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ABSTRACT

o)A S A e 5 mm ]eke] Sepae 27t 24 o)A o A% 13 nl| Ser et Bl - shebd mat Hafo] ofs) wt
Sl v oL e 02 L 5 g1, & elilis 0] B0 qlof iAol Sehle e WAl g e ol
Ee}ieio] 17 0jE 9102 JolFck B Ao DB AT 17 A NS £AE ol Gole] Aelel, 7 A

AR 97 stet. 2 8k 631 33~ 21% 63 tonyeare] S ERAH 0l 02 s o2 ehith 15
A, holofiial, Aleto] ofgt wiZo] 2 )5S A5 rt.

Microplastics are fractions of plastics less than 5 mm in size and can be divided into artificially manufactured primary microplastics
and physically or chemically decomposed secondary microplastics. In this study, the emission source of microplastics made by the
human activities is defined as the primary source of microplastics. And the primary sources of microplastics were summarized by using
the literature and the emission potential of each source was estimated. As a result, this study showed that 63,000 to 216,000 ton/year of
microplastics were discharged into the environment. Among primary sources, transport, tyre dust, and laundry were the major primary
sources.

Keywords: Microplastics, Source, Emission potential, Estimation
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A AAA 02 ZeFAE O] ARFRe J1E5] S7EAlolH, 201532 7|50 2 11 AARES oF 39 24T ton 02 37
Feh(Plastics Europe, 2016). siC = HlEE = E2pAE 9] oF T3 Aibdo] S71et o 71t A o= A= &, 5f
k¥ 7| & ESHAE RV 60~80% 2 TS =2 H- -2 H At Derraik, 2002). o|2A] sefo g2 Gl ZahAElL )
FAEZo] oGS 7123 k. Laist (1997)= St gt AEE2] A3 (entanglement) 7} A4 ¥ (ingestion) of] ™
o ZARE pRlR A, o), TR, 2R 5 W WY sl ESol ERtAE 9 WS W QIQlt EStAE o] ek
et ofgFol e okl ERtAEY] a7t SISk ol R TRE A=l Hlste] 7PHA, Ultdo] o, vt et
1, 2711 RS 511 ltk(Laist, 1987). mehk] @42 0= ERfAE 0] AHIE SEA 0 2 Fol= Hl= o3zl 8l

ETAERR TRt Q1o g ‘RN X}, o]gA] 2K EefAEef tiet Aol = - JH o0& A tiFE ‘il
(Song et al, 2017). ©] 5 mm "|9H] EfAELS HEA © 2 niA|ZefAg o]l gict, nA|EetAE S THA] o|

0%,
o
uls

nE

Copyright © 2017 Journal of the Korean Society of Oceanography.



136 = The Sea) Journal of the Korean Society of Oceanography Vol. 22, No. 3, 2017

2 0 = AMgSE] Qfel AxgE 12} niMEetA sl 2 EefAEo] B - 31k Q] @910 = upafut Eofirt H 23} miAlERt
o2 = 4 Itk Masura er al, 2015). 12} RIAIE2RAE 9] A2 AoHA|, oV, E2taE E2fad 24
(p astic blasting media) 0] 21.0™, 22} n|A|EetAE-2 AR S](bio—degradation), FE3ll(photo—degradation), &
Ar8EES](thermo—oxidative degradation), @Eall(thermal degradation), 7}4~E3lthydrolysis) 5l 2Jsl] ZA] =4
&lo] AAETHAndrady, 2011). ©] T F2oi7t Fa3t 2210w, Fidle TR 25, 4tasr o] FFo= <ls) s
of qEt sfRel A AsHAl dolidth(Andrady, 2011).
nHERtAE o] SIFEIAlNN F52 e o= A=EFE(biomagnification) ¥ A&&S(bioaccumulation) 2]
%2 tf2olt}. Cole er al(2013) %5—3}3501 1.7~30.6 um 2719] rAERAES Bo|= @ lsto] Fgte]
off nMIEEt A O BEES 7Fs 2 Al71skle EetAge) M7= fhiE o] §lie ZEE|o]E(phthalate), BlATRE
A (bisphenol A) 52 U=H|A| JJ_%‘:' AL, =) =X G354, A7l 5= Fdtti(Cole et al, 2011).
webA] Bl Aeo] 2 rihERtAE o] 444 R0 YRHA wekEd o] & 7FsAdo] AL, AFHE F 1 JFE EHE S
71t Ao g AtmH o4y SekAEe WA 771 29=d(POPs, persistent organic pollutants) @] S2Fs0] 2
A(Bakir er al, 2014a), A W57 ]18elx o] Dalso] HigkEol A Hot 2| 30871 ot A= 0] & £2 7154
o] Ith(Bakir er al, 2014b). T3 Ashton et al, (2010)2 EtAE Hilo] a5 2t 4= A2 Bt e
olof BMIERAE L Sa5S SRS A O R AlRHL

S mIAIEERAE O] FAIE 2SN 17] el wAR1 2217 E st dig, Aiukel, o5, =Tl nAlE
2tAElof tiet H 4] 225 FHISkL QLo ul=2 2015 124, SP8AIEl AME == rhe] 2= H] = (microbeads) 2] A8
R = TX] Sk e SIAZICHLE 2, 2016). Fe|uEtolls = ARl 22| & uhstal Qlrt. AFolelEehd
Ao B o] w2, 2017 7HRE nfo| A2 8|27} g SR 59 A4 2 -Qlo] |31, 2018\ 7TEHE =T
7} A TELX]Q Zol2t B th(AFoloFaeA, 2016).

