=
FA ARE 42 5 3

e o

J'
v, o), MAEeAEC, Ol S, Ti
e 19 309 Fehae Agol
A EDS #4€ Bal % A2N) W2E ATk A27 £ Evel s 1

Eo] JAWF micro-Raman +3d o= F7F 4 A3 YJdEo] ofd PECF PP=E
o]FojA] 9= AL AT ol#s AFE vy oz v A ZE I biota AF

o
=
o2 Behago] FAH YBIA AN Ak YRS 0§



durd o g SEM dv| A4S 4
SEM(Wagner et al., 2017)& A}&3ch, SEM M B|o] +=F7] = 725 93519
AZE AEoA ol AE A

-
= Ay 13E ZEHdA dE7E HE F = AR onAE d& W AEHE

+(wet-mode imagining) 7]7]¢ld o] A

3
Gniadek$} Dabrowska (2019)+ SEM-EDSS o] &3le] s = &
/88 EAS AR ol g HE3e dAeu Fe gle] EA ek WS
A AT B8 gune ARk dWbAQl SEM tiAle] EdFo]l o £
FE-SEM(Field Emission-Scanning Electron Microscope)S Al&3til A 8E2 H

shAl i wre ARR0.5kV - 1.5kV)# 92 A[F(10-20 pA)E o] &3ste] oln A

2 o= Wyolth AEAo] Qe AlRE HAHe AR W =T3S u dxt
7F wbA U7EA] X8l charging @/3o] dojusd oleldt S Fol7] sl FAF
e Ao 712 oketA dFE Yol 19 31 A&

o vAEe~Y zbae] SEM o] Aol mAEY Fepre AlgolAy
Al glol oWt AWFS B 5 Ak oY AAY
% 37 golw £& oA E )

g9l w3t 3 F3f HAgel g A7k b



a4 31, AMujgolA duj&7tA] ojA|E2tA" ZHslle] SEM o]nlx] (YZoA QF
scale bar: 10pm, lpm, 100nm) (Gniadek and Dagbrowska, 2019)

IB
lo
fu

I
uit)
w
Do
rir
2
A/
ﬁ}.{_"
o,
2,
k<)
il
w
T
=
o,
=
X
o
o
)
P!
[
18,
[m
o
o
%
2
MN
ui
)
o2

eN
FAE v charging 37} 71t WY s E7F vYmxE AS B 5 9
. EDS ~9EH S A7) QA E ¥ =2 Aol HasiAvt dAHE 7t 2

19H(7-10kV)& AH83 4 it} Charging & 37}

kv

Aav BsE Aol e A
glof = 2o =S B3l 34 Bl FesAn AY BAd 9 F7] gl
AF BAL QA T BHom 7} Selo) Aasn

ad 32, ulNEetAE 7o) SEM ofulA]: A - 1kVolA 42 oJu]x], B - 7kVoA A
olglA], C - 7kVollA] ¥ EDS AHEH (Gniadek and Dabrowska, 2019)

% 33& SEM W ow Fgold w3ty Zglage] #wH olun ot} o# A|7F
%O]’ UV-Q] Oé]%cl:_g_i E‘@H% %ﬂ—_/}‘g iu&o 7%;2;2]7] %ﬂ'% Q’?_t?—:}‘ '/-F 99]\1'4— l%
H ubEe] SEM olm Aol Fue #d z7ts @ gWg 99



02 33, ApEAlc R w3tE Z2tAE (FZoA Q8Z 02 gcale bar: lpm, 10um, 10pm)
(Gniadek and Dgbrowska, 2019)

e e 2
O 34, Z51E HHE (AZoA] 2Z 02 gcale bar: 200nm, lum, 10pm) (Gniadek and
Dabrowska, 2019)

A0 pm T . ) ol i ) =
g =

2 35, Z35tE dHhE (AZoA QEZO0F scale bar: 300nm, 10pm, 100pm) (Gniadek
and Dabrowska, 2019)

A, AdF{F 2o Z SEM-EDSE o] &3 nlA|&et~E FAYL Apsst AX
EoE AFEste] Febad gt Av], W JHet Z2e 284 547 tEo
i Agito]l $AS Zetag ] seh A 5 S ol&ete] v EHAE EHS wiAs)
3 FgaE gAE Adsted w9 f8stth AR 222 Z’HS A &7
e dAAHo = SEM-EDS 418 Sd A Aol A dAES AES
% FT-IR, micro-Raman® #-& 57} &4 &3 s3t5S Adstes o &3t
A& 4= 9l

A Z ek ~g 24& e A&l -7k~ AZvfE I -H gAY
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<MHwtolar/

ERECEEE

P o] Aed>

Task Technique Range Advantages Disadvantages
—poreAlo] =7} ol A
Preconcent | Membrane e o] §o] A+ o 4 K
] i . >10 nm fréo] =4
ration filtration o ¥
e
o fj &F
,U}l_}ig C‘J_ﬂ A& A8
10- 100 kDa o NE /e AL pueR g et s
UF _ —MA Aol ZefE
ca. 5-50 nm e W H o] W AL}
o] A&
ol A&
[ gA = e B
o th=3} YA Fe
ucC Any e AR ARAOTE | —gHF R o]y
Q9 A% AR A AR £,
¥ A7)
Evaporatio —g3ld 54 AA <
n of Any o A HE3lal % El)
solvent —E
e A e — &4 o] o %
Separation | AF4 1 nm-1 pm e N Eo| XNF —w B YAy 4o AL
o 2g}ol A3} — Steric inversion
e 33 FEAE] B
HDC 5nmm-12 um | & — 719 AbE kst
o HE7]oF A%
) . — A
SEC 1 nm - 100 nm o HE7|% A% _wmel me
=]
'E A5 A
_ A= 5|
HPLC 1 nm - 40 nm e AZ7]9 A% _ oWl me
-3 st Ao Ao
—Asd/Ed W3l
o I3 E — 2 /e st
CE 5 nm - 500 nm o1&V 2 &
o —AE &N
U ENCE
(e}
h=l
UF - Ultrafiltration, UC - Ultracentrifugation, AF4 - Asymmetric Flow Field Flow

