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Abstract

This thesis 1s focused on the impacts of waste dumping on water and
sediment quality in the dumping area of the Yellow Sea from 1988. The
environmental variables and parameters of the dumping and reference areas in
the Yellow Sea were measured during July 2009 and analyzed.

In the study area, density stratification defended greatly on temperature
rather than salinity. Yellow Sea Bottom Cold Water were found below 7C at
the depth of 30m in all the observation points. The vertical distributions of
salinity showed a sudden drop of 0.5~1.5psu at the 20m depth. It seemed to be
influenced by an increase in summer precipitation and also a southward shift of
the Yellow River.

The chemical environment of the study area showed that deeper water has
low pH, high SS and COD, low DO and an accumulation of nutrients in the
bottom layer. Most notably, phosphate values at the bottom were higher than
the reference area. The reason for the increase appears to be due to the disposal
of livestock, sludge, excreta from 2002, rapid consumption of nitrogen and slow
biogeochemical circulation. The data also suggests a eutrophic state is occuring
at the bottom layer.

Sediment COD values exceeded 20mgO2/g-dry, Japan Fisheries Environmental
Standard, at stations 3 and 5. The conecentration of Cr exceeded ERL(effect
range-low) of the NOAA at station 3 and 4. It seems to be influenced by
leather process wastes.

The correlation coefficients among the water content and Co, Cr, Cu, Fe, Hg,
Ni, Zn concentration in the study area were very high. So, they are staying as
dissolved matter.

The average concentration of TIN and phosphates at the bottom layer below
the thermocline had incersed from 3.7uM to 9.8uM and from 0.5uM to 1.1uM,

which correspond to 2.6, 2.2 times accumulation in the dumping area before

_Vi_



1988.

Continued disposal of waste into the Yellow Sea has impacted the northwest
reference area(st.l) as a result of organic oxidation and heavy metal diffusion.
In addition, at the station 3, the concentration of Cr exceeded the ERL(effect
range-low) of the NOAA. Therefore, station 3 seems to need a rest zone

appointment.
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Table 1. The annual amount disposal waste into the Yellow Sea(1991 ~2008).

o} 7 F714 euF az | +n
M e R T A
B, oA i%]j:L% im A2 jﬂ iw j% ;}g b
Ax e | T en | e
1991 0 0 982 0 0 0 0 0 0 0 982
1992 0 0 978 0 0 0 11 0 0 0 989
1993 0 0 716 0 0 0 10 0 0 0 726
1994 0 0 795 0 0 0 73 0 0 0 868
1995 0 0 914 0 0 0 126 9 0 0 1,049
1996 209 0 1,204 0 0 0 116 85 0 0 1,614
1997 306 0 1,380 0 0 0 214 93 20 0 2,013
1998 291 44 1,455 0 0 0 357 282 0 0 2,429
1999 296 148 1,071 0 0 0 423 442 0 0 2,380
2000 262 126 928 0 0 0 467 640 0 0 2,423
2001 189 112 846 0 2 0 483 758 0 0 2,390
2002 211 159 673 0 3 0 561 808 9 0 2,424
2003 197 358 507 0 9 8 575 744 8 0 2,406
2004 189 356 266 245 10 7 522 798 4 0 2,397
2005 139 256 161 503 10 10 443 856 0 6 2,384
2006 133 278 148 484 11 8 349 749 0 0 2,160
2007 177 207 94 483 9 5 273 676 0 0.1 1,924
2008 206 153 103 354 7 7 219 539 0 0.1 1,588
A | 2805 | 2,197 | 13,221 2,069 61 45 5,222 | 7,479 41 6.2 | 33,146
SR DESE S R PO RS DR
— 4 —
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Table 2. Location of study area in Yellow Sea of Korea.

e ek 9 = 4 =
s < ST. 1 36° 227 124° 03’
s < ST. 2 35° 17 124° 48’
F718 Y ST. 3 36° 05’ 124° 20’
(?riilfﬁjg“%) STH4 36° 057 124° 30’
F718 Y ST. 5 35° 55’ 124" 20
F718Y ST. 6 35° 55’ 124° 30’
7189 ST. 7 35° 457 124° 20’
7189 ST. 8 39° 457 124° 30’
F718 Y ST. 9 35° 357 124° 20’
T8 Y ST. 10 35° 357 124° 30’
L
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Qe plis 4o JRRAE 2k U A FEEFH B FFo] B
s ok 800m%2e) Aol A pHIE B2 St o ollel A v
ZolaTh AW f7159 AT GUOR Aste] AMA FHE o)A YE

FEF L S3e] AFolA= 7888 ¥ pHE Hol7|% i (Goyet et al,

Ao 9] pHASNE slFF7|ol W2 {7E Fdeo] AZel AFGd JFE v
2130 QeI B 4 vk FwE| el A pHW T
o Ae] pHH¥$l= 7.75~823(F+ 800)0]3dth. FHs|dx FrjsdeAe pH
HEE W AFoR 44 E pHE #4443t slo
FHsdel = 03, Frlagedde 058ER FHIETE Frsgeld of
2 AolE Holm ATk AR 1, 4, 9, 109 AFeAA = AYFA A E
NEFol sldshs oz oz 7|8 gl wE CO.e S/l 2 Aol
2} ALEEY, E=3 pHe fasE B 99 dlgEed gHE Sk 73
O e =9 dldY COFF 58S AT 4 AUk

Hk 5(1998)¢] 1996 7€l FHaele] pHiE 7.98~821(F 1 8.11), F7]3|
o2 785~821(H+t 8.08)°U o
pHE 7.85~8230] 81t} oW xAte] F7|a el Al pHY| vS 2 Fo] ¥gE K
et

@)

313. #FEAGS) H ABAAF-F=A(VSS)

FHE| oA SSE 2.6~5.2mg/ ¢ (Ht 37mg/ 2), T Fd A= 2.9~19.4mg/
0 (B TAng/ 2)ATt. 7o) BE AXAA AFow 4% sEE E:obAa 9l
Row 5] FrE oA BRfEH vRE FWs e vl ¢ A e
Uil A thFig. 8). ol AF-Eldo] vl Aol ol gt o A=

