creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

TS R

20221 8¢



)

[}
pud

Tl 9]

]

8

~—

27 g
82

2t

A9l EE

}
20223

|71& wj=3] g

—

)

Ho

_
fiTe)



84 26¢

2022




Hr

iv

LlSt Of TADIES eeeeeceeecerccenccrscenceencrnscenccencsncencsenssnssensensssssesccenssansencscns

vili

LlSt of Flgures T Y

x1

Abstract $000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

He

e 11 A PPy

ol

B/

5

.Q'.% %l—lg csecscccescee

H71E fdilE R LHHHE B3 -

II.

7} HANE s zalme]

10

o}, 7]

14

14

15

17

17

7k Aa7g 3t

19

T
Np



. T 2

g U - o Ag Al 21

I #71& WE3ge H3E 9% Bt 24
L T T]AF SIQ cmerrssmsssssssssssssssssssssssssssssssssssssssssassssssssssssssssssassases 24
b Asle] BASBE 54 24
EAE LI MR EE 25

2. HJHE QUL F7} HFH eisersisssssrssisnssssssssssssssssssssssssssssssssses 28
7} B4 55 8 28

3. ANAE 2 TE 39

o A S A 43

3. HAE i il AN . L L 47
7} B4 g5t a7 47

3. ANAE 2ATE 89

o AE = A 110

V. H71& vi&39y SLE J&5a837 Hr} 115
L ZAHE T EBET B} HH s 115
7 HAE FEE T B 115

g AR s 115

. AAARE 37} 116

2t A =544 9 116



117

X

Np

117

T

Np

120

120

o A A A

121

122

123

X

Np

129

LB A& AL -

V. H71E &Y L4 FE A

129

130

135

135

¥ Jid 3 At

L
|

7}

138

U #7)

143

V. 8oF 5L A&

147

e



List of Tables

Table 1. Criteria for contamination of dredged materials that can be utilized ---- 23
Table 2. The recovery rate of heavy metals compared with SRM 2702 (NIST,
USA), MESS-3 (NRC, Canada) - sweseseeseeseesmseeniinmininiins 31
Table 3. Marine environment standards for heavy metal contents ---------weeoe 34
Table 4. Background concentration of heavy metals in continental crustal
VG 750 36
Table 5. Classification of enrichment factor of the metal elements in the
Sediment .................................................................................................... 37
Table 6. Classification of geoaccumulation index of the metal elements in the
Sediment .................................................................................................... 38
Table 7. Classification of benthic health condition based on AMBI and BPI indices -- 42
Table 8. Comparison of mean grain size, sorting and it’s standard deviations
between areas from 2017 to 2021 ........................................................ 49
Table 9. Comparison of average organic matter (COD, TOC, TN) contents and
it’s standard deviations between areas from 2017 to 2021 -=--weveeeer 54
Table 10. The average of organic matter (COD, TOC, TN) contents in surface

Sediments around Korea Peninsula ........................................................ 55



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

11. The result of the Mann-Whitney’s U test among areas (N-C) - 62
12. The result of the Mann-Whitney’s U test among areas (C-R) -+ 62
13. The result of the Mann-Whitney’s U test among areas (N-R) - 62
14. Comparison of average heavy metal contents and it’s standard
deviations between areas from 2017 to 2021 ..................................... 69
15. The average of heavy metals (Cr, Ni, Cu, Zn, As, Cd, Pb, Hg) in
surface Sediments around Korea Peninsula .......................................... 70
16. Classification of enrichment factor and the number of EF for the
heavy metal concentrations in surface sediments of No capping area -- 74
17. Classification of enrichment factor and the number of EF for the
heavy metal concentrations in surface sediments of Capping area -- 74
18. Classification of enrichment factor and the number of EF for the
heavy metal concentrations in surface sediments of Reference area -- 75
19. Classification of geoaccumulation index and the number of I, for
the heavy metal concentrations in surface sediments of No capping area -+ 77
20. Classification of geoaccumulation index and the number of I, for
the heavy metal concentrations in surface sediments of Capping area - 78
21. Classification of geoaccumulation index and the number of I, for

the heavy metal concentrations in surface sediments of Reference area --- 78



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

22. The result of the Mann-Whitney’s U test among areas (N-C) - 83
23. The result of the Mann-Whitney’s U test among areas (C-R) -+ 83
24, The result of the Mann-Whitney’s U test among areas (N-R) - 83
25. Correlation matrix of mean grain size (Mz), organic matters (COD,

TOC, TN) and heavy metals (Cr, Ni, Cu, Zn, As, Cd, Pb, Hg) in

surface sediments Of study area - seeeseeemmsmiini 88
26. Comparison of average benthos appearance amount and it’s standard
deviations between areas from 2017 to 2021 -reeerermesesermeeeeeeeeees 90
27. Comparison of dominant species between areas from 2017 to 2021 -- 91
28. Comparison of average ecological index and it’s standard deviations
between areas from 2017 to 2021 ........................................................ 93
29. The result of SIMPER analysis which species contributed to the
overall similarity ‘between station groups in the macrobenthic
community at the West Sea-Byeong ocean dumping site --«---weeeeee 98
30. Species that contributed to dissimilarity between Group A, B - 99
31. Species that contributed to dissimilarity between Group A, C - 100

32. Species that contributed to dissimilarity between Group B, C - 101
33. Benthic health index and it’s standard deviations between areas from

2017 to 2021 ......................................................................................... 103



Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

Table

34. The result of the Mann-Whitney’s U test among areas (N-C) -+~ 106

35. The result of the Mann-Whitney’s U test among areas (C-R) - 106
36. The result of the Mann-Whitney’s U test among areas (N-R) -+~ 106
37. Correlation matrix of environmental variables and dominant species -- 109
38. pH and salinity of luminescent bacteria toxicity test solutions from
DOTT 10 2021 wervrerresesrsrsmsmsessasasas st e et 110
39. Relative luminescence inhibition rate (%) of Vibrio fischeri from
2017 tg" 2D oor v vevevererersefbeneerererirenne g g M 111
40. Temperature, pH, DO, salinity and NHs-N of benthic amphipod
toxicity test solutions from 2017 to 2021 wweeressmsessneeeeneen: 113
41. Relative average survival rate (%) of Monocorophium acherusicum
from 2017 to 2021 ............................................................................... 114
42. Index for integrated evaluation of COD, s, BPI, Toxicity - 124
43. Index for integrated evaluation of dredged material capping effects -- 125
44. The result of integrated evaluation of dredged material capping
effects ...................................................................................................... 126
45. Items of monitoring for adaptive management «------woeeemesereneeeeees 141

- Vil -



List of Figures

Fig. 1. The impact of waste discharge on the ocean «+ s wsremsssrmsssrisssrsissssinnes o)
Fig. 2. Methods of discharging waste to the ocean(MOF, 2020) ««+--veeerereeeeeee 9
Fig. 3. Ocean dumping site, KOTea «+ = wewsssromsssmsssssmssssmssissss i 12
Fig. 4. Amount of wastes discharged at the ocean dumping site --------weeeeeee 13
Fig. 5. Sampling locations of West Sea-Byeong ocean dumping site -+ 26
Fig. 6. Typhoons that affected the West Sea during the study -«:---weeoeeeeeeeees 27
Fig. 7. Triangular diagram showing sedimentary types in each areas -+ 50

Fig. 8. The horizontal distributions of organic matter contents for COD in

Surface sediments ....................................................................................... 52

Fig. 9. The horizontal distributions of organic matter contents for TOC, TN in

surface sediments ....................................................................................... 5 3

Fig. 10. Plot of total nitrogen (TN) versus total organic carbon (TOC) in

surface sediment fI'Ol’Il StUdy ATEQS +wvrerrereerrrros e re sttt ettt 58

Fig. 11. The result of temporal variations of the organic matter contents in

eaCh QICAS tv e e ee e et ee s e sttt sttt 60

Fig. 12. The result of comparison of the spatial difference among areas ------ 61

- viii -



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

The horizontal distributions of metallic elements contents for Cr, Ni

in Surface Sediments .................................................................................. 65

The horizontal distributions of metallic elements contents for Cu, Zn

in Surface Sediments .................................................................................. 66

The horizontal distributions of metallic elements contents for As, Cd

in Surface Sediments .................................................................................. 67

The horizontal distributions of metallic elements contents for Pb, Ni

arcds = ... 0 WS ... DY . B ... ;. fooeonenennens 72
The result of comparison of the spatial difference among areas ----- 82
Correlationship between Mz(®) and organic matters «---«--:--wwweeeeeeeeees 85
Correlationship between Mz(®) and heavy metals «--wweereermereeeeeeees 86
Correlationship between TOC(%) and heavy metals «--weooeeeereeeeeneeeneee 87

The result of temporal variations of the benthic fauna in each areas --- 94

The result Of cluster analysis Of benthos .............................................. 97

The result of temporal variations of the benthic fauna in each areas --- 103

The result of comparison of the spatial difference among areas ---- 105



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

26.

27.

28.

29.

30.

31.

The result of toxic effect determination on the bioluminescent bacteria -+ 111

The result of toxic effect determination on the benthic amphipod --- 114

Vertical profiles of the concentrations of Cr in sediment core samples --- 119

The result of integrated evaluation of dredged material capping effects

in NO Capping QI *evevetr e e e 127

The result of integrated evaluation of dredged material capping effects

in Capplng area, Reference QIEQ *rererere e ettt i 128

Adaptive management in West Sea-Byeong ocean dumping site -+ 142



Environmental Evaluation and Capping Effects of Dredged Materials at the
Ocean Dumping Site in Korea

Kwang Sup Lee

Interdisciplinary Program of Ocean Industrial Engineering, The Graduate School,
Pukyong National University

Abstract

In this study, the capping effects of the dredged materials applied for
remediation and restoration of heavily contaminated areas in the West
Sea-Byeong ocean dumping site were evaluated through analyses of
sediment physicochemical properties, the assemblages and health of
benthic fauna, and sediment ecotoxicity. Management plans for future
development were sought to improve the capping effect.

First, results of the analysis of sediment physicochemical properties
showed significant differences in particle size between areas due to the
capping effect of dredged materials. In the capping area, the content of
organic matter (COD; about 48%) and heavy metals (about 50%) was lower
than such content in the no capping area due to blockage of the
contaminated sediment layer, demonstrating the capping effect of dredged
materials.