Fractionation, HDC - Hydrodynamic Chromatography, SEC -

Size Exclusion Chromatography,

HPLC - High Performance Liquid Chromatography, CE - Capillary Electrophoresis. (Schwaferts

et al., 2019)

LLL &=
o sH= v A Fe s
5, Eesbuy e

= 0
=
o Hee)




1% gEch 0.1 ym 9 BEE ARGSE A S e FEOE o]t

Mol AEY G Age] G Frh 53 Be e 47 4Re BT 5
Qe v 87 AR Besg 94 B Z2Ess 448 9 o 4% @

o

HafoF 3l, o] 49 UF(Ultrafiltration)”} & 3}c}.

UFE 10-100kDa(eF 5-50 nm) W99l &A% cut-off& Zte Yk oy WEZ
1S5 AF83}™ stirred cell, centrifugal field T+ cross—flow mode( tangential
flow)E AH-&3sto] WlB g lo] wel= S WA

UC(Ultracentrifugation)« 4AHE & oA dgo=z HAA7|&= © AREET o]
WS ARESH ﬁﬂ“& A2l 4 d= AEFo] 10-100mLE Ao} 2gA A
Mmool AgebA 2

SulE STATIE UHS B2 49 =5 AAG7de vAAA L e o9
]

1.1.2. &9

AF4(Asymmetric Flow Field Flow Fractionation)= %74 A|&9°]A Inm-1000nm

Weel  PS  dxtet & ENP(Engineered  Nanoparticle) #41&

AF4-MALS(Multi Angle Light Scattering)-Fluorescence r=

AF4-Py(pyrolysis)-GC-MS<} o] 2gjQloz Astste] +A389ct 18y 374

of =EHol v FuhiYH YA ok acQlo® Qls] JAprt FeEa Absty
o] AR SHEE Uhﬂ "ok =R ENPE 98 e e 84

do
ol

£ 2
o)
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™ Steric inversion®] A gc}, o] =
s A JAE F JAE ol &EHo FYol FEFS 7t wEkA
dag = ofof g
ENP #8& 98] AH&% HDC, SEC, HPLCS & A=ZutEag sy 2eg 9
al AAGS AEshedH S AR o] EwWe] AFA SHEE o
Y= ENPHRU G4 ae] s zhgo] S7ketr] wiitel £ A8 W AHnrjo]
2-UeEet g g EA o A Letr|d e A je
A7l e A7 b | dAke] ol sds AbRstel Eelsts WHoltth
©] % CE(Capillary Electrophoresis)i= ENP &40l &0} gtom 37 A5
MBulolam-yZet2E dA EA4S feiMs A £ HEE Alofsof g

ity
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A, olvA, & — AR FH]
W e —Charging &3}
7], B & o 52 AR
ESEM 7, olm A % ca. 30 nm o3t 7 -3 = A
Lale: e eH| AT AR
—9 A AR BH=
a7y =6
EDS Pa z=A nm range eEM = ¢ .
i
Optical 29 wer & o 1] 3} 7] —3]4d 3
. y = O, [e]
Microsc . > 1 um o Ax thF7] 4] —F71Edy 2
opy & - o &
Fluores
cence . . —37 EFgxg2
. Az} 9% o FLE 3d S ol sl
Microsc J4E ¢F
opy
=4
o AT
- -2 A4
271, 2, A * AFM-IR )
AFM | ca. 0.1 nm —gA gAYoR
3y <3 * TERS L -
\ o1sk o1 Ay}
e In liquid o
=
—AEY A=
271, =4, A AL T g
STM & o ca. 1 nm o A -9
S, o —22 WA
A7), B, 9 ] —xe WA
CLSM . > 0.2 um e 33} imaging _ . !
A — 34 3
g
7], ROk 5 3} -
NSOM |, 24 ca. 30 nm o 33 e mA

DLS - Dynamic Light Scattering, PSD - Particle Size Distribution, ELS - Electrophoretic Light
Scattering, MALS - Multi Angle Light Scattering, LD - Laser Diffraction, NTA - Nanoparticle
Tracking Analysis, TEM - Transmission Electron Microscopy, SEM - Scanning Electron
Microscopy, ESEM - Environmental Scanning Electron Microscopy, EDS - Energy Dispersive
Spectroscopy, AFM - Atomic Force Microscopy, STM - Scanning Tunneling Microscopy, CLSM -
Confocal Laser Scanning Microscope, NSOM - Near-field Scanning Optical Microscopy.
(Schwaferts et al., 2019)



1.2.1. FAkge] o3k Y= 54

PApe] A7) e A7) Fx9 2 584 S0 i BRE A7 Hs fA
do| A& ZAMAA Heo] At RE ol &gttt 7 d¥ AFE¥ = DLS(Dynamic
Light Scattering)= &< F¥st= dolA W9 A% W wgl Imm - 3um
e At =7], PSD(Particle Size Distribution) 545 43l 7]%01 t}. DLS
of AL Z YRR Qld AA B4 EAE el | o=x A

