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A Study on Spatial Distribution and
the Characteristics of Litters on Marine Seabed

in Korea Coast

Chang Won Kim

Interdisciplinary Program-of Ocean Industrial Engineering, Graduate

School, Pukyong National University

Abstracts

At the beginning of 1990, the surveys for the ocean waste
were mainly “carried. out about floating debris in coastal area.
Since in the middle of 1990, it was investigated in order to the
restoration of the fishery products, the preservation of the
ocean—ecosystem and prevention of the maritime accidents in
port, fishing port and ground. Unlike the floating debris, the
surveys for the seabed marine litters were applied specialized
equipments such as vessel, side scan sonar, towing hook and

dive systems.

On the other hand, these equipments had limitations because 2

dimensional waste surveys on the seabed were performed. It

- vii -



was applied to design for the seabed marine litters that 2
dimensional surveys behaved sample investigation and adapted to
the entire in wide area. After design, the marine waste disposal
projects conducted using orange peel grab excavated into the
seabed in 3 dimensional. It was always disputable that waste
quantities and were difference between the design step and the

project.

In order to solve these problems, we. have conducted 3
dimensional orange peel grab survey in-6 sites “among 18 sites
of East and South Sea and appliedsthe previous survey results in
18 sites of East and South Sea, Korea. The reliability of survey
results was improved by deriving the linear regression equation,

Y = 1.0991X + 1.054.

Depending on the- seabed marine litters*in the total coastal
area approximately- 400,000 tons, it-is applied to the linear
regression equation 420,173 tons, approximately 4.3% increased.
Also, survey weight of seabed marine litters and results of
applied linear regression equation at 18 sites in East and South
Sea each were 986 and 1,083 tons, approximately 9.9%
increased. In East and South Sea during 2000 to 2010 also 2012,
waste weight, 271,065 tons, applied linear regression equation of

99 sites were increased 4.2% than survey weight, 260,256 tons.
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Table 1.

Survey sites of seabed marine litters in coastal area,

Korea(2000~2010)

Year

Classifications Quantities

Sites(City)

2000

Port

Jeju(Jeju)

2001

Coastal area

Ongjin(Incheon) 3, Pohang(Pohang)

2002

Fishing port

30

Bangeojin(Ulsan) 2,
Bonglaedong(Busan), Daebo(Pohang) 2,
Daejin(Yeongdeok), Daepo(Sokcho),
Dodu(Jeju);~Donggu5(Busan),
Dongmeang(Busan), “Galdu(Heanam),
Haeyangdae(Busan), Hyunpo(Uljin),
Jasengdae(Busan), Jengja(Ulsan),
Jisepo(Geoje), Mijo(Namhea),
Mokpo(Mokpo), Nangdo(Yeosu),
North(Mokpo) 2, Ocheon(Boryeong),
Okgye(Gangneung), Segecha(Jindo),
Semang(Jindo), Soan(Wando),
Soheuksando(Shinan),
Sungsanpo(Jeju), Yeosushin(Yeosu),

Yokj i (Tongyeong)

Coastal area

Boduk (Busan),
Hadan(Busan),
Hagu(Busan),

Jangrim(Busan)




Table 1. Continued

Year

Classifications

Quantities

Sites(City)

2003

Port

Donghea(Donghea) ,
Incheon(Incheon),
Jeju(Jeju),
Masan(Changwon) ,
Mokpo (Mokpo) ,
Pohang(Pohang)

Fishing port

19

Aninjin(Gangneung), Biin(Seocheon),
Busan terminal (Busan),
Dangdong(Tongyeong) ,
Donam(Tongyeong),
Eupcheon(Gyeongju), Hari(Busan),
Jangpo(Namhea), Jinmok(Busan),
Neabal (Goheung), Nokdong(Goheung),
Sacheonj in(Gangneung), South(Busan),
Soheuksando B(Shinan),
Sokcho(Sokcho), Susan(Yangyang),
Tongyeong(Tongyeong), Wido(Buan)
Wolpo(Pohang)

Coastal area

Beomsom(Jeju),
Munsom(Jeju),
Sunyoudo(Gunsan),

Yeongdeok(Yeongdeok)




Table 1. Continued

Year

Classifications

Quantities

Sites(City)

2004

Coastal area

Biyang,Gapa,Uodo(Jeju),
Chilsando(Yeonggwang),
Geomundo (Goheung),
Hyengjedo(Busan),
Munyeodo(Gunsan) ,

