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Some of the mariculture grounds near Ongjin-gun, Korea, were designated as mariculture management areas in 2007.
Areas are so designated when the environmental quality of the mariculture ground deteriorates or there is an outbreak
of hypoxia or harmful red tide that kills mariculture organisms. We surveyed the water and sediment quality and
examined the mortality of mariculture organisms in the Ongjin-gun mariculture area. In a survey conducted in 2016,
the water quality was better than the environmental quality standards for mariculture grounds, excepts for dissolved
inorganic nitrogen, and the sediment quality was good. However, there was still mortality of mariculture organisms in
some of the designated management areas. The areas that met the environmental quality standards should be delisted
and the areas in which we observed mortality should be classified as management areas. This will enable the sustain-
able development of aquaculture and preserve healthy mariculture grounds.
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Fig. 1. Study area and sampling station. Dashed rectangles represent the designated Ongjin-gun mariculture areas.
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m (Bt 15.4m),2.8-9.0m (Bt 5.4 m), 1.3-15.0 m (H 5.6
m) HY = YEpsth(Table 2). 371 o1 a]sf| o o] Azt 4=
22 241-27.59°C (B 14.14°C) ¥ L)) W3S Vrehglct
SHAloll= 4 QIR e, P8 s SollA =L, B4
o= ST ol e WY alGoA o] =Tt o]
2igh A1 SAFT S %F 7t vjdRtolof ot A o=, slAo|
520 #& F97F A YEL M 2 FA o= 0] W
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Table 1. Paired t-test result to assess mean differences between sur-
face and bottom seawater qualities in this study

Temperature Salinity pH DIN DIP
Feb 0.01" - 019 0.10 0.27
Apr 0.00? 0.18 010 021 0.2
Jun 0.00? 0.00? 050 0.77 0.84
Aug 0.05' 0.00? 0.10 0.10 0.19
Oct 0.00? 0.97 033 064 091
Dec 0.00? 0.65 011 0.05 0.06

P<0.05. ?P<0.01. DIN, dissolved inorganic nitrogen; DIP, dis-
solved inorganic phosphate.
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Table 2. Summary of ranges, average, and standard deviation values of seawater quality parameters in Ongjin-gun coastal area. Salinity was
not surveyed in February