In the case of benthic assemblages, differences in particle size, COD,
and the number of sensitive species were observed in the capping area.
Regarding the evaluation of the health of benthic fauna for each research
area, while the score on AZTI's Marine Biotic Index (AMBI) was 3.2 (good)
or less in all areas, the Benthic Pollution Index (BPI) value of 1 has been
maintained in the capping area since 2017, indicating better benthic
health than in the no capping area (BPI 1-2) and suggesting that the
recovery of the benthic ecosystem is underway.

As a result of the ecotoxicological test using luminescent bacteria
(Vibrio fischeri) and benthic amphipods (Monocorophium acherusicum), in

all areas, the relative luminescence inhibition rate and the relative

X -



average survival rate were each less than 30%, indicating “no toxicity”
according to the criteria presented in the Korean Standard Method of
Examination for Marine Environment.

The integrated evaluation of the capping effects of dredged materials
was determined from scores for the COD, heavy metal concentration
index (Geoaccumulation Index: Is), BPI, and results of the ecotoxicological
test. As a result, the no capping area scored 4-5 (very poor), whereas the
reference area was evaluated with a score of 3 (normal). Meanwhile, the
score for the capping area was 2 (good) to 3 (normal), indicating that
dredged materials were effective in remediating and restoring
contaminated sediment.

Therefore, it is desirable to apply the capping method in order to
establish a physical barrier with dredged materials as a method for
remediation and restoration of heavily contaminated sediment in ocean
dumping site.

By applying such capping materials as zeolite and oyster shells, in
addition to dredged materials, a chemical remediation effect can be
expected through adsorption and decomposition of highly concentrated
heavy metals and organic substances isolated under the capped layer.

In addition, when expanding the project to remediate and restore at
the ocean dumping site in the future, it will be necessary to establish and
operate an integrated ocean dumping site management system by adopting
the concept of adaptive management including the steps of assessing
problems, establishing and designing the management plan, implementing
the plan, monitoring, conducting evaluations, and adjustments.
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Table 1. Criteria for contamination of dredged materials that can be utilized

Item

Criteria(mg/kg, dry weight)

Cr or

/n or

Cu or

Cd or

Hg or

As or

Pb or

Ni or

its compounds

its compounds

its compounds

its compounds
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Total PCBs

Tota PAHs
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TP
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180
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1.5
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Table 2. The recovery rate of heavy metals compared with SRM 2702
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Table 3. Marine environment standards for heavy metal contents

Heavy metal (mg/kg)

Marine environment standards
As Cd Cr Cu Hg N Pb Zn

Threshold Effects Level (TEL) 145 075 116 206 011 472 440 684

Probable Effects Level (PEL) 75 272 181 644 062 805 119.0 157.0
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Table 4. Background concentration of heavy metals in continental crustal

average

Heavy

metal (%) Heavy metal (mg/kg)

Al Fe As Cd Cr Cu Hg Li Ni Pb Zn

ro
=2
1o,
ot
to
faled
o
fr
o,
N
R
:(!){:1‘4
3o
2
N
=
Q
5
0Q
Q
5
oy
5
Ic
)
S
S
£,

NA= o] AESE 7IES 485t H4= il 55 L8925 Bt
th EF < 12 2495A %<& ZH(No enrichment), 1 ~ 32 <7t o4 4#
A (Minor enrichment), 3 ~ 5& +3%F 299 A Hl(Moderate enrichment),
5 ~ 102 =7 A3k 2 AEl(Moderately severe enrichment), 10 ~ 25

= A

ek 99 AEj(Severe enrichment), 25 ~ 502 "¢ Aldk o4 AE)

(Very severe enrichment), > 502 =53] 9% “JH (Extremely severe

enrichment) 2 %38} tH(Table 5).
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Table 5. Classification of enrichment factor of the metal elements in the

sediment

EF Range Designation of sediment quality
> 50 Extremely severe enrichment

25 ~ 50 Very severe enrichment

10 ~ 25 Severe enrichment

5~ 10 Moderately severe enrichment
3 ~5 Moderate enrichment

1 ~3 Minor enrichment
<1 No enrichment

3) &3 A4 (Geoaccumulation Index, Iue,)
&3 A4 (Geoaccumulation Index, L) ©= B4 E U 555 55 24
HA & A AHO TEES MATEE o885ty FATFoEN LH9E

s AgHow Prae Py

o
fr
)
dlo
1
o
fru
4z
a
)
(2
(o0
ol
2
o
=
E
o
=

1979).

C

'metal
oo = log, B <15 (2.4)
meta :

TaEo ATz th 18al 155 AR tE AZd EAEtE a5

Asl7] §gk X420l t}(Ghani et al.,, 2013; Choi et al., 2015).
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W74 s ==  EFe vk &2 Table 49  %o]  Taylor and

W Fase

od,

iy

1

McLennan(1995)2] 1 M Al A<t i F& A9 H A

Lo T3 HAE U 9% 245 FUtE 98 7942 A Rslete] o
AE) % & 42F(Practically unpolluted), 0 ~ 1&
Ao e AdEA e 4=F(Practically unpolluted / moderately polluted), 1

2 ~ 32 ot o9d

2
)
-
HN
=
@)
(@
(@)
=
Q
—t
o,
<
(o)
S,
=y
—t
D
&

s

Z(Strongly polluted), 4 ~ 5+ Al 29 FF3 wj$ A

+

3 99 o] T @A(Strongly / very strongly polluted), > 5% #j$-

A3t o9 FF(Very strongly polluted) & & -3} th(Table 6).

Table 6. Classification of geoaccumulation index of the metal elements in

the sediment

Lo Designation of sediment quality

Range Class

> 5 6 Very strongly polluted
4 ~ 5 5 Strongly / very strongly polluted
3~ 4 4 Strongly polluted
2~ 3 3 Moderately / strongly polluted

1 ~2 2 Moderately polluted
0~1 1 Practically unpolluted / moderately polluted

<0 0 Practically unpolluted
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AMEEr B4 98 Smith Mclntyre Grab (0.1 m?) 0] &5} o]
ZF A3 3 33 HAES AFHSAT AFHE HAgES AN 1

MAGFe BAZFES dHA(mA)o s St TE A4S Imajima
(1972, 1990), Imajima and Takeda (1987), #(1973, 1977), W (1989),
Nishimura (1992, 1995), Okutani (1994, 2000) % =545 (2001)<
Fastgion, z Fo W3t 82 Ut T ETES /(T HA &
A, 202002 <AE STk

A EEo] Aex¢e +F A4S PRIMER 7 (Plymouth Routines
Multivariate Ecological Research 7)& ©]&3lo] t}%%(Shannon and
Weaver, 1949), &5 % (Margalef, 1958), % %=(Pielou, 1966) % $H=

(Simpson, 1949)E AF=3}3 ).

- 39 -



AR AFEEE YERU A 2o} v RS A (Spearman’s Rank
Correlation Test) HH o2 1% % 5% T dlolA 439 HIBM,

SPSS version 17).

AMEERLS 98 H vues A5 9 WHIksd s AdS
AASH L AT E2E YEA ol RS i vl u(Mann Whitney's
U-test) WHOoZ 1% % 5% FYFc stollA AR HIBM, SPSS

version 17).

(ch &3 4

ANEE T B4

rlo

4T, MAT AE5E "o =2 PRIMER 7
(Plymouth Routines Multivariate Ecological Research 7)& ©]-&3}o] A A
SRtk Bray-Curtis (1957)9] A 3 €& o] &3] Group-average W
Ho g FAEE AAslH o oju SIMPROF (Similarity Profile) test&
Agstol A3 sMel FoAdS 7latAtHClarke et al, 2008). 123l tha}

2 A =¥ (nMDS, Non—metric Multidimensional Scaling)S %3] +<4d

ok

A 2] ZpolE mhetslgd o, SIMPER(Similarity Percentages) =412

Fahel 7 age] TR Al $HFE Jo1ES detatg
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AXQARNA AHF= Hrhe AZTTs B E=AF(AMBI, AZTI's Marine
Biotic Index)(Borja et al., 2000)¢} A4 24 2]4(BPI, Benthic Pollution

Index)(3F3] ¥ T4, 19958 E3] AA A AREE Hrst4

(7h) AMBI(AZTI's Marine Biotic Index)

AMBIE= #+9 si¢talld e AMgH= AazA A4 712 M4sh=

. AMBI= 0 ~ 67FA19] @S UElUE, FAE =445 AMBI #<

72 &Ikl

AMBI=[(0x2%GD+(1.5% 2% GID +(3x 2%6GII+(4.5% %6GIV ) +(6x2%6GV)1/100 (2.5)

GL #71= S7tell vl sk S0z A4 ARt 6=

of\

il

Jm

4 %
A7), e 7H B AT

GIE §71% Z7tol 4% $02 g4aeod e UEg /A %, o344

GIL #71% Z7Fol Aol A3 &, 25 HAEAAZA A#AS 73 Spionids
7} &3

GIV: 22+ 713]%, +2 AP AAFGolq/, x5t HAEA A Cirratulidaedl %
s F

GV: 1a 713]F (@A v+ts Fo F

el
rle
ox
fuj
lo,
,
ax
i
2
>,
'
oX,
P‘L'
s

CEERE
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(1}) BPI(Benthic Pollution Index)
BPI&= = ulol A 7Est X524 AAMesE 2 F2 44

[e]
T
e ol gdte] AMAFES Fusith BPIE

Jm
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filo
)
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e
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o
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==}
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]
o
i
DY
=
o
fr
-
oX,
i,
2
%0,
dlo
filo

ety Ak Ao FAE 24 A= BPI #ts 022 d3stsith

BPI = [1-(0xN;+1xNg+2xN3+3%Ny)/(N;+N2+Ns+Ny,)/3]x100 (2.6)

NEERP SRR R
Ny ®% HABAAe] AAE
Ny EZe HA2 AR AR5

Ng LA FolH 713]F] AA S

Table 7. Classification of benthic health condition based on AMBI and BPI indices

Condition Grade AMBI BPI
Excellent 1 0~ 12 >60
Good 2 12 ~ 32 40 ~ 60
Normal 3 32 ~ 50 30 ~ 40
Poor 4 50 ~ 6.0 20 ~ 30
Very poor 5 (i‘;(;o; ;8) <20
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o A E S A