Yeounpyeongdo( Incheon)

2005

Coastal area

Chagwido(Jeju),
Goseong(Goseong) ,

Pohang(Pohang)

2006

Coastal area

Donghea(Donghea). 2,
Sokcho(Sokcho),
Taean(Taean),
Ulleung(Ulleung),
Yeongdeok (Yeongdeok)

2007

Coastal area

Boryeong(Boryeong),
Chagwido(Jeju),
Donghea(Donghea) ,
Dokdo(Ul leung),
Hwaseong(Hwaseong),

Taean(Taean) 2




Table 1. Continued

Year Classifications Quantities Sites(City)
Dadaepo(Busan),
o Gangguan(Tongyeong),
Fishing port 4
Hongwon(Seocheon),
Yeosu(Yeosu)

Boryeong(Boryeong), Buan(Buan),
2008 Daedo(Pohang), Ganghwa(Incheon),
Gudelbaegi (Samcheok),
Hwaseong(Hwaseong), Ijakdo(Incheon),
Coastal area 14
Junggu(Incheon), Morundae(Busan),
Ongjin(Incheon), Seocheon(seocheon)
Shinsido(Gunsan), Taean(Taean),

West (Incheon)

Fishing port 1 Okpo(Geoje)

Bogi ldo(Wando) ,
Boseong(Boseong) ,
Boryeong(Boryeong),
Dokdo (Ul leung),
Goseong(Goseong) ,
Hadong(Hadong) ,
2009 Hyengjedo(Buan),
Hwado(Jeju),

Jawoldo(Incheon),

Coastal area 14

Munyeodo(Gunsan) ,
Noksan(Busan),
Sinnamgi(Samcheok),
Soheuksando(Shinan),
Sudo(Boryeong)
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Table 1. Continued

Year Classifications

Quantities

Sites(City)

Port

Masan(Changwon)

Fishing port

Gampo(Gyeongju),
Gurungpo(Pohang)

2010

Coastal area

24

Boryeong(Boryeong),
Dokdo(Ulleung),
Gangseogu(Busan) 2,
Geoje(Geoje),
Gijang(Busan),
Godam( Tongyeong),
Goseong(Goseong), 2,
Gunsan(Gunsan) ,
Hadong(Hadong) ,
Jeju(Jeju),
Junggu(Incheon),
Ongjin(Incheon),
Pohang(Pohang) 2,
Sahagu(Busan),
Samcheok (Samcheok) ,
Sokcho(Sokcho) ,
Suncheon(Suncheon) ,
Uljin(Uljin),
Ulju(Ulsan),
Yokjido(Tongyeong) 2

Total

150

_11_



2.2, 20123 F - 3t A2 7] ZAL

sepd sl Bl mel r2dr], F32d7 2 A2
Az R, 27e 2APEe el s gtk setel EoA ol

£ Rfad)e

Lo
o
o
=
rir
o
o
™
o,
r o
N
)
e
o
o
—LI
HU
°
_{
2
©
e

op
o
o

Z2ARE 8. tE SAPEAE AR AL AR BHEAL
AsE EWE 3 -4, L9=
7Hg Ae 2AE S M)

FS-9EFALZ] (SSS; Side Scan Sonar), < %E(towing-hook), Zr4=(dive)

Sol AHg T, thi ekl We) Wold Aol Ffoli G L o

ol wlate] WA ¥il salo] Aol ArEAE AFAl Ao A9 e
= o] QukAor
Agold AAH 2AANRE AG D BAe] AEAon og

_12_



| Gangwondo
: . [8.mwon port ]

“2- Gyeonggido \

B
4.
5.

i t
Jukbyeon port
' ® |5.Hoopo port U%ungdo

. } ” 4

k¢ < ook
Chungeheongnamdo
Gyeongsangbukdo [6.Yongli bay

P -
i

}*LChUQgcheongbukdo

/

sy 7.0nsan port
~ _Jeollabukdo | ) ey

I\I

2 8.Kori bay

ﬁ 7 -_ : J?yeongsananamdo'
' [10.South port
" [11.Chenseng port]

113.Kwangam port |

12.Gujola port

15.Hodu port

[15.Hodu port |
| 16.Junghwa por

[17 Maekjeonpo port| = [14.Wonjeong port]

- |18.Shinsu port
dejudo

Fig. 2. Survey sites of seabed marine litters in East and South

Sea, Korea(18 sites).
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Table 2. Survey sites of seabed marine litters in East and South

