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ZF gtobAlE AdEfolv], FUATFE TRl 19916 FE 20019704 S7F AEella, 1 ¥ 10 & fHsha gon, $ERI AL
S7behE AFo® 19909 FHRE 1 Fo] AAE FAZ 201090 B 1/3 FE0] 54S Bt ojaiutilA £ 542 AAgk
optelgh, A, wATASE W Faddghat mRTIAR &4 f9fe] fljlel 7I91gh Aow AlmHrt

Abstract : Long-term trends and distribution patterns of water quality were investigated in the Yeoja Bay of South Sea, Korea fiom 1976
to 2010. Water samples were collected at 3 stations and physicochemical parameters were analyzed including water temperature, salinity,
hydrogen ion concentration (pH), dissolved oxygen (DO), chemical oxygen demand (COD), suspended solids (SS) and nutrients. Spatial
distribution patterns of temperature, pH and DO were not clear among stations but the seasonal variations were distinct except
ammonium. The trend analysis by principal component analysis (PCA) during 31 years revealed the significant variations in water quality
in the study area. Spatial water qualities were discriminated into 2 clusters by PCA, station cluster 1 and 2~3 Annual water qualities
were clearly discriminated into 4 clusters by PCA. By this multi-variate analysis, the annual trends were summarized as the ©llowings;
water temperature, COD and SS tended to increase from late 1970°s, decreased salinity, and increased phosphate from 1991 to 2001 and
increased dissolved inorganic nitrogen. Water quality was showed by the input of fresh water same as those of Kyoungin coastal area,
Asan coastal area, Choensoo bay, Gunsan coastal and Mokpo coastal area in the Yeoja Bay.

Key Words : Water quality, Yeoja bay, Long—term trends, Spatial distribution patterns, Seasonal variations
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Fig. 1. A map showing the sampling sites in the study area.
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Table 1. ANOVA tables for spatial and temporal differences in water quality in the Yeoja Bay of South Sea

from 1976 to 2010

Variable Source F ProF Variable Source F ProF Variable Source F ProF
Weter Tenperatre Station 0.08 0.9148  Salinity Station 9.38 0.0001 pH Station 0.85  0.4289
Season  1514.25 <.0001 Season 89.50  <.0001 Season 155  0.2019
DO Station 0.01 0.9929 COD Station 9.99 <0001 SS Station 2.65 0.0721
Season 177.08 <.0001 Season 8.66  <.0001 Season 3.61 0.0134
PO/ -P Station 1.04 0.3555 NH;-N Station 541 0.0049 NO;-N Station 0.18 0.8330
Season 2.73 0.0438 Season 3.79  0.0106 Season 11.56  <.0001
NO3™-N Station 1.51 0.2225 DIN Station 534 0.0052  DIN/DIP Station 0.33  0.7204
Season 9.23 <.0001 Season 12.26  <.0001 Season 4.18  0.0063
Table 2. Spearman'’s correlation coefficient among water quality s ]
parameters and principal component scores using the —F o~
spatial means of seasonal data from 1976 to 2010 in E: e L *
the Yeoja Bay of South Sea. The principal component ég LE 5:2‘
4 3@ T A
scores for axes I and I in Fig. 2 é =2 v
Parameter \ PCA PCA 1 PCATI PCATI i o N
W.T. 0.8462 -0.0350 -0.4825 E : —— o
0.0005 09141 01121 principal component axis |
Salinity -0.9511 -0.1748 0.1608 F
<.0001 0.5868 0.6175 15
pH -0.7483 -0.5105 0.1469 = s :
0.0051 0.0899 0.6488 22 o .
DO -0.9021 0.0629 0.4266 = T ez ) | Por,
<.0001 0.8459 0.1667 So b ﬁ:;%%_mm
con 0.2518 0.9371 01329 | T A ] T
0.4299 <.0001 0.6806 E-z |
NI -N 0.8807 0.4211 0.0561 ", =
0.0002 0.1729 0.8624 as
NOz -N 0.7981 -0.0215 -0.0215 E Dr\r;zipal 1:n;|:mnent2 axis | & =
0.0019 0.9472 0.9472 .
eb. - may A AuUg. * Nov.
NO3 -N 0.8184 -0.0106 0.2081
0.0011 0.9740 0.5163 Fig. 2. Principal component ordination using the seasonal
I . . .202 . . .
DIN 888(1)% 8_93%? 8.5(2)7?) water quality of stations from 1976 to 2010 in the
PO, -P 0.6989 -0.2033 0.2995 Yeoja Bay of South Sea. The -correlations
0.0114 0.5264 0.3442 bet th PCA 14 th al q
S5 -0.6084 0.4965 0.2238 etween e scores — an e analyse
0.0358 0.1006 0.4845 variables are expressed with vectors.
% of variance explained 66.77 15.29 8.82
%, A4 9F 4.40~558 %, 1 A9te] 6.35~8.65 % Hs=dH &
HZ AWsrl & Agkoldleor, 20000 %= EHxﬂi DER ﬂ‘}‘%k% VERS 3, EE A 3.27~2547 %, Ak 956~
Z=z20]1Q Tl 201080l Wi 15664242CE Be Adkolgl  46.23 %ol HlE)AE ki €2 E e 30.0620.25(8¢Y) ~
th WEASRE 19780 BFRE 2ALE 8160%2 E9rela,  33.25:0.092€)E AEW & Zols Hom(p<0.0001), WE
71 9 ZAIZEE AR vz BakeS L}E}LH“E}(Table Age 54 @9)o] 817%%E o =% I 2] FAMES
5 Fig. 4. 25628) ~817(8%) % BHZ AR AIZE 5 e
HEZS YERNItHTable 4, Fig. 3). 9%d ¥F d2 A
2) ¥E WO BiFAE WF FeE nolx glon o 0MBHE
E-L Table 2, Table 3 2 Fig. 28} 2o] AH tol= Ay WoMle %= ‘/}E}‘H JTH(Table 5, Fig. 4). 15 19991d ol =
2 31412021(8 A 1)~32462013(F A 3 o= uk Y=o o 29.05+059= 7P ek, 1994l = 3366+0.170 71
ot o @ ZH= ol AA 7+ Ho|7t oM (p<0.000D), & ok 1990 thell= %ng] & dEoldl o), 1 9] ZAfef A
3] Qlirdokel By edol Fawh ANk, FAMAtE T e o = HIAR o] S3ke wHRshi A ofghy lobx|= A o
8BS e tHTable 3, Table 6, Fig. 3). A& elAe w
SATE 467~7.62 %= vaA] vkopom ofikedgt 4.06~899
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807+0.02(3x D~
2,32 AR 7F 2420 2ol 7k §lo](p=0.4289)
= B¥AeEr B, 2010), AFRHEE T,
2006), oPrAer 5, 2007)2 22 el MEASE
2.23~242 %2 EFx Ak AN B, 1999 Park and
Park, 2000), obatdel, 7= Rk 5, 2009) 2 A3} vh3k
7 ®2 A FAFEE T 7 A JArHTable 3, Table 6, Fig. 3).
ALE 2= et 8.06+0.02(8¥)~811+0.026¥) = F2] A4l =}
o]7b $lATHp=0.2019). MEATE 1.87(1149)~2.59 %(2¢€) =
gHEof HlE] SEtH(Table 4, Fig. 3). 9= W5 4
Ho= 00002 A% Yolxlz HIA §
o} 19763 765+0.122 74 woton 1 3 =748 niEs)
A AdRbdg oz Zrh FARE 198310 = 8.28+0.06