My H7lE S gY HAso] AAEA WA= IS BT
k71 flste]  wgubg glol(Vibrio fischeri)el 233 AHAMAH w2
(Monocorophium acherusicum)®] AE&o st A&} 5H4IFS 7

o}t

(1) = P8

% ok 3 kegE AASAL AAY HABL FA ARG F Y] ¢z
Aol mpelon, Adde &n

o §-5H9)

i
i
off
i1h3
f
r
_0|L
22
Rl
2a

&)
>
)
off
o

(2) A
(7}) =g ute EloH(Vibrio fischeri)
g ate 2 ol(V. fischeri) o] S AIE S 3 FeE TG A F 7= (3l FTAHE,

2021) sl 7 EHA wef SR AR AAEE AsE AFss

Alg A EF 30 A, sAARE dgatEH g otE G Al kel H7tst
o] N-tox (Neoenbiz, Korea) 7|7] oA #A&AFsAY. e x4 2

Al = A F2o g2 47)9] HEEFE Flom 96 well plate?] ZF wellol



o wrgeFo] H7F 0.6 ~ 1.89 WHlo| xZ3s =2 g1ttt
ANdgde] pH % dES pH - DO meter(Thermo Fisher Scientific,

STAR A216, USA) ¥ th&& 2547 (TOA-DKK, WQC-22A, Japan)

(h) AAA @ ZhF(Monocorophium acherusicum)

A FZ{ (M. acherusicum)®] FAAE -2 s34 3G A1E 7] (3]
FAHE, 2021) s FH ZIEH w3kt WA AR A=
AATF HAE ASE 300 pm EFA N FHAIA F G AR ES
AAstA EHAIZL Alg °F 1 Lol 5 Lo of#af+(1um Membraine
Filter, Chisso Filter, Japan)& &3%3 % 24A17F &< Z%7] & H A&
WAsts dRYoF A Ed 43S T+ A2 £°17] $1@l Ammonia

Photometer(Hanna Instuments, HI96715, Italy)S AlF83to] R Yol T

AAE g A5 108 &<t M. acherusicumzs =EAA A HA &
FFe AT BRE dExT R Al e AFHeR Y eSS
FRoem, 1,000 mL 2 vlo]A 175 mL EHAE(A5)% 800 mL F
A ogslE BFEe] 300 ~ 500 ym =719 AMA TR 20/0AE

TFE&sAth AP=%E+= 20 £ 1 °C, 500 ~ 1,000 lux®] Z=E== 24A17F <A
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Instuments, HI96715, Italy)

(3) A

171 #13 t HA(TOXCALC

S

H]ﬂ
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A3} Aol
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Scientific Software,

Tidepool

0.0,

5%l A
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<
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7HF-test)

3

by

(Shapiro Wilk’s test), ¥4+ &2A

FlthIBM, SPSS version 17).
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3. §H3E 2¥9x ¥y 294 € 1 F

20179 ~ 20219 Mg A/1E wMEAGe) B AR YERY 2
Y Hat JEE HIEFYA 566 ~ 9.05 O(FH 7.04 = 099 ), I &
T9A 034 ~ 593 O(Fw 242 + 1.39 @), x+Hel|A 517 ~ 6.09

Q@ 575 ¢)E YEFE . Folk (1968)¢] H A& ol wet v 949

rlo

sM, sC, ¥&EF9L gmS, (gmS, WETHS sM, mSez E7F5 o]
v I 5797 glz279e MudZ7t $AIg Algdella, J5+92 Sand
A 2HE e HAE =4S Uede] SAE vRor Qi HAF
Hal ¥ o= Ay ri(Table 8, Fig. 7).

THEs HIYEFAgA 191 ~ 327 O(F T 294 £ 048 @), HEHF4

oA 131 ~ 3.89 O(H 281 + 0.66 ©), T+ A 268 ~ 3.14 O(H
01 ©)2 BE F994 200 @ o] (very poorly sorted) oz L ELY

3
EF% EHEE BT 4, 2014). dvrd o2 HHELS AHdE g
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Table 8. Comparison of mean grain size, sorting and it's standard

deviations between areas from 2017 to 2021

Mz So
Year Group
)
N (n=6) 6.77+0.96 2.92+0.43
2017 C (n=4) 2.58+2.45 2.06£0.81
R (n=1) 517 2.68
N (n=6) 6.78+1.16 2.98+0.52
2018 C (n=4) 1.47+1.46 2.33+0.77
R (n=1) 5.82 3.14
N (n=6) 7.23+0.98 2.93+0.51
2019 C (n=4) 2.48+1.15 2.97+0.84
R (n=1) 5.65 2.99
N (n=6) 7.12+0.98 2.95+0.47
2020 C (n=4) 2.75+1.13 3.40+0.49
R (n=1) 6.09 313
N (n=6) 7.28+0.90 2.94+0.49
2021 C (n=4) 2.80+0.75 3.27+0.39
R (n=1) 6.03 313
N (n=30) 7.04+0.99 2.94+0.48
Average C (n=20) 2.42+1.39 2.81+0.66
R (n=5) 5.75 3.01

% N: No capping area, C: Capping area, R: Reference area, Mz: Mean grain
size, So: Sorting
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Fig. 12. Triangular diagram showing sedimentary types in each areas.
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(2) #71&
b F71&E %

2017 ~ 2021 AM&i® d7l= wiEdge] 25 HA= #le &%
A A3 CODT v EFGo A 1284 ~ 23.05 mgOy/g-dry(H+ 16.61
+ 2.87 mgOy/g-dry), I EFF A 293 ~ 1359 mgOy/g-dry(H i 869 +
210 mgOy/g-dry), HETHANA 1035 ~ 11.78 mgO/g-dry(H++ 10.96
mgOy/g-dry) &= H| ¥ HFHol| A 7 A Uetwtal, d5 oA 714
SA Ut tH(Fig. 8). et vE sy Hlas] B B[] ETe o

o
N

o

g R mabgel A zAbd ¥3 HHE9 COD BE 505 ~

v o = v o

1z

43.67 mgOy/g-dry(H i 17.45 mgO-/g-dry), 11.30 ~ 29.90 mgO./g-dry (3
T 1960 mgOy/g-dry) HY BT E thh 3 FEo|X|uk Aot 7 7|nh
ofAbRE A ARk, HE A FAA EAME EF HAES COD &%

319 ~ 841 mgOyg-dry WETE 28] o] ¥& %S e

o= Wz Eelo] A 006K A/ B AFNEZ A 2ARe)
AW Pz 100 do] AR AAAAE et Aot B TP

¢} COD FIkoh Wdh oz Yeund 5, 1993 ¥ 5, 1995 &
S, 2006).

TOCE HFEFel A 0.83 ~ 1.62%(F 1 1.16 = 0.19%), I 50|
41023 ~ 096%(BT 049 + 0.14%), HE=THelA 064 ~ 0.78% (B
071%) 0.2 vlaj&G Aol 74 w4 desta, 57l 71 s

HEsktH(Fig. 9).

- 51 -



TN Hjg & 3o A 011 ~ 0.19%(H 0.15 + 0.02%), 3 EF o)A
002 ~ 0.14%(F3 007 = 0.02%), HEFAA 0.06

~ 0.10%(33 «
0.09%) o= et Hld 5ol 7 s YERRaL, vl 7t

4 w7 et (Fig. 9),

TOCS TNE H)y &Y

Lo

vhehga, BB ela 2T

=A
qL FASAY WA YERE T S, 1993).
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Fig. 13. The horizontal distributions of organic matter contents for COD in

surface sediments.

- 52 -



36.6°

36.4°—
36.2°—
N-3 N4 |
36.0° ]
o CH
N-3 N-6
35.8°
TOC (%)
35.6°
@® .-
@® o0s3-~11
ol ® 05~08
35.4 d Lok

| ] | T T T
124.0° 124.2° 124.4° 124.6° 124.8° 125.0°

36.6°
[ ]
R C3
36.4° 4
oN-2
36.2°— [e[718]9
Rest Zone
N-3 N4 |
36.0° ]
o o
N:3 N-6
35.8°
TN (%)
35.6°
. 0.15<
@ 0.10~0.15
o ® 0.05~0.10
35.4 . <0.05

T | T T T I
124.0°  1242°  1244°  1246°  124.8°  125.0°
% N: No capping area, C: Capping area, R: Reference area

Fig. 14. The horizontal distributions of organic matter contents for TOC, TN in
surface sediments.
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Table 9. Comparison of average organic matter (COD, TOC, TN) contents

and it's standard deviations between areas from 2017 to 2021

COD TOC TN
Year Group
mgO,/g-dry %
N (n=6) 17.44+2.07 1.21£0.15 0.16+0.02
2017 C (n=4) 10.72£3.00 0.73+0.20 0.11+0.02
R (n=1) 10.47 0.78 0.10
N (n=6) 15.81+3.40 1.18+0.30 0.14+0.03
2018 C (n=4) 4.49+1.72 0.31£0.10 0.05£0.01
R (n=1) 11.78 0.75 0.10
N (n=6) 16.49+3.48 1.13+0.17 0.15+0.02
2019 C (n=4) 7.91+3.07 0.48+0.13 0.06+0.02
R (n=1) 10.35 0.64 0.09
N (n=6) 17.29+3.22 1.07£0.15 0.15+0.02
2020 C (n=4) 10.62+1.68 0.43+0.15 0.05+0.02
R (n=1) 10.84 0.64 0.06
N (n=6) 16.02+2.17 1.22+0.15 0.16+0.02
2021 C (n=4) 9.73+1.05 0.47+0.10 0.06£0.01
R (n=1) 11.34 0.73 0.10
N (n=30) 16.61+2.87 1.16+0.19 0.15+0.02
Average C (n=20) 8.69+2.10 0.49+0.14 0.07+£0.02
R (n=5) 10.96 0.71 0.09

