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Abstract — Abundance and composition of marine debris on 13 beaches of Tongyeong City, South Korea were
surveyed in 2013 Autumn. The average quantity of macro debris (>25 mm) was about 30 particle/m® and that of
micro debris (1 mm-25 mm) was about 26,971 particle/m* This is a very high level compared with other areas of
South Korea and the other countries. Among the 7 material types of debris (styrofoam, hard plastic, fiber, metal,
glass, wood and others), styrofoam composed a large portion: 75% of macro debris and 98% of micro debris. And
among the ‘whole’ styrofoam debris items whose original volume is remained more than 50%, styrofoam buoy
debris composed 93%. This result suggests that the beaches surveyed are seriously contaminated by marine debris,
and most of its sources are aquaculture styrofoam buoys. Management of styrofoam buoy debris used for oyster
aquaculture in Tongyeong City is important not only for Tongyeong city, but also for other areas, because Tongyeong
city hosts the biggest number of oyster aquaculture areas in South Korea.
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Fig. 1. A beach in Tongyeong city filled with styrofoam buoy debris.
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Table 1. Beach survey area in Tongyeong
Coordinat
Survey sites Survey Beach - oordinator - Direction Characteristics of beach
Date length Latitude Longitude
1 Won Pyoung 09.30 60 m 34;54;8 128;27;5 Northward Reed, clay
2 Son Deok 09.30 60 m 34;52;43 128;25;56 Eastward cobble, oyster shell
3 Ye Po 09.30 60 m 34;56;36 128;25;40 Eastward cobble
4 Oryun E 10.13 80 m 34;54;20 128;20;40 North-eastward oyster shell, pebble
5 Oryun W 10.13 80 m 34;54;25 128;19;20 Northward pebble
6 Jeo San 10.13 120 m 34;53;53 128;18;17 Southward cobble
7 Gong Seol 10.20 100 m 34;49;10 128;26;20 Eastward sand, regular beach cleaning
8 Do Nam 10.20 80 m 34;49;35 128;26;29 Northward sand, regular beach cleaning
9 Ge Mi Mok 10.24 40 m 34;37;28 128;16;19 Westward cobble
10 Eden Beach 10.24 100 m 34;37;7 128;14;37 Southward cobble
11 Yu Dong 10.24 100 m 34;37;25 128;14;34 Northwestward cobble
12 Hegan S 10.25 50 m 34;51;50 128;28;1 Southward sand
13 Hegan N 10.25 40 m 34;51;60 128;28;6 Northward sand, pebble
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Fig. 2. Beach Debris Survey Points in Tongyeong City, Korea. The
serial numbers of the survey points were given following the order 2.4 M|7|2] 27! U 279} Him|o| =X diH

of survey dates.
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Table 2. Abundance of debris on beaches of Tongyeong City, Korea
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Fig. 3. Material types of composition of marine debris on beaches
of Tongyeong area. (A) is material ratio of macro (>25 mm) debris
and (B) is that of micro (1-25 mm) debris.

Macro Debris (>25 mm)

Micro Debris (1 mm~25 mm)

Survey area Number (particle/m?) Weight (g/m?) Volume (liter/m?) Number (particle/m?) Weight (g/m?)
(1) Won Pyoung 39 2,987 105 21,032 249

(2) Son Deok 31 2,873 64 26,340 199

(3) Ye Po 25 1,214 38 8,260 293

(4) Oryun E 2 1,163 38 11,668 819
(5) Oyun W 73 1,193 56 69,040 524

(6) Jeo San 22 163 7 11,288 81

(7) Gong Seol 5 162 7 14,216 123

(8) Do Nam 6 151 7 12,088 100

(9) Ge Mi Mok 55 2,924 78 66,812 306
(10 Eden Beach 52 880 26 75,548 506
(11) Yu Dong 7 338 19 10,412 105
(12) Hegan S 40 1,007 19 9,260 99
(13) Hegan N 11 215 7 14,664 148
Averaget+SD 29.94+21.1 1,174.7£1,082.6 36.3+8.7 26,971.4+7,028.5 273.2+61.3
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Fig. 4. Ratio of buoys among styrofoam debris. If more than 50%
of the original volume of the debris item is remained, the debris
item is classified as intact debris, and the other is classified as frag-
ments for this study. (A) included styrofoam fragments and (B)
excluded styrofoam fragments.
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Table 3. Density of marine debris abundance (particle/m*) on beaches and coasts globally