AR mAISEAE T e 2V miA 5 rAERRAE O] AEStet AT 5 o1 AL k. 1Ry e F
EUAE O] ZAIE AHA1717] floliAle FolE T HA 1 ajE-of] tigt ‘E:rLﬂTﬁO}‘:} o] 2 UEtel A= o]m]
A wbAEkof| tiet It AHH(Sundt er al, 2014; Magnusson et al, 2016)7F H1E| 31 QAR $-2jufat Ao
A= AFstk Sundt er a£(2014)-2 RAIERIAE ] 12} S 27} v S0 & Eoto] EARS F45tom,
Magnusson et al.(2016)-2 HiEY B2 Uxo] Feotiet. A= FAREA| T Sundt er al, (2014)2 &Y Hgﬁ]
T5 7FAAL AFsEalal, Magnusson er al(2016)-2 550 HEAITE2] 24 - W3k ol-8sto] 9] F4 o= Yet
W Zlo] gk 2 A ef=o] APATE v o= Aesial|of f-euete] A W= 7\}017} e 4= At 71
ol okl & A= PSS E o] uiEdd dizhQl Wles F7g05te] AN o 2H] e F riMEetAE o
A4 g ] veke] 7| 2 tm g EE 4 Sl A 0= iRt
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B AT mpEeRAEl] 13} ML Qzke] BEo R nlsl Sehaele Sio 2 WAL iU 4
lotA00], RIS, At b, 52 A, PR, A 4, 4] 54, 2l A0, £ 0
w712 AEGAE Sol thote] ZASHACE MRS F5k7] SIS Q17 R, ABAGH 5 7% FANE
b maskth 2ot 46l Bad SRt BARe] 92 49 Bao] ueh A¥ATGunde e al, 2014;
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Magnusson et al., 2016)2F OECD (20092, 2009b) &] 2t=E
2} S-S Bolol FHo1ct

3. &2 3 nF

Table 1. Estimate of annual emission of microplastics by source

Q1gshact

I

ol

r

nAERRAE O AR AR

Estimate of annual microplastics (ton/year)

Mechanism Source grou
srotp This study Sundt eral(2014)  Magnusson efal
(2016)
. Personal care product discharge 370~410 40 70
Designed ) )
Commercial product discharge >100 100 N.D.
) . Transport discharge 110~105,000 250 10~240
Production spill L
Production discharge 210~8,400 200 300
Vessel paint discharge 330 480
) o 4,540~8,580
. Leisure boat paint discharge 400 220~1,100
Abrasion - —
Structure protective coating discharge 50 90
Structure decorative coating discharge 830~6,660 220 40~160
Wear and Tear Structure decorative coating weathering 130 N.D.
Abrasion Commercial laundry discharge 100~1,200 100 N.D.
Floating device weathering 0.2~16 N.D. 2~180
Household dust discharge 3~4,080 450 1~20
Household laundry discharge 1,010~11,480 600 200~2,220
Building dust discharge 1,080~2,160 200 N.D.
Wear and Tear Tyre dust discharge 49,600~55,300 4,500 13,000
Road marker discharge 85 320 500
Abrasion of asphalt 4~5 N.D. 20
Artificial turf discharge 3,200~5,400 N.D. 2,300~3,900
Discharge by fishing gear weathering 485~4,850 N.D. 4~50
Discharge by organic waste treatment 580 340 30
) Irregular discharge >100 100 N.D.
Waste shredding . .
Discharge by paper recycling 360~1,080 60 N.D.
Discharge by waste shredding >10 10 N.D.
Sum >62,780~215,500 8,400 17,270~22,360
N.D.: Not Determined
Table 12 PIHlEERAE O] 13} vl S8 WA AR 4 - Aefet Aotk Fuigio= & uf|, ndlEet~E o] 13} 4]

5 RO of2id Avke 7 uete] A7, A 9
Safat ool @ale mEo) mlHEatiElo] ofo] of

2o ](Sundt etal, 20 14)EE]- 25HIA = ok
At So] a3t Aelojak Az Erh 7 37 4(2016) &) AFolA =
4,200 ton®]2kaL

o] BiE¢ 5ol FE oItk 20|, ARl X
2 9dl(Magnusson et al,, 2016) 2t} 108174

AXBI, AR T ghe] Aol 2
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A5, olefgt Aol WAo] BT SHEOR 2. 7Y HiEEA i AR F AR S40] HjE - ARER: At B
Z0hS PO 2 Sck BS54 9lk, 4 Eriksen er aL(2013)] B710] n}2 R, vrefge} ofdr) SRS o Se}
28 2 2 0|23 98- ANSHA, S etelA] HEwI Eehie] 2o
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3.1 FHILPEAIS M| 2