Sea, Korea(18 sites)

Classifications Quantities Sites

Jumungin fishing port in Gangneung

Gangwondo 2 . .
Imwon fishing port in Samcheok
Jeodong fishing port in Ulleungdo
Gyeongsang L . ..
3 Jukbyeon fishing port in Uljin
bukdo . ) ..
Hoopo fishing port in Uljin
Ulsan il Onsan port in Ulsan
North-port in“Busan
Port Busan 3 South port in Busan
chenseng fishing port in Busan
Gujola fishing port in Geoje
Kwangam fishing port in Changwon
Wonjeon fishing port‘in Changwon
Gyeongsang s /
7 Hodu fishing port'in Tongyeong
namdo > .
Junghwa fishing in Tongyeong
Maekjeonpo fishing port in Goseong
Shinsu fishing port in Sacheon
Gyeongsang 1 y I bav in Poh
ongli bay in Pohan
Coastal bukdo & Y &
area
Busan 1 near Kori nuclear power plant
Total 18
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Fig. 3. Flow chart 'of marine litters survey in seabed.
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Table 3. Specification of side scan sonar

Items Specification
Frequency 400 kHz
Beam width horizontal 0.3° / vertical 40°
Swath range 45~300 m

Operating speed
Material
Size
Error range
Resolution
Pulse length

Depression angle

Operating depth(Max.)

1~8 knots (0.51~4.1 m/s)
stainless steel
1,140 mm(L) <X @100 mm
+ 0.25%
1,125~15 cm
15 1s~200-us
200 kHz, 20°
300 m

Fig. 6. Schematic of the side scan sonar operation.
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Fig. 8. Example distribution of the seabed marine litters using by

side scan sonar survey.
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Fig. 9. Type of towing hook for sand, mud(left) and rock(right).
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Fig. 11. Example image(upper) and method(lower) for the dive

survey.
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Fig. 13. Survey sites using by orange peel grab.
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Fig. 14. Orange peel grab.

Find out seabed marine litters Marine litters searching

Fig. 15. Process of the orange peel grab survey.
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Fig. 16. Continued.
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Fig. 17. Classifications of the seabed marine litters.
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Table 4. Results of the seabed marine litters in West, South and

East Sea(2000~2010)

Survey Survey Survey weight
Sections Sites area weight per unit hector
(ha) (ton) (ton/ha)
West sea 44 203,121 7,416 0.04
South sea 43 74,329 5,010 0.07
East sea 63 125,749 10,508 0.08
.-_.- "\._..

Total Iff 150 403,199 22,935 “xx 0.06

West sea
32%

East sea
46%

South sea
22%

Fig. 18. Sectional percents of the seabed marine litters in

West, South and East Sea.
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3.1.2 &% 9 Agtaq A 2H 7] ZAE

(1) &3 X 54 24423

DA HGEE HAnAsIe) 2AARE Hebd RS oA AR
o FAY, Ag4Y, AAAGor BRIV F o GF AuE @
F A,

2000 -6 20108 7bA] F @] s A 2] AR =GR 50
2 ZAMH A 177 ha, FAFE s A2 7] %S 1,387 ton, S WA
A 2E 7] %S 7.82 ton/haolH, d AR ANS EAFI} H

Bol] YERRTE.

Aol A AR A0l F el Hlst We S9fAR @ow
A AL 2,895 ha, A2 7] FE 83632 ton, GHWAT A2
# 7] %S 2.98 ton/hadl®, HAF, TERX, YUY #Elolo] 5o

A=A A AT

AN 7P B 8HAE AAs e At e x
AP A 400,126 ha, ZAME SIA 2V 12,916 ton, WAL 3
A2 e 71% 0.03 ton/hal 2 e Oom g , Agrd ), &
A ol A A (Table5).

20009 F-E 20108 7bA] F-oidk, Abd H Absf el A xAlE 3
Are 7| gs Bl Ed Actsi o] JHd we FS AAG oM,
dAerarel 7bg Al FAME AT, Ee Geu AT A %S F

Aol 7HE FAF FFES HEhlAT(Fig. 19 and Fig. 20).
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Table 5. Results of the seabed marine litters in trading port,

fishing port and coastal area(2000~2010)

Survey Total Survey Survey weight Total

Sections area area weight  per unit hector weight
(ha) (ha) (ton) (ton/ha) (ton)
Trading port 177 21,682 1,387 7.82 169,460
Fishing port 2,895 1,213 8,632 2.98 3,616
Coastal area 400,126 7,077,105 12,916 0.03 228,455