Bo|tpr} 1% S7hE HHEshEA] Grolx|= 4
2000 o] % <Azt W Fo| EfF g AdElE HxAM(u)
201007 wpR7A 2 2ol S o8k JF BTt Eol|
Aoz Alg ¥ tHTable 5, Fig. 4).

RUB
r=

N O

|4 E BE "Hite]l 863x017mg/L(BAH D~
866+0.18 mg/L(43 2)= B3 kel Apol= 719 glolen ®
TATE 21118 " 3)~2332%(HH 2)2 opikdt 21.90~

24.17 %6(¥F 5, 2007), %

At 19.79~23.77 %, kARt 19.47~24.63 %, =A%t 19.77
~2806 %ol Bl&l H]szeh EAbgS UERAtk(Table 3, Fig.
3. AdEEE 6761012 mg/L(8¥)~10.7540.11 mg/L2¥) =
& AelE B om(p<0.0001), ik, opakdl ik ek B

B oty vs23 A A dukzEel Xl 0] Y
Ao =2 g Hola spArleE W s YeERIULH
(Table 4, Table 6, Fig. 3). A5AF+=

o= v

T 10.26(2¢)~18.63(11¢)
%= HXAMI v R A WE Fo] A WE &
wrp uoith A=W Ws P 197610l 9.85+0.66 mg/Le]
Aot ke WA HAf stobd 1996\l 7.59+0.72
mg/L= 2 Aol dtirt EqtHH o s Haf mobA= A
© 2 2003l 1010£059 mg/L= 7P #2 AdEjo]s W3}
o] 7A 2008 o= 6.83:0.76 mg/LE 7 BHe AEjol o
% Fobx 201090l = 9.48+0.55 mg/LE AL U
HEASFE 1152~3855 %2 7FEgAd s oFg =9k
, ORIt H Rt gl Hx Qb HSzakglon wAkelh

O w2 ¥lE & et Table 5, Fig. 4).

gl

=

5 ety MARFZH(COD)
shaba Abde e AHE wiro]l 1.19+0.05 mg/L(g A
3)~157+0.07 mg/L(BH D= A 7+ =L F4A o7}

A
2™ (p<0.0001), J=pRF =
92 okl 4H 39 Al Fo
WAt Table 3, Fig. 3). M5 A4+ 46.86

543} 371w

d

4 DR 7t2gAcke] 3977~4657 %H T} it e WEES
UeR L, 310ke] 50.88~64.91 %l Hl&] <kgF wrgkor o}
At el 50.37~57.60 %(2F 5, 2007), 1F At 4591 ~52.71 %
(2 5, 1999; Park and park, 2000), TAFdoF 4317~53.19 %
(2 %5, 2009) 2 B A 4540~62.17 % AL W EL
Yehith Add2s g7 1.12+0.05 mg/L(11¢¥)~1.63+0.08
mg/L@YE =& Fo4 Ao|7F YR (p<0.0001), HEA)
T 45.04(119)~58.23 %(2¥) & B Ak 43.88~60.22 %,
G5k 51.09~67.37% 2 ofrtAet 4821 ~65.29%9} Hs2ek 4
elo]9th(Table 4, Table 6, Fig. 3). 9% W% A4S o4
2 A2 0024mg/LA St WA JeEE YeERRAh
197630 = 158+0.09 mg/L& Tha =9kom 71 & 1.00mg/L
o] 453 S FASITF 1980t SHHEE S-S dkE
A A3} ol 200330l E 2.23+0.34 mg/LE A7 &
QF P e AdEje|al oL & BarEehA AAaAFo R 2010
dell=  1.32+0.12mg/LE TR Stk MsATE 1994
9%6(1976\3) ~70.76 %(1980W )W | = 1990\ Fuk o] F izk W
¥ Wt 2 A3 Jeh At Table 5, Fig. 4).

