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(Sampling)

HAzE
(Separation, Extraction)

AR
(Identification)

M=y
(Quantification)

* ZX|:A review of methods for measuring microplastics in aquatic environments, L. Mai et al, 2018
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M=F Biota)

EEd (Trawling)
TSHIZ (Pumping)

H MEE (Grab Sampling)

MEH (Core Sampling)

7HE X
(Individual catching)

Ug )
(Density floatation)

sf 5
(Dissection)

HI74E

(Filteration with various sizes of sieves and filters)

7712 XA

(H,0,, KOH, HCL, NaOH, NaClO, Enzyme)

U A

(Visual identification, Pyrolysis GC/MS, FTIR, Raman, Others)

0/ m (items per m)
FH/m (gram per m)

/=4l

(items per gram)

71/ 0F2] (items per indivisual)
SH| /01| (tems per indivisual)
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Pyrolyzer
Multi-Shot Pyrolyzer iz IT SLO (=1
m EGA/PY-3030D = MEZE OMEEAE A 2E A22HEH0AM &2l

Carrier gas (He)

=
=
= Z} O|MIEetAEE E-ECI 23l L= (Typical pyrolyzate)&

=il Indicator peak 2 2°Jot0] O|MZ2tAE FEH

|
( MS GC Tic

Split vent |

¥ F . 1
()
Mass spectrum Pyrogram Library / data book | | i .

(Total ion chromatogram)

v Pyrolyzer oUR
«  Furnace: 600 °C, Interface: 320 °C ‘ iz 198
v GC-MS EICs
« Inlet: 320 °C, split ratio: 20:1
+  GC Oven Program:
40C(@min) = 20 *C/min ~ 320 “C(5min) e I R T P AT P R T AT AT F AT P AT T ST F A TR A T S %7 S N

* Scan Range: m/z 29~450
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[DIMIE2IAE] Yx}F 37(|2F 2HEe| HEhd]
MP particle range covered by analysis methods

sphere, density = 1,0 5 m=z-m-d®- 100

197 - Mass single particle
size correlation
BRM study
1mg -
Dietal. 2018
Pyr-GC-MS Frere etal. 2016 dyonos et al. 2014
“Jg _TED'GC'MS Frere etal. 2017 Karami etal. 2017
[0)
8 RM v. Cauwenberghe etal. 2013
b
Zadaetal. 2018 Sujathan et al. 2017
99 Engersetal, 201
' hof et al. 2013
lmhofttal. 2016; Kappler etal. 2016;
Schymanski et al. 2018
1pg -
ssmann etal. 2018
heoretical limit for Raman Microscopy
'T FPA-FT-IR
1fg I | I I 1
100nm 1um 10pm 100pm Tmm 10mm
nanoplastic subplastic microplastic macroplastic
Diameter

Raman microspectroscopy as a tool for microplastic particle analysis (2018)

o wX47rstt MES| oAl (2f 10~20F
o A= 2M2 YAt HEEF =4 =7t
o = YA G2 Q5| o5&l Znt 2l
. g ! q
sphere, density = 1,0 ;5 m=¢-m-d’-10°5

» 100 um YXF 17 = 10 um A} 1,00074



L2

SHA I

IT

K
=
QY]
[aN}
(@)
(@V}

ct2E Xt N, SR 371

=
=

o[

[MIEtH]

U]

5

[

4=1

HA
amo

[

(mass balance)O|Lt 2 XIX|0{7t S Q522

|

=
(=]
o

L=y

10



2022 M7= S8 = H2HE =3

» TAHAHEHAYO| h=H, 2015 7= A MIA HICIZ &&= DIMIEctAES 42 1.5HMUECZ

g I —

FHEH, 1 S g7 MEY0M 2= DIMISEAE (00| 2ZTO[H) H|S0] 35 %= 71 &

7uouaa / T \
],ﬂo.E ..(ai’é!%':) e

Washing ,“!:-:‘;? Detergents and

Temperature 3008 softeners \
e & Washing [ o
i 1T Machine Type'™ 2 ! v sl { 4
i i 2 4 ¥ olume VA
1l c—w—m ,J
i # Al |

=,

56

35%

stdds yntheti Domestic Laundering High N
! IE!‘ Abrasion "' :
EJI\I Chemical it‘(ions' \
?_1 ZI Pilling of detergents \I:f::ical
24% 28% f ik Resistance Fiber

-\_? " _Types  During Laundering
EI‘{]IO' ) £ 4 .\‘lruAﬂnrc KT
o= R A SR

3§? : - Fabric o ’% /
Microfibres in )

compactness \
waste water Release of fibers
A DIXIS2AE el
£ 1 THZAIA R A HY (JUCN) A NEITFEOIA L] D[HIES 2 pAIE

Pt

OJMSEAE] Z @ FRe =2 et dfel B ArEete =434 71Eo| 2+

[ -

11



2022 M7= S8 = H2HE =3

@ What is the suitable methods* for microplastic analysis in textile industry?