U
o &i7F A4 4 vk Aol gy fAd EAs= o
1 L

DLSE= «4k4 LS(Electrophoretic Light Scattering)® A€} AE A=
7' At ELS= #7178 A 43k olsdl o AHH= wolA e W
st& St HolA DLSSE fAFsteh Ak A917F £ 30mVES & @2 $F
of e} A Aow FITh &4 W F2H e T3 AEoE Q3
Ahstd 1S yErd Aotk Al A91E o]&ste] W dste] wWstE F4sd
Foh2E dAY w3tE SASE ¢ de 8% Wl HEE o8 £ dt

MALS(Multi Angle Light Scattering)+= U2 ZF=ol A Abghe #o]# 38 7| =3}

of Yol A7le gk JH (3 WA)E A= 7lzolth. AWt om AF4e] =z}
og dAZdste AVEE #EE ARE HAE7]E Btk

LD(Laser Diffraction)v @A o=z FAHZA A AFEE & #HolA ke 7wk 7=
o|th 10nm - 10mm 7bA "¢ W2 Helol AA oA wiA el wA JAke] =2

NE Z4T 5 Aok webd] nAEGsERY AnvtelaE, GeEaaygta §
Aol 4 5 gl %ol | Aol

NTA(Nanoparticle Tracking Analysis):= &n| 43 x| grive}E o] &3lo] Ak
H #olA BE 7EEE 7|Eolth. NTAE tEAA B & JAE &) AA

1
2A QRS Al Aol Aol QAREZAL % DLSH diste] @ & gtk

1.2.2. o]u] A
P A BAH O R AREHE EFo]H micro-IR, Raman®] @z} E Ao
Al FEolth, ey 3 AR s 0.3um - 05um o]l Y Apelwk A

AN FIANA B dehiE QA AE, GA WHE FAT 5
i Ttk FANAE AW Aol AW, FRT FY NEE YEIE B
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SEM(Scanning Electron Microscopy)< ©]-83F o]n|g2 Hdx}wlo] s of7]¢
w2 oy Ae 22 AAE AEste] FAEHE, Ty X F o
Alsge, AARES = AZS Y WRE A AAE wEd T e
EDS(Energy Dispersive Spectroscopy) A&715 A2ste] AZ o] FAlE FE
Ha A4 g s ds F Utk

TEM(Transmission Electron Microscopy)< Wl 300kVe] =2 HAF 714 Ao
2 o o2 AES Faste] Al Wl ARE A= Vlsolth o e Wg #
S Uegas omAdd 4 vk TEMS Alss F3st7] wie] ZW(SEMo =
A= AR)ol ofd Jap uiFel gk XéE% A-&3tty, EDS %3+ EELS(Electron
energy loss spectroscopy)®} ZA3ste] ¥4 FA Ui ARE 45 F ATk
ESEM (Environmental Scanning Electron Microscopy)< A %3(10 - 50 Torr) &
A 718NN B, 4 A2 EHTeRA L FAAN FF35

27 Holx AMZo olnAS 753k = HdEE SEMo|th. ESEM &

Iﬂ 1

SPM(Scanning Probe Microscopy)< YAF39] 314

AHS GRS §og Aqste] AEHe s A8ES At oA
STM(Scanning Tunneling Microscopy)® 74-%
Hady ARFE ol &ste] W Aol digh AH
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CLSM(Confocal Laser Scanning Mlcroscope)fi 34 A (2F 200 nmelsh) e @l

B2 AES &0 5 e FUIAA @3 A v EEhaY Ak A9



& 2487 fla % AP ETh

g 2/ E FI dolAd #S HAds= NSOMNear—field Scanning Optical
Microscopy or SNOM: Scanning Near-Field Optical Microscopy)< #l©]# 34 R
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Technique Information Range Advantages Disadvantages
_ [ _
A% s o ] 5 7] @ subp- and
-FT- ’ i AN B
FPA-FT-IR S >10 pm e nanoplastl?oﬂ i g =27}
— 2ol o3 st 14
ATR-FT-IR Bulk o hotk uwikE
<A EY o 33 E -
AFM-IR o] % R o e 3}8} oju| A 2F2 | A
A g2 E s
Ne zv %
RM ob >0.5 um, o A | <1 _aa
) Bulk o 15
A 7HA N
o 2o o3t HA §l
oHl et Aoy —UHV
XPS = Bulk oW =4
A 35

FPA-FT-IR - Focal Plane Array FT-IR, ATR-FT-IR - Attenuated Total Reflection
FT-IR, AFM-IR - Atomic Force Microscopy-IR, RM - Raman Microspectroscopy, XPS
- X-ray Photoelectron Spectroscopy. (Schwaferts et al., 2019)
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RM(Raman Microspectroscopy)< & Ai- 2HEHS A& 5 A& #HolA F9
v et AbehS ALg3it) o] AFEY S FT-IRS AFHEHS Hesy Zdtag
AAE HEetA A & drh Fde %
o] A (632 nm)E AH&st] Falea =Y
um7hA o] Ao AREE 4 9tk RM2 3RS
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TERS(tip—enhanced Raman spectroscopy)™ 10 nm & &7 a2 zt7] w &9
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XPS(X-ray Photoelectron Spectroscopy)©= Z2|~89] f38S WEs] 2 s}y
HAR, A7 Aba e WstE Sa AButolaR/ve EdtaY g WY 4