Hyt 120413 mg/L(3H 3)~16.841.8
mg/L(83 2= 43 2k Fo#Q1 ZFel7k f1leHp=0.0721). ¥
EATFE 11648083 1)~1265.08 %(8 5 3)= A, oprkdgh,
ZFRRARE B Qe nlel] WME Fo] ekt Z AdHjolltt
(Table 3, Fig. 3). Ad¥ = 115+1.3mg/L(11€)~186+2.0
mg/L2H)= A o141 Aol 7k AATHp=0.0134). °]=1 3
A2 Azl SAAEZ] dFLR w1 o5 W M
i °

b7k e Ao 71ew) oo v

vl e A UERHITHTable 4, Fig. 3).
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15 FFo] FRshAEA A FFEAIRA 2009960 =
62,7151 mg/LZ HI1 A& YeElon 20100l = 182+2.3
mg/LE FA3k A 2009300 53] 590l 128.4~147.2
mg/LE, 290l 34.0~1044mg/LE -2 AElo]dr) WEA 4
£ 1332 %((19781) ~108.01 %(1993) = 1980 Ft
B Z7FEo] Z718IA 7l 1990 ) FukE vwd Wl
o] Aot 2000w Ftel thAl ST del A
Pa FAR SHE vt 201030+ 43.74 %S UER
A cH Table 5, Fig. 4).

R34 e o

0.016+0.001 mg/L(A5  2)~

Ad D= AA 3 FeAA Aozt st
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Table 3. Descriptive statistics of water quality parameters at the sampling stations collected in February, May,
August, and November from 1976 to 2010 in the Yeoja Bay of South Sea

Variable St. N Mean+SE Range CV(%) Guig Variable St. N Mean+SE Range CV(%) Gupg
W.T.(C) 1 127 15.1920.75 1.63 ~30.75 55.56 A 0,”"=P(mg/L) 1 114 0.019£ 0.002 0.000~0.086 90.46 A
2 122 15.50+£0.75 1.05 ~30.70 53.66 A 2 114 0.016%+ 0.001  0.000~0.083 86.13 A
3 134 15.08+£0.65 0.35 ~29.35 49.69 A 3 122 0.016+ 0.002 0.000~0.140 111.92 A
Salinity 1 127 31.41£0.21 22.48 ~34.45 7.62 C H,"-N(mg/L) 1 114 0.042+ 0.008 0.002~0.793 195.17 A
2 122 31.97+£0.17 25.84 ~34.83 5.79 B 2 113 0.025%+ 0.002 0.001~0.245 103.79 B
3 134 32.46%0.13 26.56 ~34.65 4.67 A 3 122 0.022+ 0.001 0.002~0.117 72.89 B
pH 1 127 8.07£0.02 7.10 ~8.50 2.42 A NO2 -N(mg/L) 1 115 0.008+ 0.001  0.000~0.076 141.67 A
2 122 8.10£0.02 7.18 ~8.50 2.29 A 2 115 0.008%+ 0.001 0.000~0.102 154.02 A
3 134 8.10+£0.02 7.33 ~8.51 2.23 A 3 123 0.007£ 0.001 0.000~0.059 121.96 A
DO(mg/L) 1 126 8.63+0.17 4.01 ~13.14 22.12 A O3 -N(mg/L) 1 115 0.045% 0.007 0.000~0.476 164.76 A
2 122 8.66+£0.18 3.74 ~14.64 23.32 A 2 115 0.036%x 0.005 0.000~0.272 137.06 A
3 134 8.65+0.16 3.66 ~12.81 21.11 A 3 123 0.033£ 0.004 0.001~0.231 128.02 A
COD(mg/L) 1 127 1.57£0.07 0.24 ~4.74 53.28 A DIN(mg/L) 1 114 0.095% 0.011 0.003~0.802 127.82 A
2 121 1.37£0.06 0.32 ~4.25 46.86 B 2 113 0.068+ 0.006 0.004~0.372 93.85 B
3 134 1.19£0.05 0.29 ~3.07 47.13 C 3 122 0.061+ 0.005 0.003~0.304 81.95 B
SS(mg/LL) 1 134 16.1£1.6 0.9~129.6 115.48 A DIN/DIP 1 111 24.36% 5.49 0.65 ~551.15 237.48 A
2 123 16.8£1.8 0.6~147.2 120.25 A 2 108 22.65% 6.08 1.05 ~623.32 278.73 A
3 134 12.0£1.3 0.5~128.4 125.08 A 3 120 18.86% 3.23 0.20 ~336.10 187.57 A

Table 4. Descriptive statistics of water quality parameters in February, May, August, and November
1976 to 2010 in the Yeoja Bay of South Sea

at three sampling stations from

Variable Mor N Mean+SE Range CV(%) Guyirg Variable Mon N Mean+SE Range CV(%) Guprg

W.T.(C) 2 99 4.58 +0.15 0.35 7 8.25 32.96 D PO/ -P(mg/L) 2 87 0.014 +0.002  0.000 ~0.085 111.24 B

5 93 14.75 £0.35 9.38 721.06 22.87 C 5 87 0.015 £0.002 0.000 ~0.094 104.74 AB

8 95 26.30 £0.20 22.45 7 30.75 7.47 A 8 89 0.017 £0.002 0.002 ~0.140 105.40 AB

11 96 15,79 +0.17 10.65 7 20.15 10.82 B 11 87 0.021 £0.002 0.001 ~0.086 70.51 A

Salinity 2 99 33.25+0.09 29.07 7 34.75 2.55 A NH; -N(mg/L) 2 87 0.021 £0.002 0.003 ~0.122 87.25 B

5 93 3299 £0.12 28.12 7 34.83 3.51 A 5 90 0.021 £0.002  0.002 ~0.088 69.06 B

8 95 30.06 £0.25 22.48 7 34.55 8.17 C 8 89 0.043 £0.009 0.001 ~0.793 20146 A

11 96 31.50 +0.12 27.42 ~ 33.69 3.66 B 11 83 0.033 £0.005  0.002 ~0.297 135.52 AB

pH 2 99 8.10 +0.02 7.10 7 8.38 2.59 A NO, -N(mg/L) 2 87 0.005 £0.001  0.000 ~0.020 100.97 B