% N: No capping area, C: Capping area, R: Reference area
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Table 10. The average of organic matter (COD, TOC, TN) contents in

surface sediments around Korea Peninsula

COD TOC TN
Study region Reference
mgOy/g-dry %
Coastal zone 12.40 1.10 0.19
of Korea
Kyeonggi Bay 4.05 0.53 0.08
Asan Bay 6.20 0.73 1.03
Kang et al.(1993)
Coast of 3.19 0.17 0.03
Kunsan
Coast of
Molkpo 8.41 0.63 0.09
Gwangyang 1367 1.04 0.11
Bay
Gamak Bay 31.00 1.03 0.14 Noh et al.(2006)
Masan Harbor 19.60 2.30 0.20  Hwang et al.(2006)
Busan Harbor 17.45 2.49 0.13  Park et al.(1995)
Ulsan Bay 9.70 1.07 0.13 Hwang et al.(2014)
West Sea- 16.6122.87 1.1620.19 0.15+0.02
Byeong (N)
West Sea- 8.69+2.10 0.49+0.14 0.07+0.02  This Study
Byeong (C)
West Sea-
Byeong (R) 10.96 0.71 0.09
Environmental
quality criteria 20.00 - - Yokoyama(2000)
in Japan
Quality
guidelines for - 2.00 - MOF(2017)
in Korea

¥ N: No capping area, C: Capping area, R: Reference area
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b F71E 9% F37t
A Hr7lE =YY 15 HAE flE
COD, TOC #4 A¥et HA= 7|3 Hlus] Bt WA CODx= H| ¥
B9 A9 N-5 Al 20179 2059 mgOy/g-dry, 2018 22.49
mgO2/g-dry, 20193 20.60 mgO-/g-dry, 20201 23.05 mgOy/g-dry® ¥

THAE BRE7V)ee 27 o9 dHE UEWE 20 mgOyg-dry Rt =2
5

=S yehgla, dAHes 20 mgOy/g-drydl <A v&= Fx5 o
Btlol #7l1= 9ol 7hed=s AlARSkaL ARATh Nk, v 5t a) iz

stA, TOCE Ev 79004 =u oJF34 7= (MOF, 2017)¢] 2.0%X
o vHA YEsa, TOCe digk TN H|(C/N ratio)E o83k Al3H
H7= wWEdge] 55 H4= W /718 Vde dHE A3 vaE
Tl A 7.34 ~ 7.65(F 1 7.52), AEF X 665 ~ 757(H 7.27), U
ZTAoA 7842 BE FYolA 10 olst2 YEFRTH(Fig. 10). whEkA] A
Yy HZIE wEAge 235 HAE U F7E2 AV E wEd o &
718 V1R gE Sl AL AAEAC o8] AHE 1= 719l A4St
U= 7€ AFZAge A9t Hyun et al, 2003, 2004; Hwang et al.,
2006). ¥wtd o= C/N ratiox 7|72 41 S Azl <-4 Ad
of C/P ratiooll Hla} f71&¢] 7195 sfiAst=d dolA e A&
Atk Y HAE U fA71E FEFe oS 71doA e AbEol”]
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Fig. 15. Plot of total nitrogen (TN) versus total organic carbon (TOC) in
surface sediment from study areas. The solid and dotted lines represent
the boundary of terrigenous and oceanic origins for organic matter in
sediment, respectively.
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Fig. 16. The result of temporal variations of the organic matter contents in
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Fig. 17. The result of comparison of the spatial difference among areas.
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Table 11. The result of the Mann-Whitney’s U test among areas (N-C)

COD TOC TN
mgOy/g-dry %
N (Avg.) 16.61 1.16 0.15
C (Avg.) 8.69 0.49 0.07
p-value .000 .000 .000

% N: No capping area, C: Capping area

Table 12. The result of the Mann-Whitney’s U test among areas (C-R)

COD TOC TN
mgQOy/g-dry %
C (Avg.) 8.69 0.49 0.07
R (Avg.) 10.96 0.71 0.09
p-value 148 .012 .042

% C: Capping area, R: Reference area

Table 13. The result of the Mann-Whitney’s U test among areas (N-R)

COD TOC TN
mgOy/g-dry %
N (Avg.) 16.61 1.16 0.15
R (Avg.) 10.96 0.71 0.09
p-value .000 .000 .000

% N: No capping area, R: Reference area
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2017 ~ 2021 M H7IE wiEsigel 25 HAE TS FF
4 A, Cre vy EF9olA 613 ~ 1528 mg/kg(Hit 93.8 + 242

mg/kg) WHE 7HE A UEya, 5= 106 ~ 775 mg/kg

(B3 469 + 159 mg/kg) WY Z v B3 A7) vlw Al HiF L7} oF
50% Fwo® WA vEyen, x99 (E 595 mg/kg)H= FAFEHA
L SHAl YErs T

Nidh Cd& wl¥&E 7o 77k g 287 + 52 mg/ke® 0113 +

3
0020 mg/kg® 7H¢ EA Yehsa, IRl 2z

o
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mg/kg@} 0.056 + 0.021 mg/kg® Cr¥} vl 7pA 2 u|E ol A vy & F

o oiu] oF 50% FEo2 A el

SEE JETHAAN Y EFIRY W2

XS5 Wb, xS v Al FARSAY SEHA YEd &
AE JRow Q3 edEd 48 Ut ved AR dddn.

A A7lE Ed e Tas H TS v v sy

Hlate] B vy S o) G- Cre] He FE(E T 93.8 mg/kg)e] wH

1 9] Cu, Zn, As, Pb, Hg &

A wiRte] 545 7Ex mREER(79.0 me/kg) R OA1E S 91 5(81.0 me/ke)

Bt 129, FFA et A= EA7E A% FSRHG1.0 me/ke)
o]
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Fig. 18. The horizontal distributions of metallic elements contents for Cr, Ni in
surface sediments.

- 65 -



36.6°
[
R eC3
36.4°— N-1 ¢ @C4
® ®°(C-1 O N-2
Cc2
36.2°— ‘879
RestZd@i
[ JESN( ]
N-3 N4
36.0°
[ ) [ )
N-5 N-6
35.8°
Cu (mg/kg)
35.6°
@ »-
@® 15~-2
A ® 10~15
35.4 A o
I I I I I I
124.0° 124.2° 124.4° 124.6° 124.8° 125.0°
36.6°
C-3
36.4° -4 8
N-2
36.2°—
N-3
36.0°
o H
N=5 N-6
35.8°
Zn (mg/kg)
35.6°
@ -
@ 40-~50
o_| ® 30~40
35.4 N <30

T T T T T I
124.0°  1242°  1244°  1246°  1248°  125.0°
% N: No capping area, C: Capping area, R: Reference area

Fig. 19. The horizontal distributions of metallic elements contents for Cu, Zn in
surface sediments.
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Fig. 20. The horizontal distributions of metallic elements contents for As, Cd in
surface sediments.
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Fig. 21. The horizontal distributions of metallic elements contents for Pb, Ni in
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Table 14. Comparison of average heavy metal contents and

it's standard deviations between areas from 2017 to 2021

Cr Ni Cu Zn As Cd Pb Hg
Year  Group
mg/kg
N 100.6+17.7 29.7+6.3 13.2£2.0 58.0£5.8 74+1.1 0.105+0.034 28.4%2.3 0.038+0.010
2017 C 54.6£21.1 16.4+7.1 9.2+4.4 45.9+16.7 6.7£1.0 0.064+0.037 24.8+05 0.013£0.011
R 63.3 21.7 12.8 57.1 7.0 0.063 21.0 0.019
N 95.8+£25.6 29.2+55 10.4£1.0 50.9+2.3 7.1£0.9 0.108+0.020 27.6+2.4 0.042+0.009
2018 C 41.3£21.2 10.4£3.8 6.8£2.9 33.5%12.6 6.1£0.9 0.041+0.018 23.4+2.7 0.025£0.017
R 66.5 25.6 11.0 51.2 74 0.092 26.8 0.025
N 85.0£23.2 28.2+5.8 11.2£1.7 50.5+4.2 8.4+2.1 0.126%0.018 29.3£2.6 0.038+0.007
2019 C 31.9£11.7 11.3£3.6 7.7+3.7 31.9£10.5 6.7£0.3 0.046%0.014 23.1%1.1 0.015£0.007
R 535 214 11.1 52.4 5.3 0.112 25.1 0.022
N 87.0£25.7 26.3+4.4 13.3+0.9 54.2+1.8 78£1.4 0.114%0.016 27.8+2.4 0.045+0.009
2020 C 49.3£12.2 16.0+3.6 11.9+29 45.7+11.1 6.8£1.3 0.059+0.012 23.71£2.7 0.021£0.004
R 499 19.2 12.4 53.0 6.9 0.073 23.4 0.025
N 100.7£28.6 30.1+4.1 10.7+0.6 485+2.3 9.0£0.5 0.114+0.013 27.8+1.8 0.048+0.014
2021 C 57.5%13.6 179+2.3 12.6+0.4 47.4+1.7 7.9+0.7 0.071+0.022 24.6+0.8 0.025£0.009
R 64.3 24.2 10.1 475 85 0.084 24.3 0.030
N 93.8+24.2 28.7+5.2 11.8+1.3 52.4+3.3 8.0£1.2 0.113£0.020 28.2%2.3 0.042+0.010
Average C 46.9£15.9 14.4+4.1 9.6+2.9 40.9£10.5 6.8£0.9 0.056+0.021 23.9%15 0.020£0.010
R 59.5 224 11.5 52.2 7.0 0.085 24.1 0.024

% N: No capping area, C: Capping area, R: Reference area
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Table 15. The average of heavy metals (Cr, Ni, Cu, Zn, As, Cd, Pb, Hg) in surface sediments around Korea Peninsula

. Cr Ni Cu 7n As Cd Pb Hg
Study region Reference
mg/kg
Coastal zone 58.0 - 37.0 122.0 9.1 0.250 35.0 0.050 Ra et al.(2013)
of Korea
Kyeonggi Bay 70.0 25.0 25.0 92.0 - F - - Lee et al.(1998)
Shihwa (outer) 81.0 33.0 55.0 122.0 79 0.500 29.0 - Choi et al.(1999)
Gwangyang Bay 51.0 - 18.0 86.0 = 0.200 28.0 - Hyun et al.(2003)
Gamak Bay 78.0 - 28.0 114.0 9.8 0.100 28.0 0.020 Kim et al.(2012)
Hampyeong Bay 34.0 15.0 12.0 45.0 = ~ 20.0 - Youn et al.(1999)
Masan Harbor 79.0 - 73.0 321.0 105 1.400 74.0 0.140 Hwang et al.(2006)
Yellow Sea 37.0 17.0 9.0 40.0 = B 22.0 - Cho et al.(1993)
West Sea- 9384242  287+#52  118+13 = 524+33 8012 0.113:0020 282423 0.042+0.010
Byeong (N)
West Sea- s a
46.9+159 14.4+4.1 9.6£29 40.9+10.5 6.8£0.9 0.056+0.021 23.9+15 0.020£0.010 This Study
Byeong (C)
West Sea- 595 22.4 115 52.2 7.0 0.085 2.1 0.024
Byeong (R)
Threshold Effect
Level (TEL) 116.0 47.2 20.6 68.4 145 0.750 44.0 0.110 .
MOF (201