Station Temperature - DO DIN DIP
(Average depth, m) Month ™ec) Salinity pH (mglL) (mg/L) (mg/L)
op | 276279 788804  847-10.98  0.378-0.493  0.030-0.034
(2.78+0.02) (7.97:0.08)  (9.98+1.33) (0.4470.061) (0.032:0.002)
noy 820868 32103213 797810 8331019 03280352  0.0130.015
Pl (851:0.27) (32.11:0.02) (8.05:0.07) (9.26:0.93) (0.341x0.013) (0.014:0.001)
Jangbong L 1880-1901 31503179 804817 881947 02350243  0.014-0.016
& (18.91£0.11) (31.62t0.15) (8.12+0.07)  (9.140.33)  (0.2390.004) (0.015+0.001)
(3.3) Aug 27242759 29.22-29.54  8.04-8.27 7.50-9.30 0.044-0.144  0.001-0.003
9 (2742:018) (2042:0.17) (8.160.12)  (8.68+1.02) (0.094:0.050) (0.002+0.001)
ot 19591973 30223067 760795 641718 02380366  0.030-0.041
(19.65:0.07) (30.51:0.25) (7.82t0.19) (6.75:057) (0.293£0.066) (0.035:0.005)
oo 919928 31093112 785795  7.42768 03950405  0.040-0.041
(9.24:0.05) (31.10:0.01) (7.91+0.05) (7.48:0.32)  (0.400:0.005) (0.041+0.000)
Fop | 412429 ] 802810 833855 01030123  0.012-0.014
(4.19:0.07) (807£0.03)  (8.410.08) (0.1120.008) (0.013:0.001)
poy 624662 32643281 810814 870907  0.0680.085  0.010-0.011
P' (6.35:0.16) (32.70+0.06) (8.12+0.01) (8.87+0.14) (0.073:0.007) (0.010+0.001)
L 14591533 31773187 797802 774866  0.046:0.059  0.004-0.006
Baeng (14.99+0.31) (31.80:0.04) (8.00:0.02)  (8.14+0.42)  (0.053£0.006) (0.005+0.001)
it aug 21572216 3107-3120 799817  6737.08 00620076  0.006-0.007
9 (21.87:0.28) (31.13t0.06) (8.12:0.07) (6.89+0.17) (0.066:0.005) (0.006£0.001)
ot 17601774 3180-31.84 762807 558656  0.111-0133  0016:0.017
(17.60£0.05) (31.82:0.02) (7.94x019)  (5.94+0.38) (0.1200.008) (0.016+0.001)
Deo 1031127 31903195 788801 676723 01460151  0.019-0.021
(11.19:010) (31.92+0.02) (7.96+0.05)  (6.99:0.17)  (0.148+0.002) (0.020+0.000)
fop | 337343 ] 799801 928990 02500266  0.030-0.032
(3.400.04) (800£0.01)  (9.59+0.44)  (0.258:0.011) (0.031:0.001)
noy 770809 31903236 812812 946993 02320237  0.0200.022
P’ (7.00+028) (32.13:0.32) (8.12£0.00) (9.70:0.33) (0.234:0.003) (0.021+0.001)
L 16371638 31473151 800801 777820 01550159  0.011-0.011
Jawoldo (16.38£0.01) (3149:0.03) (8.00£0.00) (7.99+0.30) (0.157+0.003) (0.0110.000)
(5.4) aug 25272535 31483121 812814 595716 00530054  0.0050.005
9 (2531:0.06) (31.19:0.02) (8.13:0.01) (6.56£0.86) (0.054:0.001) (0.005£0.000)
o 20472056 3180-31.83 7.97-801 587605 01380172  0024-0.027
(20.51£0.06) (31.82:0.02) (7.99:0.03) (5.960.13) (0.155+0.024) (0.026+0.002)
Dec 12221231 32013202 801802  7.82782 02200220  0.032-0032
(12.2740.06) (32.02:0.01) (8.01:0.00)  (7.820.00) (0.220+0.000) (0.0320.000)
Fop | 2413.56 ] 751806  7.189.60  0.235-0365  0.029-0.050
(3.04+0.40) (7.97£0.13)  (8.20:0.82) (0.315:0.032) (0.035:0.005)
aoy 776934 31503186 811819 9151016  0.189-0235  0.011-0.018
P' (878+039) (31.63:0.00) (8.16£0.02) (9.77:0.23) (0.213:0.012) (0.014:0.002)
L, 15831836 31043143  7.86808 675859 01230157  0.005-0.010
Yeong (17.66£0.57) (31.15:0.08) (8.04£0.05) (7.52¢0.47) (0.137+0.010) (0.007+0.001)
-neu
56) nug 25412688 30723120  7.94815 517707 00650.185  0.006-0.012
9 (2651:0.34) (30.82t0.11) (8.11:0.04)  (6.08£0.54) (0.098:0.024) (0.009:0.002)
o 19782052 31483177 744808 556738 01490268  0023-0.044
(20.1140.20) (31.56£0.06) (8.000.15)  (6.200.38)  (0.2300.027) (0.035+0.005)
Dec 9871220 31813199 74807 778877 02160288  0.031-0.038
(10.75:052) (31.93:0.05) (7.91:0.20) (8.14+026) (0.271+0.016) (0.037+0.001)

DO, dissolved oxygen; DIN, dissolved inorganic nitrogen; DIP, dissolved inorganic phosphate.
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Table 3. Environmental quality standard of mariculture ground in

Korea
Seawater Sediment
oH DO DIN DIP TOC AVS
(mg/L) (mg/L) (mg/L) (mg/g -dry) (mg/g -dry)
Level 7.8-8.2 23.0 <0.14 <0.04 <20 <0.5

DO, dissolved oxygen; DIN, dissolved inorganic nitrogen; DIP,
dissolved inorganic phosphate; TOC, total organic carbon; AVS,
acid volatile sulfide.
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Fig. 2. Average concentration and standard deviations of water quality parameters at each station in Ongjin-gun area. JB, Jangbongdo; BN,
Baengnyeongdo; JW, Jawoldo; YH, Yeongheungdo. DIP, dissolved inorganic phosphate; DIN, dissolved inorganic nitrogen; DO, dissolved

oxygen.
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gHP>0.05), M= elo| Al FAH R ot
S TH(P<0.05) (Fig. 3).

