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Abstract — Even though styrofoam buoys represent a large portion of beached marine debris in Korea, efficient
government actions have been lacking to address them. Three participatory workshops were organized from
2010 to 2012 to develop policy measures to manage styrofoam buoy marine debris. The first workshop held in
2010 was organized in order for workshop participants to understand and share the styrofoam debris issue. Par-
ticipating stakeholders suggested policy measures to address styrofoam debris through brainstorming in the sec-
ond workshop in 2011. In the third workshop organized in 2012, the analytic hierarchy process (AHP) was used
to set priorities for 16 selected policy measures. A total of 56 people participated in AHP, and answers of 40 par-
ticipants that passed the consistency test were analyzed. 'Beach cleanup by public works program' ranked high-
est in priority, followed by 'Development of alternative buoy and aquaculture technologies'. Other research
projects also ranked high in priority. Feasibility of policy measures was considered the most important criterion
in the priority setting, followed by effectiveness, efficiency, and acceptability. This study demonstrated that par-
ticipatory workshops in which diverse stakeholders take part in could provide a valuable tool in developing
practical policy measures on styrofoam buoy marine debris.
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SATHUNEP[2011]). S22 7= ¢ 3

T AoZA, AxHAY 7 IAEEA ) &
¥

2 &5 o sjkrwrds fe, 25, 7HE A4

YH(Cheshire et al.[2009]), B -2 FetEo|w, AAH o=

= a2 d712] oF 60~80%7F EER B O F AR T It Derraik

[2002]).

ol EEkay slrdly] 5 Aol AREE AEE
¥ (Styrofoam)” 27} wo] AT it 2008 - Hhd A
= 2071 sl wiEnict 712 0 AAE L Qs 57 s
g7] ®UE® A3 B4 (MLTM[2009a], [2009b], [2010],
011DE TR, s F 7 22 REE Hole A
o] AEJRSE FAtelA A7 ZFolH, A §-3)] oF 30%E A}
A A W kS A3 AERES o) okl wli-
o GA F-A# ol ZolA7] Hrt. AE|ZFE HAje] F-25E A
o] & AU MRS srEEA AU B ek v
Al Ze}aEo] 5o zlth= B 1% 9l th(Davidson[2012]). A
SuE AAE F5-9 570 aioke] RaisHolA 1~5 mm 1719
w|AEEAE el 15 AR da) #H4 1,85070/m?, # o] 235,988
Mim*e] FpAE 271o] Ugrom, o] 5 81~99%7} AE|Z2350]9)
tH(Shim et al.[2012]). ZHA] F-A1%] kA8 TR AEA
7] 251 EH (POPsys Feh=H], 717} A2 AaEelA A
F4 7Fs = #olx th(Andrady[2011]; Fossi et al.[2012]; Ng
and Obbard [2006]). Ze}~E2] BAF T ol 4] theksl s1etE2
o] H7tE=d oA ER FAAE 29-¢o] Frk(Engler[2012]). &
3], ~Ej2Ee)] Eol7ke Bl diA] AEE,BEF, 5
A& Zb= S (persistent, bioaccumulative, and toxic pollutants,
PBTs)Z 555 9] 2/tHRoosens ef al.[2010]). 2ol Zek~Eo]
kol FU=AE wl seF EE T A7 117l mX= J o] A
Z}ep7] wiitel] EekiE HVE AAE felEdE Ak
ZF(Rochman et al.[2013])% Y237 AT}

Selue} siekral] Belel 23te] wi= ARt sjekad)r] el
7)1 A 2(2009~2013)° A AE|2E sfjokrd)7] S Mo g =
THE F2; By A ear] i o8- wIAEEE THEY] HEAK]
o] JAIRHMLIM et al[2008]), T422] FA| Sdof= B SIS 7}
Utk TUE A} B A DA A-E FA o ellA] ALg-

v A A AR wAlshs b AR Ades 5 AR
otk A1} slkrd|7] we] 71 EAF wEd F 23 39Rb)e
FAE o2 wASR=, 20099 2013@7H4] 537 &
161995 F8t= Ao Ao QUTHMLTM et al.[2008]).
AA| AHGE AL Qs PR o d o] HA FAXER 414