item/m’ Size
Tongyeong, South Korea 29.85 >25 mm This Study
Tongyeong, South Korea 26,971 1~25 mm This Study
Geoje, South Korea 1.03 >25 mm Lee et al. [2013]
Geoje, South Korea 27,843 1~25 mm Lee et al. [2013]
North Carolina, USA 42.78x10"* >15 mm Viehman et al. [2011]
Goto Island, Japan 50.5 >10 mm Nakashima et al. [2011]
New Jersey, USA 0.43 >10 mm Thornton et al. [1998]
Port Dickson, Malaysia 0.495 - Khairunnisa et al. [2012]
Western Black Sea, Turkey 5.058 >20 mm TOPCU et al. [2012]
Northern South China Sea, China 32.82x10° - Zhou et al. [2013]
Hiroshima Bay, Japan 44,155 >2 mm Fujieda and Sasaki [2005]
Japan 237 >0.3 mm Kusui and Noda [2003]
Rusia 4.5 >0.3 mm Kusui and Noda [2003]
SE Pacific, Chile 27 >] mm Hidalgo-Ruz and Thiel [2012]
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Table 4. Proportions of different types of marine debris in studies on shorelines throughout

Plastic  Styrofoam  Glass  Metal Wood Paper Other
Goto Island, Japan 74.0 9.0 0.3 1.0 1.0 0.3 14.5 Nakashima et al. [2011]
Halifax Harbor, Canada 53.8 12.0 8.4 124 5.2 5.2 3.0 Rosseral [2009]
New Jersey, USA (Island Beach State Park)  73.8 16.4 2.2 2.4 1.3 1.7 2.2 Ribic [1998]
Fog Bay, N. Australia 322 8.7 15.6 35.1 1.0 1.5 5.9  Whiting [1998]
New Jersey, USA (Cliffwood beach)  42.5 17.7 29.3 2.5 0 8.0 0 Thornton et al. [1998]
Transkei, South Africa 83.4 8.6 3.2 0.5 0.3 1.1 3.3 Madzena et al. [1997]
Coquimbo, Chile 81.1 4.9 0.6 1.1 7.7 1.7 2.8  Thiel et al. [2013]
Jordania 54.2 8.1 9.0 4.7 14.5 4.4 5.1  Abu-Hilal and Al-Najjar [2004]
Northern South China Sea, China 42.0 6.6 2.4 1.4 33.7 4.2 9.7  Zhouetal. [2013]
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Table 1. Types and abundance (number of debris/m?) of macro(>25 mm) marine debris on the surveyed beaches in 2013. Among styrofoam
debris, if more than 50% of original volume is remained, the item is classified as "Whole debris' and the other is classified as ‘fragments’
(unit: particle/m?)

buit}}/:(zg)ﬁge) fgfrfr(vsvtgéi;) Ezrg(:i(::sl Hard plastic  Fiber =~ Metal Glass Wood  Others Total
(1) Won Pyoung 1.3 0.0 252 10.9 0.9 0.0 0.1 04 0.0 38.9
(2) Son Deok 0.8 0.0 20.6 5.0 23 0.0 1.2 0.7 0.1 30.7
(3) Ye Po 0.4 0.0 7.0 12.6 39 0.1 0.1 0.2 0.3 247
(4) Oryun E 0.6 0.2 10.3 2.7 8.1 0.1 0.0 0.0 0.0 22.0
(5) Oryun W 0.7 0.2 56.9 8.2 5.7 0.7 0.1 0.1 0.0 72.6
(6) Jeo San 0.1 0.0 17.4 1.0 3.0 0.0 0.0 0.0 0.0 21.6
(7) Gong Seol 0.1 0.0 1.4 0.4 2.1 0.0 0.0 0.2 0.3 4.7
(8) Do Nam 0.1 0.0 3.8 2.0 0.2 0.1 0.1 0.0 0.1 6.4
(9) Ge Mi Mok 0.6 0.0 46.7 6.3 0.6 0.4 0.0 0.9 0.0 55.4
(10) Eden Beach 0.2 0.0 472 3.0 0.3 0.4 0.1 0.7 0.2 52.2
(11) Yu Dong 0.3 0.0 5.8 0.4 0.8 0.0 0.0 0.0 0.0 7.3
(12) Hegan S 0.2 0.0 35.2 1.1 2.8 0.1 0.1 0.9 0.0 40.4
(13) Hegan N 0.1 0.0 6.3 1.3 1.2 0.1 1.2 0.4 0.4 11.2
Average 0.4 0.0 21.8 42 25 0.2 0.2 0.4 0.1 29.9
Standard Deviation 0.4 0.1 18.9 4.1 23 0.2 0.4 0.3 0.2 21.1
Minimum 0.1 0.0 1.4 0.4 0.2 0.0 0.0 0.0 0.0 4.7
Maximum 1.3 0.2 56.9 12.6 8.1 0.7 1.2 0.9 0.4 72.6
TOTAL 5.6 0.4 283.9 55.0 31.9 2.1 3.1 4.6 1.6 388.1