BE4H(DO)= s = ARt AL BpA 9l aa= A
SollA DO7F HE38HA| & ofuf 79| T 5 A thAte] &
AE o o= 9lar, 53] o] 5/dol A9 fle AAEES A
aAgow Qs #R o = F 7F skl 4ha F =7t 3
E3F ol iz AEo] A 3ESHA] ¢hal YA 717 o] Fof| B
Fth(Lim, 2000). & 42| ¥ 2] A% DO %=+ 5.17-10.98
mg/L (B4t 7.75 mg/L) Y= e FHolA 3 mg/L Hrt =
SFT}. 2| R A BB 8.5 me/L)ol A £, 1l
B o (Fat 7.54 mg/L)ol A =Tt JA YRt e =
3|92 palo] L o] & Higsto] Al EEdAEY] FY
3 ool whe g A o= o] Zle Mg e st v
7F =9k Ao R ket Aoy A-ret vlare] B s,
AL Bl e 0] AF DOF e SAA R ot
2ol fAAITHP>0.05), FE= s Hollxl= foldt Aol =
HTH(P<0.05) (Fig 3).

L& 5712 2 (dissolved inorganic nitrogen, DIN)2} -85
7]¢l(dissolved inorganic phosphate, DIP)2 sl Fol| 4 LUX}AY
ke 2EshE T2 AR T Row xRS Algtst
Ak, 7t wo RYSRE 2 oA Hol AEEdaE
=41 9] 91¢lo] Elth(Herbert, 1999; Kwon et al., 2004). &2 &

5
il
T

(0.98)

(0.87) (0.27)

Temperature (C)

(0.70) (0.03") (0.45) (0.07)
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(0.23) (0.01%) (0.28) (0.00%)
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TR0 0] BEIT| A 4 == (.044-0.493 mg/L (HF 0.198
mg/L)°] H 92 e, AHdE 9 5= 3o o=
91 0.14 mg/L& 2}skGlar, We = o o2 o ek 7] %o
Fstich. AdE 2= Aol F=7F S FA 00 =0Tk
stAloll= e, AR 5 Kol A ohEe Aol skl =
w A s el Al AB|E = ol Wot w7t WAL, SAl= &
ollA 55 ol shA el vl AA|RE Y=o o5t AxH]
EZE Aol 235]8 FLert EE A o® Wt TH(Lim et al,
2008). A A} vl sk 2 A5t Aib= 20119 2ARA T
of vlsl Fat FEF7HA FerEAL, 5] MH =t 45
%= o2 FAA LR O3t Aol & HYITh(P<0.05). o]=gt
o= 20119 FAfo] HS| 2 Aol A gito] &1L, U 3
at ZF0] 20118 (190.6 mm)ofl B3l 2 1+(48.0 mm)of| 4]
| Ao g Hol2011dof vlal g4 F-Y2] FgFo] Aol &
73S Ao 2 BEtKMA, 2017). Lim et al. (2011)
of W2 Aejete & {9 el e, AXI W 4 b 7
St o] WERh Al B ARATA] oA el == 191
Ql Aol o8 Aaf At dall B o At §E57]
Az Fre7b oF 2uf o] #okrkal Hushglth, 2 AR 2l
AaEet Y= A 27t ) 5ot AlSkE €] 50| 914
of Qo] iAo ® Fert =td Ao wetkEch
gE1719l == 0.001-0.050 mg/L (Bt 0.021 mg/L)2]

311 L

.