20159 715, vt Q- & Al ﬂ:} A -Eluete] Qe oF 53 14iRE oloh(EAI, 2017a). Gouin er al.
(2011)- 317 1919 AR 3k= SVIARE B RIMISEHAE ] = 2.4 mgR FSIAAIRE o] Aol ARt AF
PaRke: TR o 2 AR ﬂrwﬂﬂo}ai Ao ARH. of li Aol A= Magnusson et al. 2016)0] AHE-
e AR 19173 7.2 g3 Sundt er al(2014)9] A1 1919 8 gof HigAl=E o185t sttt o] Av-=2 nAlEstA

glo] g 71 IAIES] ATt Anl QIS B S E A= ‘:]' w2ba] ZF Aol o 85 RISPIAES] T+
E}UW]%E}&QQ S Uk Tt 7\}01 F L& 4= ek A (Dell ool Azt S-efuetell aiEsl= 7191918
AR S uAEEtAE ] S F4stnt. 1 2t 370~410 ton/year’F B == A0 2 LRI ARJASEAE 5 Tl
AEtAE2 tiEE Eg]o@=ll(polyethylene) 2] Al ]EHMagnusson et al., 2016). o EjoE $A]= Ht
#d(phenanthrene) ¥ -2 77| L B=2 9] F2Fso0] ul-¢- <=5tof(Teuten et al, 2007), F71B=Zo] F2Hd £

S 1

lo

o7l nfo] A= R 2= AEiAl] FFFe & A o= Almd). 22uUztelld 2018 W R nto] 2 =H]| =7 ARG 7
AIAEL] af7E F2)E ool X AR )RR A, 2016), ofn] TulH AFe] ARgo] oJgh nlo] T2 H| =9 HiZE:
kS 4= ¢lt}. Magnusson and Noren (2014)-2 sl 2|44 300 um o14}e] nd|EakAElo] 99.9% A7 == A
o2 Hskl QAR sl T ARt A HiEs = nMERtAE o] R FAIE 4 gl 2 Flold.

r+

r

piw)

Personal care product discharge = 5.1x 10" capita X 7.2~8 g/year - capita (discharge factor) (1)

3.2 AU ABOINC| Lzt

A B= TY BopollA E8t24H A (blasting media, AUHA]), 3H-8 <= A"dA|(abrasive hand cleaner soap), A]
5 -FAl(drilling fluid) Foll 12} vlAflEetAEo] ARBE|N glom, 71 AR e o= REE= AU *E 1ed 3l
t}. Sundt et a/(2014)-& gt A A7} ¢l7]0] 100 ton/year oVdo] BlEE = 2 02 A1 Sefuahe nit
712 Rt 2AF At glo, AbsAl, WA, Al 5O IRAR] ARBEAL Qe AoE HRITHAITAET,
2017). S-2uretre] AlA et A 783 A8t = 55 12foH, Sundt 5o] AXRE & ool siEH Tl A5t
T gle Ao Helrt,

—_

Commercial product discharge — estimate by Sundt er a/(2014)
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0.0005~0.01%=tx Ba1stdet. Cole and Sherrington (2016)-2 0.001~0.01%9] vi&AlE ol-8oto] ittt 5
oA o] ETtAE Wl SRS ARSIt At OECD 2] BiEAI = Magnusson et a/ €4 Cole and Sherrington
o HjEAS Hit ¥55] 2 gto g, 13 S50 HAUS tito 2 AR AR S 7|2 51 9Jth. = Magnusson et al,
2 Lassen et al(2015)0] AFg<H Y viEA14= 0.0013% 2] oF Axte] sligsh= 0.0005%2 stet 4Ee 2, 0.0013%2] <F
10491 0.01%E 4337+ gho= AAsHHA ¢Fd F7kS A-8sigint webA BiEAl= 0.0005~0.5%2] #9iefl jlow,
o] ZFe-Z ol-8sto] Aol ofFh uiE=RE A1 (2)ofl &Jsll F=78st3iet. 71 A=t 110~105,000 ton/year o] Eet~Elo] {4
= o= vehgtor, HUigto g & o 7F &2 HISS ARkt Ealntet el ZiAG A= thEARE Hizk]
oz W 1 kg2 50,0007H0]cHCole and Sherrington, 2016). waFA] 2F 529 53 WH~52% 57 9] particles/year 2]
W3lo] AT & 4= Qltt Sundt er a/(2014)2 0.5%2] HiEAIFE ]85t oF 24 59 ton/yearo] FAXE THs
RoL, FEe A flo] el o] At 2= F72]2] 10%11 250 ton/yearE %0 &2 H skl Qlet. SEA|T
B AFolM= Sundt er al(2014) 3 22 BAS AAISEA] ¢t Magnusson et al(2016)-2 0.0005~0.01%2] vi&
Al ol-8ste] 12~235 ton/year”t -FAEHAL F75I3IEE & AFellA o] 4 gho] Ad+=5 Hrt 453 =2 A
& HiEAO] AlolEnt ofet eyt A7t EEkAEO] ) pET0] e=90](Sundt er al, 2014)9F A
(Magnusson ez al., 2016) 2rt 9~408 H& @ol7] wioloh. Eot fejuiete] 79 tej o o)Errt ol A=
2100% 3lVd 2502 o]Fof2| 11 9l7] whRol(FH=HAFE 3], 2017) f-4H Sekae2 sioko 2o folrsAde] At

Transport discharge = 2.1X 10" ton/year X 0.0005~0.5% (discharge factor) 2)

3.4 SEIAEAIR SE0fM| T

Table 2. Production volume of high molecular compounds in South Korea (KOSTAT, 2017b)