3} M3tE #Ed 5
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87 ARAA RE FehrEel 29 FFA FYL 2w ARFE 24
2EZ RS g8 9 ANE 9FE BA b5 652 8 483 A7

A3}7F Mintenig et al.,, (2018)o] <]3l ¥ ¥ A}



300 pm
a. SAMPLING -

nan! microplastics
+ + +
0.002 0.5 20
crossflow-ultrafiltration ~ ° conventional filtration
< > € > € b. SIZING -
) AF4 ) micro-FTIR sorting
nom\alvmode steri:'mode
< > € ¢. IDENTIFICATION -
Pyrolysis GC-MS IR spectroscopy
aqueous environmental
sample
MICROPLASTICS +
300 um % — visual sorting — BIGGER PLASTICS
100 pm purification and FTIR-ATR
20 um density separation
MICROPLASTICS
micro- FTIR

Hemoflow
50 nm

NANOPLASTICS
Msl7] st =2 EF (Mintenig et

AF4 +

Pyrolysis GC-MS
1=
o

e,

a3 37 | EetaEn UYr ZetAE
el s Setez Fagoz HEYsho

al..2018)
o]l A=l
ATR-FTIRZ #4]3tal 20um - 300um H91e] Aol el A= 27 38904 B

AA =Z7]17F 300um
A A& 3 micro-FTIRZ 4] gk},



_ PE:PP, 86 ym
"

Absorbance

PE, 120 pm
[

Absorbance

3250 2750 2250 1750 U 1250
wavenumbers cm!

23 38. #% SA1=200A micro-FTIRS o]-&et DA E2tAE YA 24 oA

A&+ aluminum oxide(Anodisc) ZHeo| AZH3e] Micro-FTIR(Nicolet iN10,
ThermoFisher)& ©]§3}4] #4183t} Mapping ==& AF&3te] 5719 F=(3H
9% of the filter area)E® =& 3t om W A] gpatial pixel resolutione 20 x 20 u
mo|th & F4 A 7Aool AR

et~y fgAE AFS7] 98l 50 nm pore 719 AAF o A
(Crossflow  filter)&  ©]-&3  Hemoflow #X(Z2% 39. Veenendaal and
Brouwer-Hanzens, 2007)E =94ttt AAF o334 9 Tl &0 &
wreks A7 BFgor 5255 o] ofietes WA RN FE 22 Ao H|

&0l =g u AgstE Wl



3" 39, Hemoflow Crossflow ultrafiltration. 1 = water inflow, 2 = water meter, 3 =
tank with float valve, 4 = pump, 5 = Hemoflow filter, 6 = permeate, 7 = pressure
gauge, 8 = concentrate, circulation back into (3) tank (Veenendaal and

Brouwer-Hanzens, 2007)

Hemoflow &A1& o]&ste] ymFebry A5 AMAs L Y48 BEE S8
Hheeol  AF4-MALS(Asymmetric Flow Field Flow Fractionation-Multi Angle
Light Scattering)®] 925 1% 409 YeHTH

FFF I lCross-Flow } MALS
IR
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I °
o @ Flow —— o
" @ee o® - §

°Q ode ° a
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2 40. AF4(Asymmetric Flow Field Flow Fractionation)?] 7]& 2]



AF4 el wel 50 - 500 nm 2719 PS Yol digk £R/7F ATHom e
AHAZA). 1Hy JA 2715 F4sE MALS Z2¥, 1000nm PS W =(35A)7F
Al F=h4E B9 o] el 3] gl AT

Crossflow filter= %33l AF42 #3283 Yx=ZFe28gYJAE Pyrolysis GC-MS
5 o] &35ty Zetxgo geF S AEedtt I oA E 19 419 e

Relative Abundance

time (min)

O 41. 82.9-83.4 m/zo|A A|E4 AHEZ(50 nm- 500 um)@] pyrogram(ZAAAR). Z2]oj|g
A(PE, AA] 54 Azl Bl@E BolFE oA

Mintenig et al., (2018)¢] A+ Ay & Yx=ZFgt2geol 4 7154
THA ] Az E A7 sk ool Ho] =2 A
gagul g 8402 FAT F QoA B AR

g
FEsta gFate Ao @A Atk

s 9T E}UH iﬂ BE (Multi-matrix sampling for
nanoplastic research in arctic region, RIS-ID 11314)< <¢la 2019d 7€ 5YFH
2019\ 7€ 12¥7A] th4bashr) |9 o2 g]ol Gruvebadet laboratoryE 3t
ESAY gujA @A R AHE SRS



Z2F Wed dds v 8 mAZEgsE BAY LS A% 55 oA A=
AHoIH 1) s, 5, +&F(FEE) @ FAY WRTF AR A, 2)2&FH7
A =22 7] (High volume air sampler)E ©| &3 th7|A & A3, 3) Dekati 7| A=
A} 71(Dekati sampler)E ©]-&3F th7|A 5 A, 4) FF5H7IAZAF 7] (Passive air
sampler)E ©|-&3F 7| A& A3 o]t

in Ny-Alesund, Svalbard

a8 42, 55 VIR 29 s, g di7IAE AE

2 2 5857 AR AHE NS A AlE AH ZAE AEEAH. AN
et tj~3 FH 39 (Disk Filter Housing)2 <ol 20 ym 2®l# 2 29 w4
L E At bFY Fxee FHT F At o3 dFo z"gs 2 "
HIE F7kaL A FAE