P

L=e]
o

A3

lo,

CERS - HE

e

FAE vy 0w FARE A stk HAo AR, 1A ¥k
9] W=7} 0.02 g/em’ZA (ERFGMA[2011]) 508U} 2HE31= Zlo]
7] wiiell, 33| Al F-A4 ka7 17 2 7FsAdol Ett. o
AE AXERE 7] B AR AAERES A F-
E =9 AZES AA ST 7 Adnlg AYshs Aol
200955 20133714 5d7F 359398 F18k0] thd 29 53Tt
Yol o2& 747 1402 B33k UTHMLIM et al.[2008]).
kel Foi4 Qe AAEEE FAE AR vl 5017k &
Ful9h Qzdn] o] o] 7] witel] & F3]€] FHFAtkE: 4
o7 A AHestar itk

FAEA dar FAA= ARk} 250] TS 2| FAARA] A
71 RS AlSGEte] S A= R Qe g Al
= = el glok. H2 sl s PR, o] delle =
B3R, SRR, S o= T vrelA] Qle

A 3R sn A% PE we] gk,
o147 AEIRE FAS] Belols 4 ofglel, Wk AL,

At AHE-g Tdshs AR, o8] T A T ket ol
ARE AgEo] Q7] wiiell 2 At AAellA o] 52 14,
2|2, ARSI AA A 21 55 WS Lot Qi 53], 34 A3
o] 7} Ao A ofseAIRe] ol Fash A olx}; &
9 7FeE EolTw 71N e shuE 17 H o] JThPirot et
al.[2000]). =A1H O 2= 1992 2]%- Frellg g ez oo e
H 9A21(UNCED[1992])9] 2 di AFto = £33,
HollM = olal|lAIR; FolE HE 0= ZAISHE =74l P2 (Aarhus
Convention)= A2 A TH(Videira et al.[2003]). TN E 373
FE7PY, Ak SOl Al o)A} g 71 o)
=2 dxo 7 Hdysta ek 8 FelE sk A Ao o]
AR HolE SXIsks o EE EAA 5, AN aild
A, el 319, ol 718, AvE]| Q. fAs 52 W] o] 85
o] grh(Delgado er al.[2009)). o121t ¥7g-2 =] o 733}, o
AL Aol W5 &, ARl sk Hd She, TR AES] &
g S7h BT el digt Ols Y, Ao B A4
&g 5ol =3°] Frh(Hare et al.[2003]).

IRt FEEellA A RSE ot sjkiel 7] Al digk
A e A S f18t A olsfdakAt o] Hak= A<
o]FFo] x| A] okt B el A= 2010856 2012d714] 3o
A vpeFet olallgatabze] Folsh= A AL A58 i 7Y
F3to] HAAE Aole] A A7 W A A Vs T

3, TEA A di”k A W 4 =9 BHE Jsiei)

2 =79 At A7 & YI5e] dYE vpge R A
P2} glokral7] AR oieks A0 R Ak, o)l

Bo AR el At 94 =9l B AAE

6&}:_}‘

NI AE| =& Rz E] (Expanded Polystyrene)2] $t/d55780] QAT X 5-2 HEEAE]RLS: 7127 HE A2 Zoj5lom, deai=ollx = o] §oi7} Wol A}
€5 31 ) th(e) & £ <], Kusui and Noda [2003]; Hinojosa and Thiel [2009]; Hidalgo-Ruz and Thiel [2013]).
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2.1 ¥|3A&C| Tt A }

AERE Fokrd)7] AR 9asS 2010d e MHH o) F
7] 48} vk o] S7FEFA th(Table 1). H7FAke] w217k
20101 159 llA, 20111 559, 201243001 96 O & Z7talgdv).
A7 44 718 2010390 AR} A2 3] 5 7w
A E o] gl oL}, 2011 doll= AR Fdabso] A FAE
o, 2012 SFHTTHEE g ATAhER} A 2E
2} gl s} 7*% | AR Aol = A8