5 93 8.11 £0.02 7.41 7 8.46 2.14 A 5 90 0.004 £0.000 0.000 ~0.029 104.32 B

8 95 8.06 £0.02 7.41 7851 2.55 A 8 89 0.011 £0.002 0.000 ~0.102 149.53 A

11 96 8.09 £0.02 7.56 7 8.40 1.87 A 11 87 0.011 £0.001  0.001 ~0.055 99.72 A

DO(mg/L) 2 99 10.75+0.11 6.15 7 13.14 10.26 A NO; -N(mg/L) 2 87 0.026 +0.005 0.001 ~0.301 181.86 B

5 93 8.92 £0.12 6.35 7 12.14 1270 B 5 90 0.020 £0.002 0.001 ~0.087 93.29 B

8 95 6.76 +0.12 460~ 11.14 17.26 D 8 89 0.056 £0.009  0.000 ~0.476 145.15 A

11 95 8.06 £0.16 3.66 ~14.64 18.68 C 11 87 0.050 £0.006  0.001 ~0.235 107.54 A

COD(mg/L) 2 99 1.38 £0.08 0.24 ~4.74 58.23 B DIN(mg/L) 2 87 0.052 £0.006  0.007 ~0.321 105.38 B

5 93 1.37 £0.07 0.35 7 3.43 47.67 B 5 90 0.046 £0.003 0.006 ~0.112 5496 B

8 95 1.63 £0.08 0.52 7 4.31 4511 A 89 0.105 £0.013  0.003 ~0.802 119.24 A

11 95 1.12 £0.05 0.29 7 3.48 45.04 C 11 83 0.096 £0.009 0.011 ~0.496 86.16 A

SS(mg/L) 2 100 18.6 £2.0 0.57104.4 105.00 A DIN/DIP 2 83 18.08 £2.91 1.47 ~140.25 146.47 B

94 17.1 £2.6 0.6 7147.2 145.23 AB 5 86 14.99 +1.62 0.65 ~74.18 100.20 B

8 97 125 +1.1 1.0 7 66.3 90.05 B 8 87 38.81 £10.40 0.20 7623.32 249.90 A

11 100 11.5 1.3 1.5776.8 113.04 B 11 83 15.02 £1.94 1.22 7111.83 11753 B
3 gael W) thi o gelolglon QW w AN W ekt e Fgelrk WMEALE T051(118)~111.24%(2
Ak HlE i wre AFEjo]AtH(Table 3, Fig. 3). W&  9)Z A3 Al okt 9 Zh= At vz ¥E Fol
AGE 861384 2~111.92%(4 8 32 ¥ §I73o0] e 20~40% 2 FFEOINM, FEAL, warder 2 A7l 5,
H|3)| ¥ 2o °—F7J Z Jeoldth AEEE = 0.014+0.002 1999; Park and park, 2000)°] W]3] W& Zo] <7k X 45
mg/L(2€)~0.02120.002 mg/L(11¥) 2 AR ALHo] vkt olglem HFntat v|5=gk &0 AtK(Table 4, Table 6, Fig.
7hgAe] ol %4@0 Aol (p= 00438)7} Qe oA B 3), Amd WE P 19809 0.011£0.004 mg/LE 1990 7HA)
EAR, oRARARMEN T, 2007) # AR E, 20060) R A F2E 9HESHA 0.013+0.001 mg/Lelle 1% 20017k

- 208 -



Water temperature Salinity FH Do

...... 34, 14 12.00
2508 e os-e T 12 — M e

5 ok = s
yman st . ——= A 208 | L . _ g.00 == —-——-
E l-—-u--:-—'.:':.___= e = zos A& Sy 500 i
2 L 4 * - :.-:-: [ S e |

—————* z_- ::: ;:::.

: : 26 EH 4,64

55 PO

2L — G0 70

e o o060

sy T ENSEESCIEPERE S L i

MOz -M NO: N
e.oi4
R e oo G
"""""" i 50 ~
* 28 ‘_-“"""':'f-l__,:
""" 040 e
e T m == e

DINATIP

2 3
— B hay

Ret —&-- Now.

— % - Auq

Fig. 3. Seasonal tendency of water quality in three stations from 1976 to 2010 in the Yeoja Bay of South Sea.

A Bt Ao F7hehe] 0043£0.005 mg/LE AR F 7}
A Be FEE Holth} 20024 o|F 43 BiHHow 7

Zeabe] 201041615 0.008£0001 mg/L% W FES Uehig]
tH(Table 5, Fig. 4).

8) LUZLIOFE 4 (NH, —N)

SR UoldxE AW HF 0.022£0.001 mg/L(8H 3)~
0.042+0.008 mg/L(AH DE U5 A4 1o] L ¢ AFHU 2,
3ol vls] vk 2uAE =2 AR AH 3 {97 Zelrt
AR THP=0.0049). 1A A 5, 1999; Park and Park, 2000)
SAA A wle] 10% ¢, wakeieke] 259% 45, ofateletal
Heuke] 50 % o2 W vyl Fank 72 Pdch By o
Qb B agwk, 20100 FrAReE AHE YERATH Table 3,
Table 6, Fig. 3). MS5AFE 72.80(A 4 3)~195.17 %84 1)
2 UTNSoR A5E WE Fo| T Aot AFREE
0.021+0.002 mg/L(2, 59)~0.043+0.009 mg/L(8Y)E 7L&H ~
VA o5d 2 7FSEY A Ao FREYAE dHE
freldel Zolzk AATHP=0.0106). HWEATE 69.06(59)~
20146 % (8¥)2 o] EH o] th2 Adel H|g MF Zo] 453
=S tH(Table 4, Fig. 3). A= W g2 oA Had o
BE Holi glo] 1980dHE  1983W7bAl=  0.013+0.001~
0.015+0.002 mg/l. =22 iyt 2 F 19883 7HA+=

0.019£0.003~0.027£0.006 mg/L F=o.& k7l olxl Ato]
3, 1989 el &= 0.055+0.009 mg/L= Eolzl & Bjpxlaoz
Z7FS WkEEhe wrolx] 1995\ ol = 0.020+0.004 mg/Lo) ATH7F

1996 el= 89 U5l A 19] 0793 me/Le] LF=e= <l

ato] 0.125+0.063 mg/L= 7Hd =40eh 1 5 A &3

o7 F7S wEshAA ZAste] 2004d0]E 0.011+0.001
mg/LE Yolxl & thA] FUkste]l 2008l 0.042+0.018
mg/Lelo, 1 thA] wrolrl 2010l 0.006+0.003

e o] Atk (Table 5, Fig. 4).