3T
et g 2 slee) AR ARE T 5w, shal
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20 pm STS mesh filter

|

Pump T

Inlet %

Flow meter

L'
il % Outlet

PM10 ©o]&te] tf7] 5 wAlEet~g AHHE 93] UNC Passive air sampler(PAS)<}
2718 mAES2Y Als AFHE s 3de=2 7" AHE(PM10 Dekati
sampler) & AHE-3F T PASE F-5 8o 2 PMI0 ©l3te] ti7] YAE AT +

th. Dekati sampler= st@ell 949 HiZE 0|83t 10 L/min 522 7]
& AFHA T Dekati sampler= 195-H 397EA] 2 @9 cut-off diameter®l] whe}
AR Z7IEE AN EE ANF ST 4 @ cut-off diameter= 1T 10 ym, 2 25 p
m, 3% 1 ymo|t}.



a4 46. Sa0ibE7]XRoA g7 & OjNEAE Al AiF. (a), (b): UNC passive
sampler, (¢) PM10 sampler

7] T ANEAHE Al ¢FHlE Y, 02 um pore Anodisc, TEM grid, 28l
2 2" "4 FEHE ARESIATE ot 71A HE XA 1.8 m 713 ER el UNC
PASE A9, Tb71A] &7 2F 7 m =o]o] PAS9} PMI10 Dekati samplerE
AR PASE 20199 7€ 109 AA3te] 104 2974 oF 3719 &<t A&
£ AH3IA T PM10 Dekati samplers= 20199 79 64 FE 7€ 10474# 7zt &
HAa 1273 o) F 33 ARE AFASATE AHT Ase B8 FHE o)F
& & BA3L7] W7A A9 HAlA oo BT

SFEFR S ol &3t B oZIA A AHE dir] T rAZEa"H e 248
At 532 nm Nd:YAG #l°o]*E Ar&3}o] 2400 1/mm grating, x50L £

Hj&, 5 mW power, 100 - 3200 cm™ollA ~HEHS At 5 trtaslr) A
5ol Al Dekati samplers ©]-&3t ¢F 9AF FF AT thr] T A ANE F
HHEl 2 ARRS 2"lE 2~ 2" WA FE e W4 1/38 43t A717F oF 5
um <1 27He] PE YAE AEste] gntadEH o= Slsin.



Raman shit [ cm-1

I 48, 520Hatast7|Xlo|Af PM10 sampler2 A& A mesh ZEJo] X{F|SH oF Sum 3
719] Uxtofl thst Raman AHE™ (PE YA}

oA A, 24, BE 5 OUR dEY dAE FJsia, gt 2
EFS 43U 40 um o)F9) ¢F2 = =7 Fe o JAtet A FEe dAE &
A8t 2Rt 2= EZ A 1200 - 1600 cm™ organic fingerprint F7tol| A 32
7F et Zleg friede ST F A, AE ¥ background= <l



T T T T T
1000 500 2000 2500 X000
Raman shift / cm-1
= |
000 =
13080
12000
1100 =
1000
009 —
8000 =
7000
000 —
£000 =
00y
2000 -
2000
1000 =
L]
T T T T T
1000 500 000 2500 000
Raman shift / cm-1
Ll
T T T T T T
1o 1500 2000 2500 3000
Raman shit | cm-1

ol AFr w7l & YAl of

55 22 72 W o]2go} Gruvebadet laboratory £/dellA4 High volume
air sampler(Hivol, W& F7|ME2)E o] &3t A I FZE fol AHAT ti7]
A BE SEM-EDSE #4383tk A=E40] gle HFIHE AuR IHsHS 1 kHH
20 kV7HA], @& AREH =2 Age®E AestdA onA WHslE st
20 kVe] & HAYRT 1 kV W& ASkellAM Ak FHol B AdHaHA vt
10 kVellA @2 d7te] ~dEY e C, O7F 9 AE°l3L Na, Clo] W& g5 of
A JAZ Gl Au H A9 Si WA= A7 Au LRI A FDEHA e
gk f71E dAkel FH oninel A dobe e Aol FAE Aow AdHn
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20KV
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X1,300 " 10pm /0000 11 29 SEl
Spectrum &

sampler(HiVol)2 A4 HEo F| st

(a) 1kV, (b) 5kV, (c) 10kV, (d) 20kV,



10kV X1,500 10pum 0000 11 36 SEI
a9 51, gi7] FolA AFSH oget FEfR; F7]19] SEM o|u]jx|et EDS AHER (10kV,
Au ZH)

A Eg2HE £4317] 918 SEM o|u A ¢} EDS ~HEH S FAlo d7] ]84
= SAANLE 1HT o 10 kV LS AHEStE Aol o W2 HAYE AR

Az Ao gk AMT HRE A& F AAT EDS 2HEFS A7] fEA
% Fasty] wEel 10 kve] dhe AHgsisith 42 fxte] ~9E

G C 07 F8 AR Na, Clol MF FHHol U YA HAstsgnh Au

ot

7] F PAMEgags £4517] 8 eRHEA Y SEM/EDS #A RS AMES
A7, L dAe ] M2 g2 BAYES F83r] A dAE FHEE=
WS vpEsteof gtk gvHEA oA ZA8 % YAE SEMOA 7] oH7] wiE
o Y3 JAkoll sl gt} SEM/EDS AHEHS FAo 47 oj#t. 9 ¢



ZAE 7Mooz HMBEMW glurrA

SESNL] 7| AlE
(20 - 1000 L) (1000 L/min)
2 e

(Stainless Steel Filter Housing,
Stainless Steel Sieve, 20 um, 47 mm)