ez 2011
2016

(0.00%)

(0.05) (0.02")

(0.24)

Sallinity

(0.68) (0.74)  (0.32) (0.03")

DO (mg/L)

(0.60) (0.79) (0.65) (0.07)

0.05
004
0.03
0.02
0.01
0.00

DIP (gmiL
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Jw YH

Fig. 3. Comparison of seawater quality between the result of 2011 (Kim et al., 2013b) and this study (JB, Jangbongdo; BN, Baengnyeongdo;
JW, Jawoldo; YH, Yeongheungdo). The numbers in parentheses refer to p-value of independent sample t-test to assess mean difference of
seawater qualities between Kim et al. (2013b) and this study. 'P<0.05. 2P<0.01. DIP, dissolved inorganic phosphate; DIN, dissolved inor-
ganic nitrogen; DO, dissolved oxygen.
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Fe7]

(]
(=]

A=, A o)A o217 7121 0.04 mg/Lef F-3t5 STt
3l W Al 9 A1 W AR S A0t ARSI AT
319 1t F = Afol= BT A A

Tob sl B 2 ol Avk=2011d o) vl B 857
A FLE7b AL, 53] Y5k Y2 TAA L E F-ol3t 2fo]
£ HStH(P<0.05).

EHE &

HAE0 e HAEY o, 24, 27, S 2e =
2] oy A1) Al7lof whet 21 Za27E EEjR]7] diol EF
g EAE 7MY & utgets AR A Stk (Hwang et
al,, 2010). & AR Y9 1& EAE ot Y=+ 1.36-9.16
O (Hat 421 @)Z FHAHmedium sand)ol| 4] FE(clay) =
710l sfgshs M2 A, Rl AE, JE9 FhefFo| 7+7}
0.0-28.28% (F 1.49%), 3.65-97.76% (B 58.31%), 0.84-
81.51% (H+t 27.61%), 1.30-85.97% (Bt 12.59%)= L&,
AE, HE, A o2 e 40| YeithFig. 4). &5
E(sorting)s HAE S 240 4 HES S4oHE AR
2 577 2945 Q= 240] AiEEe] FMithe A o
ugict 2 A2 o] B 0.45-3.83 O (Bt 1.92 9)9]
o2 A= s Alet FHollAl poorly sorted (E )2t
very poorly sorted (FEHEH)e] EE5 B o) o = (skew-
ness)= U FEE FA9 v HJ=E UEl= A
B AR S 7o 2 284 AR A o
e 7L A ARE AIEHE SO ghE Aeth 2 A
TR o A= -0.63~0.73 (H+t 0.25)2] HY=Z strongly posi-
tive skewed, positive skewed, nearly symmertrical, negative
skewed, strongly negative skewed <=2 2 YT 8 = (kur-

e
:cg
1
R
5§
oS
£
2o
o2t
e

AR - PR - olUR - FAY

Ll

tosis)yi= JF HTFHEE FHY| WEG YEE ekl AR
AT TN 71 F0 R S HFE0] 90W 1urk A7,
A BATE S B A 03 77k S Wl B
2| Aol A= 0.61-4.53 (B 1.39)2] 9] = th FE leptokurtic,
very leptokurtic, mesokurtic®] 3£ 2 UERIT