HAZRYE AYGHE Fagde) o] Wyl wiolz ALmH (2, 2008), A



ol HrEe AHom FHEH FTUh= AMNYE AS 2L AFE E F
Atk HF 5(1998)¢] 1996 7THel FH | H e SS= 21.5~63.0mg/ £ (F 3t 39.3mg/
2), Tl e 27.5~69.5mg/ ¢ (Tt 40.9meg/ £ )R S.H, A1(2008)¢] 2001 ~20051
8ol F73l9 9 SS+= 0.36~3.53mg/ £ (Hvt 2.3mg/ )2 199619 AR W b=
BSlaL, 2001~2005 8 AmHU= 2 EXE Holw A7 ¢

7178, 2945 Sl wel 2 Zole] £XE Holal AT
FHs AN VSS= 0.6~44mg/ £ (Bt 2.7mg/ £), T Fl A= 1.2~11.6
mg/ 4 (Bt 4Almg/£)olAT. FreAAAM ASe ALdFFr=d v Fi=
5

o wjE w-¢- Sdrh(Fig. ).
3.14. 3stA LA 2 - (COD)

FH o]l COD ¥EE 0.24~1.82mg/ 2 (Hvt 0.88mg/ ¢ ), F71sFel =
0.12~341mg/ ¢ (B3t 1.23mg/ ¢)°olAth Ao BE ARA AFo= AFE ¥
TE FolAa gllon, 5E FrlE| e Ale] COD $&E Fwa|oe vla] o}
2 A JEbd 3 e (Fig. 8), U189 AR 8, AFAAT), 5 7, 109
AZe AFFd BA7E MeH, YA Fra198 ASdAE 1 ~10 5§55
UERALE o] slgF7]el w2 {718 Yo Qe JdFom pvoly, FW
gl Az 1 Azo= o
AR FA FEE Holal vk MF 5(1998)9) 19961 7Ll FHE| o]
COD¥:=  0.52~2.16mg/ ¢ (B4t 1.16mg/£), F71a1dol = 0.08~1.80mg/ ¢ (Ht
L.1lmg/ 2)% o.m, A1(2008)2] 2001 ~2005 8ol 7|8l ele] CODE 1.10~1.48
mg/ ¢ (F 7t 1.34mg/ )Tk ol ZAke] F7)E Gl A= 1996 AR KT H&
EYE KL, 2001~20051¢ AHEH o BYE Holi Ysith

3.15. §EA4AD0) 2 EEAALES S

T HelA DO[Fig. 8)i= 74~9.6me/ ¢ (Bt 85mg/ ), F7lel ol = 7
2~10.7mg/ ¢ (Bt 8.3mg/ ¢)3vh. DO= MY Ee AR 4 30mT oA S 73t
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oot Aoz AFE fgastg oy FHIAHTE Tl 9 DOE B

2xsa dolvh =9 44 5 8 AL AFA BR/E U5FS ve

H5(1998)¢] 1996 7ol FWa el DOE 7.0~9.4me/ ¢ (Bt 8.1me/ 4),

Tl el A= 6.9~8.3mg/ £ (3t 7.6mg/ £)%1 o, 21(2008)2] 2001~2005d 8¢
of F71eg 59~78mg/ ¢ (AT 68mg/L)E ol FAfelA Th: B2 EEE
Hola glovt faEe 7Hg A ek

FHs Ao 544 EIEE 805~135.0 %(F it 101.3%), F718) %ol A
o] §&4 X3EE 743~1361% (T 99.19%) At TR G Fr1E S v
WakE gEo A gL ¥IEE Fr|E ] hEE B4 FESa e
U AZCR 4FE 8444 EE Has TN o B ZolE Ho]

ARTHHEE 5, 1998). wEkA] S FFV] f7lE ] Atste] mE &EAkA0] &MUt
FlEe] AFolA AFAoR dojui d&S & F AR 5, 1998).

uEb 5(1998)2] 19961 7ol FR Aol £FEAL ¥3EE 85.3~115.4%
(F 3t 102.1%), F71a el A= 81.5~103.0%(F F 95.8%)TF. o] H FALo| A

FOo Aaskal It

3.16. §§% 4 a(Chlorophyll a)

Chlorophyll a®] Al&zt4d WME& delshs A AHANY Edods us]7)
AT 72ARZA wf T RHE 5, 1999).

FH A Chlorophyll a ¥X%(Fig. 8)% 0.36~0.90 pg/ ¢ (1t 0.55 ug/ 7)),
Frla gl w5E 0.27~1.39 pg/ ¢ (Hit 059 pg/2)9cr A9 EE A
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sh7b AEel waA yepdth ofEbd 4= TP Skt 2ekAe 9

ArRA A2E I A (nitrification) %= €2 334 (denitrification) 5 YA/ 4 o

2 AAE @Ay, ulgbA TIN(total inorganic nitrogen) 5 7 W] &-o] A
AT B3 Aibd A Ry ol ofH Aol wls] WA rHE AHE

gREe skl Foda £ 1 e ues JAsE Aow Ldd A
(3} =, 1999).
5] o o] &

Ko, Frlafdel A= 0.35~20.06uM(EH T 559uM)e] #£x2E Wt T4

—_
OMNI

77144 (Fig. 9+ 1.42~843uM(E 5.07uM)e] X & H
=

=
at T
71819 AR 3, 494 FHHA Y WFo= FLUt FolA AL AT 50m(F

9.08uM), A(H3t 11.06uM)el A= 918 FATEY M§ =& =5

A Zyzb 3t 816uM 1L.79uM = F7)8] del A9 F=rb =l 9 5(1998)

9] 199611 7€ol FREA AN FHF I FHAE 0.56~843uM(H 7 2.30uM), F7]

gl ool A= 0.38~10.26uM (B3t 3.24uM) S 25, 21(2008)2] 2001 ~2005% 8Ll
2.43~7450M(H 7t 4.95uM)th ol¥l ZALolA = AW AE B U=