{(High Volume Alr Sampler, Quartz
fiber filter, 203 * 245 mm, 0.3 um)

l

F718 HA
{(H.0,, 30%, 24 hrs)

l

HE
{40 °C, 2 hrs)

l

5

E4 304, u-IR, u-Raman, SEM-EDX)

£4 (HH0|F, u-IR, u-Raman, SEM-EDX)

13 53. 55 g R 7] A=Y Alm AAY ZAt




Stainless Steel Sieve  Quartz Fiber Filter Ancdisc Filter
{20 um, 47 mm) {0.3um, 47 mm) (0.1 um, 47 mm}

v Sea water

v Melting water

v WWT water ey
v Tap water

N T

Olympus Nicolet iIN10 MX IR Renishaw inVia JEOL JSM-6610

Microscope BX53 Imaaing Microscope Qontor Raman
o ? microscope SEM/EDX

717] B




10KV  X1,500 . 10pym = 0000 11 36 SEI 1€ ' X300¢ Sum. 0000 - 1041°SE|l

a=x 55 B2 tj7] & uld=2tad"9] oJo]X] (A} Microscope BX53, Raman
microscope, JEOL SEM/EDS)
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Geir Wing Gabrielsen <geir.wing.gabrielsen@npolarno>

S Plastie studies in Kungpﬂn’de'\-‘

Dear Dr. lung-Ha Kang,
Good to hear from youl

A you and your colleagues ot Dasan Station we are very interested in your studies on micraplastic poliution in air and water. We alio wark an
pladtic i 1pew and ice ampbes az well a1 MP in biota.

| hope that we will be able 1o collaborate on MP pollution in the Arctic in

Best wishes f Geir

Fra: jungho Kang <fhkang@koprireke>

Sendt: torsdag 10, oktober 2019 10:40

Til: Geir Wing Gabrielsen <geir winggabselenBnpolas no>
Emne: RE: Plastic studies in Kongsfjorden?

Dear Piof Gen Wing Gabrelzen

I'm fung-Ho Kang i Kooea Polar Research Institute
| mnd my eolisagues had vigited Ny-Alesund (Dazan Station) last My to conduct the peaject which tit & :
Water
We collected several air and water sarngples from My-Alesund and deployed passve air samglars for tf
A2 we are intereited in micreplastic pellutions By the atmeosphaeric trantport and air-wate i*ﬂhiﬂg.: 3
important area for the study

Thank you for your interesting about our ingtitute and our project

| hope we can collabsdate in the near future for the microplastic palfution study in Arctic area

57. =29o] ZX|AF1A Geir Wing Gabrielsen ¥rAte] 2= Adtdgt2 OjA|ZctAE

a9
S&AT AL ojH Lyt A A

4-34. AFNE AE &

O AUl st 71 E Tl SAY9Lez FUsHe Aded=d(mAlE 2
5

O FRZA: sdFbdArIEY Arzx 2 A0z 5585 137
(18~"22)°l <A E83Q s

243t APt A7 TEHA MES A} ATEF

FHARUE P S F38) ok gk

O 2021d AT/ Q7<% (A 2599 9)

- FAY A EeaEe] YUl 7 (1092)
- A elAES2E e o]F AR 7Y (329

O

Qi

el

84 Ated=d(AETEY §)2 &4 bRt s A <t



oAz7re] AZo] AAA Y QAx2EA, AFUY ] 5 T FAY
Aoy, ey AF7F HHste g 5l A9 @A vA= 9
offltt. ¥xt oy}, E=ol HArA, H=9| vhe 5 A &
7E= [lete] Ayt d=d(mAESt R 5)9 S ddHE
T odxE Hriek 4 T 7Eel Uik Aok sk A%
o AedeEded FUH 2d9E HIHE T8 HSolAHE
ol 723 g A AAD F Ao

Loy
iV
AU
re
=
:L_l‘
%
H

444, F ATV 2= 13099 (202113-2026'F)

T = Al 21 22 23 24 |'240|% | H|11
E 22| 130 25 25 20 20 40

of2t2 7|8t
A
QE=E =

28 7E

T3




4-5% T _
54d. lzg &8 2=
A pEES —}'7]1] \
%717, ®lehwnty , BS ziEe] A%
|ehevlulo] 91X AB 7]X]]jg§ YR T IS e g,
5 29e FAATA 3 e

=

v M Zet~g A
- Aok

;- ’EEEE*E HE7|x|
. B2t Hitjo] &2 n7|X|

=R L}’ 9,7]7(] 7]1:1]- o _\_\.E] Bl o

7]7(] ol UL XFY 7 3kst ] ] ]}\—” ~ - (J‘ ) =5 }\]‘_14"—]' ]
Ay T} 571K, (&) =2 A=
= w1 ‘o _LJ_]- 7| R -—) o= 'ﬂ_-—‘l]|-8]-

O —_
o T
vsﬂok;r ;?‘%z‘sﬁ hls U]H]%a}/\;
Fk of7le) mAE o
e o N
ATE SAATAT] 33 T S
o] AT 9l H

o] AH O
o Z 7Fx3
§xg 5 A

g o
+ =
i
¥
02{;"
P,L
ra
ot
ol
2
fo
i
o
do
"
kl
(o]

- 73 —



(20199-2020'd)

0 FAATAT} BETIA Ak D oleke AT AN wHFehay ATE S
WYstn A 874 F v AFR2E] BUHY B 0dE B FH AATH 0
AEe2E AT AFE FYS] A3} U AW 53 2 HAF 529 B4

Fepaelo] BAME 257 98] A8 FI-R 5o F7F S0 Basioh

a2 61, AF3+E FT-IR Microscopy () &< AWI AG8lo] Hyperion 3000 FT-IR
_]

microscopyZ 9] OUNEZtA8€S EAM () Bruker Hyperion 3000 FT-IR
Microscopy



H 5 & HIZH

Allen S, Allen D, Phoenix VR, Le Roux G, Durantez Jiménez P, Simonneau A, et al. Atmospheric
transport and deposition of microplastics in a remote mountain catchment. Nature
Geoscience 2019.