ArALE AddE Hirol 0.033:0.004mg/L(3H  3)~
0.045+0.007 mg/L(F4 D= AdE Fol4Ql Aozt gttt

(p=0.225). V1 A<Sr 0.338 mg/L(M 5, 1999; Park and Park,
2000), TAFARY 0437 mg/L(HF 5, 2000)9] 9~11 % <, obit
A 0.180 mg/L(MF -5, 2007), ¥4 0.102mg/L 2 3LgRE
0.09 mg/L(#, 2010)¢] 20~40% <& ol HAFrkd 5
20000 Ak =5 UERH It Table 3, Table 6, Fig. 3).
WHEAleE 12802 %(834 3)~16476%(44d DE vF d7=

455 Baksko] ok Hdoh AdHEE dubgo g ok
Aol FHI} AFHoE v =2 7SI ALHdE =2
JEIQl ez d#x gl Gentilhomme and Lizon, 1998;
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Table 5. Annual descriptive statistics of water quality parameters from 1976 to 2010 in the Yeoja Bay of South Sea

WT(C) Salinity pH
Year N MeantSE Range CV(%) Mean+SE Range CV (%) Mean+SE Range CV(%)
1976 12 17.0042.41 6.95~30.75 49.08 32.60%0.40 29.90~ 33.96 4.25 7.6510.12 7.10~8.33 5.32
1977 9 15.2243.10 3.00~23.95 61.13 32.6920.50 30.17~ 34.28 4.62 8.20+0.04 8.00~ 8.34 1.26
1978 3 8.37£3.94 4.40~16.25 81.60 32.7120.53 31.71~ 33.49 2.78 8.14£0.02 8.11~8.17 0.40
1979 4 13.314£3.00 8.00~18.55 45.00 33.1520.26 32.55~ 33.66 1.58 8.1410.02 8.10~8.17 0.36
1980 7 13.4043.13 2.00~23.95 61.81 32.1840.50 29.81~ 33.78 4.09 8.1210.05 7.98~8.27 1.49
1981 8 12.6842.99 2.70~25.60 66.76 31.63%0.79 26.87~ 33.48 7.08 8.09+0.01 8.06~8.13 0.36
1982 8 13.3143.57 2.90~28.60 75.76 32.4520.55 29.83~ 33.64 4.75 7.9610.09 7.42~8.23 3.02
1983 10 13.66%2.58 4.65~27.95 59.79 32.4940.35 30.71~ 33.88 3.39 8.1410.03 7.94~ 8.30 1.34
1984 11 15.00£3.05 0.35~29.55 67.51 32.6420.48 30.04~ 34.34 4.86 8.1110.04 7.87~8.28 1.59
1985 12 14.3842.64 2.35~28.55 63.57 32.2840.35 30.26~ 33.81 3.73 8.2110.02 8.10~8.30 0.84
1986 12 13.96£2.49 2.55~27.00 61.70 32.40%0.39 30.38~33.82 4.17 8.0710.02 7.94~8.19 1.02
1987 12 14.35%2.26 3.80~26.60 54.45 31.5440.72 26.81~33.77 7.92 8.1240.03 7.97~8.28 1.33
1988 11 15.6142.41 4.75~27.00 51.25 32.6840.24 30.77~ 33.40 2.46 8.2810.06 7.97~8.51 2.43
1989 12 15.4342.29 4.05~26.95 51.49 31.2840.84 26.20~ 33.99 9.27 8.2410.03 8.09~ 8.38 1.28
1990 12 15.3342.44 3.25~26.90 55.10 32.3840.21 31.36~ 33.64 2.20 8.16+0.03 7.96~ 8.27 1.19
1991 12 14.0942.12 4.30~24.85 52.19 31.7840.47 29.14~ 33.49 5.07 8.06+0.03 7.94~8.22 1.24
1992 12 14.2442.17 3.64~26.20 52.72 33.2840.41 30.52~ 34.60 4.27 8.16+0.02 8.08~8.29 0.87
1993 12 13.8042.09 4.50~24.00 52.43 33.3420.34 31.05~ 34.55 3.56 8.0910.02 8.01~8.16 0.70
1994 12 16.0242.83 3.06~30.70 61.16 33.66%0.17 33.05~ 34.75 1.78 8.0210.04 7.67~8.23 1.69
1995 12 13.8542.51 3.20~28.95 62.87 32.73%0.36 30.39~ 34.20 3.85 8.08+0.03 7.93~8.22 1.44
1996 12 14.0542.77 1.63~29.35 68.32 32.3420.40 30.18~ 33.87 4.25 8.11+0.02 7.99~8.21 1.05
1997 12 15.0942.35 3.50~26.00 53.85 31.8940.71 27.63~ 34.83 7.70 8.1210.06 7.90~ 8.48 2.40
1998 12 17.3542.52 3.65~28.13 50.30 29.5310.82 24.61~ 33.05 9.56 8.0110.04 7.70~ 8.15 1.70
1999 12 17.5442.07 7.41~27.44 40.93 29.0510.59 24.05~ 32.35 7.08 8.1210.05 7.90~ 8.40 1.97
2000 12 15.6142.06 4.71~25.71 45.77 32.1240.42 29.34~33.71 4.53 8.1910.02 8.11~8.29 0.73
2001 12 16.1942.32 5.08~28.29 49.69 31.9140.42 28.81~ 33.30 4.55 8.0810.04 7.81~8.23 1.85
2002 12 15.0341.98 4.94~24.12 45.67 30.7720.76 24.69~ 33.13 8.50 8.0810.06 7.80~8.37 2.41
2003 12 15.89+2.37 2.88~27.69 51.72 30.69£0.90 22.48~ 33.91 10.11 8.04+0.07 7.75~ 8.39 3.10
2004 12 16.3612.56 3.37~28.71 54.16 32.2620.20 30.98~ 33.11 2.09 7.9610.07 7.56~ 8.22 3.05
2005 12 16.4142.44 4.20~27.89 51.44 31.5440.42 27.98~ 33.34 4.62 8.0210.06 7.41~8.17 2.62
2006 12 15.9642.32 4.20~27.74 50.25 31.4440.81 24.70~ 33.86 8.94 8.07+0.05 7.67~8.28 2.30
2007 12 17.2142.37 5.18~28.35 47.71 31.5840.52 28.58~ 33.56 5.67 8.2210.02 8.15~8.32 0.69