High molecular compounds Production volume (ton/year)
Synthetic rubber 1,572,500
High density polyethylene 2,096,000
Low density polyethylene 2,755,000
Polystyrene 1,047,000
Acrylonitrile butadiene styrene resin 1,957,300
Manufacture of synthetic rubber and Polypropylene 4,408,900
] ) Epoxy resin 460,900
plastic materials Unsaturated polyester resin 136,900
Linear polyester resin 2,446,700
Phenolic resin 129,400
Polyurethane 216,600
Engineering plastics resin 1,687,000
Silicone resin 171,100
. Polyamide fiber 316,900
Manufacture of chemical fiber
Polyester fiber 1,333,500

Sum 20,735,700
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oz e} Zah At A2k Table 20 YERQICHEA, 2017b). Sundt e 2/,(2014) At 1097 =2 go] =
2Eldll(polystyrene) AT FAFO] A= 25 0|85} 0.4 g/kg (0.04%) 2] -FABI&(HIEAS)E AF5ITE A&t
"L Zro] Cole and Sherrington (2016)2 0.001~0.01%2] B&AIE o]-8-oto] Akt 45 g0l o] EetAg o
gl &AEkRS AFASIGIT) o]of E Lo 4= 0.001~0.04%2] HiEAISE A-8519t). Sundt er aL(2014) Q] Ao A=
E0| 2Bl AL Ao M o] BiEAITE ARSSIIARE, 2 Aol = thE EAR =l tieik ® sdstA 28513
o}, whebA Al (3)efl ofsf] dA7F A AldollA el oo AR ERtAE Y] e skl 11 Ax 210~8,400
ton/year, 1009~47 288 particles/year’} S = 7l o2 Lepgtt A3 A7S(Sundt ef al, 2014; Magnusson
et al., 2016)3} Xt = Bl e wf oF 30~408] &2 Axfe]t.

Production discharge = 2.1x 10 ton/year X 0.001~0.04% (discharge factor) (3)

3.5 M4} S R0jjAo] ST

Table 3. Proportion of paint by use in South Korea (KIWOOM, 2013)

Fields Proportion(%)
Structure 24
Road sign
Floor-waterproof
Vessel 18
Industry 18
Vehicle 14
Heavy duty coating 4
Electric-electronic
Carpentry
Plastic
Sum 100

FeluEt HRIE O] AT ARG 109] L= S EH, SEA19] Si-&2 25.5%°1tH7 1354, 2013). Table 3] -
gyt E=0] o AE HIS-E Uil E3t B89 HIG2 0.9~ 1.70|tH(FH)AICIXA, 2017). OECD (2009b)+=
Aure] g Y 5 ol EYell &= E=59 HEMEEAD)2 11%= 5785131 o] A= HIIEAN] £oF9
Az7te] oS wot /B gho g, I8 AlFo] A7 IZE St st o ® HlER= ¢ HIE A B miE s < &
Alof| oJof] BiEE]= &, AAES B EefAg el ofgh viE=Fo] ZotE|o] Qltk 4] (4ol ofsf A ke k= 24y - Hf
e TAAS] &S AT 11 A 4,540~8,580 ton/year7F i E = A 0 & YERTE r290]19] Sundt eral.
(2014)-& A9F HQIE ARGt Ut viEAlT, FIRIE 5 EHERIY Fd 25%F ¢85} 165 ton/yeargh= vll&E
g APgstal oLy, wekA m glo] MAg7FE itk o= Rt 2ke] T vl 330 ton/year”} B S Tkt
&4 o 2 AAsFAT). A8 (Sundt er al, 2014; Magnusson er al, 2016)2} B] g2 wff oF 15~208) &2 A=

AR
Hot B¢kt fio 2 fE29 Emols Hed B4 okl Q= o ZEAl(epoxy) ¢t Z2]-¢-#eH(polyurethane) &
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o] 5°] §loi(Thienen and Spec, 2008) AF=5E, =550l ot AeAll theh of ko] 2= glet. 53] ¢-=ut
2he AEsIE 57H2] WAl Hlsto] Aol 7] whizel e8I ofgate] Bt =Hrh

Vessel paint discharge = 10° L/year % 0.9~1.7 kg/L % 0.18 (paint ratio for vessel)
% 0.255 (polymer binder ratio) X 0.11 (discharge factor) 4)

3.6 252 SR(2587 FAR)|Me| Lt
Table 3¢ AJARH e} o], 2ufel ASE AMg == ER 9] o A AHS9] 24%0]1H. Sundt er al.(2014)°]
U Magnusson er al(2016)2 Eag BT830 #2180 7 o] vjEakS AlAsHL )t £3] Magnusson et al.
(2016)2 25§ 7o uiEA24 Aatollx B AR 6.4%, A8 E2o] viEA24 OECDS} Sundt ef
al T 2 1.5~5%% ol-&sto] viEta Aokl Qlek. 12Ut & A ZAPIN = Ho g B A8 Eue i
= QISATE. wHEpA] 2 dtollis Ho-8at 480 2 JE6lA] 9401, F T moll A o] IS AFElt HEAITE 0185
of Fokdet. 71 A 830~6,660 ton/year”t BIEE= A 02 FAHEQLE, o] Fh2 855 FLESHA] B3t o[ 72 o] =
o] §7] whizoll, FFoll o] B 'H ARERRS A8oPH TS F& =Y 4 3= Zolrh