ddE o2 Aok =2 wafl B Eafiofl His AqtollA
Sk R 2 9 ol ol Al A o= YR} Aol 7t =2
AL Eol e P oty AT 2 Fo 2 HaFE o et
tH(Kang et al., 1993; Chang and Choi, 1998; Ryu et al., 2001).
E3H AP A B4 wpet Ald A o ® it Yo Aol 5 K
o=, /1EH slidtol A= A2 Fafoll 2al of ol
W AG Y vhgto] S-Alstar uiEe] A|7] 7t ofskeof et A
A EA =0l HAHL, AL ESAGE vt weko] vp
AL A717F AA ] F7Eetol et of Foll Al Ald A =4 =
of MAlFth, vt w4l 7 sk wheo] FaFo] st A si
b} ARG Q)= WSHE Kol x|uk, A @A 54 9 1929l +
Zzol ofalf uhede] gaFo] ot sfietol A= Rt = o Fofl X
AlE] a1, Aol EA %= B 2ltk(Ryu et al., 2001; Ryu,
2003). & 15+ A} oA = AZH ) of Fofl Al-sHANE
= ger AR AH(S 2-1, 7-1, 7-2, 9-4, 10-1, 11)= Hit]
2 Aol o Mdstith(Fig. 5). A% A2 Bkl B+
T, 9w W Hel 247} 2.59-6.62 @ (B 4.20 @), 0.29-3.16
O (Hat 1.44 ©), 0.02-0.55 (F4t 0.34), 1.05-2.92 (<t 1.96)
B9 B Aok AT WP e & @ Aurt
20119 AT A T 100%, EFE 0.29)10h T Al
ShaL o] ESolh o2 1o = 20114 11 W=
Atof 87132 Algto] HAH % o] s> 5ol A&skA| X5t
AL o] gl wheh wpAof vls) Al E2Ee] F A

GRAVEL G=gravel SAND S=sand
B JB (Feb) sG=sandy gravel cS=clayey sand
O B (Aug) msG=muddy sandy gravel mS=muddy sand
® BN (Feb) mG=muddy gravel zS=silty sand
QO BN (Aug) 80% gM=gravelly mud sC=sandy clay
W JW (Feb) gmS=gravelly muddy sand sM=sandy mud
O JW (Aug) gS=grayeIIy sand sZ=sandy silt
® YH (Feb) (g)M=sI|g'htIy gravelly mud C=clay
(g)mS=slightly gravelly muddy sand M=mud
O YH (Aug) (g)S=slightly gravelly sand 6} Z=silt
M=mud
sM=sandy mud 50% - 8
mS=muddy sand U@ (o]
S=sand (o)
)
o O @
sC sMQO ® s
o ®
10% /0 0
- c / m O \ I \
1:9 5:5 911 21 12
MUD Mud:Sand SAND CLAY SILT

Fig. 4. The ternary diagrams showing the major sediment type of surface sediments in Ongjin-gun area (JB, Jangbongdo; BN, Baeng-

nyeongdo; JW, Jawoldo; YH, Yeongheungdo).
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Fig. 5. The mean grain size of surface sediment in Ongjin-gun area. JB, Jangbongdo; BN, Baengnyeongdo; JW, Jawoldo; YH, Yeong-
heungdo.

Table 4. The range and average concentration of sediment qualities from coasts of Korea

Study Mean IL COD AVS TOC TN C-N ratio Reference
region grain size (9) (%) (mg/g.dry)  (mg/g.dry)  (mg/g.dry)  (mg/g.dry) '
Hampyeong 1.0-7.6 1.6-9.0 1.1-14.4 ND-0.15 i i i Hwang and
bay (5.6) (4.5) (8.1) (0.01) Koh (2012)
261-479  0.73-2.03  0.68-3.95 ND-0.07 0.65-2.30  0.10-0.35 Choietal.
Gomso bay -
4.11) (1.35) (2.30) (0.02) (1.48) (0.22) (2015)
7.61-10.1 3.10-6.34  3.67-22.4 ND-0.55  4.25-121  0.55-1.45 ) Choietal.
(8.75) (5.00) (10.4) (0.13) (8.38) (1.09) (2013)
Yeoja bay
8.45-10.03  4.21-593  6.60-10.03  ND-0.10 7.6-9.8 0.9-1.2 8.50 Kim et al.
(9.07) (4.98) (8.85) (0.05) (8.6) (1.0) ' (2013a)
754912 493794 115232  0.02-066 895163  1.352.20 ) Choietal.
(8.70) (6.67) (17.0) (0.22) (13.0) (1.73) (2013)
Gangjin bay
8.67-899  580-6.35 16.82-19.92  0.08-0.40 9.8-11.9 1517 6.60 Kim et al.
(8.81) (6.10) (18.29) (0.28) (10.5) (1.6) ' (2013a)
Sorakbe ) 46-116 12259926 ND-10.29 5452324 071299 540-10.82  Nohetal.
y (7.1) (30.98) (1.02) (10.34) (1.37) (7.61) (2006)
Janabonado 136217 0.71-1.08  0.02-1.36 ND 0.70-1.30  0.20-0.30  2.33-6.50
goong (1.88) (0.87) (0.54) (0.86) (0.24) (3.74)
Baeng- 1.79-587  0.82-3.78  0.02-7.88 ND-0.177  0.60-7.50  0.20-1.15  3.00-6.85
nyeongdo (3.80) (1.91) (3.42) (0.038) (2.93) (0.55) (4.64) This
Jawoldo 1.86-6.94 065390  1.84-757  ND-0.047 085870 025125  3.00-7.69 study
(3.69) (1.88) (3.72) (0.012) (3.86) (0.61) (5.26)
Yeongheung-  149-9.16  0.86-7.21  0.03-9.39  ND-0.246 065650  0.25-1.00  2.50-7.88
do (4.78) (2.49) (2.84) (0.040) (2.80) (0.48) (5.57)