=5 vER I dSiTh

Fg oA 4k ¢l(Fig. 1)< 0.04~0.87uM(H T 0.31uM)e] E¥E H g

flo
off

ow, Frlafde = 0.01~2.16uM(E o 0.57uM) o] £ X5 Hlvh F4d 3
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£ wd, 3T 006uM)ell A= AR 200.160M)E A9 g ZE el A 0.1

MoJste] mjaz w2 Firl FEdar e w, 10m(H

F:lJ
O
o0
e
=
=2
>
rie
=5
ol

Fougk sREXE HolW, AF 3 4, 5F ol TAMC] dAFHgow &
TE7F mobAE £XE Hola AT 30m(H ¥t 0.20uM)ol A= AR 3ol

A EFEEGer d4s =2 vRE vEHlen, S0m(Ew LOIuM)OlA = &

oz PFE obAt REE Mol; YTk EF TN A 4,5 78
FFA B4 E s, AR 8 10& Mol AFsts F=s wolm Uit

(Fig. 15). AZ(HE 1.25uM)el A= 50met FARSE =l el 3 XE Ko
3 9de™, AR 10Q2.16uM)lA 7 =
A 3, AFFAdT ), 5, 8 9% sgrd #A4VIE e+, A% 7, 102 e+
o slFsE vEE Heolal YArh
AF Qs m(Fig. 12)¢] #F - AF X+= oF 108 o] ez =A veyon +
He gt Frla o] AFelA 2z HiE 0.52uM¥ 143M= F7]s] Gl A e &
T7F A vERATE ¥ 5(1998)¢] 1996 7THel FRIE 2 0.01~0.85uM(¥
Tt 0.25uM), F7lsf el A= 0.03~0.88uM(H w 0.28uM) 3L L, A1(2008)¢] 2001~
20051 8doll Frlaf el A= 0.05~0.67uM(H i 0.38uM)o| ATt o] ZAfe] A
= A A 1996 TE AR W w2 FEE BHola 3USlth MsiH e o

E1 Ao = 1.24~15500M(H 7 6.31uM) ] B XS B vk
FAE BEE ¥ Z2(FH 366uMAAAE AR 204 812uME 7MY &
3 AFFHAY HE£ow Z44E FE7F Solxar Atk 10ml(

A
T
334uM)ll A= 353 B3t gERLe} FHEXE Hola 9lgloe, 30m(H

O

=t

o

_22_



I 496uM)el A= FHalel AR 1(845uM)H 2(12.55uM)oll A F7)8 e wake
2 w7l volxa JATh 50m(F  10.89uM)el A= thE AR B2
TE Hola o, A 21481uM)dlA 7H e 3hg Mol HE¥FH o=
= F57F TobAa gldvl AZ(F 11.62uM)ol A= 50met FAHS 5%
HAR F2 g Hola Yl
(Fig. )& #3594 AFHAY Aol =27 Yehdar AL, F
eyt Frls e AFelA zhzt "Wt 1311, 11.25pM= 3 3] 9 of
FTEE E¥sta Jduk v 5(1998)9) 19961 7ol FRE el = 0.74~14.520
M(H ¥ 3.220M), F718]1 2ol A= 0.74~14.80uM(H T 3.92uM)o]t}. o] ZA}
e A 19969 78 AmHT wf £ TEIEEE KA. Mihrae

=
£
ﬂ,J
OW

>
i
rlo

A Aol JEAL FH FOR At FOR THUA R, o
g we eom F ANA ABAE uie] JFY £v] wF Dol AZd|
= ERE 929 Faska A

A% % Qe FES NPHE ABSFaER A 44 BT
Aol WM, m@ AEAom A el ABE FaL ot FFAREA

CN:SiPe] Bl &8 106:16:16:101 N/PH|7F 16017481 Aol <ol Hlaf 7]

Ax7)l Ao wol ABIFaE JFe e BEw oalA AT

o /] N/PH|(Fig. 17)%& 89~57.3(3 288)9 #X & HoH, F7|
AN M= 2.7~223.0(3 1 27. )01t AFE G FFoAE FUHde=

Aag o <o ABARE 4395, TG AFANE o] BYow
FRE R Ytk I dat WA avHa, 09 ARG S8 Ak

of W3] =eA FEgsE Aoz Ml

=
off

B (apparent oxygen utilization, AQU)2 ddAe] Aol #
AdtE Foz FIo weta AAEE FEA £Ao] Hol7l LS 9
B (Maita and Toya, 1986), W3+ A &Aooz Avg 449 && ALY 9
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Table 3. A scheme for trophic state classification proposed by Wasmund et

al.(2001).

TIN PO, -P Chl.a

uM uM pe/L

Oligotrophic <2 <0.2 <0.8

Mesotrophic 2~10 0.2~0.8 0.8~4

Eutrophic 10~60 0.8~3 4~10

around

this study e 1.42~843(5.07) 0.04~0.87(0.31) 0.36~0.90(0.55)
(July, 2009) diz’z:al 0.35~2006(559) 0.01~2.16(0.57) 0.27~1.39(0.59)

_30_

Collection @ jeju



U rom §95e of

tol &

°©

[©)

E

=

=

Hd, 7]

}oq, &

°©

Bl

o]

258

o

I
il

—

O

o] el

o}
Ar

I~ =
=TT

_Ag, Cd,
R o I

19

s
=
=

-
XN

.ol

Fob, wel ) )

°©

2

Tt 0.364uM) 2]

o
7t 0.382uM) 9]

# 7]
AL Ag, Cd, Cu, Cr, Hg, Ph, ZnolH, °olE &
&

C

J

3

=
=

[}

]

3%

50014 A7 RS, 2000).
7 opwA o

0.247 ~0.4351M(

[e;

I

-
1.

o] 3 o]
ol A

ez ]
o=

sl

3} 7]

Flg o)A Al FEE 0.302~0.3861M(

3
Cr, Hg= 2

7]

A E A==
uk
=
=

ZO
B
of
o

fveel

e Ao me
oAM= 0mFFolA tha FokA= &

g

I Aol 9} <, 1998). ¥ <A+

3|

of ¢

=
(¢}

)