A2 A7A19] Rk Axk(Namgung[2012])E wHt <FA12] <]
A2 gioke] ANg A dictel] tist B7p o] AR < 13519 9
IG5 Ak s 201090 SATA, HEI} Qg

A7} Fofsto] T2 A1) Aol thg ANkA QI ofFE T
algiet. 20110l 379, w7k, S EA|, AggdA] Sol F
ofato] AE|RFE srdl7] EAE AT T e AA
gt ojolt]o] &S HERI~E" (Osborn[1957]; Diehl and Stroebe
[1987]014 AQ1E) HPH o &2 =&3FITE. Snow Card(Silveira et

al.[1993]; Pound[2000])E ©]-&31o] F7AlEo] opd HAIE &

] 57} 173

2012 91N E 20110 B A ATRIES] 895
AAR =2 F7Fst7] 8te] AlFEA 77 (Analytic Hierarchy
Process, AHP, Saaty[2008])= A3} THLee et al.[2012]). AT
2 FBA YL H7re) 713 el tigk A5 E wAlel arefdh
AR 7o m, AR A olA ALslF] fLlAF FE Ale]€]
ME TE 7, olal] dAlE ERlska vk = Al B T
o] thMau-Crimmins ef al.[2005]). A5 24 oA g-g-8+
NS A Bl B AN B8 mESklo). =8 20114
of £&d FH olo|tlojEE Had T8 dA A7REel o
B, AE|EE sl e) AT AE] #gel digk A =Y
(FOS[2009]) ©4] 5= &3l A5 71491 A& tioksS B53)
o 167112 43 tit=& FRISkith AlSEA g o] 8-
WS 8] st , A AREAE ol 8ste] 7kt
o] AA iRk -$-d=9l el oish "37}0}“3} Hehd o9 xlolE &
ol®7] {3l F7HAES T (Government), AH] 7l (Business),
S 7 HExpert, 374 I ARIEA 9} AFAE 2 TR
33t

é%

FH‘,

2.2. AHP EUIE 22t 3 Chote| 1Y

A 5 ol RS AolA Wl 2ol Wkt R B

< U, 7Rl B 24 Al *Elﬂg ATl A oM =

A9 B7ke] didel € 167he] g3 vieke 2011 5%
E¥ ofolrjole} 7)ol g7t Aldstar Sl AR, 2@

5 RES AAFORA the el Wrhthge] B AKISES A I 915 Al 52 o ATk Table 2). 20124 A
a3tk oA o] tieksol thet 41915 H7F wis, ARl vigs A
Table 1. Summary of styrofoam buoy marine debris policy workshops

Year 2010 2011 2012
Number of Participants 15 55 96

Experts (NGOs and researchers),
Central and Local governments,
Styrofoam recycling organization

Experts (NGOs and researchers), Experts (NGOs and researchers), Central and
Central and Local governments, Local governments, Styrofoam recycling organiza-
Styrofoam recycling organization tion, Buoy manufacturing and compacting industry

Types of Participants

Tools Presentation and discussion Brainstorming and Snow card Conceptual modelling and AHP

Outcome Issue understanding List of policy measures Priority identification of policy measures

* AHP=Analytic hierarchy process

Table 2. Policy measures selected to set priority for styrofoam buoy debris management in the marine environment of Korea

Developed from Policy measures

(a) Development of alternative buoy and aquaculture technologies
(b) Surveys on the quantity of styrofoam debris

(c) Outreach for raising fishermen's awareness

(d) Obligatory retrieval of used buoys with a subsidy system

(e) Name tags on buoys

(f) Extension of buy back programs to used buoys

(g) Selection and spreading of best recycling practices by local governments
(h) Volunteer program to collect debris at remote islands

(i) Supporting cleanup by fishing communities

(j) Beach cleanup by public works programs

(k) Subsidy for high density buoys

(1) Distribution of styrofoam compactors

2011 Workshop

(m) Research for reducing styrofoam buoy debris

(n) Assessment of the performance of styrofoam compactors

(o) Surveys on the distribution of styrofoam debris

(p) Research on the impacts of styrofoam debris on marine ecosystem

Conceptual modelling etc
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Aol F)Aksle] MiEEIGOM, AR GHAE AT g
W JEstel ArAREe] 7k A Aok 4 olalsheg shalch,
s