ND, not detected. IL, ignition loss; COD, chemical oxygen demand; AVS, acid volatile sulfide; TOC, total organic carbon; TN, total nitro-

Ao persch gl kTS 71 utet HAE 09 B A
AR RRLR S HARo] AASHE B4k BUAF 5 BOR o] §u|3 glrh £ ¢ not-detected (ND)-0.246

ot & 5|
Aol o3 A E Foke o= w7t %;i’-_’“ﬁ T g AN mg/g-dry (Bt 0.03 mg/g-dry)2] M=, B FHoflA o
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Fig. 6. Average concentration and standard deviations of chemical parameters of surface sediment in Ongjin-gun area. JB, Jangbongdo;
BN, Baengnyeongdo; JW, Jawoldo; YH, Yeongheungdo. COD, chemical oxygen demand; IL, ignition loss; TN, total nitrogen; TOC, total

organic carbon; AVS, acid volatile sulfide.

877121 0.5 mg/g-dry o]} Yepdri(Fig. 6).

7 2 w2 (0,038 mefedry), T (F 0.040
mg/gdry) oI £, BEE(FEND mg-dry) ]
o 4 WA bkt 419 1ok Bl sk AR SledelA]
= 3fo| 7t EAH 02 o3I AHP<0.05), F A7) BE
=7h slgheh, vhlel W sjole Aa) Aot EAL 0 §
ol 2joli= GAITHP>0.05), 201 11 o] ¥]&] 27} S5kt A
shetoll 1315 ST, TaubolA] ZHE AR

L= 7F7FND-0.15 mg/g-dry, ND-0.07 mg/g-dry H 9|2 &2 ¢
T AT} FAFSFAAL, el Qo] 7Nk, Zhakk 9l of Zpgte]|
A& 7k} 0.02-0.66 mg/g-dry, ND-10.29 mg/g-dry, ND-0.55
mg/g-dry H9|= & ARt =7k =T

A= W SRS B8R, fU18A HEY 5
7 SAelA fElE frIease] o8 2dEthNoh et
al., 2006). & Ao A= 0.60-8.70 mg/g-dry (B 2.69 mg/
gdry) RI9IE, BE FHolA AR A= A4 o e 7|
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%1 20 mg/g-dry®th Wot 53t H2= Y f71E E% o] F23] Fagtrh B117} 9lrk(Yokoyama, 2003). £
Aot AR F e, A 2 GTE oA w34 AT = oW Tk WA vreh 331 o s o o] H A=
AE sl of A Wkt AeY A-tel vl as) e ZPEEQ} o 7B wi U HrhE 9l

i:liﬂ

F= SeolAls BAHOR ot Aol2 Holx] UGkAR  HAB ) FR7IsHaeh F A4 H(CN ratio) 57122
(2005, WY sfeol s BAGOL FOR AolS 951 Sk Qe el A B slonf A
CHP<0.05). & ATA G FH7I5hA FEL Al B4 HO.R10 ool SAA £UH 78] SAskL, 101