3L =
Xx=

-
N
-
N

2z F7]

T+ 0.118uM)¢] &

T 0.139uM) 9] #
T+ 0.002uM) 9] #

]

AL
[}

]

[}
AL

_31_

7t 0.002uM) 2]

[}

]

hyx

]

e

ND~0.267uM(

A As EEE ND~0.209uM(
ND~0.0091M(

-
1.
-

1.

lez]
RS2

3
oA
oA

9

o

-1
FHE G A Cd 5= ND~0.002uM(
o

-1

sl

sl

S5 HAavh A3 23,5 7,9, 10014 &

AT
7]
7]



Hole %

=

=

-
N
e
i

2 2 Aol

Ao
T 0.014uM)2]

T+ 0.006uM) 9]

]

e

Tt 0.007uM) 2

Tt 0.013uM) €]

]

hyx

[}

]

(]
%

]

3%
oAl A= B ETL S7hska Qsieh

ND ~0.026uM(
ND ~0.0351M(

-
1.
e

devan g8 A glok(e]e <, 1998), A9

oA Cr 5% ND~0.036uM(

of| A
N1 A] Cu 5% ND~0.013uM(

oA

[e=]
=
[e=]
=

sl

sl

A3 2,3 5 7,9 10 £F1

7]
7]

o}

bl

Tt 0.0861M) 2

Tt 0.076uM) 9] #

[}

]

hyX

Frsf oA Pb s ND~0.101nM(

]

0|
il

3k

SEC R

R

-
X

3

Ry

ND~0.131uM(

o of A =

7]

-
1.

-
XN

T 0.005uM)e] +

T 0.021uM) 9] +

[e}

]

%

]

e

o] 7Zne] ¥ %= ND~0.010uM(
ND ~0.218uM(

-

1.

lez]
A

sl

ol A

nylew, A3 1,2 3 5 7 99 &

e
|

[ez]
S=

=
=]

sl

=
=
=25 vy AH 6

)

=
shel ¥EE Bl
7]

5

A

il

Ho
o}
M

o

A 3lel v
URS IS o)

=
L

Zo A 0.218uM= T}

-
it

=

A5

-

1.

-
XN

=
AL

= B A 2 4, 5

13 AAE. Zne +

==

3ol A%
— 32 —

-

1.

o]g_

=N

A5

-

1.

A AR 1, 3, 7, 99A

6, 8, 1014



ilin
i
ul?
oy

<
_Z#o
o)

o
B
T

il
;II&'
Br

Gl
N

o}

bz

el

e
1 & ol A]

I

7]

-

°] 124° 30" E

1
Joll Al 25 9.0%0°]

hmi

al

B vhFig. 19).

5

o)

=
1A

°
pad

Tt 15.43%)%

]

e

Al £l
A T A = 288%=E M E&

s #®

=

=

2001).
o}

ol A

9.19~28.80%(

o
H

l

5 50%°]

1.

I

7]
ol A

lez]
RS2

=

sl

)

Tt 52.0%)°]

-

1.

2y
XN

]

3
7]

ol A

=
Atk Sl AR 2(4.86%)

Sl

8

[e:
A

AR FE o] kR

3

ML

Fok (=, 2006).
I 59.29%)9] &

Tt 12.1%),

°

]

Al £l

S
S
K

]

AL
=

=

TE&2 39.9~64.0%(
2

70.0%(

sl
i

- 8
A
19.3996(

i3

ol 914

o9 o

o

W~
B

B

ojy
TR

o}

AtHFig. 20).

_33_



6.17~17.13mg0/g—dry (33 ¥t

ke
T

SHA 24 2 T 2H(CODs)

= T %

kS

o
-
11.65mg02/g—dry) <]

3

ki

3

i

12.84~22.88mg02/g~-dry(

Aol M=

3

T 17.38mg0/g—dry) 9

o=

7l
£

5 12.0meOo/g-dryol el th

& A AxolM=
, T 4 3, SellA= ¢

2(6.17mg0-/g—dry)

lez]
RS2

3

o}
M

0.958, p<0.0)E, <3t

Fol FHaA

s

o
1.

= el e CODs

g

ATHTable 4). F&0] H&F5 7]

A

Hola

=
=

& A (r=0.634)

GRS ED

-

-2

o

o
o|J

RS S

3|

Ao o] 17.13mg0x/g-dry2 A3 29 4]

/1\1,

7l
£

19.39%, %3}

A3 fASAL 3

8]

Hola glom FE7

KeN
=

_34_

@ jeju



0o 3500 50
3000
00
U A 5
8 2 B0 g
g ¥
§ § 00 g 150
§ 200 : 2
" g B0 £
H § a
3 2 100 3
00 i g
50 I
00 00 00
R TR 10§62 §t3 st4 S5 St6 ST S8 st $152 3 St S5 S ST ste st

Fig. 19. The distribution chart of water content, ignition loss and CODs.

water content (%) LL(%) COD (mg/g)
a7 a7 a7

7o ; '! EZQ
) ") =% =
= = =
I s | 2 2 36| &~ B8
= = = ~
i dt] ] .
En o, /—14
e (.
a5 10
// l /
38 / oI5
35 35 35
124 125 124 125 124 125
Longitude Longitude Longitude

Fig. 20. The horizontal distribution of water content, ignition loss, CODs in

the study area in July 2009.