Structure discharge = 10° L/year x 0.9~1.7 kg/L X 0.24 (paint ratio for construction)
% 0.255 (polymer binder ratio) X 0.015~0.064 (discharge factor) )

3.7 U2 =2(F48)| S3l0f| ofst WUk

F3fl ot AEEM A m WS FEURE 520 A EE EaE Hogu gAlgos 7 o §l

7] W 2ol =510 fHAIZF A 2HE, Sundt er al(2014)-2 2418 =7 ARgEF, S5 g-8-8, Al8F =g o] “ﬂ-g
(3%)-& 0|45} 130 ton/year’t -FEHCHY B st Sajuate] AZE T2 (H 583 AA8) oAl o] ALgaRe
2o, A= Ea (A8 o] 3ol fEEs SEAS Fol A7) & AR AlmE|H, o] 2 A (5)o] 23kl
stk

3.8 ol F =2l S310] 2feh Tl

Magnusson et al. (2016) S HG-E-0] Eslof ot Zetae] EAIERS 25| Q5] HIA HE(881,0007]), o4
(1,3542) o] o B/-2 BHH47H(1~10 kg/boat), e&(5~20%), A-8&717H10~209) 2] AG-E 28513t -2yt

HIAAEE2 20159 715 15, 17214_E FAE] D (N4, 2016) 0168 20159 7155 67,226 4 o|cH (AP R g,
2017). F7gofl B a9t t}2 Axk= Magnusson et al(2016)0] ARS8 AlSE AFSSHRATE WA 4] (6)9] o5l 1<t &l
& T2l F3tol ofet mAlETRAE o AR 0.2~16 ton/yeari 75}t A9F10] YA K E = o410 4Rt
6504 o HekA, S2UehE oAl o] 7t Bl A HE O] -H et 44 o] E'O/v\ﬂr '1]_’ & AErO] = Agdlo] 104) o
A gtk ol A2 A9 dl(Magnusson et al, 2016)3} H| oS off, BAYRF 5T A9 dlo] 108) o) Eket.

Floating device weathering = (15,172 + 67,226) boat X 1~10 kg/boat X 0.05~0.2 (weathering) + 10~20 years (6)
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3.9 71 Ljf 221o]| ofst Euek

Saluet AFA G 2] w2 oF 179 mPo|thAl&E], 2017). E A4 Magnusson et a/(2016)0] AAGH 1d &
QF HAA (m?) ol Foli= B3] S 1~8 g, A1 BH F uIZTHAE ] %S 0.5~1.5%, 58 HA(ELH= T
)= AARR 2319 & 40%=HL HAlstal Qlet. o|FA A|AH 40%2] HAl= 2 dH AelE EAE sk 1ol
3l 0 Aot} 17|31 Sundt er a(2014) 2] AFo A= 2 g/m? - year E= 0.08 kg/capita - yeargi= n|4lZa}
2E|O) i EAITE 21851, F71E 55t] 7MY HEo 2 wEUE 4 ton @] WA Tiste] T A0 2 AAIsHT.

w2bA A (Ta~c)ell oJsl AxF AF2] ZExlof| Rt miAlEetAE WS S45Ith Magnusson er a/(2016)©] A
AIgh QIZFE o823t Z-foll= oF 3.4~82 ton—J nAEEAY 2X10] ohrE FYEE A= ARIEJTHA] (Ta)). 12
37 Sundt et al(2014) 28] QIS o] 83]F 74-2-ofl+= 3,400~4,080 ton/yearZH HAYE= 2 0 2 AR ATHA] (Th~0)). &
FolM= E71E 5o WA aiAISISIT) o] Aatellx] B/, Sundt er al(2014) 9] QIAFE 082 79 7 Ui
27lof| ozt miMEEtAE o] HARo] D55] =2 2 0= UEiT AY] 231 IARe] -, vt Aol RetetA

7k,

AZAR] AZARY, AFA] BHCAF WA, 7, o1, oA 5) 5 Teid Bast ik

Household dust discharge = 1.7x10°m? X 1~8 g/m?*- year X 0.4 (removed amount)

% 0.005~0.015 (microplastics ratio) (7a)
Household dust discharge = 1.7x10°m? X 2 g/m?- year (7b)
Household dust discharge = 5.1x 10 capita x 0.08 kg/capita - year (7c)

3.10 714 LH M[Eto]| of5H Ehelzk

Magnusson er al(2016)2 7178 AlekzollA 30~50%7F ed4d-fetar st ar, A7t 1909 AlERES 220~300 kg
olet 7Hgst3irt. ERt 1 kgl AlE=EollA 300~1,500 mg] A-f7} BiEE Tt HarskSiet. 4] (8)e]l ofs Azt Alet=ol
A HiEEE Aol e FASIHE 1 A 1,010~11,480 ton/year ] HIAIESRAE AT 550 & <

T2} Al (Magnusson et al, 2016) 2] Z-g-ofl= A7t 1019 66~450 g2] SHIH-R-2 viEsictal 7519, =29