Barnes DK, Walters A, Gongalves L. Macroplastics at sea around Antarctica. Marine Environmental
Research 2010; 70: 250-252.

Besseling E, Wang B, Lurling M, Koelmans AA. Nanoplastic Affects Growth of S. obliquus and
Reproduction of D. magna. Environmental Science & Technology 2014; 48: 12336-12343.

Bhargava S, Chen Lee SS, Min Ying LS, Neo ML, Lay-Ming Teo S, Valiyaveettil S. Fate of
Nanoplastics in Marine Larvae: A Case Study Using Barnacles, Amphibalanus amphitrite. ACS
Sustainable Chemistry & Engineering 2018; 6: 6932-6940.

Cabernard L, Roscher L, Lorenz C, Gerdts G, Primpke S. Comparison of Raman and Fourier
Transform Infrared Spectroscopy for the Quantification of Microplastics in the Aquatic
Environment. Environmental Science & Technology 2018; 52: 13279-13288.

Cincinelli A, Scopetani C, Chelazzi D, Lombardini E, Martellini T, Katsoyiannis A, et al. Microplastic in
the surface waters of the Ross Sea (Antarctica): occurrence, distribution and characterization
by FTIR. Chemosphere 2017; 175: 391-400.

Cole M, Galloway TS. Ingestion of Nanoplastics and Microplastics by Pacific Oyster Larvae.
Environmental Science & Technology 2015; 49: 14625-14632.

Dawson A, Huston W, Kawaguchi S, King C, Cropp R, Wild S, et al. Uptake and Depuration Kinetics
Influence Microplastic Bioaccumulation and Toxicity in Antarctic Krill (Euphausia superba).
Environmental Science & Technology 2018; 52: 3195-3201.

Dawson AL, Kawaguchi S, King CK, Townsend KA, King R, Huston WM, et al. Turning microplastics
into nanoplastics through digestive fragmentation by Antarctic krill. Nature Communications
2018; 9: 1001.

Della Torre C, Bergami E, Salvati A, Faleri C, Cirino P, Dawson KA, et al. Accumulation and
Embryotoxicity of Polystyrene Nanoparticles at Early Stage of Development of Sea Urchin
Embryos Paracentrotus lividus. Environmental Science & Technology 2014; 48: 12302-12311.

Ekvall MT, Lundgvist M, Kelpsiene E, Tleikis E, Gunnarsson SB, Cedervall T. Nanoplastics formed
during the mechanical breakdown of daily-use polystyrene products. Nanoscale Advances
2019.

Geyer R, Jambeck JR, Law KL. Production, use, and fate of all plastics ever made. Science Advances
2017; 3: e1700782.

Ghanem N, Kiesel B, Kallies R, Harms H, Chatzinotas A, Wick LY. Marine Phages As Tracers: Effects
of Size, Morphology, and Physico-Chemical Surface Properties on Transport in a Porous
Medium. Environmental Science & Technology 2016; 50: 12816-12824.

Hartmann NB, Huffer T, Thompson RC, Hassellov M, Verschoor A, Daugaard AE, et al. Are We
Speaking the Same Language? Recommendations for a Definition and Categorization
Framework for Plastic Debris. Environmental Science & Technology 2019; 53: 1039-1047.

He L, Wu D, Rong H, Li M, Tong M, Kim H. Influence of Nano- and Microplastic Particles on the
Transport and Deposition Behaviors of Bacteria in Quartz Sand. Environmental Science &
Technology 2018; 52: 11555-11563.

Hernandez LM, Yousefi N, Tufenkji N. Are There Nanoplastics in Your Personal Care Products?
Environmental Science & Technology Letters 2017; 4: 280-285.

Isobe A, lwasaki S, Uchida K, Tokai T. Abundance of non-conservative microplastics in the upper
ocean from 1957 to 2066. Nature Communications 2019; 10: 417.

Jambeck JR, Geyer R, Wilcox C, Siegler TR, Perryman M, Andrady A, et al. Plastic waste inputs from
land into the ocean. Science 2015; 347: 768-771.

Jang M, Shim WJ, Han GM, Rani M, Song YK, Hong SH. Styrofoam Debris as a Source of
Hazardous Additives for Marine Organisms. Environmental Science & Technology 2016; 50:
4951-4960.

Jeong C-B, Kang H-M, Lee YH, Kim M-S, Lee J-S, Seo JS, et al. Nanoplastic Ingestion Enhances
Toxicity of Persistent Organic Pollutants (POPs) in the Monogonont Rotifer Brachionus
koreanus via Multixenobiotic Resistance (MXR) Disruption. Environmental Science &
Technology 2018; 52: 11411-11418.

Jeong C-B, Won E-J, Kang H-M, Lee M-C, Hwang D-S, Hwang U-K, et al. Microplastic
Size-Dependent Toxicity, Oxidative Stress Induction, and p-JNK and p-p38 Activation in the
Monogonont Rotifer (Brachionus koreanus). Environmental Science & Technology 2016; 50:
8849-8857.