Probable Effect 181.0 80.5 64.4 157.0 755 2.720 119.0 0.620

Level (PEL)

% N: No capping area, C: Capping area, R: Reference area
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Fig. 22. The result of temporal variations of the heavy metal contents in each areas.
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2) %A% (Enrichment Factor, EF)

2017d ~ 2021 M AVl wiEde W %

ol
i)
)
i
lo
o
a|!
b
to

Adrs FHAFER)E ol &8st H7sa
WA Cu, Hg, 183 Zna EF #to] EE 7904 1.0 wvke] gto=
UERY 295X 2 A El(No enrichment) 2 3 7}= 9t}

Cd2 EF kol mly&E7He A Hvt 122 Hdutxow ofk 09 H

o,

Bl (Minor enrichment)= 7} a1, 3579 (H o 0.8) 2 279 (H

F:U

100 95 AALS AYsta 295 A &S A (No enrichment)®
7} At
Ni2 EF o] B #9994 1 ~ 3¢ o= yely o3 odd 4

2~

B (Minor enrichment) 2 3 7} 5| 1t}

Pb= EF @to] &9 dF AAeA 1.0 vwte Fo= Ugy 2
AL x S AH(No enrichment)® H7}E a1, 1 9 A 2 v)y&E
A3 E2FGelM= 1 ~ 39 Foe= yehy ofgt e ¥ A (Minor
enrichment) 2 7} 5] 21t}

Cr EF glto] v EFJoAx = 5 AHdeA 3 ~ 59 gog e
U F3F 24 H(Moderate enrichment)® #H7}5 a1, 71 9 Ao =
1 ~ 39 ez et ozt o dd Ael(Minor enrichment) 2 3 715 21
o R gz qolM= EF #tel 1 ~ 39 #gez yehy dAA
o2 o7k 9% A (Minor enrichment)® 3 7} % 91t}

Asx= EF gko] 7+ 7799 o7 AAlolA 3 ~ 59 groz Yy F3b

29 Aef(Moderate enrichment)® H7FEQa, 2 9] A= 5 ~ 10
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of oz Yehy dAAHdoe=m xm Ak 2 AH (Moderately severe

enrichment)® 3 7} % ¢l t}.

Table 16. Classification of enrichment factor and the number of EF for the

heavy metal concentrations in surface sediments of No capping area

anze Designation of sediment quality As Cd Cr Cu Hg Ni Pb Zn

> 50 Extremely severe enrichment o o0 o o o0 o0 o0 0
25 ~ 50 Very severe enrichment o o 0 o 0 o0 0 0
10 ~ 25 Severe enrichment o 0 o 0 0 0 0 O
5~10 Moderately severe enrichment 4 0 0 0 O 0 0 0
3~5 Moderate enrichment 6 0 11 0 0 0 0 O
1~3 Minor enrichment 0 %5 19 0 1 0B 0 1

<1 No enrichment 0O 5 0 30 29 0 0 D

Table 17. Classification of enrichment factor and the number of EF for the

heavy metal concentrations in surface sediments of Capping area

anze Designation of sediment quality As Cd Cr Cu Hg Ni Pb Zn

> 50 Extremely severe enrichment o o0 o o O o0 o0 0
25 ~ 50 Very severe enrichment o o0 o o o0 o0 o0 0
10 ~ 25 Severe enrichment o 0 o o0 o0 0 0 O
5~10 Moderately severe enrichment 9 0 o0 O O 0 O o0
3~5 Moderate enrichment 1 0 0 O 0 0 0 O
1~3 Minor enrichment 0 3 B8 0 1 14 20 3

<1 No enrichment o 17w 2 2019 6 0 17




Table 18. Classification of enrichment factor and the number of EF for the

heavy metal concentrations in surface sediments of Reference area

RaEane Designation of sediment quality As Cd Cr Cu Hg Ni Pb Zn

> 50 Extremely severe enrichment o o0 o o O o0 o0 0
25 ~ 50 Very severe enrichment o o0 o o o0 o0 o0 0
10 ~ 25 Severe enrichment o 0 o o0 o0 0 0 O
5~10 Moderately severe enrichment 4 0 O O O O 0 0
3~5 Moderate enrichment 1 0 0 O 0 0 0 O
1~3 Minor enrichment 0O 2 5 0 0 5 5 0

<1 No enrichment 0 ™3 =0fMHo~ 5 0 0 5
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3) &3 A4 (Geoaccumulation Index, Ige,)
2017 ~ 2021 Asid #H7IE diEslg W 23 HAEY TS5 L
FEE FHAT T E ©1-83ke] H 783

Cu, Hg, 223l Zn2 lpo @Ol 25 79904 0 viwte] gts yEbd
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74 Aot
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class 11 3 3} o RPEA xe <= (Practically

A

o
)

==

i

unpolluted/moderately polluted) 2.2 H7}= a1, 1 £
o] Froe = YERY I, class 09 d1F3Fe] G Ex
unpolluted) 2.2 3 7}5] 21t}

NiZ} Pbis Lo ol HIFETS AR AR A 0 ~ 19 o= yey
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5
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I xzFell = 0 mvke] o2 YEty I, class 09 af3dsto] <<
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Cra Ipeo @Ol HIFEFGo A AAolA 1 ~ 29 o= yey
Lo class 20l sl9sle] <27t @ 9% 4= (Moderately polluted)g “EFH S
AL, 9l ARoAME 0 ~ 19 gre® YEhy I class 190 sf3ste] 7
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unpolluted/moderately polluted)s YEFIS AL, 71 ¢ FAo A= 0 v vke]
o= YEY I, class 00 slldste] 295 =] 22 AH(No enrichment)
o2 HuIEAL fETIAE 0 ~ 19 Fe=Z YeY I, class 19]
A Fate] Aol 29 ER & FF(Practically unpolluted/moderately polluted)
o2 HI7MEATH

Asi Tgeo #E0] BIF BT AN A L, class 30 dlF3H= ofF 2 9E =+
Ak 29 o T dA(Moderately/strongly polluted)2F Igeo class 2
of sjH3tE k7t o 9w 4F=(Moderately polluted) . & H7}E A} v &

T9Y 2ol es BE ™A 1 ~ 29 o= YEY I, class

\)
9
:o{:r
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e,
to
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)
-y

= (Moderately polluted) 2.2 3 7}5] it}

Table 19. Classification of geoaccumulation index and the number of lgo for

the heavy metal concentrations in surface sediments of No capping area

Lgeo Designation of sediment )
_— ) As Cd Cr Cu Hg Ni Pb Zn
Range Class quality
>5 6 Very strongly polluted 0 0 0 0 0 0 0 0
Strongl trongl
4~5 5 ongly / very strongly g 0 g o o o
polluted
3~4 4 Strongly polluted 0 0 0 0 0 0 0 0
Moderatel trongl
9~3 3 ratdly / strongly 8 0 0 0 0 0 0 0
polluted
1~2 2 Moderately polluted 2 0 7 0 0 0 0 0
Practicall lluted
0~1 1 ctically unpolluted /o0 0 g 10 6 o
moderately polluted
<0 0 Practically unpolluted 0 29 0 30 30 20 24 30
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Table 20. Classification of geoaccumulation index and the number of lgeo

for the heavy metal concentrations in surface sediments of Capping area

Lgeo Designation of sediment )
. ) As Cd Cr Cu Hg Ni Pb Zn
Range Class quality

>5 6 Very strongly polluted 0 0 0 0 0 0 0 0
Strongl trongl
4~5 5 ongly / very strongly 00 g o g o o
polluted
3~4 4 Strongly polluted 0 0 0 0 0 0 0 0
Moderatel trongl
9~3 3 ratdly / strongly O 0 0 0 0 0 0 0
polluted
1~2 2 Moderately polluted 20 0 0 0 0 0 0 0
Practicall luted
0~1 1 ctically unpolluted /0 g 0 g 0 0 o
moderately polluted
<0 0 Practically unpolluted 0 20 12 20 20 20 20 20

Table 21. Classification of geoaccumulation index and the number of Iy,

for the heavy metal concentrations in surface sediments of Reference area

| PSS Designation of sediment .
—_ ] As Cd Cr Cu Hg Ni Pb Zn
Range Class quality
>5 6 Very strongly polluted 0 0 0 0 0 0 0 0
Strongl trong]
4~5 5 ongly / very strongly g 0 g o o o
polluted
3 ~4 4 Strongly polluted o 0o o0 o0 o o0 o0 o0
Moderately / strongl
2~3 3 TALEL 7 SHOnEY O 0 0 0 0 0 0 0
polluted
1~2 2 Moderately polluted 5 0 0 0 0 0 0 0
Practicall lluted
0~1 1 ctically unpolluted /00y 0
moderately polluted
<0 0 Practically unpolluted 0O 5 1 5 5 5 5 5
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Fig. 23. The result of comparison of the spatial difference among areas.
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Table 22. The result of the Mann-Whitney’s U test among areas (N-C)

Cr Ni Cu /n As Cd Pb Hg
mg/kg
N (Avg.) 93.8 28.7 11.8 52.4 8.0 0.113 282 0.042
C (Avg.) 46.9 14.4 9.6 40.9 6.8  0.056 239  0.020
p-value .000 .000 .060 .000 .007 .000 .000 .000

% N: No capping area, C: Capping area

Table 23. The result of the Mann-Whitney’s U test among areas (C-R)