°](Sundt er al, 2014) 2] 7--oll= A7 1999 2F 120 g A7 HIEE T 7H8silh. S-ejuet 7Fdof| A viEE]
+ IMIERAE T 7P B HiETe Hel A2 AlEe|3lal, 7Y 2313 ZIR1IPEAIEC] FIE ol]lth

Household laundry discharge = 5.1x 10" capita x 220~300 kg/year-capita X 300~1500 mg/kg
x 0.3~0.5 (synthetic fiber ratio) ®)

3.11 A1 MIEAIAOlA] Pyt
Sundt et (20142 713} 442 ARVl H2] Aol 9:
ol oJ5 7= AR Aol MBI TR Rl
1

5= EF T 2 9%7t 78t e

19] AE 71221 QJrtar B skl gk waba] A1 (9)
STt Sundt er al(2014)-2 A2 AEbA] Aol A |l
. A Sl fA R & B 4] (10)3 2ol

oL

\

_EL
N
T
El
_O|L
_m
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=™, 100~1,200 ton/year7} WA == A 02 4P =[St

A ton/year (synthetic fiber emission from household) : B ton/year (synthetic fiber emission from commercial
laundry facilities) = 9:1 ©)

Commercial laundry discharge = B ton/year (synthetic fiber emission by commercial laundry facilities) X 0.91
(discharge factor) (10)

3.12 $YE U= L 220 ofet Tl
Sundt er al(2014)-& F-FAVATH FGE 215 el A7F 1~2 g/m? 2] nA|ZepAE Bxlo] BTty B vstlek &

Zluete] A9, 498 DE(79] 645 m?) i Eshus 9 ALSLE: 1B (39 2709 m?) o] A2 ok 109 879 mPo|th(A]
T 4l

A3Hr}. 7L A A7F1,080~2,160 ton/year©] njSelAelo] MRl 210 2 249l Sundt eral (2014) ¥
ol Ao Bo] $HgElo] Gl AL A1 748 ) o] Ak Bustelct o] 49, 3.98elq 1t
o} o] S AFE Aol 0] TRARYE, TR 5 Tefehel Aukghe Dok Zlow A,

Building dust discharge = (10.8 x 10%) m? x 1~2 g/m?* (discharge factor) (11

3.12 E[0]0] 2210]| 2f3t 2HHF

20124 7] =uet 582k sk, elEate] At A== 242 €5 1,900, 2309, 6009 kmo eH (w35
©, 2013). Sundt er 2 (2014) 9] Haro] oJ5P, -84 Btelofo] F=4712] km H 0.033 g, $F24} Etolofe] 247z
km & 0.178 go] mR =1 FotA| 9] ohfia-2 60%0|th. TRt 152 Eololo] 5 47= 7HYsI3itt. Magnusson er
al(2016)-2 -84t Bo]o]o] F=88A2] km & 0.05 g, H2 Bo]o]o] F=88A2] km & 0.7 9] 115 FEA7F riREriar
Harsolet. whebA A (12)e] ofsf A7t E2ofA A E= SAo] & 45 2, Brolo] npio] ofgh 271 'HAYF
= 49,600~55,300 ton/year®, 2§ HEH & Hgto= & ol 7 A2 &2 HS5S ZFX[SISITh &2 dollA] Blolof
O 7N 4702 71857 wiizel AdAR] viE2 S99tk 2 202 AlmErh T3 ARt FHAE Hloixie
T2 Ak 2jHol &% zleFo] B 5o] v E "t AYdl(Magnusson er al, 2016)7 =2 9°](Sundt et al,
2014) 9] Aol A= SeuEtet o2 7P 2 HIS-2 AFX[7E Zlo] Btoof mirLo] ofgh detol it Bfolo] mhid]
ot B % g-G-5]o] 9J= SBR (styrene butadiene rubber)& WE=7}0.935 g/cm’ & sfjo¥oll -G&2 A] ShFEHo| B
48 ZAolti(Goyanes et al,, 2008; ©] %, 1999).

e

Tyre dust discharge = {1.9 x 10" km/year X (0.05~0.08) g/km} + (2.3 x 10" km/year X 0.7 g/km)
+ (6 x 10"km/year x 0.4 g/km) (12)
(&A= 0.08 = 0.033 g/km X 0.6 X 4 tyre, Hi&A4= 0.4 = 0.178 g/km X 0.6 X 4 tyre)
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3.14 =2 T R0j|A{2| 2hildF

Syt Eg2o] & Zol= 20159 7|F 2F 107,527 km (EE 92.1%)©]tHe-U=HA &, 2017b). Magnusson et
al(2016)°] oJoPH AQHI0] F T& dol= 579,567 kmo]al, kr29o] k& Zo]o] 1.58u]jolr}, 71 A} Agfdlof A v
=72 - 2 90]9] HiETH(320 ton/year) Hrt 1,588 -2 ZH(500 ton/year)2 H At $-2juete] AQw 7o 249
A 29|e] T o)zt 5398 71 Zhe 7St Al (13)x) o] yehd &4 Qlrt. 71 A, 92Ut E2olkl= 85
ton/year®] Em7} g2t 5ol ofol A== AoE FAHIM 2 FH92 T2 0] dolvks o] g7t Axgho 2 9Fgof
= Lol 2ol= THA0] e, S Al e vl AHEl: 2k 5), E2 S 52 A Aeslor g
Ao T AlmE,