2008 12 16.5142.61 2.60~28.70 54.68 32.8740.25 31.27~ 33.90 2.68 8.1010.05 7.91~8.35 1.91
2009 12 16.8941.99 6.37~25.09 40.79 31.44£0.80 25.92~ 33.80 8.84 7.9510.03 7.68~8.15 1.44
2010 12 15.6612.42 3.96~28.35 53.59 31.0940.27 29.65~ 32.81 3.01 8.1110.05 7.82~8.39 2.17
mean 383 15.2520.41 0.35~30.75 52.86 31.9620.10 22.48~ 34.83 6.23 8.0910.01 7.10~8.51 2.31
DO(mg/L) COD(mg/L) SS(mg/L)
Year N MeantSE Range CV(%) MeantSE Range CV (%) Mean+SE Range CV(%)
1976 12 9.8520.66 7.40~14.64 23.07 1.5840.09 0.96~1.94 19.94 10.0+1.4 3.5~ 17.0 49.40
1977 9 8.60=£0.80 6.31~12.10 27.98 0.7240.15 0.32~1.44 64.28 4.3%0.7 1.0~ 8.5 50.65
1978 3 8.81£0.59 7.67~9.61 11.52 0.64%0.10 0.54~0.84 26.68 2.210.2 2.0~25 13.32
1979 4 9.00£0.97 7.06~10.04 18.68 0.6520.02 0.60~0.71 7.29 4.840.8 3.5~ 6.5 31.58
1980 7 8.60£0.55 6.77~10.15 16.78 0.6440.17 0.24~1.60 70.76 6.310.8 4.0~ 9.0 35.66
1981 8 8.5510.67 5.52~10.82 22.24 0.8540.12 0.40~1.35 39.04 5.410.5 3.0~ 6.5 25.23
1982 8 8.0720.40 6.34~9.33 14.00 1.1840.16 0.47~1.77 37.54 8.1£1.0 5.5~ 15.1 41.71
1983 10 8.7320.48 6.47~10.55 17.55 0.81£0.11 0.38~1.38 42.09 5.4%0.6 0.5~ 8.0 37.51
1984 11 8.2340.48 5.62~10.47 19.28 0.9340.12 0.35~1.73 42.72 5.810.4 2.8~ 8.0 24.14
1985 12 8.39£0.46 6.15~11.29 18.81 1.1620.11 0.41~1.70 31.94 6.710.3 5.5~ 9.0 17.83
1986 12 8.34£0.45 5.68~10.45 18.49 1.2240.14 0.52~2.01 39.19 6.310.3 5.5~ 8.5 14.80
1987 12 8.8010.43 6.50~10.82 16.92 1.1910.08 0.82~1.56 21.83 5.110.5 2.2~75 35.21
1988 11 9.33£0.39 7.68~11.46 13.84 1.3210.25 0.68~3.43 61.99 8.9+1.9 0.9~21.3 70.78
1989 12 8.4710.47 5.90~10.75 19.38 1.2340.10 0.54~2.01 28.90 13.013.8 1.6~43.7 101.76
1990 12 8.6710.66 5.99~12.14 26.35 1.3240.13 0.92~ 2.36 32.38 7.5%0.9 1.56~14.0 41.48
1991 12 8.9740.48 5.07~10.58 18.33 1.6110.21 0.64~2.97 45.68 8.0£1.7 0.6~17.4 72.42
1992 12 8.99+£0.70 6.04~12.83 26.95 1.3620.18 0.44~ 2.64 45.92 6.6%2.0 0.9~ 20.8 106.09
1993 12 7.8120.50 6.22~11.06 22.19 1.7320.16 1.00~ 3.07 32.52 23.917.5 3.6~ 67.6 108.01
1994 12 8.2020.46 5.56~10.23 19.36 0.9840.10 0.54~1.55 33.96 6.5%1.3 1.0~ 15.5 68.57
1995 12 7.9110.63 4.60~10.63 27.46 1.3840.17 0.55~2.24 41.57 11.94£2.6 1.8~ 28.0 76.91
1996 12 7.5920.72 4.55~11.29 32.71 0.9840.10 0.57~1.82 36.09 23.017.0 3.3~ 66.3 104.84
1997 12 8.8140.47 6.18~11.22 18.63 1.4140.19 0.65~ 2.70 45.54 31.146.9 10.1~75.0 76.62
1998 12 9.00£0.44 6.25~11.51 17.09 1.87£0.30 0.42~ 3.48 54.54 14.3%£1.9 5.8~ 24.3 44.88
1999 12 8.24+0.40 6.94~10.54 16.61 2.00£0.30 0.53~4.31 51.69 10.412.6 2.0~ 324 88.27
2000 12 8.5110.49 6.40~11.80 19.96 1.4340.18 0.59~ 2.51 43.45 17.5%4.4 3.8~ 50.2 88.05
2001 12 8.6210.72 5.60~13.14 28.98 2.0510.27 0.54~3.42 45.40 17.4£1.8 6.6~ 31.6 36.26
2002 12 9.1010.56 6.58~11.73 21.11 1.8140.13 1.17~2.75 25.23 34.315.5 8.6~ 67.2 56.00
2003 12 10.1040.59 7.43~13.07 20.17 2.2310.34 1.18~4.74 52.78 18.711.4 11.4~25.2 25.11
2004 12 8.61£0.55 6.39~11.65 22.29 1.5440.24 0.59~ 3.24 52.87 24.1454 6.0~ 73.6 78.01
2005 12 8.8240.49 6.34~11.34 19.40 1.4740.13 0.84~2.14 31.22 11.0£3.2 2.0~41.4 99.92
2006 12 9.7120.75 5.39~12.44 26.79 1.5240.22 0.56~ 2.80 49.39 19.344.9 3.4~ 62.4 87.83
2007 12 8.8210.49 5.37~11.05 19.40 1.6940.18 0.92~ 2.68 36.39 16.6%£2.3 9.0~ 37.0 47.39
2008 12 6.8310.76 3.66~10.48 38.55 1.4240.26 0.55~3.20 62.40 21.313.6 9.6~ 52.6 58.23
2009 12 8.11£0.30 7.04~9.91 12.79 1.034£0.11 0.29~1.74 37.93 62.7£15.1 6.8~ 147.2 83.62
2010 12 9.48+40.55 6.40~12.24 19.95 1.3240.12 0.60~ 2.15 31.39 18.242.3 6.8~ 33.2 43.74
mean 382 8.64%£0.10 3.66~14.64 22.11 1.3840.04 0.24~4.74 51.28 14.910.9 0.5~ 147.2 121.18
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Table 5. continued