Cr Ni Cu 7n As

Cd Pb Hg

mg/kg
C (Avg.) 46.9 14.4 9.6 40.9 6.8  0.056 239  0.020
R (Avg.) 093 224 115 s 70  0.085 241 0.024
p-value 067 .002 415 .025 b587  .014 1.00 197

% C: Capping area, R: Reference area

Table 24. The result of the Mann-Whitney’s U test among areas (N-R)

Cr Ni Cu Zn As

Cd Pb Hg

mg/kg
N (Avg.) 93.8 28.7 11.8 524 80 0.113 282  0.042
R (Avg.) 59.5 224 115 52.2 70  0.085 241 0.024
p-value .002 .007 888 77 172 .014 .003 .001

% N: No capping area, R: Reference area
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Table 25. Correlation matrix of mean grain size (Mz), organic matters (COD, TOC, TN) and heavy metals (Cr, Ni, Cu, Zn,

As, Cd, Pb, Hg) in surface sediments of study area

Mz Sort COD TOC TN Cr Ni Cu 7n As Cd Pb Hg
Mz 1
Sort -.028 1
COD 904 -.005 1
TOC 859 -.048 911 1
TN 346 -.065 904 986~ 1
Cr 778" -.014 865™ 913" 900™ 1
Ni 892 -.015 915™ 925" 908" 839™ 1
Cu 240 4117 332" 258 255 374 229 1
Zn .395™ 200 549™ 509 483" 535" 44 7914 1
As 532" 140 556" 537 540 534 633" 288" 184 1
Cd e4” 154 Bl 801 806" 783 824" 291 468 510™ 1
Pb 779 018 862" B40™ &0 809™ B49™ 21 .398™ 618 733" 1
Hg 770" -.069 Vel 769™ 61 804 e 219 36™ 533" 736™ 33" 1

¥ p< 05 %, p< .01 *x Mz: Mean grain size
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20173 ~ 2021 A& H71E diES A @AM EE Ed Y
=4 A¥, FdFEFs 20199 v EFHN 92F 0w JpE Agflen,
2017 Wix=TelA 21Fem 7 ®ol ¥ AAERe] A
20193 ¥ EEGo A 106 + 1570A/m*e.2 7P viekow 2021d ¥ 57
oA 423 = 15270 A/m* = 7Hd E=dvh AAe A 2017d 955
oA 10.78 + 7.30 gWWt/m’Z 7}4 wretoem 2019y 3 EJ o 4] 83.85
+ 89.85 gWWt/m’= 7} = Skth(Table 26).

2021 FEFHAA AT 7P =L AL AAEE dERFY Se
WALE AR B o] (Melinna elisabethae)”’t W& =&@3F 7] wlol™, 20194
5T A Fol 7HE =4 vEd AL G AAAY A Fo] =&
u| A5 Actiniaria unid®t Calliactis sp.2] =& 23 Aoz ket

7+

S-euket Ma Aty Hlae] B Aef Akl AMEE EHEFS H

el
of\
;l>
>
1>
s}
ol
WE,

61%, 1,810 7RA/m?% 122 gWWH/m’= A8 ¢t HiF =3

AAFES A #H7l= sl e FHRY =JTR(E] Sk, 2016).

JEFAgA 20173 ~ 20219 FHFS BT SFEAS Aol (M.
elisabethae) 3t} ©] T 718 9= FHo glv FTo= HIEF

A T Fo FHE DM (Thyasira tokunagai), 370 = o]
<21 Nothria otsuchiensis®t+= *Fol7F At (Table 27). &= 71(T.
tokunagai)~ F71& HAEZFOZ {7l 9ol =2 HAMGAA MAS

7V SVl 5340 Atk (Borja et al., 2000; 2003; Kim et al., 2018).
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Table 26. Comparison of average benthos appearance amount and it's

standard deviations between areas from 2017 to 2021

Number of

. Abundance Biomass
Year Group Species
ind./m? gWWt/m’
N 17+5 201+78 11.94£8.13
2017 C 14+2 217+118 10.78+7.30
R 21 169 21.04
N 12+4 167+43 24.51+20.60
2018 C 12+1 284+78 16.56£2.63
R 17 211 15.71
N 10+2 137+61 23.11+18.54
2019 C 9+2 106+15 83.85+89.85
R 12 207 16.26
N 16+4 25299 37.79+14.79
2020 C 12+4 420+156 41.47+34.88
R 18 317 19.71
N 11+£3 172+50 31.92+21.29
2021 C 11+£3 423+152 20.28+5.23
R 12 393 65.90

¥ N: No capping area, C: Capping area, R: Reference area
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Table 27. Comparison of dominant species between areas from 2017 to 2021

Abundance Ratio

Year Group Species ind/mt o
M.D.S Melinna elisabethae 47 23.2
N S.S Thyasira tokunagai 38 19.0
2017 c M.D.S Melin@ elisabetha‘e 95 43.8
S.S Thyasira tokunagai 34 154
R M.D.S Nothria otsuchiensis 23 136
S.S Nuculana yokoyamai 23 13.6
M.D.S Melinna elisabethae 51 30.6
N S.S Thyasira tokunagai 32 19.0
2018 c M.D.S Melinna elisabe.thae 177 62.4
S.S Ampharete arctica 28 99
R M.D.S Raeta pulchella 47 22.3
NP Nothria otsuchiensis 37 175
M.D.S Thyasira tokunagai 30 22.0
2 S.S Nothria otsuchiensis 29 21.1
2019 c M.D.S Melinna elisabe.thae 56 52.8
S.S Ampharete arctica 13 12.6
B M.D.S Thyasira tokunagai 70 33.9
S.S Goniada maculata 30 14.5
M.D.S Nothria otsuchiensis 46 18.3
N S.S Thyasira tokunagai 38 152
M.D.S Melinna elisabethae 319 76.1

2020 C .

S.S Ampharete arctica 30 71
R M.D.S Thyasira tokunagai 73 23.2
S.S Nothria otsuchiensis 53 16.8
M.D.S Nothria otsuchiensis 45 26.4
N S.S Thyasira tokunagai 34 20.0
M.D.S Melinna elisabethae 281 66.6
2021 ¢ S.S Ampharete arctica 56 13.3
M.D.S Nothria otsuchiensis 33 22.6
R S Ennucula tenuis 63 16.1
) Nuculana yokoyamai 63 16.1

¥ N: No capping area, C: Capping area, R: Reference area, M.D.S: Most
dominant species, S.S: Subdominant species
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(2) YA

20179 ~ 2021d AMsE AT 24 2d¥, SHES 20179 dx

E

Tolol A 390 74 wgkar, 20210 W EF oA 169 + 0.49% 7HF v

A YElsTh e s 2021d g2l A 09082 7Hd kA, 2020

p

EFAA 040 £ 02002 7HF A YERRTH gdEE 20179 gz
Tl A 2682 7HE Eokal, 2020 FETFHNA 1.03 + 0.66°= 73
A YERE T A EE 2020 9 EAF oA 061 + 02602 7 =Sk
3L, 20179 2Tl A 0082 74 Al YEET 5 E, ¥ E 2 ot
Fr BT 2Tl A=A YElE tH(Table 28).

HEFHIA FEE, #5858 % et 9A 2 32 HeHET

S BALE AR GOl (M. elisabethae)e] & =3 o2 A3 AAEEY} =

A vebde mE AR ofd dTdME SAFY dE FdoE A
AAENEE X% AdPes FRE #6E 2 OgIEs Yoligu »
AEATCEI 2l 20165 & 5, 2021). ol F 24 F9E AXAE ZHd o
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Table 28. Comparison of average ecological index and it's standard

deviations between areas from 2017 to 2021

Year Group Richness Evenness Diversity Dominance
N 3.00+0.82 0.80+0.08 2.25+0.37 0.15+0.06
2017 C 2.45+0.41 0.70+0.14 1.84+0.38 0.27+0.12
R 3.90 0.88 2.68 0.08
N 2.22+0.69 0.75+0.09 1.86+0.39 0.24+0.08
2018 C 2.00+0.15 0.57+0.09 1.43+0.20 0.41+0.11
R 2.99 0.81 2.30 0.13
N 1.84+0.34 0.82+0.04 1.86+0.19 0.21+0.05
2019 C 1.71+0.36 0.65+0.18 1.45+0.52 0.39+0.20
R 2.06 0.82 2.04 0.17
N 2.79+0.55 0.77+0.09 2.12x0.27 0.19+0.08
2020 C 1.89+0.78 0.40+0.20 1.03+0.66 0.61+0.26
R 2.95 0.79 2.29 0.13
N 1.99+0.50 0.76+0.11 1.78+0.38 0.26+0.11
2021 C 1.69+0.49 0.50+0.22 1.22£0.61 0.50+0.26
R 1.84 0.90 2.23 0.13

% N: No capping area, C: Capping area, R: Reference area
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(3) =5 &4
Aal H7lE vlEdA g A sE o B4 29, 25 AC],
C-2, C-3, C-4)9 1% B(N-1, 2, 3, 4, 6, R), 283 A N-57F dEe
I%F CE TFEIJG(Fig. 23). 2F A9 HHFL SFFRAIEAX o
(M. elisabethae) 3o, AAUE7 1448 MA/m?ez & 153 AA
o m&f b gtk 1w B HEAFS JAAHOIFA N
otsuchiensis$ 3, =dET7F v 25 A Hl& 714 Bkow, 1
w C¢ B3 N-b5olAMe &35 R AAEE7E 7P wston, dibx7)
(T. tokunagai)7t HS-HstAth. 15 A9 A% EF 3549, O1F Be
H & Bl flz2F9os TR JEF93 vdE 3 x99 3he o

Aol ApelE HATH
Z+ 3§ FEe 9FS I F& Fetstr] 913 SIMPER 4 A
I, 2F AdAE #71E L9 WS MR e FEEASAAIE o
(M. elisabethae)7} 30.28% = 7} 719 =7l =%oH, 502 {F7]&E &
Folut mekeo] BAYS A5 AT Hhdts UHSQA A2ALE AR P
ol (Ampharete arctica)(Borja et al., 2000)¢] 7]l =7} 11.95% = = A et

Wt 15 BolAE FJAAHolFS N. ofsuchiensis’t 1256% =% 714 7]

o

L7} wgron theow 7|2 o AXAF Wz AN(T tokunagai)®)

71A =7} 12.10% 2 =4 e
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% ART B0 wad, nEged

of Wzkst 22AF AR Hol(A. arctica)®]