Road marker discharge = (500 ton/year) + {579,567 km / (107,527 x 0.921) km} (13)

3.15 OATEOf|A{o] Lhelat
o aUfe} O ATHE 43R0 20059 712 169 44 tono]cH@T} X, 2006). 0] % 95%= T2 EAE0 R AFGE|T
ATHE £, 2006). Magnusson et al.(2016)°f] SJopa ALRIS] opATE ARERES. Sullgt~7uRat tono]w, npRaRe
110,000 ton/year(P}H-g& 0.018) 0|t} gt ofATEA G (bitumen) FF&(FADZ 5~6%0°]11, of~HES] 7§E
S 9l G4 2] 5% (LA 95%+= otATE 7[ef AR o E2H 5%9] Hl&-2 E3ettHMagnusson et al, 2016).
TﬂrEW T4 A (14)9F Zo] yehd 4= 3lom, 4~5 ton/year o] E€|H7T HiEw= 2 0 & AP H T % & o 4
Rt e ks ] HeidE =l Aol g miE, EEH O] hhae e Wart Sl

Abrasion of asphalt =1.7 X 10°ton/year X 0.018 (abrasion ratio) X 0.05~0.06 (bitumen ratio)
% 0.05 (modified bitumen) X 0.05 (polymer ratio) (14)

3.16 QU= C|oj|M2] Srdet

Salu}t Q1xzit]e] WAL oF 8508 mPo|ch= e autste, 2011). Magnusson er al(2016)-2 4
0.38~0.63 kg®] 117 U7Bo|7F FAE T Harskar Qlet, 4] (15)e] ofsf 4Fdeh Azt Qlxztr] oA fAa ==
& 3,200~5,400 ton/year= FA= Tt SEAITE AW Ti= A Q] 5 AX| 4, wA 7] Fof et 778019 {4
o thE = e Atstolof & Aot} 1zt of| AR ER= 22 5 7 dEEAlQl 22 SBR THgio|n] 9o ofs
’5]'/\§ dE 7FsAdo] AtHMagnusson er al, 2016). 53] -2juete] Antet HlE-2 a2ttt 7o g 4o

T 7807t ol 2 Bl -2 Aol ohe viE- oA o] Bl vel B2 o2 o A9k, A A= Bl w 3]
= 1 A2 o] opy et

=

Artificial turf discharge = 8.5 X 10° m? x 0.38~0.63 kg/m? - year (discharge factor) (15)
Y &



ofalld 9]/ Seltet uAERkATe] WA 3 - 14 M2 FH0E - - 145

3.17 H24Z1 of2e| Zslof| ofst gt

FEUEe] 79, FAel 2ol AE|RE0] Asteo] of 200910l EobH, WA A 90% HEk O] AE|RE FAME 2
F512] Qa1 B71RITHE 5, 2014). S-=utollA W2 2= 0171(44,080 ton/year) 2} A 235 F2H4,380 ton/year) =
48,460 ton/year®]tHJang et al, 2014). Sundt er a/(2014)& oo Q] njqlZet g BAERS FAGI O,
Magnusson et al(2016)2 H 27l o] 7o) Fakgo] 1~10%etal H skl et Ael(Magnusson er al., 2016)2] 7

<, FAAe] I 2H] W] AE| 22 Bt gt FlRe FAE It Magnusson et al.(2016)-2 HE A= AE|
235 ofFollA] WAYsh= mMlETRAEl ] M- SR SHAL 7Sl QLo Falol| ofjt FAl g 58] A A= A

AlStal QIA] it whebA] et Fokes K oftoll A8sto] A (16)] ofsf nAlEetAs WS APgsioint. 71
Ak, HE7 ool A 485~4,850 ton/year”}t F3to]| Ofsf mAIERIAE O & HIEE= 2 08 FA I,

Discharge by fishing gear weathering = 48,460 ton/year X 0.01~0.1 (weathering) (16)

3.18 R71d W7 |2 22| SHoMe| Lk
St 2A1E AHIsH A R o] S EAAH 7] IS oF 4107 ton/year©]H, ©] Z 1604t ton/year”} E|H]S} A]
Ao FYHTHEEH, 2013) Sundt er a(2014)- EFol B2 = v 5ot ES/NEA 5 Bw2o] 50%7t EekAEo]
2h= 7H stol] 0.12% 2= St 8 o582 AIXISHITE Magnusson er a/.(2016)-2 Ee]] He|x|= H] A5 F
AN

2 mm o}fe] EetAE %}%%0] 0.05%e1 AA5kAEE 1eu Saluete] Ao d71A Ast AR vlle)s e AlE
2]719] =2 uf-¢- m|m[5l7]of|(3.5%) (BPEH, 2013), EJH|3IRES thde = ARSI, EH]|eF 34ollA] Ad4ts]= EH] <]
T T 9= 30%= 7Hdstar, A (17)of] ofsf Azt Eofe]l 21-85)= vl=ot EY7NEA 5§ A = F4% 4
= =

3, F 580 ton/year7h AR 2O ekt o] g Fab7] $18) SAB 2|9 AT Hu]o] 1 2}
S]] RN TREL Al erka /st & o ek 2k Fop] Sl £ AR T At