" b
Total f}6§,199 7,100,000 22,935 S.ETxx 401,531
'l - . %,

tradingport
coastal area
42%

57%

fishing port
1%

Fig. 19. Sectional percents of the seabed marine litters in

trading port, fishing port and coastal area.
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marine litters 1in trading port, fishing port and

coastal area.
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Fig. 21. Classifications of the seabed marine litters.
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(2) sjA2H7] 44 22X 2AHESH

el 187140 sfA2xel7] b2 oF 32,234 kgl = HQlF Lo,
O AR ATH, Tt HERe]o] 7t 34%E A8k EHFlg 23).
olg} 7o AA 18749 A2 ] FS wrlolg, T Iora) W
o skl Awuw WA w7k 10720 L2k A2
e HTIERETE oF AT%, HERolo|7} of 31%% 7HE wWol WS UE

ek, 3 A 2fned Fashe Az FAe] FRE daER
7)o 550, #ERolort 3562 dEpgton, Fejge] yehd daEes
o &2 F7tojFEY ok 8k w2 HITE ARSIt A 47
B X A derolo] o 524, HIE R oF 3192 Fvtold @ 3y
= g HAgojort Ay ¢ we Ve AAstgh. s 27)
20 B, ATZRIIL OF 802 o o 2700 - AR BEES Y
o

o, Bl 7)E 228 7] 7F oF 9%l BEA S YEFNSIGH(Fig. 24).
a2 AR sl 1871l diske] sfjA 22 ] AR R A ek,
=227t b Eol AR 2 RSl 24t o2 3,648 kgL, 1
th&ol 5% A5H(2,764 kg), FLF(1,854 kg, ?1%4%(1,854 kg)
ToE TG, FEF= AdFA FEAFI3M kgo 2 AL ¥ol
FAE 0w, X7 AT WASK] @t Eal Helole &5k
3

,862 kgo. & ALEQl oM, & vty vl = 2

A 4 FelAnt dAa=don, &ib 22k 19 kg & A
d Wol =AERIAL, A 53 7 kg, Y G} QA 72 2
kgo 2 ZALE Y. AR+ 55 AP 1,750 kgl = Ad @ol
ZAE Qo &7 =WE 471 kg, B2 FERAE 469 kg o2 EY
t}(Fig. 25).
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Table 6. Classifications of the survey methods and weight in East

and South Sea, Korea

Survey Survey
Classifications Sites(City) T weight
ow
SSS ) Dive  OPG (kg)
ing
Imwon(Samcheok) O O O X 941
Jeodong(Ul leungdo) O O O X 8,494
Jukbyeon(Uljin) O O O X 1,778
Chenseng(Busan) O O O X 609
Gujola(Geoje) O @) O X 2,638
National port
Kwangam(Changwon) O O @ P 1,806
Wonjeon(Changwon) O O O @ 1,556
Hodu(Tongyeong) @) O O X 388
Maekjeonpo(Goseong) O @) @ @) 1,019
Shinsu(Sacheon) O O O X 414
North(Busan) @) O €D O 1,194
Trading port
Onsan(Ulsan) O = O O 4,197
Jumungin(Gangneung) O O O X 2,835
Hoopo(Uljin) O O O X 1,474
Fishing port
South(Busan) O O O O 667
Junghwa(Tongyeong) O O O X 276
Yongli bay(Pohang) O O x X 747
Coastal area
Kori(Busan) O O < P 1,194
Total 32,234
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Fig. 22. Comparison with survey areas of the seabed marine

litters in East and South Sea.
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Fig. 23. Classifications of the seabed marine litters in East

and South Sea (18 sites).
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Fig. 24. Classifications of the seabed marine litters.
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Fig. 24. Continued.
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Fig. 25. Regional distributions of the seabed marine litters by

type in East and South Sea, Korea(18 sites, 2012).
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Fig. 26. Distribution of the seabed marine litters.
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Fig. 26. Continued.
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(r) Shinsu fishing port