* The evaluation of released amount and removal efficiency of synthetic fibres mass

© SO 4484 series family standard List

Standard Limitation

ISO/DIS 4484-1 | Part 1: Determination of fibre loss from fabrics during washing | Including natural fibres

Time-consuming
Labor-intensive

The sample in which
excessively produced

Part 3. Measurement of collected material mass released | Including natural fibres
from textile end products by domestic washing method & other materials

ISO/DIS 4484-2 | Part 2. Qualitative and quantitative evaluation of microplastics

ISO/DIS 4484-3

© New test method to suggest

Standard Advantage

NWIP Part 4. Determination of synthetic fiber mass released from | Only synthetic fibres &

textile during washing time-saving

The synthetic fibres has been identified as a potential source of microfibres ! i



© Principle

STEP 1) ISO/DIS 4484-1

Zajx 2

2022 M= &

STEP 2) Purification & Analysis

A T

= - G » (- )

@ Sampling (1ISO 4915 / ISO 4916)

Prepare test specimens by cutting from
clothing, fold each edge to form rolled hem.

® Laundering (EN ISO 105-C06-mod)

Accelerated laundering under standard
laundry conditions.

@ Filtering : The fibre loss released from
fabric will be filtered with vacuum condition

[> Including natural fibres

@ Purification (ISO/TR 11827)

Dissolve non-synthetic fibre by specific reagents
based on the known fabric composition rate.
(In the case of Polyamide will be applied differently)

® Filtering : Only synthetic fibre will be filtered
with vacuum condition

® TOC Analysis : Quantify the synthetic fibre
mass estimating TOC originated from synthetic
fibre sufficiently low size limits up to 3 ug”

£) Only synthetic fibres !

* Total-organic-carbon-based quantitative estimation of microplastics in sewage, Chemical Engineering Journal, 2021

48
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© Step 1: ISO/DIS 4484-1

v' Preparation of test specimen

Hem Stitch Test Specimen

1S0 4916 1SO 4915
6.03.01type 301 type
Commercial Garment ISO 13936 100% cotton thread (100 £ 10) mm x (240 + 10) mm

v Accelerated Laundering / Filtration : 1ISO/DIS 4484-1

) _ _ Collectlon of

Canister Launder-O-meter Vacuum pump Fibre loss on SUS filter
Pore size : 5mm /5 um Pore size : 5uym

two step filteration
( p ) 14
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© Step 2

v’ Purification / Filteration / TOC Measurement
Purification Filtration with Collection of TOC measurement
with reagent Vacuum pump Purified fibres

Q

Detector -
Purified fiber on SUS filter

Dissolve using reagent Vacuum pump Pore size : 5um Total Carbon Oxidation method

(Type A) (Type B)
Eliminate the non-synthetic fibres Eliminate the synthetic fibres
Plant-based Protein-based Plant-based Protein-based
Items Items |
Cotton Viscose Wool Silk Cotton Viscose Wool Silk
PET Polyamide 20% HCl
70% H,SO,
Acrylic NaOCl

15



© Purification detail

(Type A)

Eliminate the non-synthetic fibres

- PET blended fabrics
- Acrylic blended fabrics

- Polyamide blended fabrics
(with Wool/Silk)

(Type B)
Eliminate the synthetic fibres

- Polyamide blended fabrics
(with Cottton/Viscose)

Weighing

e

== cotton

Weighing

Purification

/ Soluble

Carbon

Purified

PET

Purification

Cotton

Carbon

o)

2022 M7= S8 = H2HE =3

Synthetic fibres only

» | | hav i)

="« PET

Carbon (mg)
measurement

Non-synthetic fibres only

([

7
=~ * Cotton

‘_
\

Carbon (mg)
measurement

16
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Type A : PET, Acrylic, Polyamide

Synthetic fibres only

Weighing Purification

’:’ Msf= TOCcm/ Cfs

T Soluble Purified

M, : The mass of synthetic fibre measured in TOC (mg)

|
|
T\
TOC,,, : The carbon mass measured in TOC (mg) { S [ } .