Kim J-S, Lee H-J, Kim S-K, Kim H-J. Global Pattern of Microplastics (MPs) in Commercial Food-Grade
Salts: Sea Salt as an Indicator of Seawater MP Pollution. Environmental Science &
Technology 2018; 52: 12819-12828.

Lee K-W, Shim WJ, Kwon QY, Kang J-H. Size-Dependent Effects of Micro Polystyrene Particles in the
Marine Copepod Tigriopus japonicus. Environmental Science & Technology 2013; 47:
11278-11283.

Lusher AL, Tirelli V, O'Connor |, Officer R. Microplastics in Arctic polar waters: the first reported
values of particles in surface and sub-surface samples. Scientific reports 2015; 5: 14947.

Maes T, Jessop R, Wellner N, Haupt K, Mayes AG. A rapid-screening approach to detect and
quantify microplastics based on fluorescent tagging with Nile Red. Scientific Reports 2017;
7: 44501.



Magri D, Sanchez-Moreno P, Caputo G, Gatto F, Veronesi M, Bardi G, et al. Laser Ablation as a
Versatile Tool To Mimic Polyethylene Terephthalate Nanoplastic Pollutants: Characterization
and Toxicology Assessment. ACS Nano 2018; 12: 7690-7700.

Mintenig SM, Léder MGJ, Primpke S, Gerdts G. Low numbers of microplastics detected in drinking
water from ground water sources. Science of The Total Environment 2019; 648: 631-635.

Munari C, Infantini V, Scoponi M, Rastelli E, Corinaldesi C, Mistri M. Microplastics in the sediments
of Terra Nova Bay (Ross Sea, Antarctica). Marine Pollution Bulletin 2017; 122: 161-165.

Obbard RW, Health. Microplastics in polar regions: the role of long range transport. Current Opinion
in Environmental Science 2018; 1: 24-29.

Obbard RW, Sadri S, Wong YQ, Khitun AA, Baker I, Thompson RC. Global warming releases
microplastic legacy frozen in Arctic Sea ice. Earth's Future 2014; 2: 315-320.

Peeken I, Primpke S, Beyer B, Gitermann J, Katlein C, Krumpen T, et al. Arctic sea ice is an
important temporal sink and means of transport for microplastic. Nature Communications
2018; 9: 1505.

Poulain M, Mercier MJ, Brach L, Martignac M, Routaboul C, Perez E, et al. Small Microplastics As a
Main Contributor to Plastic Mass Balance in the North Atlantic Subtropical Gyre.
Environmental Science & Technology 2019; 53: 1157-1164.

Song YK, Hong SH, Eo S, Jang M, Han GM, Isobe A, et al. Horizontal and Vertical Distribution of
Microplastics in Korean Coastal Waters. Environmental Science & Technology 2018; 52:
12188-12197.

Song YK, Hong SH, Jang M, Han GM, Jung SW, Shim WJ. Combined Effects of UV Exposure
Duration and Mechanical Abrasion on Microplastic Fragmentation by Polymer Type.
Environmental Science & Technology 2017; 51: 4368-4376.

Song YK, Hong SH, Jang M, Han GM, Jung SW, Shim WJ. Corrections to "Combined Effects of UV
Exposure Duration and Mechanical Abrasion on Microplastic Fragmentation by Polymer
Type". Environmental Science & Technology 2018; 52: 3831-3832.

Song YK, Hong SH, Jang M, Kang J-H, Kwon OY, Han GM, et al. Large Accumulation of Micro-sized
Synthetic Polymer Particles in the Sea Surface Microlayer. Environmental Science &
Technology 2014; 48: 9014-9021.

Ter Halle A, Jeanneau L, Martignac M, Jardé E, Pedrono B, Brach L, et al. Nanoplastic in the North
Atlantic Subtropical Gyre. Environmental Science & Technology 2017; 51: 13689-13697.

Thompson RC, Olsen Y, Mitchell RP, Davis A, Rowland SJ, John AWG, et al. Lost at Sea: Where Is
All the Plastic? Science 2004; 304: 838-838.

Velzeboer |, Kwadijk CJAF, Koelmans AA. Strong Sorption of PCBs to Nanoplastics, Microplastics,
Carbon Nanotubes, and Fullerenes. Environmental Science & Technology 2014; 48:
4869-4876.

Wagner J, Wang Z-M, Ghosal S, Rochman C, Gassel M, Wall S. Novel method for the extraction and
identification of microplastics in ocean trawl and fish gut matrices. Analytical Methods 2017;
9: 1479-1490.

Waller CL, Griffiths HJ, Waluda CM, Thorpe SE, Loaiza I, Moreno B, et al. Microplastics in the
Antarctic marine system: an emerging area of research. Science of the Total Environment
2017; 598: 220-227.

Zhou X-x, Hao L-t, Wang H-y-z, Li Y-j, Liu J-f. Cloud-Point Extraction Combined with Thermal
Degradation for Nanoplastic Analysis Using Pyrolysis Gas Chromatography-Mass
Spectrometry. Analytical Chemistry 2019; 91: 1785-1790.



K-

70

=
1o

ZoE ML ot

SX| oA 20l A

dhE A

—
—

i of|

st
=

ar
ar

(=13
=

2IM WES

ol

2.

{0F &L Ck

[

7lol = dt
J—I'A:]E a1

10

=
o

<+

3. =7t

Of

71 540 A

e
o

CC =
Pl