[¢]
7} 93 ojES] AAE e Hsel ARt

2.3. AHP H7|E 2[8t HUP|&Ee|

AHP 20| A 371715 (criteria)> T{H(alternatives)= 3715}
T 7leolH, o] 7S A4S Bl @ daAl she Hae] F
F3llof TH(Saaty[2008]). 2 HAellA] HrpES Folog st
Aelli= 7iR1e] ZE|gkde] A1) E Syt g7 whitel], Thte] 7]
& ul$- thekslth(Ingram and Mann[1989]; Kim[2000]el4] Al
Q). 71520 AHP A5l A F2) 37} 7EEn
CRoFgh), 2 Qdtel| s o) oIt 5 3R ) 94159 H7)
oA T2 o] L= W FE&A (efficiency), EIH (effectiveness), 2
27154 (feasibility), 8754 (acceptability)S 33 ko] 3
7V 0 Z Aoxtt. 7Rl A| A& vl EkaL A FellA
st A F7E 7)) W8-S H-Eol HE-sieic).

2.4. AHPO| 2[5t M&2] I H SH 24 2

AHP H7HA A ARG 7F7)50l tfgh B 7}k= A hv] 1 (pairwise
comparison)E ©]-8-8F 2|57 (relative measurement)S- 541, 7
2 tiQkef] T3t F7 = 2|AE % (Likert scale)el] 23 A&7
(absolute measurement)= 3}1TH? Saaty[2008)7} A& 8 AxE HF
AEE A I E Yol I 5-& Aktsta, F7P1E 7
FAol Itk e E Frkich 9as R F
Aol Folgh exbe} A AlEAt 5 43 vlES THet =

A7k A Ao)7} QA s AelAE AS AN

o}, AR 7} 71Eo) 4 oikle] gk 7} s} e
E, SRS WS 23] v

=
T A1 dFA aHA~Z-gel A A% (Kruskal and Wallis

ut

[1952]) AAlskeict FeAZd-ge) A 14 Ao {203 2jol7}
A= A-oll= AR A7 (Post-hoc test)yS A1 o= F|ek7to]

o
2o 7F Ql=A] FRlEIi=, 72 W] H4E o9l E HEkaslto]
Tukey HSD(Honestly Significant Difference)”l &8t ARFH] &

A S A,
3. AHPO|| 2|8t M &9 It At

3.1 Y2H HIZ0f oI5t AHP 2|A HIPX} MY

20124 9195F R F 96HolAIRE, ©] 5 56 AHPE 7L
AEAS ZAE10] A8t Table 3). AHP F-4J0llx= 37} o)
gell tigt g5e] A¥Hd H]-E(Consistency Ratio)ye ©]-8-38te] &
G2 AN S 7 EsR=1|(Saaty[2008]), ¥ AT-olAE= AAA
H]E2] gho] 0.21 T} I Aol v 2107 11eal iAol
A AQEtd 1 A3l S 56 T 1692 LTAIo] floiA
ALIA713L 4078 ] &5 U8R A7} FA ol ARg-ERolr.

T, AR, SE AT N AEEE B ), R F AT
of| Sl H]Eo L} (3?=0.464, df=2, p=0.793), DEAZ A|E3t A}
2 F A &S USshe SHARY] vl S ((*=3.093, df=2,
p=0213) EAZ 02 F2|(p<0.05)8F x}o]7} YA FHF-LL
239 T 147, AAAI= 139 5 9%, EEAE R 208 5 179

o] Ay & AL BTt

Table 3. Composition of participants in the analytic hiearchy process (AHP) to set priorities of policy measures on styrofoam buoy debris

No. of Participants to the 2012

No. of responders whose answers passed the

Groups Workshop No. of AHP Responders consistency test
Government 38 23 14
Business 21 13 9
Experts 37 20 17
Total 96 56 40

Note: There was no significant difference to the ratio of responders to AHP questionnaire among participants from different groups (y*=
0.464, df=2, p=0.793) and to the ratio of responders from different groups whose AHP answers were accepted (x*=3.092, df=2, p=0.213).