_35_

Collection @ jeju



H4% 9 #5940 e oz ¥HEe Qe uel A4 Wil
Eoor d@gote] F, 1992), oW APME JEd BAYE T,
FhAaFELe] BRI} AL LAEE Foprux dv

Ale AZEA Fo b EQA ExsE 945 Fo ditoly, ol Fol
T e FFHIIE AY Yo HA4 9] SRR RH o]FAl 90%0°]4 e Y
A2 o] FolXH, Ao o]F2 vl A2 AFA HHEV|Y A2 LHA
ATHel, 2003). AT W FHA AN HFHAE T Ale] FF(Fig. 21)&
5.8~6.1%(F+f 59%)5 vEtH OB, Frladel A= 49~69%(F 1 57%) &
X2 39 ol Zol= gl Ale] TR YT AA 3, 494 49% =2 H 4G,
47 6004 69%= Hughs el d7sd U A g Ea HEE e

ut

|

2o $EE Holi YTh
Asel FH Aol FFFe 2.6~80mg/ke - dw(E vt 53mg/kg - dw), F71s1 4

NN = 56~71mg/ke - dw(B T 6.3mg/ke - dw)e] FEE Fr]aFol A ot =&
gee wth A3 2004 26mg/ke - dwE H2g, AF 1914= 8.0mg/ks - dw
2 A58 Wl BAHSE JPHA o] xolxE FEE Hola AL

Cde] FHsldel A e 0.07~0.16mg/ke - dw(H 0.12mg/kg - dw), F7]3l
= 0.08~0.2mg/kg + dw(H 1t 0.16mg/kg - dw)e] +X = F7]|s| A A] oF3t
F2 S Hou AF 2004 0.07mg/kg - dwE H gk, AR 7oA 0.20me/kg
cdw2 HugkS yEepdlon, dE el EEdor A5E molA e

iz
e

Codl FwWalodelA Fhake 81~150mg/ke - dw3 i 11.6mg/kg - dw), F7]3l
Ao A= 11.4~136mg/kg - dw(HF 12.9mg/ks - dw)e] HX 2 Fr]g] oA 3t
o ks Btk AR 2004 81lmg/ke - dwE HAF AFE 114 15.0mg/ke
dwzZ Hdigts dvetdlen, A58 il A4 204 HAZRsdor d+E =

Cr2 dolas A=A, e T3 of& 2] 90%°]8e] A= o5 M
Lol WgE Adaolt(E 5, 2001). Cro FWs| ol ke 43.9~76.2me/ke



- dw(H 7t 60.0mg/kg - dw), F7]18 A A= 57.3~84.8mg/kg - dw(H it 73.9mg/kg
-dw)e] X2 Ul B TS At A3 2004 439me/ke - dwE
Hagh A 4904 84.8mg/ke - dwE Huighs YERHAL AT AT W H
MEo R AFE FolAE FXF Holal Sl

Cue 2498 FTa& 94224 243 dudgs&ids 2 daotidE F,
2001). Cu® FwWal oA steFe 11.5~269me/ks - dw(HE 1t 19.2me/ke « dw), &
718l ol A= 184~29.5mg/kg » dw(H it 249mg/kg - dw)e] +X=Z F7]8] G A
2 S Hodu A 204 115mg/kg - dw2 H gk, AR 3004 29.5me/kg
-dwz Hulghs et AT A il AR R AgE mokAs B

Feo] FWe Ao FEE 22~3.6%(Fw 2.9%), F7|a A= 2.8~35%
(Ft 32%)9] X2 F7)3| oA ozt & sEE Btk AA 2004 2.2%
2 Hagk, A 1A 36%2 Hdghs vE I JSdth AT U AFoes
L4 FolxE BYE Holu QT

Hgel FHe Aol FEE 0.012~0.023mg/ke - dw(HF 0.018mg/kg « dw), F
A& ol M= 0.014~0.053me/ke - dw(H T 0.029mg/kg « dw)e] ¥E2 578
A Ee drEES Bd AA 2004 0012mg/kes - dwE A g, AE 5904 0053
mg/kg - dw= HulgtS YER Jdh AT7E Y U AFom A4E Eolx =

o

187 o] B 2 ol A
&= olwdte] Aol
(Thomsom et al., 1996). Mn<] < 291.5~355.1mg/kg - dw (3
I 323.3mg/kg - dw), F7lalGel A& 273.5~353.5mg/ks - dw(H 1 308.6mg/ke -
dw)el #x =2 FHs oA 2 FFE HATh A 8ol 2735me/ks - dwE
Hagh, AR 1olA 355.1mg/ke - dw® Huigbs deERHI SISlh d5mEl <] W
MEo R Z5E FopAE FEE Hola AT AR 14 Fddewn x2
Mné| gt o] A9 HAE 7Tl shelagol ofste] &8etA Mno] &%
o2 ol FAHK AE AANIA &, 2001).

Nio] Fws]dof A shaFe 194~350mg/kg « dw(H 27.2mg/kg - dw), F7]3}

r{

=24 A7k gl &
o

-lN
:Cn)L_'4
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=
2
o
oft
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Ao A= 27.3~34.3mg/kg « dw(H 1 31.8mg/kg « dw)e] X2 F7|d Aol F2
SheES Btk AR 2004 194mg/ke - dwE FH Az AR 194 35.0mg/ke -+ dw
Z HUgks YeERda QAT AFE g U BAZKoR AaE FolX &=

M
Hel
(ld

Pb2 A H7HAR 2ol FH st V& Sel AsAoR FdH e
a2 oA UdvHE &, 2001). Pbe] FHafee A haFe 23.8~26.8meg/ke -
dw(H vt 25.3mg/kg « dw), F71aFe A= 21.0~30.1mg/kg - dw(H vF 24.8mg/kg -
dw)el X = FHE oA 7 o FES BT AA 84 21.0mg/ks -
dwz Hazh 43 9014 30.1mg/ks - dw= Hlghe eERdaL Ak AFE S
Wl AFoz A5E Folxs B¥E Holal f3lth

7n® FH oA da= 62.1~105.7mg/ks « dw(H 1 839mg/ke - dw), F7]
Ao A= 79.3~107.7mg/kg « dw(H T 945mg/kg - dw)e] EX & F 7|8 o A
F2 e Bdv AH 204 621mg/ke - dwE HAa gk A 9914 107.7me/ke
cdwz HuigkE JEbaL AT A7EY W ABeR AFE mofAes BX
£ Holar SISl