9k 31%(0.65-2.30 mg/g-dry)@} F-AFSHE AL, Fafiete] ZFzInk o o 3| ZpA| o A A E Tr7l€«l ol -Alstrtar &
(8.95-16.3 mg/g-dry), 7FIHIK(5.45-23 24 mg/g-dry) 2 7k 24 QItK(Stein, 1990; Hyun et al., 2003). 2 ¢1519] C:NH] ZF

¢

(4.25-12.1 mg/g-dry) 2.t} WFtTH(Table 4). ©2.33-7.88 (4t 5.19)2] 9|2 QA ol A §-YE= 97 B 1
T EFAE AR L Aol A FAAYES] D‘°1 o} oo Aol A B E= AE7TY f71EC] SAlsh= A S

LA Ro] 2203 A7 A B AR B Lk} ko 2 gdEh B A3 Aak= 20119 A5 Aol H]s] C:N o]

TE P lu?ﬂ 5 HAE e Wtk ARE *P ol WA yrebsttt.

-8-¥ItH(Yoon and Choi, 2006). & A4 ] T4 T AATFE HAE W TR7ESS S0t A

020-1.25 mg/g-dry (Bt 048 mg/gdiy)®] W91 F5718 WO, A SeirtelelA] L@EAE /1o iy
0} QAR AT Bk A8 AT wARAFRE S A AR, QUHOR 7-10% ool HAZL o gu ek
/\ [e]
AN

Aol A= SA A 02 ot Aol & HolA| ofkARKP>0.05), L@t E}(Yun 2008). ¥|2= 1 35t 31*& TS
NPT W JTE Ao BAZoR fogt Aol5 Bl HAE U f7|8S AR A ) AREE AbaeF
tHP<0.05). & AR T2 Fee 54T 3%(0.10- & Uehd o=y f7]=9 e o= Jﬂ7}?§-’; 3

035 mg/g-dry) 7} GAISIAL Thas 29k, ZAINKH1.35220 = FEO2 ABolx= 0 JEZE 7]%0] 20 mg O/ dry
mg/g-dry), 7}2TH0.71-2.99 mg/g-dry) % oJAHTH0.55-1.45 2 QA k. 2 Aol A ZagT} E ] E W st Ak
mg/g-dry) KT} S E7F GO B0 eka0l 2AL EEs ZE QT RS 247} 0.65-7.21% (B 2.17%), 0.02-9.39 mg O/g
7} 9 mg/g-dry, 1.2 mg/g-dry 2ot 0 P A AP0 B= dry (8=t 2.80 mg O,/g dry)$1= 2E oA EAE 2

m 2011
2016
0.3 = 10 2
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Fig. 7. Comparison of sediment quality between the result of 2011 (Kim et al., 2013b) and this study. JB, Jangbondo; BN, Baengnyeongdo;
JW, Jawoldo; YH, Yeongheungdo. The numbers in parentheses refer to p-value of independent sample t-test to assess mean difference of
sediment qualities between Kim et al.(2013b) and this study. 'P<0.05. ?P<0.01. COD, chemical oxygen demand; IL, ignition loss; TN, total
nitrogen; TOC, total organic carbon; AVS, acid volatile sulfide.
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s~

O

¥ 71t @A YeRdth AR Aot vas R Aot
YT oM s FAXCE FT ApolS HolA] A
THP>0.05), M= s Ao A= FAACZ o7t Aol & 2
ATHP<0.05). FE3= B 22 W slsha| ik e ke o
uH(2}2}0.73-2.03%, 0.68-3.95 mg O, /g dry) 2t AR L, &
aore] FHuKZH2; 4.9-7.9%, 11.5-23.2 mg O,/g dry), 7}t
K22} 4.6-11.6%, 12.25-99.26 mg O,/g dry) & oj=pwk(z}2}
3.10-6.34%, 3.67-22.4 mg O, /g dry)}.r} =7} WA vrebyt
THTable 4).