ﬁd
X
i
rlo
2N
o
fr

A N-5olM #F71= el 7
Ao = HH N-HellA COD ¥+ 21.08 mg/g, TOC v 1.35%, TN
B 018%= HyHEFHe dA HFF(COD 1661 mg/g, TOC Hit

1.16%, TN %3t 015%)Et+ =4 depstth vbd 95542 COD %3t

ot

869 mg/g, TOC it 0.49%, TN Hit 0.07%= vl EFF {F7]&
Froh 42 ~ 52% A ER

IF A, B 7 HFAIEE 53.0%2 7|9 f0] B2 FELS FIFUALE
MA B ol (M. elisabethae), %35 F%7M(Ennucula tenuis), Z7W(T
tokunagai), FAAHlFA N. otsuchiensis, 7F=HAFS  Eugyra

glutinans= 3%l 55 E°] Bl FALE ¢F 301%E AAetAt 15 A, C

o\

o] HIfALEE 57.0%E 7]o&o] HE FTES FHEAFAA DGl
elisabethae), 27N F 27 (Raetella pulchella), 22 k=70 & o] (A. arctica),
DR 2T, tokunagai), 222wl 7] a12] AR B o] (Goniada maculata) = 7%
9l 5F =0l HlFAME °F 338%F AAs 1w B, C 3He BlfA R
508% =, 7lol&ol w2 FE5< AMEEMN(R. pulchella), 2k AA 9
ol(A. arctica), FAAHolF N. otsuchiensis, 3a2ALE AR o] (M.
elisabethae), 7}=9WAF< E. glutinans® ¢ 5%FE0°] HHAE <

21.3%= #A 38131
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Table 29. The result of SIMPER analysis which species contributed to the overall similarity between station groups in the

macrobenthic community at the West Sea-Byeong ocean dumping site

Overall average

) Average abundance Average similarity Contribution Cum. contribution R
Group Species similarity
ind./m’ % %

Melinna elisabethae 30.00 19.85 30.28 30.28
Ampharete arctica 12.02 7.83 11.95 42.23

A 65.6
Nothria otsuchiensis 740 512 7.81 50.04
Thyasira tokunagai 6.82 4.30 6.56 56.60
Nothria otsuchiensis 13.14 7.42 12.56 12.56
Thyasira tokunagai 12.45 718 12.16 24.72

B  Ampharete arctica 10.54 6.48 10.97 35.69 5.1
Ennucula tenuis 9.26 6.06 10.26 45.9%
Melinna elisabethae 791 3.43 5.80 51.75

C  N-5 station (Less than 2 samples in group)
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Table 30. Species that contributed to dissimilarity between Group A, B

Ave. dissimilarity: 53.0% Group A Group B
Contrib. Cum.
Species Av.Abund. Av.Abund.
%

Melinna elisabethae 30.00 791 15.23 15.23
Ennucula tenuis 2.83 9.26 4.40 19.63
Thyasira tokunagai 6.82 12.45 3.88 23.52
Nothria otsuchiensis 7.40 13.14 3.80 27.32
Fugyra glutinans 0..00 3.91 2.74 30.06
Nuculana yokoyamai 1.60 452 2.53 32.59
Golfingia sp. 3.26 0.00 2.25 34.84
Actiniaria unid. 0.46 3.79 2.25 37.09
Ophiura kinbergi 6.33 6.32 2.15 39.24
Nephtys californiensis 3.04 0.00 2.11 41.35
Byblis japonicus 0.47 3.33 1.98 43.32
Goniada maculata 4.90 3.44 1.92 45.25
Ampharete arctica 12.02 10.54 1.90 47.15
Ophiarachnella gorgonia 2.38 0.44 1.64 48.79
Amphicteis gunneri 3.17 2.27 1.58 50.36
Pherusa plumosa 2.85 0.58 1.56 51.93
Raetella pulchella 2.62 3.64 1.56 53.48
Kuwaita heteropoda 2.78 0.72 1.54 55.02
Calliactis sp. 2.14 4.18 1.48 56.50
Praxillella affinis 1.91 1.50 1.47 57.97
Acila divaricata 043 2.33 1.36 59.33
Yoldia notabilis 0.56 1.86 1.33 60.66
Scoletoma japonica 1.70 1.99 1.30 61.96
Thelepus sp. 231 0.83 1.22 63.17
Sthenolepis japonica 0.43 1.66 1.13 64.30
Fupentacta quinquesemita 0.72 1.54 1.07 65.37
Nuculana arai 1.62 2.48 1.05 66.42
Nereis longior 0.56 1.54 0.99 67.42
Chirimia biceps biceps 0.93 1.74 0.97 68.39
Maera sp. 0.79 1.18 0.95 69.34
Nemertea unid. 3.69 3.05 0.95 70.29

% Av.Abund.: Average abundance,
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Table 31. Species that contributed to dissimilarity between Group A, C

Ave. dissimilarity: 57.0% Group A Group C
Contrib. Cum.
Species Av.Abund. Av.Abund.
%

Melinna elisabethae 30.00 14.35 10.80 10.80
Raetella pulchella 2.62 13.77 7.69 18.49
Ampharete arctica 12.02 2.45 6.58 25.07
Thyasira tokunagai 6.82 14.61 537 30.44
Goniada maculata 490 0.00 3.37 33.82
Ennucula tenuis 2.83 7.70 3.37 37.19
Ophiura kinbergi 6.33 2.58 2.57 39.76
Fudorella sp. 0.00 3.61 2.49 42.25
Mysid sp. 0.00 3.61 2.49 44.74
Golfingia sp. 3.26 0.00 2.25 46.99
Nephtys californiensis 3.04 0.00 2.10 49.09
Kuwaita heteropoda 2.78 0.00 1.93 51.02
Portletia japonica 0.00 2.58 1.78 52.80
Yoldiella philippiana 0.00 2.58 1.78 54.59
Fudorella pacifica 0.66 3.16 1.70 56.29
Nuculana arai 1.62 4.08 1.70 57.99
Ophiarachnella gorgonia 2.38 0.00 1.64 59.62
Thelepus sp. 2.31 0.00 1.59 61.21
Amphicteis gunneri 3.17 1.73 1.57 62.77
Synchelidium sp. 1.03 3.16 1.49 64.26
Actiniaria unid. 0.46 2.52 1.43 65.69
Yoldia notabilis 0.56 2.58 1.40 67.10
FEnnucula niponica 2.01 0.00 1.37 68.46
Onuphis sp. 1.96 0.00 1.36 69.82
Praxillella dffinis 191 0.00 1.33 71.16

% Av.Abund.: Average abundance,
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Table 32. Species that contributed to dissimilarity between Group B, C

Ave. dissimilarity: 50.8% Group B Group C
Contrib. Cum.
Species Av.Abund. Av.Abund.
%

Raetella pulchella 3.64 13.77 7.81 7.81
Ampharete arctica 10.54 2.45 6.09 13.90
Nothria otsuchiensis 13.14 5.51 5.57 19.47
Melinna elisabethae 791 14.35 4.81 24.27
Fugyra glutinans 3.91 0.00 3.00 21.27
Ophiura kinbergi 6.32 2.58 2.94 30.21
Mysid sp. 0.00 3.61 2.73 32.94
Thyasira tokunagai 12.45 14.61 2.67 35.61
Goniada maculata 3.44 0.00 2.54 38.15
FEudorella sp. 0.29 3.61 2.54 40.69
Nuculana yokoyamai 452 1.83 2.42 43.11
FEudorella pacifica 0.29 3.16 2.19 45.30
Yoldia notabilis 1.86 2.58 217 47.47
Portletia japonica 0.00 2.58 1.96 49.43
Synchelidium sp. 0.91 3.16 1.86 51.29
Acila divaricata 2.33 0.00 1.68 52.97
Ophiura sarsii 0.58 2.65 1.60 54.57
Yoldiella philippiana 0.76 2.58 1.43 55.99
Heptacarpus rectirostris 0.00 1.83 1.38 57.38
Themisto japonica 0.00 1.83 1.38 58.76
Nuculana arai 2.48 4.08 1.34 60.10
FEdwardsia japonica 0.53 1.83 1.32 61.43
Yoldia johanni 0.00 1.73 1.31 62.74
Actiniaria unid. 3.79 2.52 1.28 64.02
Calliactis sp. 4.18 2.52 1.25 65.27
Chirimia biceps biceps 1.74 0.00 1.24 66.51
Sthenolepis japonica 1.66 0.00 1.23 67.74
FEnnucula niponica 1.60 0.00 1.18 68.92
Ophelina acuminata 0.30 1.83 1.17 70.08

% Av.Abund.: Average abundance, Contrib.: Contribution, Cum: Cumulate
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Table 33. Benthic health index and it's standard deviations between areas

from 2017 to 2021

Year Group AMBI Grade BPI Grade
N 19 £ 03 2 51.0 + 84 2
2017 C 2.0 £ 0.7 2 545 + 12.3 2
R 1.4 2 53.2 2
N 22 £ 0.7 2 51.2 £ 115 2
2018 C 2.3 £ 0.3 2 646 + 1.5 1
R 2.5 2 40.6 2
N 20 £ 04 2 49.7 + 86 2
2019 C 22 £ 05 2 675 = 5.0 1
R 2.1 2 45.2 2
N 288~ 1017 2 494 + 155 2
2020 C 26 + 04 ) 65.6 = 2.5 1
R 1.8 2 46.3 2
N 22 +£04 2 644 + 17.2 1
2021 C 2.2+ 0.7 2 71.3 £ 2.8 1
R 1.8 2 774 1

¥ N: No capping area, C:

AMBI

Fig.