] OF 2, A wElahe-g wigstelol @ Zlolck. Seluiet SAE Abdat AL 85% ol4fo] AR s, Blu|st Blolct
_l_?l_

s
(fF3H, 2013). o] T Akmeleo] 7Hd FrHEE, 2013). webA] Al=o]l ofet EetAE T3t ZA7EE o8 Alad

o

Discharge by organic waste treatment = 1.6 X 10°ton/year X 0.30 (composting ratio) X 0.0012 (polymer ratio)
a7

3.19 547|221 B4 siARIY Sof| ofet AR

Sundt er al(2014)2 &, AlFAdH}, A0 XS SHA A7 10749 ErEa2 o= qIgh 2]
ton/year OVgol2tal AASHAH. ¢-=luzte] 7, of 31, o] e, 11 Zol= 3,077 kmej o=, 7d7]

£ 15,128t°tHe-H2HA &, 2017a). Tt A=Al HH 5 shuel atsiiAlle]l ofet 21382 5 tefet A=l 2lsf
23 REo] Loldtt. of=iet A frEe Aol I= oA, 2|4t Sundt er al(2014) 9] 4% o2 YL A

o2 Atz )

i)
o
NI

ol

o

—_

(]

(@]

Irregular discharge — estimate by Sundt er a/(2014)
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3.20 || 2}jgk20]| 2|5 LiiHzk

Sundt et 2/(2014)°]| 2J51H Fo] Fol A= QlafH Fo|, FHH Fo], W Zo] 5 thlet Folof g o] = 53t
A7t A A Q] GEeol AdeF TgE o] ot Udwi=0] Fo] QAL GES 5 nM|EekAE ] B F)
30 mg/L& Aes] =2 gk B tKSundt er al, 2014). $-ejufet £o] &g A14-E 20148 715 21074019, oF
1204} tono] AZEE T YTHEAA, 20170). 127 Y= 1 tonD 10~30 ton<] T2 ALL5PA( S 2011), 1

= O,
29 47 Rtk 15

(5est= 7o) Epgaleh (A g AR, 2003). et 4] (18)°]] ole] m2] Ajg-ge]
ofgt np ST BAS 54
_]

o o fr

g5kt 1 A3}, 360~1,080 ton/year”} BIEEE 7102 LERdT) of7]of AR8<h n]
AlEetAE s HIEHE=S] 3=, 5ol slio] gAY o= A2 Ad 2 3 E nEetsE 58 AR
et .

Paper recycling = 1.2 X 10°ton/year X 10~30 ton/ton (process water) X 1 L/kg (water density) X 30 mg/L

(concentration) (18)

3.21 CHSN|)7 |2 Ol 240f|A{e] LiAkzk

Sundt et a/.(2014)-2 #3147 - X}Xﬂ%, HAFEA}E ohajshe B A £EaE| o] ZahaE] Bzlo] wo] uhaishl
Husial ok Aldnict 221 AR Zpo7F JAA[RE ti7]9f Hle HiES= 42 10 ton/year® FHRCHSundt er

al, 2014). F2u=te] 73, 2471 XW“ 5l ZFEAR] ARleeio]] Rt MEC] A= o] qlof 2dele 5o AlgE=
At le2he skl ok 20164 71 ¢-2uet o 13714004 whaf) A28 Hshal Au@=2da, 2016). @
A7EA] ot Aol TAsh= nlERkAE B e ZokE & glof AA TSk EetaE 2Rle] e 45T

7= E7Fsolt) webA 1ot A 52 k2901 (Sundt er al, 2014)2} H]wsH, Sundt 5o AARE &F ode]
nAlEREA o] HiEHTal FgstoE T gle A os Heln,

Bulk waste shredding — estimate by Sundt et a/(2014)

4.2%

A NERRAE A 9 Al T niAlE ek E o) AR A delell 2o BHaolA Qlnt ey 5 miAl
EetAES Pkl A7FA717] sl el Hitt 97 a5t 2 A9t o AFATE H}%}E 2
uete] SR E A RS0l dha - o 2 7hsAdo] Ak T Etekal 2 Ak vAlE
2tAE 0] HiS- A tjerA Q] IS Fste] ANt e =M o7 5 rIMlETRAE o] 27t F e | }Q 7|ZA=
B 28 5 Qs Ao Tyt
(1) =y} riMEeaE o] AR 671 3%~21%E 63 ton/year2 et L 29)o], AQRlEt 247} 254,
Ve I, A 9 RO R IRt Ao R AlmErh
(2) 4“47 }—?-_ 7 P‘P Fo BT AR 22 Ak Zofo| AL Bfolol @7, 7gAIENo] FE o]t AlHr-0] 73
of Ak e A77F B RS Al

Lm
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(3) Efolofrlell e-ir=lo] e SBRE] AR le2go], A9dlolA 7 =2 HISE AAIsI3laL ol B2 AFeAket
ARt FEAR] I 710 Aoz Heln.
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(4)

© WA =Y oA B ST oI A1, GO Y EALABY chich £ oIS
A

W, njEeraEo] E e B B WA
(6) Tl Seltet o] HYShe MU HEASE B8 QHEolA] Ao mM BEY Ei AR g 1

=0] olFold o7 AlmEt,

Ab A}

o] =72 2016k AR WS o] AP o 2 SharAA el 2| Hot =5 7|2 AFAIA(No. NRF-2016R1-
D1A1B03932968).
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