HAEW 583 Co, Cr, Cu, Fe, Hg, Ni, Zn& sl <ko] AAAAEZ 1

°]a 91 3L(Table 4), Fe- As, Co, Cr, Cu, Mn, Ni, Zn< =2 %9 J#aA

>

E Holu oty dwtdom HAH=e Cu, Pb, Znf w&=v #7189
Fe-Mn¢| At&t& (52 F4kstE) s s ="y, Nidt Cr2 Fedt @€
2l tH(Balkis and Cagatay, 2001; Youn et al, 1999). Fed] 3heks E 2 &9 3t
&7 A E (52 FAEE)Y 288 weErtd FEY S Qo] 5, 1992).
Fugd Fr)eode F24 S Al Mn, Pbs Aslis RE T34
FEE Ao e FrlaidddA & FEe dEdlt 2Ea Cre AR 3,

(F2dFed)ol A v sk 7] (NOAA) A A A1 s 7]5<1 ERL(Effect Range-

N

Low)& Z%3kal AAH(Fig. 22, Table 5). Cr2 = ¥ 3w, #JE 2 =

A

28 ¢rs, Ay FgolA WAstE], Cro] ¥awd Fo| e A FA A &
AstE FAES s FrIgo=z4 vud o 32 YEls HoE AR
Hoh(AlL 2008). 3k Nik A 25 A3t e AF oA ERL(Effect Range-L

ow) 209mg/kg - dwZ Z¥3har ATk Ni& 4Hg3ld x| o] HAEA F 2
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Table 4. Correlation matrix of Sediment environmental variables in the study area in July 2009.

WC 1L CODs Al As Cd Co Cr Cu Fe Hg Mn Ni Pb 7n

WwC 1

IL 634 1

CODs 958 (k) 493 1

Al -.105 -.027 -.065 1

As 645 655 605 311 1

Cd 619 S712() 531 095 .680(x) 1

Co BL7(Gex) | 679(%) | .800(kx) 131 924 () 640 1

Cr 831 (xx) 501 884 (k) -.209 615 584 B39 (k) 1

Cu 896 (k) 531 929 (k) -.150 654 523 B76(x) | 9T74(xx) 1

Fe BA8 (k) 621 859 (k) 153 849 (k) 577 980Ckx) | 880(xx) | 927(xx) 1

Hg J782(x) 223 874 (k) 007 2241 .320 500 S08(G) | 728(%) 621 1

Mn 528 .360 503 .386 A85 148 634 A94 596 122(%) A85 1

Ni 873 (k) 627 890 () 002 821 () 595 972(ex) | 932(xx) | 957(ex) | 984(x) 644 624 1

Pb 401 054 AT19 .351 227 -.017 A59 507 578 605 561 896 () 516 1

Zn .832(xx) 562 .856(x) 055 762(=) A76 9420e) | 907(0ex) | 957(xx) | 983(kek) 631 A1) | 974G) | 675(%) 1
*  P<0.05
*x  P<0.01
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Table 5. Guidelines for classifying sediments.

Guidelines NOAA EPA
(mg/kg) (mg/kg)
ERL ERM Nonpolluted T OTAEY v Polluted
Polluted
COD <40,000 40,000~80,000 80,000
As 8.2 70 <3 3~8 >8
Cd 1.2 9.6 - - >6
Cr 81 370 <Zb 25~75 >75
Cu 34 270 <25 5~ 5 >50
Fe <17,000 17,000~ 25,000 >25,000
Hg 0.15 0.71 <1.0 - >1.0
Mn <300 300~500 >500
Ni 20.9 51.6 <20 20~50 >50
Pb 46.7 218.0 <40 40~60 >60
Zn 150 410 <90 90~200 >200
ERM(Effect Range-Median) : A A& 50% &S 5 FAHTE

ERL(Effect Range-Low) : A AE 10%¢l
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Appendix 1. Analytical results of seawater from study area.

Station  Depth  Temp.  Salinity pH DO satuartion DO COD SS VSS Chl.a

m °C psu % mg/[ ug/[

1 S 241 3142 7.98 105.3 74 0.24 46 4.2 0.58
10 239 31.46 8.05 114.3 8.0 043 36 3.0 0.54

30 93 32.54 7.81 94.6 8.8 0.24 3.0 2.2 0.90

50 7.2 32.60 7.74 80.5 7.9 1.82 34 2.4 042

B 7.0 32.66 7.74 81.6 8.0 1.59 38 2.8 048

2 S 231 31.90 7.85 115.1 8.2 0.79 26 0.6 042
10 230 32.05 8.03 135.0 9.6 1.22 26 1.2 0.54

30 109 32.95 7.78 97.8 8.8 1.14 3.6 2.8 0.87

50 9.3 3291 7.84 95.4 8.9 0.59 44 3.0 0.36

B 7.9 32.84 7.81 932 8.9 0.71 5.2 4.4 0.36

3 S 24.0 31.69 8.17 1213 8.5 0.55 7.2 4.0 0.53
10 240 31.65 8.16 1299 9.1 0.79 8.6 6.4 0.53

30 94 32.53 7.97 102.1 9.6 0.39 8.8 6.4 0.85

50 7.8 32.63 7.87 88.5 8.5 266 10.2 6.6 0.30

B 7.2 32.67 7.85 87.7 8.6 206 194 6.6 0.60

4 S 237 31.77 8.14 121.2 8.5 1.23 38 2.6 0.45
10 237 31.77 8.16 131.0 9.2 0.39 36 2.2 0.45

30 94 3242 7.99 104.0 9.8 0.80 44 34 131

50 6.7 32.72 7.75 90.6 9.0 1.59 36 34 0.39

B 6.7 32.72 7.84 91.2 9.0 2.81 12.6 4.0 0.63

o S 239 31.92 8.23 105.0 7.3 0.67 3.6 2.8 0.46
10 239 31.91 8.21 1115 7.8 0.99 34 15 0.68