Table 4. Relative importance of criteria used to set priorities of policy measures to address styrofoam buoy marine debris

Government Business Experts Total
Effectiveness 26.1+12.7 37.5+13.5 23.4+18.2 27.5+16.1
Efficiency 19.5+7.7 22.6+11.2 19.7£10.0 20.3+9.4
Feasibility 36.4+13.3 29.4+12.8 35.2+11.3 34.3+12.3
Acceptability* 17.9£11.3% 10.5+6.4° 21.7£12.9° 17.9+11.8

*Opinions of different groups are significantly different by Kruskal-Wallis test (p<0.05). Groups with the same superscript are not significantly dif-
ferent from each other (using the Tukey HSD), while groups with different superscripts are significantly different from each other.

2| wER= Tieke] 7 wid w) 4 28 X 07| n(n-1)/2702] F3lo] A7), oS S0 tieke] 57} 107l2be A-0] 5= 4570u o soiu| walr )7} ull$- &)

o] At} 18 P 2 Saaty[2008; 295]% o] F A thete) 7L W& A S
delol el 9] ZF Ak AME U EA N F R L9} T RAE S ST

REAE=SNg = =1

Y58 shes Austa Yk,

] Tukey HSDE A} 8T} (Pak and Oh[2010]).

9l vl glo] 0.1 0J5lo]A Yebdo] Q= Z 0 = Fksh= Zlo] HEOIATHRho[2003]), 0.2 01T Axdo] Qb= F10 =2 kst &= Qe i Aw): g
T}(Saaty and Kearns[1985]; Lee et al.[2007]°14 AQ1E). 2A] AT E 0.25 7502 sh= 92 L0 P 2 (Kim ef al.[2009]; Lee et al.[2007]), & 1
TolAE H B2 AFES] 9AE wkstr] 8k 028 7102 Aokt
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3.2 M "Wop|ZEof st "ot dut

o o = R A M e 1 tisiA A3 7Fs73(34.3%), &
4 (27.5%), EE4(20.3%), FE7FA(17.9%)2] =02 &
Qslthar H718kth(Table 4). @DWE B, 35y 84
AE7e A7 @2 36.4%, 35.2%)S 71 T _AISk=
o] vk, A A= E3949(37.5%)S 7P F et A
A7 g~ 1S B3 At BlaeA £-2(p<0.05)3F 2k
olF Hole F7PIES 875 (p=0.043) o]t S
(p=0.089), F-E (p=0.837), HW7Fsd (p=0.410)M = et
Zrell el sk zfol 7} ittt F87Fs Aol tigh AR EAREA]
oM FAEHETF21.7£12.9) ko] 2FIA(10.5+6.4)2 T} F
AFOR Fogt oM H F& 7HAE £ S oE YE

tHp=0.030).

KHI EH°P ot dut
éﬁ e AS de o g YRt #nkE o
At AFdEe l J.:Lmht Aok Aldoletal Yas A7
3 Sbol ik H7F Ay A
A -SEAA 1 1# <@) ZWxﬂ TEE RS s A4
>, 291 <(a) Al FAF 2 F2 A, 391% <(m) SE|ESE
7] A @9l 8l 714 Wk A>T A 490+ <(g) AE
EE AL 97 AR 3224>0] 2B 20l Wkl <(e) &~
E|2E 22 AdA>(169)9 <(k) 2UE FE BF X9 A
>(15%]) & +=917F @Al B =S A 2polE B A
2 A9k shelE Wb ARl EelME A 83 2jo)7t ¢l
+ W, F9 o R F7HE AR Sl A zle)7} lSith
(Table 5).
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4. AE[ZF ol e 7| oS A JH &0
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4.1. 2E|2F ol re7| F& il ohet @t Zaie| 2|n|

1 Aol AHPE B3 olsjablat Aek Aol ] 91431 of
sl ol g =1z % 9lglek. 53], 4919} 3912 ke FA 5
who]l thsli = Aehd o)k 2lo)7t gl Nh, Sl 87k
A Sl disie HERE 23 2fo)7k ASUTH Table 5). ©]
A2 5ol F7RekaL vhE Ak W 78IS kel &
92 A3 Zloz et