2 A2 A1 Aot vl sl A E ek 3 3 ool A
= e FAACE fof7t Apol & Kol A] A W=
s ol A= 201100 vl SAH 2= o3t Zpol & Bk
2011 11o] B o]l 87132 Aljbo] M E F ol
ghof| uhet IpAofl vlsf f7l=o] HA A= HAlE e
gt Ao s daEh 2ol Batshal Ay A Ayt
SF Aol U e w) At 9l e sl o3} vl gt At 2 A
TA YL HAE FEY st R REE Hol BAE 8
& G A= FrHE I

S EAE 24 20 57 $42 ol el o
ABE ANBAL FET ACE VYA, U 34
I ofgrelshe] ol 4 PR wsht e sk gk
(Fig. 8). S0 4] 2Ate] w2 A3 o] 4 20099

3o HARES AR AE0] A 29 ol gt B
317} QIAL(NFRDI, 2009), ¥ 5 &= 3f S of| 4= 20154 8 oj| A
109712 7 207} iz &2 FARgE vE 9leh(Ongjin-gun,
2015). AL % ool A= 2010 293} 20124 10€0]| thek
© 7 o] ARSI AL(INFRDI, 2010; NFRDI, 2012), &5 %
ol A= 2009 4¢, 20134 9 9 2016\ 9Lof vl
Aty 9 F=o] 22 o2 HAFSHITHINFRDI,
2009; IFR, 2013; IFR, 2016).
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Fig. 8. Fishery damaged area in according to research of Ongjin-gun county office.



2014-963)2 THAE|On, 7|EFE 5 $AL ool
=, A% S, §E7) e R SERT)Q

Al o HEGE AL, B AR AR AR &
718 27 5l ool 283 890e) e Ag et 3
67l A 5 50%E
Z AT O“’4—(Table 3).

B AL AT} i 7 oo] o817 7) 2ol RatelA|nh(Fig.
2, Fig. 6, Table 3). ¥5-=o] A& AHH(St. 8-1)f 27 o]
P ES 23ke10] T of ﬁaAZAAﬂ&dﬁo
2 UTEL A F A FAL D G2 SEE RE
HHAA o HEE 71 FL WSS A, a0l R 9T
5 QR 2| o(St. 8-1)ofl A 2T, BT W4 FEE g
B, AL, GFE A Ao o1 ge g 71ES 2tel gt
dho] BHE Pue mE Yol A ol et 7|2 S utEst
ok R, AU, GFE AR A ool A o715
Aloz FHE W JT % Flojo] A wiy L o

WL, AT ST ok B o] o5 37

O 2 ek s A v B s W R
T ART o] iy W H % S HT) 235]H

olgt Az n|FolHH SAbo A fUHE B
& ot 7|7k o] ofskd 4= A, o] A7 &
AE 2ol v]X Fake A &, HAE 2 ol e 7]
ek 24 29 o) vrol 717t 3] o3t ElE T
53t 7 o & FekEItH(Cho et al., 2013).

] ofgehg 7)o FEHekE A8 E weirt
S8 WSk oAl disiA e o Esi o X%
AT Al 5=2). webd =, 271 8 A
gf«l ARSI Qe R 9 gE e of el s

A3 o] o= A A Y QOM 4t w87t
“”” Jotal e A s 9 ot s 2 ob A|Rk oF4

A= 9af7F A&A] o= sk Qls Xl QI ¢t
ol tisire ol H ez FA] B Al AL,
4 9 B2 2] Fasiel ol slele] Rl ool
o tHslAE AR o] solS SAskE Aol uieralst
S0 B, ofok el 45k <ok epetol ek of
47128 2R X0} AL A A o] T
A X429 mUE o] Bastet. o 7o of g

7h e a gt sl ol gatelafe] o 2 2 gsto] o gThe e uf
e} ol W3] 817k FABAL ol g Aol 27, ol Fr4 W of
o] Jetgn] 52 AAlste L P E ofgetAS ZiAdska of
Ao a9l o8 B A2 o Urop & AR dekdEn.
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