30 9.3 32.55 8.00 83.9 7.8 1.77 34 2.0 0.96

50 6.8 3271 7.83 743 7.3 297 34 2.6 0.36

B 6.8 3271 7.80 743 7.3 028 134 5.0 0.59

6 S 235 31.81 8.20 101.7 7.2 0.52 29 1.7 0.30
10 235 31.81 8.21 107.6 7.6 0.39 54 3.0 0.39

30 8.6 32.53 7.99 815 7.7 1.50 6.2 4.5 127

50 6.9 32.80 7.83 76.4 7.5 0.95 10.8 5.8 0.33

B 6.9 32.80 7.86 76.8 7.5 040 182 6.8 0.55

7 S 240 32.08 8.23 113.7 7.9 0.87 4.0 3.2 0.51
10 238 32.07 8.23 1212 8.5 0.16 42 24 0.70

30 9.3 3243 7.98 81.1 7.6 0.36 32 1.2 0.77

50 7.1 32.67 7.81 76.4 7.5 0.12 5.2 4.0 041

B 6.8 32.72 7.81 76.7 7.6 341 144 5.8 0.69

8 S 241 31.92 8.20 106.6 7.4 0.67 3.0 1.8 0.45
10 239 31.95 8.21 1213 8.5 0.79 6.2 34 0.71

30 8.5 32.46 8.05 784 7.5 147 54 37 1.39

50 6.8 32.77 7.79 75.2 7.4 138 6.4 33 0.30

B 6.8 32.78 7.81 754 7.4 099 146 5.2 0.55

9 S 234 31.94 8.16 129.2 9.1 1.63 438 3.8 0.31
10 231 32.13 8.16 136.1 9.7 1.39 5.0 4.0 042

30 101 32.40 8.05 117.3 107 071 3.8 2.2 1.16

50 7.6 32.59 7.86 97.7 9.5 0.99 8.8 74 0.29

B 6.8 32.72 7.76 96.1 9.5 197 182 6.9 0.32

10 S 231 31.90 8.15 1154 8.2 1.85 34 16 048
10 229 32.19 8.16 113.6 8.1 1.54 5.8 4.2 0.74

30 9.2 32.19 8.03 105.8 9.9 1.55 40 2.4 0.94

50 7.0 32.78 7.76 83.5 8.2 213 4.2 32 0.27

B 7.0 32.79 7.76 844 83 1.62 19.2 116 0.30

Min. 6.7 3142 7.74 74.3 7.2 0.12 26 0.6 0.27
Max. 241 32.95 8.23 136.1 107 341 194 116 1.39
Avg. 14.2 32.34 7.97 99.6 8.4 1.16 6.7 3.8 0.58
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continued

Station Depth NH4* NO3” NO2 TIN PO, SiOy” N/P ratio Si/P ratio
m uM
1 S 0.57 1.26 0.16 1.99 0.04 253 497 63.3
10 3.55 0.18 0.16 3.89 0.15 3.28 26.0 21.9
30 3.83 1.74 0.04 5.61 0.15 8.45 374 56.3
50 1.27 5.19 0.15 6.61 0.24 743 275 31.0
B 142 6.90 0.11 8.43 0.16 9.62 52.7 60.1
2 S 0.15 1.23 0.04 142 0.16 8.12 89 50.8
10 0.58 281 0.05 3.44 0.06 8.92 57.3 148.7
30 0.26 5.09 0.09 5.44 0.46 12.55 118 27.3
50 047 549 0.07 6.03 0.78 14.81 7.7 19.0
B 040 7.39 0.10 7.89 0.87 16.59 9.1 19.1
3 S 0.16 0.15 0.04 0.35 0.07 3.70 5.0 52.9
10 0.33 0.14 0.08 0.55 0.03 249 184 83.0
30 1.01 0.66 0.04 171 0.06 434 28.5 72.3
50 0.94 10.14 0.08 11.16 0.73 12.90 15.3 17.7
B 101 872 0.14 9.87 1.10 13.96 9.0 12.7
4 S 040 0.12 0.05 0.58 0.09 242 6.4 26.9
10 0.69 0.33 0.05 1.07 0.05 1.24 214 24.8
30 0.22 0.98 0.09 1.29 0.12 2.26 10.8 18.8
50 2.06 5.94 0.07 8.07 0.99 8.49 8.2 8.6
B 2.60 7.90 0.15 10.65 0.99 7.36 10.8 7.4
5 S 0.66 1.53 0.04 2.23 0.01 2.54 223.0 254.0
10 142 048 0.09 1.99 0.10 1.77 199 i
30 121 0.37 0.07 1.65 0.14 411 118 29.4
50 0.54 2.53 0.12 3.18 1.04 9.84 31 9.5
B 0.80 273 0.08 3.60 1.35 8.24 27 6.1
6 S 1.05 0.19 0.04 1.29 0.02 216 64.4 108.0
10 1.97 0.75 0.14 2.85 0.03 2.50 95.0 83.3
30 0.86 1.75 0.08 2.69 0.17 483 15.8 284
50 0.56 212 0.14 2.81 0.82 6.23 34 7.6
B 1.10 14.80 0.07 15.97 0.93 15.50 172 16.7
7 S 1.10 101 0.07 217 0.04 371 544 92.8
10 113 1.27 0.07 246 0.07 1.88 35.2 26.9
30 1.00 1.15 0.15 2.30 0.23 5.52 10.0 24.0
50 1.69 9.14 0.07 10.90 1.09 9.98 10.0 9.2
B 1.28 7.19 0.16 8.63 1.99 10.33 43 5.2
8 S 211 0.34 0.04 248 0.04 2.25 62.0 56.3
10 1.53 0.26 0.04 1.83 0.13 272 141 20.9
30 1.57 3.65 0.05 5.27 0.18 217 293 121
50 0.79 8.13 0.08 8.99 1.64 10.51 5.5 6.4
B 0.73 17.05 0.18 17.96 1.39 8.67 129 6.2
9 S 0.57 047 0.04 1.08 0.04 5.03 26.9 125.8
10 0.73 140 0.06 2.20 0.14 444 15.7 31.7
30 217 1.07 0.11 3.35 0.30 281 112 9.4
50 2.19 10.69 0.08 12.96 0.89 1448 146 16.3
B 0.50 17.34 0.16 18.00 1.56 1446 115 9.3
10 S 0.31 2.54 0.06 2.90 0.03 3.99 96.6 133.0
10 1.10 191 0.04 3.05 0.08 417 381 52.1
30 0.29 349 0.04 3.82 0.14 2.60 27.3 18.6
50 1.22 18.78 0.06 20.06 1.86 14.26 10.8 7.7
B 0.30 9.15 0.16 9.60 2.16 1149 44 53
Min. 0.15 0.12 0.04 0.35 0.01 1.24 27 5.2
Max. 3.83 18.78 0.18 20.06 2.16 16.59 223.0 254.0
Avg. 1.09 431 0.09 5.49 0.52 6.89 27.5 41.0
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continued