Fig. 26. Continued.
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3.3 T A AA2H7] FAHAZF AA

ool to i 3 1A AAE 2000358 20103 7H4] =AM FAE

3 siA 227l T AslieE s ALlE 817/hAet 3.2HlA AAE 2012

W 2AbE FElt AR (187 ) E FAjfeke] sdElit & 997149 12

Foai Az 7ol ek SARE} FAFS Mgt A2 FA4

ol AL ZAzhe] tids oY WA AN AT A2 S

Z 4NAE ZAPAAL 161 ha, X

AbEl Bl A2 712 2,039 ton, SRIHAG s A2 7SS 12.62 ton/ha

2 718 skon, 7Y% F FHEFS

Aetale]l A9 457)AE ZAPAAL 2651 ha, FAHE 611%1&3]7100%

5,095 ton, ©@rYHAAG A 22d 7]%S 1.92 ton/ham A3 FAEHL

1,240 tono.& FAT, L3S AL 40704 = =AE A 129,385 ha, A}

A2 %L 5,543 ton, THHAT ‘3H?<1ﬁﬂﬂ7]°§—8— 0.04 ton/ha®

3 JE2 151,209 tono. =2 FAHUL. o]t

2o A= A 2000 FE 201297F4 oF 12\d7F Fel ol 997) &
of tiak A A » w7 FAHES 260,257 tonO = ELSTH(Table 7).

|

E >
1o
ofj
-1N'
N

Table 7. Statistics and estimated weight of seabed marine litters in

East and South-sea, Korea during 12 years(2000~2010 and

2012)

Survey Total Survey Survey weight Total

Sections area area weight per unit hector weight
(ha) (ha) (ton) (ton/ha) (ton)
Trading port 161 8,542 2,039 12.62 107,808
Fishing port 2,651 645 5,095 1.92 1,240
Coastal area 129,385 3,529,365 5,543 0.04 151,209
Total 132,198 3,538,553 12,678 4.86 260,257
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3.4 OPG S o] &3 A2 7] ZAF £4
s A 2xd 7)o tfsk 7|9l FZAF(SSS, towing-hook % dive) 23}
3L A0 OPG ZAMA e} Hlaste] s A22g 7] ] dig A EE

SEAFA 7] 7] 98k SSS, towing—hook % dive®} OPG FA} AE Al

i

ut

2 (correlation analysis)3ttl. Z-7te] A#dE4 2 SSS

=
OPG ZAh, A%EARSH OPG 24 W SSS, WAt ATE At

2
Rk, Zhzhel FAE A A II%LS SSS FAF-586.1 kg, H&RA
1,643.3 kg % OPG %A} 238.8 kg O 2 AR gld s A 2297
Fol 7HE B EX=E % Arh(Table, 8).

FHAEA AY AR AT()Y BYE <t <1 2 (D 99
FEFA oI, (kS A4 AABAE YHEdo. E=g FAA T
Aoigkol 17 o 23@FE vlage 7o A#AnvE fAE. A
AE AE A EE, SSS FAFSL 0PG FAME A#AS(r)o]
-0.325 2 9o AHUAES R ow, AAAG S 0.106, 483

o
[\
ﬂ
J
o

31942 Y=0.0973X+4.7947 & YEpth. o]e} e A}
B} fFow FEHAE FFAkel SSS A 799 Abeld

ATF. TS OPG FAF Al Adke] Hd7Fs A9 AHlE o]

rr
» =
Iy

fljo
i

g3kl AAEE SSS ZARel dig #F 71714 ox= dekHT
(Fig. 27). SSS & ZrxAL A3ko] @Aakat OPG ZAbel] Wk a4
Axte FBASF(r)o] 0.543 22 Ao AABAAE Yeloen, 24
A (r?) 0.295, @372 Y=0.0991X+1.054 = FFxAL Aot &
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Table 8. Marine litter quantities by the SSS, dive and orange peel

grab survey in each port (unit :@ kg)
Site SSS survey Ditiee OPG survey Total
survey
- 55.0 5.2 60.2
Onsan port in Ulsan - 76.8 0.2 77.0
- 1.0 9.2 10.2
33.6 48.6 0.7 32.8
96.0 96.0 36.7 228.7
Busan port
211.1 e 0.4 211.5
7 168.4 1.7 170.1
3.9 = 1.9 5.9
2.8 210.0 86.8 299.6
Kwangam fishing port in
= 180.0 4,3 184.3
Changwon
48.0 o 0.9 48.9
90.0 - 2.0 92.0
= SELR 53.4 564.5
Wonjeon fishing port in
- 10.8 1.6 12.4
Changwon
8.4 - 16.2 24.6
Maekjeonpo fishing port 92.3 12.3 9.6 114.1
in Goseong - 273.2 8.1 281.4
Total sum 586.1 1643.3 238.8 2468 .2
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