Capping area, R: Reference area
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29. The result of temporal variations of the benthic fauna in each

areas.
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Fig. 30. The result of comparison of the spatial difference among areas.
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Table 34. The result of the Mann-Whitney’s U test among areas (N-C)

Number of Species Abundance Biomass Richness Evenness Diversity Dominance AMBI BPI
N (Avg.) 13 185 25.90 2.4 0.8 2.0 0.2 2.1 53.1
C (Avg.) 11 289 34.60 1.9 0.6 14 04 2.3 64.7
p-value 282 .042 953 .066 .000 .000 216 135 .000
¥ N: No capping area, C: Capping area
Table 35. The result of the Mann-Whitney’s U test among areas (C-R)
Number of Species Abundance Biomass Richness  Evenness  Diversity Dominance AMBI BPI
C (Avg.) 11 289 34.60 1.9 0.6 1.4 04 2.3 64.7
R (Avg.) 16 259 27.70 2.7 0.8 2.3 0.1 1.9 52.5
p-value .050 312 684 067 .004 .001 H41 154 .089
% C: Capping area, R: Reference area
Table 36. The result of the Mann-Whitney’s U test among areas (N-R)
Number of Species Abundance Biomass Richness Evenness Diversity Dominance AMBI BPI
N (Avg.) 13 185 25.90 24 0.8 2.0 0.2 2.1 53.1
R (Avg.) 16 259 27.70 2.7 0.8 2.3 0.1 1.9 52.5
p-value 177 .066 480 278 144 .048 671 509 637

% N: No capping area, R: Reference area
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Table 37. Correlation matrix of environmental variables and dominant species

Factor Mz COD TOC TN Cr Ni Cu Zn As Cd Pb Hg
S 378" A 35
A ~308" 432" — 445" 358" 322 313" - 275+
B -~
R 367 58T 8T
J A0 AI5™ 467" 473" 4737 4257 443 479 3157
" 317 315 B35270 340™ 357 “.2047 3327 506w, A1
D
Melinna elisabethae ~ ~507" -.415" =498™ -515™ -.484™ -504™ -.366™ -.319" -589™ -.328" -.390"
Thyasira tokunagai 600" 6007 6017 565 526 599 A% 5677 469”515
Nothria otsuchiensis 3400 340
Ampharete arctica . -364" -314" -282" -318 -333 353
Ennucula tenuis BA0T AT 449 4617 4237 482 287 267 510" 3237 4747
Ophiura kinbergi
Raeta pulchella 300°
Nuculana yokoyamai 39
Goniada maculata -.369" -.369" —427" -.448™ -.379™ -.398™ -.361" -39 -.292"
Calliactis sp. 284 293" 279"
Nemertea unid. 363

¥ p< 05 %, p< .01 =%, S! Species, A: Abundance, B: Biomass, R: Richness, J: Evenness,
H': Diversity, D: Dominance, Mz: Mean grain size

- 109 -



o A5 A 9
(1) wute o} s ol 88 AEE A H

2017d ~ 2021 Mg HrlE wiEslg Alme] SA4AE 7Ikbs

2

=
Mg gode] pH ¥%+ 74 ~ 810]9lem, 4#L& 290 ~ 30.6 psuel Atk

WY olE ol §F AHEYNG Ak, FUTPAHN g v 2T

12

e -1890 ~ -0.33%, TETNA -1730 ~ 0.70%, ool A
-536 ~ 0.02%% RE FAoA 30% o2 veh} sjFE

ol W ST HE

i)
D)
&2
o
.«
A,
)
o
=2
=
o
i3
o
=
i)
A
o
o
o,

Table 38. pH and salinity of luminescent bacteria toxicity test solutions from
2017 to 2021

Year
Item Station
2017 2018 2019 2020 2021
N 8.1 8.0 =t 8.2 8.1
pH C 79 8.2 77 8.2 8.1
R 8.1 8.1 74 8.2 8.1
N 30.3 30.2 30.2 29.4 29.4
Salinity
C 30.6 30.5 30.2 30.2 29.0
(psu)
R 29.5 30.2 30.0 29.7 29.6

% N: No capping area, C: Capping area, R: Reference area
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Table 39. Relative luminescence inhibition rate (%) of Vibrio fischeri from

2017 to 2021

(Unit : %)
. Year
Station
2017 2018 2019 2020 2021
N -2.40 -18.90 -4.36 -0.33 -0.88
C -9.60 -17.30 -1.83 -13.03 0.70
R -5.10 -1.90 -5.36 -1.24 0.02

3 N: No capping area, C: Capping area, R: Reference area

S W18 A T N
< Toxicity limit
P
g 20 -
=
£
2 10
=
g
51 0 — . 7
:
-5
2
20
£
=
2 20
s
& -30 -
N C R
Station
m2017 m2018 02019 02020 02021

% N: No capping area, C: Capping area, R: Reference area

Fig. 31. The result of toxic effect determination on the bioluminescent bacteria.
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Table 40. Temperature, pH, DO, salinity and NH4s—N of benthic amphipod

toxicity test solutions from 2017 to 2021

Year
Item Station
2017 2018 2019 2020 2021
N 205 20.6 205 20.3 20.7
Temp.
i C 20.4 20.6 205 20.7 20.4
()
R 20.4 20.4 20.7 20.4 205
N 7.8 T 79 7.8 7.8
pH C 77 7.8 79 79 7.8
R 7.7 7.8 7.9 7.8 7.8
N 7.3 7.6 75 7.3 6.6
DO
C 7.1 7.6 7.3 fice, 6.1
(mg/L)
R L9 7.6 72 7.4 6.7
N 30.4 30.3 30.6 30.4 30.7
Salinity
C 30.2 30.5 30.6 30.3 30.5
(psu)
R 30.6 30.3 30.6 30.2 30.4
N 0.7 0.3 0.5 0.4 0.3
NH,~-N
H C 0.6 0.4 0.5 0.5 0.2
(mg/L)
R 05 0.4 0.5 0.5 0.2

¥ N: No capping area, C: Capping area, R: Reference area
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Table 41. Relative average survival rate (%) of Monocorophium acherusicum

from 2017 to 2021

(Unit : %)
. Year
Station
2017 2018 2019 2020 2021
N 3.80 6.20 7.50 -2.50 7.50
C 0.00 1.20 3.80 0.00 5.00
R -1.20 3.70 8.80 0.00 3.70

3 N: No capping area, C: Capping area, R: Reference area

30

20

10 -

Toxicity limit

Relative average survival rate (%)

C
Station

2017 2018 02019

02020 02021

% N: No capping area, C: Capping area, R: Reference area

fﬂuﬂ o _rﬂﬂ

Fig. 32. The result of toxic effect determination on the benthic amphipod.
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Fig. 33. Vertical profiles of the concentrations of Cr in sediment core samples.
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Table 42. Index for integrated evaluation of COD, lgeo, BPI, Toxicity

La; BPI Toxicity Index

COD

mgOy/g-dry

10

<30

> 60

<0

<13

0~1 40 ~ 60 30 ~ 35

13 ~20

1~2 30 ~ 40 3H ~ 40

21 ~ 30

2~3 20 ~ 30 40 ~ 45

31 ~ 40

> 45

<20

>3

> 40
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Table 43. Index for integrated evaluation of dredged material capping effects

Index Grade Condition
95 ~ 100 1 Excellent
85 ~ 95 2 Good
80 ~ 85 3 Normal
70 ~ 80 4 Poor

<70 5 Very poor

H4E W /77159 COD, 5559 AT Ue), AXAL=(BPD, 1
i A=A A4E dggste FAE Ea3dE $3 HUhs 43,
Hl g B redo] A9 N-1 AHolA 68Ho= 55+ (Very poor), N-2 ~
N-6 A 7.3 ~ 79822 453 (Poor)s YHEFHIATE x99 R
AN E 80H o2 35 F(Norma)e YERHT whd I EF 9o =
C-2 AAA 35w Norma)o & eI, C-1, C-3, C-4 BHAA 85
o2 257 (Good) o2 YEIY FAE FEoZ 3 SHAHHE A5

9 mapl g o wea
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Table 44. The result of integrated evaluation of dredged material capping

effects
COD Lieo BPI Toxicity
Station Average Grade
mgOy/g-dry %

N-1 8.0 6.2 8.0 10.0 6.8 5
N-2 8.0 7.6 8.0 10.0 7.8 4
N-3 8.0 7.5 8.0 10.0 7.7 4
N4 8.0 7.6 8.0 10.0 7.8 4
N-5 6.0 7.4 6.0 10.0 7.3 4
N-6 8.0 7.4 10.0 10.0 7.9 4
C-1 10.0 8.0 10.0 10.0 8.5 2
C-2 10.0 7.6 10.0 10.0 8.2 3
C-3 10.0 8.0 10.0 10.0 8.5 2
CH4 10.0 8.0 10.0 10.0 8.5 2

R 10.0 7.6 8.0 10.0 8.0 3

¥ N: No capping area, C: Capping area, R: Reference area
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N-1 N-2

Average Average
10.0
8.0 8.0
)
Toxicity COoD Toxicityi COD
BPI Igeo BPIL Igeo
N-3 N-4
Average Average
10.0 ~.
8.0 ~ ~8.0
S
COD CcOD
BPIY{ = — lgeo BPI —  Igeo
N-5 N-6
Average Average
100 ~_ 10.0
\\k
8.0 8.0
6.0
Toxicity w0 COD Toxicityi COD
2,0
BPI Igeo Igeo

% N: No capping area
Fig. 34. The result of integrated evaluation of dredged material capping effects
in No capping area.
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C-1 C-2

Average Average
10.0 10.0

8.

COD COD

C-3 C-4

Average Average
10.0 ~. 10.0

oD COD

Average
10.0 ~,

\\

G

9.0
20

Toxicityi COD

BPI Igeo

¥ C: Capping area, R: Reference area

Fig. 35. The result of integrated evaluation of dredged material capping effects
in Capping area, Reference area.
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Table 45. ltems of monitoring for adaptive management

Division Item

The physicochemical * \r o in size, COD, TOC, TN, Al Fe, Cu, Cd, Mn, As,

Zn, Pb, Hg, Cr, Li, Ni

environmental of

sediments
Benthic health index Number of Spicies, Abundance, Biomass,
Ecological Index, AMBI, BPI
Toxicity Relative luminescence inhibition rate (%) of Vibrio fischeri

Relative average survival rate (%0 of Monocorophium acherusicum
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F3Z 1133 i34

[ Target capping area Oyster shell

Dredged material
Pollution Restoration ! Restoration Implementation and : R G
Assessment : Planning ¢ Adaptive Management Feedback Loop : heporting
1 2 3 T8
.
Assessment Planning i Implement 6. Feedback i Reporting
: : Initial Plan :

Fig. 36. Adaptive management in West Sea-Byeong ocean dumping site.
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