1.4% 0.1% 73.2% 14.2% 82% 0.5%  0.8% 1.2% 0.4%  100.0%

) A

Table 2. Types and weight (g/m?) of macro (>25 mm) marine debris on the survey beaches in 2013. Among styrofoam debris, if more than
50% of original volume is remained, the item is classified as 'Whole debris' and the other is classified as ‘fragments’

(unit: g/m?)

b Styrofoam  — Other styrofoam - Styrofoam Hard plastic ~ Fiber Metal Glass Wood  Others Total
uoys (whole) (whole) Fragments
(1) Won Pyoung 2,194 0 342 244 66 0 14 127 0 2,987
(2) Son Deok 1,584 0 106 274 276 0 78 552 2 2,873
(3) Ye Po 664 0 76 184 200 13 1 74 1 1,214
(4) Oryun E 934 16 58 65 87 4 0 0 0 1,163
(5) Oryun W 706 25 147 156 84 29 1 47 0 1,193
(6) Jeo San 105 0 36 13 9 0 0 0 0 163
(7) Gong Seol 161.67 0 0.11 0.11 0.11 0 0 0.11 0.11 162
(8) Do Nam 141 0 1 8 0 2 0 0 0 151
(9) Ge Mi Mok 1,458 0 139 764 67 36 0 460 0 2,924
(10) Eden Beach 260 0 112 147 2 248 14 92 5 880
(11) Yu Dong 274 0 36 27 1 0 0 0 0 338
(12) Hegan S 311 0 92 12 69 2 1 521 0 1,007
(13) Hegan N 147 0 3 11 2 2 32 9 9 215
Average 687.6 3.1 88.3 146.5 66.3 25.8 10.9 144.8 14 1,174.7
Standard Deviation 672.8 7.9 91.5 209.2 85.2 67.8 224 213.5 2.8 1,082.6
Minimum 105.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 150.9
Maximum 2,193.9 25.0 342.2 764.4 276.1 247.8 78.3 551.7 9.4 2,987.2
TOTAL 8,938.9 40.6 1,148.4 1,905.1 8624 335.0 1412 1,881.8 18.0 152714
58.5% 0.3% 7.5% 12.5% 5.7% 2.2% 0.9% 123% 0.12% 100%
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Table 3. Types and volume (Liter/m?) of macro marine debris on the survey beaches in 2013. Among styrofoam debris, if more than 50% of
original volume is remained, the item is classified as ‘“Whole debris’ and the other is classified as ‘fragments’

(unit: Liter/m?)

Styrofoam Other styro- Styrofoam

buoys (whole) foam (whole) ~ Fragments Hard plastic Fiber =~ Metal  Glass Wood  Others Total

(1) Won Pyoung 84.7 0.0 14.4 44 0.1 0.0 0.1 1.1 0.0 104.9
(2) Son Deok 48.2 0.0 33 6.7 33 0.0 0.1 2.2 0.1 64.0
(3) Ye Po 27.6 0.0 3.3 33 3.3 0.1 0.1 0.1 0.1 38.0
(4) Oryun E 333 0.1 1.1 1.1 2.2 0.1 0.0 0.0 0.0 38.0
(5) Oryun W 40.0 33 5.6 5.6 1.1 0.1 0.1 0.1 0.0 55.9
(6) Jeo San 6.7 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 7.0
(7) Gong Seol 6.7 0.0 0.1 0.1 0.1 0.0 0.0 0.1 0.1 7.2
(8) Do Nam 6.7 0.0 0.1 0.1 0.1 0.1 0.1 0.0 0.1 7.3
(9) Ge Mi Mok 42.2 0.0 13.3 16.7 0.1 1.1 0.0 44 0.0 77.9
(10) Eden Beach 13.3 0.0 7.8 33 0.1 0.1 0.1 1.1 0.1 26.0
(11) Yu Dong 14.4 0.0 44 0.1 0.1 0.0 0.0 0.0 0.0 19.1
(12) Hegan S 11.1 0.0 5.6 0.1 1.1 0.1 0.1 1.1 0.0 19.2
(13) Hegan N 6.7 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 7.4
Average 26.3 0.3 43 32 0.9 0.2 0.1 0.8 0.1 36.3
Standard Deviation 6.4 0.3 1.3 1.3 0.4 0.1 0.0 0.4 0.0 8.7
Minimum 6.7 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.0 7.0
Maximum 84.7 33 144 16.7 33 1.1 0.1 44 0.1 104.9
TOTAL 341.6 34 59.3 41.8 12.0 1.9 0.9 10.4 0.7 472.0
72.4% 0.7% 12.6% 8.9% 2.5% 0.4% 0.2% 22%  0.14% 100%