PO,*-P(mg/L) NH4 —=N(mg/L) NO2 —N(mg/L)
Year N Mean+SE Range CV(%) Mean+SE Range CV(%) Mean+SE Range CV(%)
1980 5 0.01120.004 0.004~0.027 92.52 0.01420.003  0.007~ 0.026 56.87 0.001£0.000  0.000~ 0.002 94.79
1981 8 0.01140.002 0.005~0.018 47.32 0.01540.002  0.005~ 0.022 43.90 0.00340.001  0.001~0.010 85.86
1982 8 0.01410.002  0.007~0.021 34.68 0.01440.004  0.005~ 0.044 89.05 0.00540.002  0.001~ 0.021 122.49
1983 10 0.01140.003  0.004~0.026 72.83 0.01340.001  0.010~ 0.019 26.62 0.00640.001  0.002~ 0.017 75.77
1984 8  0.00840.002  0.001~0.016 68.63 0.02740.006  0.005~ 0.069 75.73 0.00240.001  0.000~ 0.008 85.68
1985 12 0.01540.007 0.001~0.094  175.87 0.02040.004  0.003~ 0.049 62.90 0.00740.001  0.001~0.013 54.48
1986 12 0.01340.003  0.006~0.044 79.39 0.02340.004  0.011~ 0.050 54.95 0.00340.001  0.001~ 0.008 68.69
1987 12 0.01040.002  0.002~0.023 69.56 0.02540.006  0.002~ 0.055 83.57 0.01040.003  0.001~0.028 104.28
1988 11 0.01640.005  0.004~0.046 92.43 0.01940.003  0.005~ 0.034 54.68 0.005#0.000  0.004~ 0.008 22.49
1989 12 0.012+0.002  0.004~0.026 55.48 0.05540.009  0.021~0.126 55.76 0.00740.001  0.004~ 0.011 32.90
1990 12 0.01320.001  0.005~0.021 37.44 0.02740.004  0.005~ 0.046 49.18 0.00640.001  0.002~ 0.010 43.94
1991 12 0.02740.005  0.005~0.051 57.40 0.04940.007  0.019~ 0.100 52.34 0.00840.002  0.002~ 0.027 86.01
1992 12 0.02340.001  0.017~0.030 20.96 0.03040.006  0.004~ 0.076 68.20 0.00540.000  0.003~ 0.009 32.69
1993 12 0.02340.003  0.006~0.039 4351 0.04140.010  0.022~ 0.152 86.29 0.01340.005  0.002~ 0.050 126.58
1994 12 0.011+0.001  0.004~0.016 35.03 0.02540.003  0.016~ 0.045 40.89 0.0050.001  0.001~0.014 91.99
1995 12 0.01020.001  0.003~0.019 48.16 0.02040.004  0.004~ 0.054 75.70 0.00840.002  0.001~0.018 74.83
1996 12 0.01940.004  0.003~0.048 79.94 0.1250.063  0.018~0.793 175.31 0.0060.002  0.001~ 0.023 122.72
1997 12 0.035+0.011 0.001~0.140  104.45 0.03240.010  0.005~0.122  103.11 0.01740.005  0.000~ 0.048 94.61
1998 12 0.02740.009  0.002~0.085  110.60 0.03140.005  0.013~ 0.065 54.74 0.015#0.003  0.005~ 0.032 63.95
1999 12 0.01640.004  0.002~0.046 93.06 0.01910.003  0.006~ 0.042 61.34 0.02610.010  0.001~ 0.102 128.44
2000 12 0.02310.004  0.000~0.034 57.63 0.02540.004  0.007~ 0.043 53.27 0.00640.002  0.001~0.016 85.80
2001 12 0.04340.005 0.018~0.086 43.40 0.04840.023  0.011~ 0.297 164.92 0.01340.004  0.002~ 0.039 106.53
2002 12 0.02840.005  0.004~0.068 66.03 0.03440.012  0.005~0.141 121.26 0.007£0.001  0.001~0.015 69.37
2003 12 0.00840.002  0.002~0.021 95.46 0.02340.005  0.009~ 0.059 75.59 0.00540.001  0.001~0.014 88.80
2004 12 0.008+0.002  0.000~0.015 65.84 0.01140.001  0.007~ 0.017 25.64 0.00640.002  0.001~ 0.017 118.58
2005 12 0.01540.005 0.000~0.048  105.83 0.01740.004  0.006~ 0.045 73.50 0.003#0.001  0.001~ 0.007 78.31
2006 12 0.01410003  0.003~0.035 71.04 0.02640.004  0.014~ 0.058 52.84 0.01140.003  0.000~ 0.031 108.72
2007 12 0.00840.001  0.001~0.015 57.93 0.01840.002  0.012~ 0.040 43.76 0.00540.001  0.001~0.016 106.07
2008 12 0.01340005 0.004~0.064  129.05 0.04240.018  0.017~0.243 152.60 0.00640.003  0.000~ 0.035 148.89
2009 12 0.01640.003  0.003~0.042 68.39 0.02440.004  0.013~ 0.064 61.43 0.01620.005  0.001~ 0.055 117.21