Ci : The carbon content in weight of target standard

\ 4
P
~

N peT

7
L1 * cotfon Carbon

Wi (mg)

Carbon

Carbon (mg)

synthetic fabric measured in TOC
measurement

ex) The carbon fraction of PET : 0.601 (theoretically 0.625)

Type B : Polyamide

@ Msf = [ Wﬂ - (Toccm / Cfns)]

i PA Purified  Soluble S
M,; : The mass of synthetic fibre measured in TOC (mg) NEA SN =
| | NEEE

TOC,,, : The carbon mass measured in TOC (mg) \\ o] A “< ,\l

N \ |
Cp,s : The carbon content in weight of target standard NS === carb j_ \ e
otton arbon — * Cotton
Carb
non-synthetic fabric measured in TOC W, (mg) \ s Carbon (mg)
measurement

ex) The carbon fraction of cotton : 0.408 (theoretically 0.444) HC'

Wy: The weight of fibre loss in balance (mg)
17
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© Application of carbon fraction using TOC measurement value

C; value (%)

C; value of ISO single adjacent fabric (N=3)

Theoretical TOC EA
Composition Carbon (Recovery (Recovery
fraction %) %)
70 1 C 40.8 40.4
65 | otton 44.4 (92) (91)
60 Viscose 39.0 37.6
5 42.9 (91) (88)
X : .
5 ] : ey G
8 45
44.2 43.
35
60.1 61.9
30 4 PET 62.5 (96) (99)
Cotton Viscose  Wool Silk PET PA  Acrylic 598 60.8
® Theoretical mTOC =mEA Polyamide 65.2 (92) (96)
) 65.4
Acylic 67.9 (98)

C;value is adopted by the measured value of ISO adjacent fabric using TOC.

18
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Type A : PET/COttOH, PET/W001 ’:’Msf = TOCcm / Cfs ISO single adjacent fabric
T : Polyester
Results of ISO blended fabric (N=3) C : Cotton
o Recovery
Composition  Reagent ’ ’ 0 .
(mg) (%) [y EE
T/C(60/40) | 70%H,S0, | 59.6 399 |59.6| 33.6 [0.601| 559 93.8 I+ cllc
T/W (79/21) NaOCl 79.0 205 785 44.7 |[0.601| 74.3 94.0 6 : 4

A Sampling of ISO adjacent fabric

Type B : Polyamide/Cotton % M= Wy - (TOC,, / Cgs) ?

0
60
N
0

S1 S2 S3

50.6 | 49.9 | 483 | 18.7 |0.408| 545 107.8 )
® Theoretical ® TOC

Results of ISO blended fabric (N=3)

Msf (mg)

... Recovery
No. Composition Solvent ’ ’
g (mg) | (mg) | (mg)| (mg) (mg) (%)

N/C (52/48) 20% HCl

A Comparison of M value

Recovery rate of ISO adjacent fabric: (94 ~108) %
19
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Type A : PET/Cotton, PET/Wool “M,= TOC_, / Cq

Results of ISO blended fabric (N=3)
Recovery

Composition  Reagent ’ ’ (mg) (%)

T/C (40/60) | 70%H,S0, | 40.3 60.4 | 450 | 239 |0.601| 398 98.8

T/W (20/80) NaOCl 20.7 82.8 |21.0| 130 | 0.601 | 216 104.6
Type B : Polyamide/Cotton % M= Wy - (TOC,, / Cqs) %

©
Results of ISO blended fabric (N=3) é 30 II II
2, il

” , ' Recovery
No. Composition (mg) | (mg) | (mg)| (mg) (mg) (%) G2 G3

498 | 498 | 484 | 224 |0408| 446 89.6 )
® Theoretical m TOC

20% HCl

N/C (50/50)

A Comparison of M value

Also applicable for commercial garment -
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Item Type A Type B
Sample No. 1 2 3 4 5
Sample Sample
Information
. Polyester 50% Acrylic 51% Polyester 20% Nylon 50% Nylon 35%
Composition
Cotton 60% Cotton 49% Wool 80% Cotton 50% Viscose 65%
Collected mass of
fiber loss 2.10 3.19 1.32 0.58 3.28
using 4484-1 ' ' ' ' '
(W, mg)
Reagent 70% H,S0, 70% H,S0, NaOCl 20% HCl 20% HCl
After Purified Polyester Acrylic Polyester Cotton Viscose
Synthetic fibre
mass
.62
using TOC 0.6 0.32 0.29 0.08 1.21
(Msf' mg)
M % 0.008 0.003 0.003 0.001 0.010

21
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© This method was proposed to determine only synthetic fibres, which have been

identified as a potential source of microfibres (microplastics).

© The main advantages of this method :

- Provide quantitative information of only synthetic fibre from
natural/synthetic blended samples.

- Could measure high numbers of fibers within a measuring time of few
minutes

- Could measure a sufficiently low size limits (up to 3 pg) of microplastic-
originating TOC,

© This method will be developed as ISO international standard (ISO 4484-4) in I1SO
TC 38(Textile) WG 34(Microplastics from textile sources) and lead by Korea

National Committee (KOTITI Testing & Research Institute)

22