2. 28MY7|1 mmO|4 25mmOloh) Z=AF At
(1) 7
Table 4. Types and abundance (number of debris/m?) of small debris on the survey beaches. Percentage represents relative abundance (%) of

each debris type
(unit: particle/m?)

Styrofoam Hard plastic Fiber Metal Glass Wood Others Total
(1) Won Pyoung 17,940 1,088 2,004 0 0 0 0 21,032
(2) Son Deok 25,872 140 324 0 0 0 4 26,340
(3) Ye Po 7,392 216 644 0 8 0 0 8,260
(4) Oryun E 10,680 232 756 0 0 0 0 11,668
(5) Oryun W 68,980 52 8 0 0 0 0 69,040
(6) Jeo San 11,172 32 76 0 0 0 8 11,288
(7) Gong Seol 14,100 16 84 0 16 0 0 14,216
(8) Do Nam 12,012 16 52 0 8 0 0 12,088
(9) Ge Mi Mok 66,572 224 16 0 0 0 0 66,812
(10) Eden Beach 75,376 168 0 4 0 0 75,548
(11) Yu Dong 10,328 76 0 0 0 0 10,412
(12) Hegan S 9,192 56 8 0 0 0 4 9,260
(13) Hegan N 14,348 140 92 4 0 0 80 14,664
343,964 2,456 4,072 4 36 0 96 35,0628
TOTAL
98.1% 0.7% 1.2% 0.0% 0.0% 0.0% 0.0% 100.0%
Average 26,458.8 188.9 3132 0.3 2.8 7.4 26,971.4

Standard Deviation 7,069.1 78.1 157.2 0.3 1.4 6.1 7,028.5
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Table 5. Types and weight (g/m?) of small plastic debris on the survey beaches. Percentage represents relative weight (%) of each debris type
(unit: g/m?)

g/m? EPS Hard plastic Fiber Metal Glass Wood Others Total
(1) Won Pyoung 154.4 91.9 2.4 0.0 0.0 0.0 0.0 248.8
(2) Son Deok 194.8 32 0.5 0.0 0.0 0.0 0.4 198.9
(3) Ye Po 271.7 10.0 3.0 0.0 22 0.0 0.0 292.9
(4) Oryun E 779.6 36.3 3.1 0.0 0.0 0.0 0.0 819.0
(5) Oryun W 519.5 4.1 0.1 0.0 0.0 0.0 0.0 523.7
(6) Jeo San 79.5 1.2 0.2 0.0 0.0 0.0 0.2 81.1
(7) Gong Seol 119.5 0.1 2.1 0.0 1.6 0.0 0.0 123.3
(8) Do Nam 99.5 0.1 0.2 0.0 0.4 0.0 0.0 100.2
(9) Ge Mi Mok 299.6 5.9 0.0 0.0 0.0 0.0 0.0 305.5
(10) Eden Beach 499.5 5.7 0.0 0.0 0.3 0.0 0.0 505.6
(11) Yu Dong 104.1 0.7 0.7 0.0 0.0 0.0 0.0 105.5
(12) Hegan S 94.1 3.5 0.8 0.0 0.0 0.0 0.5 98.9
(13) Hegan N 139.5 4.0 0.7 2.4 0.0 0.0 1.8 148.3
Total 3,361.3 166.9 13.7 2.3 4.5 0.0 2.9 3,551.6
94.6% 4.7% 0.4% 0.1% 0.1% 0.0% 0.1% 100.0%
Average. 258.6 12.8 1.1 0.2 0.4 0.0 0.2 2732

Standard Deviation 59.7 7.1 0.3 0.2 0.2 0.0 0.1 61.3
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