A Aeite] o3t 2olr) gl 3
I At} 19E xR AL <0) X]X]—xﬂ Uk
>oI3itt. o] ARlell= - T AxS Aol Holsh] Wi
ol e 7P H > o], 1A ARFEe) el
Easiilis=s Xé@ro}ﬂ wREell 22 gV vl 2 Jlow )
ANE Aow WaE) thEoR, BAIE TRACR Ak

AT 5 Qi WM O SH191E At RS

SHOJ s}t dE

<(a) HA 4 A g 291 R, ol 2
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Table 5. Priority of 16 selected policy measures on styrofoam buoy marine debris identified by the analytic hierarchy process

Rank Policy measures Government  Business Expert Total
(n=14) (n=9) (n=17) (n=40)
1 (j) Beach cleanup by public works programs 3.734+0.63 3.30+0.92  3.62+0.65 3.59+0.71
2 (a) Development of alternative buoy and aquaculture technologies 3.59+0.83 3.91+0.86 3.32+1.15  3.54+0.99
3 (m) Research for reducing styrofoam buoy debris 3.26+0.70 3.62+40.96  3.66+£0.79  3.51+0.80
4 (g) Selection and spreading of best recycling practices by local governments 3.5140.63 3.43+0.63 3.54+0.74  3.51£0.66
5 (p) Research on the impacts of styrofoam debris on marine ecology* 3.29+£0.86®  3.16£1.16  3.85+0.62° 3.50+0.83
6 (c) Outreach for raising fishermen's awareness* 3.17+0.77*  3.01£0.76*  3.96+0.74° 3.47+0.86
7  (d) Obligatory retrieval of used buoys with a subsidy system* 3.45£0.64  2.92+0.73°  3.77+0.91° 3.47+0.84
8 (o) Surveys on the distribution of styrofoam debris* 3.09+0.71°  3.00+£1.13*  3.96+0.63" 3.44+0.89
9 (i) Supporting cleanup by fishing communities 3.45+0.82 3.13+1.01 3.56+0.76  3.43+0.84
10 (1) Distribution of styrofoam compactors 3.48+0.71 3.15+£0.99  3.41+£0.70  3.37+0.76
11 (b) Surveys on the quantity of styrofoam debris* 2.88+0.62°  3.20+0.82% 3.77+0.77° 3.33+0.82
12 (n) Assessment of the performance of styrofoam compactors 3.29+0.75 3.20+1.15 3.26+£0.60  3.26+0.78
13 (h) Volunteer program to collect debris at remote islands 3.16+0.95 2.82+1.05 3.48+0.63  3.22+0.87
14 (f) Extension of buy back programs to used buoys 3.01+0.76 3.09£1.05 3.14+£1.04  3.08+0.88
15 (k) Subsidy for high density buoys 3.17+0.90 2.61+1.07 3.16£0.85  3.04+0.92
16 (e) Name tags on buoys 3.19£0.75 2.59+1.44 3.14+1.04  3.03£1.05

Note: Priority was determined on a 5 point Likert scale (1: 'very low', 2: 'a bit low', 3: 'in the middle', 4: 'a bit high', 5: 'very high'; Mean+SD). Asterisk
means that the opinions of groups are significantly different by Kruskal-Wallis test(p<0.05). Groups with the same superscript are not significantly
different from each other (using the Tukey HSD), while groups with different superscripts are significantly different from each other.
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ATAIGI} MEAIE FRAE b, TR QA ol F F
231 97 H7Hs1el, eJ7do] Felahl Aol S Bk <p) 2E)
2 2971 SHPYEA G AT, <(0) 2EIZE 2 22l
BT 9 o)% A s, <(b) AE|RE 2|7 WAl EA 24>
o] ATARI, ofrlEe] Q1S %ol7] A% <) o134l %3]
3] 5 3> 419 ol oISie. < 0 A A%
A QR85 A9 2 FRARTRE £ ARIOR Frlshe
N, A o19) e A RS YA 7k it
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