Station Depth Al As Cd Cr Cu Pb Zn
m uM
1 S 0.302 0.083 0.002 0.036 0.013 ND 0.008
10 0.360 0.155 ND 0.002 ND 0.101 0.002
30 0.383 0.082 0.001 ND ND 0.059 0.005
50 0.378 0.149 0.002 0.012 0.005 ND 0.010
B 0.383 0.087 0.002 0.010 ND ND 0.002
2 S 0.386 ND 0.002 0.013 ND ND ND
10 0.341 ND 0.001 0.013 0.002 ND 0.003
30 0.361 0.209 ND 0.008 0.004 ND ND
50 0.374 ND 0.002 0.019 0.008 ND ND
B 0.368 0.061 0.001 0.009 0.002 0.097 0.003
3 S 0.424 ND 0.001 0.006 0.015 ND 0.022
10 0331 ND 0.001 0.004 0.013 0.123 0.038
30 0.377 0.267 0.001 0.003 0.002 0.038 0.007
50 0.319 ND 0.002 0.012 0.001 ND ND
B 0.359 0.157 0.002 0.010 0.004 ND 0.003
4 S 0.405 0.072 0.002 0.006 0.003 ND 0.005
10 0.247 ND ND 0.011 0.004 ND ND
30 0.385 ND 0.001 0.005 0.002 ND 0.002
50 0.400 0.131 0.002 0.018 ND ND 0.004
B 0.365 0.081 0.002 0.015 0.006 ND 0.018
S S 0.402 ND 0.002 0.014 0.009 ND 0.017
10 0.340 0.136 0.001 ND 0.007 0.019 0.006
30 0.362 ND 0.001 0.006 0.008 0.094 0.008
50 0.326 ND 0.001 0.013 0.002 ND 0.004
B 0.380 ND 0.002 0.012 0.016 ND 0.037
6 S 0.435 0.172 0.009 0.014 0.035 ND 0.218
10 0.428 0.046 0.001 0.014 ND ND ND
30 0.388 0.234 0.002 0.016 0.015 ND 0.048
50 0.381 0.135 0.001 0.017 0.006 ND 0.005
B 0.417 0.221 ND 0.013 0.002 ND 0.003
7 S 0.401 ND 0.002 0.017 0.006 ND 0.017
10 0.374 ND ND 0.012 0.013 0.061 0.002
30 0.395 ND 0.001 0.012 0.011 0.131 0.073
50 0.380 ND ND 0.015 ND ND ND
B 0.413 ND 0.002 0.018 ND ND ND
8 S 0.329 0.104 0.000 0.012 0.004 ND 0.006
10 0.370 ND ND 0.017 0.003 ND ND
30 0.395 ND ND 0.015 0.001 ND ND
50 0.406 0.128 0.001 0.016 0.007 ND ND
B 0.430 ND ND 0.022 0.004 ND 0.014
9 S 0.422 ND ND 0.008 0.005 0.007 0.022
10 0.371 0.231 0.001 0.010 0.003 0.123 0.015
30 0.376 ND ND 0.015 0.003 0.083 0.016
50 0.354 0.153 ND 0.026 0.002 ND 0.001
B 0.423 0.109 0.000 0.013 0.001 ND ND
10 S 0.423 ND ND 0.011 ND ND 0.005
10 0.353 ND ND 0.021 ND ND 0.003
30 0.373 ND ND 0.013 ND ND 0.001
50 0.403 ND 0.001 0.017 0.009 ND 0.031
B 0.405 0.134 0.002 0.015 ND ND 0.007
Min. 0.247 ND ND ND ND ND ND
Max. 0.435 0.267 0.009 0.036 0.035 0.131 0.218
Avg. 0.378 0.139 0.002 0.013 0.007 0.078 0.018
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Appendix 2. Analytical results of sediments from study area.
Station ~ WC IL CcoD As (@] Co Cr Cu Hg Mn Ni Pb Zn Al Fe
% mg/g mg/kg.dw %
1 64.0 19.39 17.13 8.0 0.16 15.0 76.2 269 0.023 355.1 350 268 105.7 6.1 3.6
2 39.9 486 6.17 26 0.07 8.1 439 115 0.012 2915 194 238 62.1 58 2.2
3 70.0 18.94 2147 6.0 0.15 131 817 29.5 0.035 305.2 33.0 247 99.1 49 3.3
4 55.2 13.48 16.02 6.0 0.18 13.0 84.8 26.5 0.025 289.3 3987 "W23.9 94.8 49 3.2
5 69.3 17.71 22.88 6.3 0.16 13.6 80.3 27.5 0.053 326.8 34.3 27259 99.0 6.0 34
6 52.7 10.53 14.56 7.1 0.19 125 634 20.2 0.020 2935 29.0 240 85.9 6.9 31
7 57.7 28.80 15.12 7.1 0.20 13.6 70.0 235 0.018 3183 322 240 95.6 6.0 33
8 Bl1.1 9.19 12.84 56 0.13 114 57.3 184 0.014 2735 273 210 79.3 52 2.8
9 58.3 9.35 18.80 5.9 0.08 134 79.5 28.6 0.036 3535 33.8 301 107.7 6.1 35
Min. 39.9 4.86 6.17 2.6 0.07 8.1 439 115 0.012 2735 194 210 62.1 49 2.2
Max. 70.0 28.80 22.88 8.0 0.20 15.0 84.8 29.5 0.053 355.1 350 301 107.7 6.9 3.6
Avg. 57.6 14.70 16.11 6.1 0.15 12.6 70.8 236 0.026 3118 30.7 249 92.1 58 3.2
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