2010 12 0.00840.001 0.003~0.016 52.30 0.00640.003  0.001~0.042  179.75 0.00340.001  0.000~ 0.008 85.49
mean 350 0.01740.001  0.000~0.140 96.82 0.03040.003  0.001~0.793  171.70  0.008+0.001  0.000~ 0.102 140.10
NO; -N(mg/L) DIN(mg/L) DIN/DIP
Year N Mean+SE Range CV(%) Mean+SE Range CV(%) Mean+SE Range CV(%)
1980 5 0.00940.003 0.003~0.020  79.39 0.02340.003  0.012~ 0.029 29.91 16.30£7.00 3.93~ 36.69 96.02
1981 8  0.00940.002 0.002~0.018  74.48 0.02640.005  0.010~ 0.043 49.98 6.8241.36 2.72~14.30 56.32
1982 8  0.01240.003  0.003~0.030  74.03 0.03140.006  0.014~0.071 57.69 6.16%1.51 1.51~14.35 69.44
1983 10 0.00940.002 0.003~0.024  70.42 0.02740.002  0.015~ 0.040 24.31 20.0148.93 1.37~ 85.85 141.16
1984 8  0.0054+0.001 0.001~0.011 78.73 0.03440.005  0.017~0.073 52.74 15.0845.00 3.96~ 46.63 93.73
1985 12 0.00740.002 0.001~0.024  102.36 0.03440.005  0.011~ 0.062 50.04 38.59414.50 1.33~ 140.25 130.14
1986 12 0.01740.006 0.001~0.078  127.39 0.04240.012  0.015~0.114 82.88 10.63%3.25 1.47~ 3254 91.60
1987 12 0.00940.002 0.002~0.022  76.39 0.04440.010  0.006~ 0.099 82.70 9.9441.70 2.29~ 23.67 59.29
1988 11  0.01840.004 0.002~0.034  76.43 0.04340.007  0.014~ 0.070 55.87 12.27+3.03 0.65~30.51 81.78
1989 12 0.02040.007 0.006~0.092  121.83 0.08140.014  0.043~ 0.223 61.19 18.61%2.80 7.35~37.73 52.03
1990 12 0.021+0.008 0.007~0.105  131.43 0.05440.010  0.022~0.133 60.94 10.1541.56 4.78~23.73 50.97
1991 12 0.02340.008 0.001~0.096  113.00 0.08040.009  0.030~0.129 39.98 11.25%3.06 4.20~ 36.76 94.30
1992 12 0.01110.001 0.005~0.018  35.37 0.04640.007  0.014~ 0.099 52.14 4.7640.83 1.22~10.58 60.35
1993 12 0.03410.006  0.008~0.065  59.71 0.08740.013  0.037~0.169 52.72 10.92+2.80 4.00~ 39.19 88.91
1994 12 0.00740.003  0.000~0.041  148.84 0.03740.006  0.019~ 0.082 53.49 8.3541.17 3.88~14.52 48.46
1995 12 0.01340.003  0.003~0.041 90.38 0.04140.007  0.007~ 0.085 58.25 10.31+1.82 1.61~ 26.42 61.30
1996 12 0.00920.002 0.004~0.028  85.92 0.13940.063  0.023~0.802  156.19  24.30%7.79 2.15~ 88.77 110.99
1997 12 0.04910.014 0.004~0.172  101.70 0.06140.014  0.013~0.149 76.36 8.2442.45 0.20~ 33.22 102.89
1998 12 0.08210.019 0.005~0.190  80.09 0.12840.022  0.037~ 0.264 60.25 31.50414.36 5.33~151.87 151.20
1999 12 0.07740.033 0.001~0.380  147.87 0.12240.041  0.009~0.470  116.54  130.46%67.50 2.87~623.32 179.24
2000 12 0.04440.013 0.002~0.115  100.08 0.07540.017  0.010~ 0.170 80.13 19.1247.74 2.02~81.33 140.22
2001 12 0.05240.014 0.006~0.161 96.55 0.11240.029  0.024~0.379 89.98 5.2940.85 1.99~9.97 55.92
2002 12 0.13940.039 0.024~0.476  98.33 0.17940.051  0.043~ 0.626 98.43 16.312.28 2.61~25.15 48.39
2003 12 0.04040.009 0.008~0.124 80.57 0.06740.009  0.038~0.148 45.54 43.58414.23 7.65~ 184.64 113.09
2004 12 0.02310.006 0.000~0.057 84.70 0.04040.008  0.015~ 0.084 65.40 14.2343.72 1.96~ 45.40 86.75
2005 12 0.05340.010 0.019~0.148 65.55 0.07440.012  0.026~0.172 58.01 14.1042.96 4.55~ 26.37 59.34
2006 12 0.11140.020 0.037~0.235 61.36 0.14840.025  0.053~0.295 59.65 30.7147.06 8.58~81.01 76.25
2007 12 0.07740.023 0.014~0.301  103.78 0.10040.023  0.035~ 0.321 78.50 42.9549.97 10.34~111.83 80.42
2008 12 0.05740015 0.021~0.220  93.58 0.10540.036  0.039~0.496  119.37  25.38%4.77 12.48~ 62.56 65.05
2009 12 0.08340016 0.014~0.168  68.10 0.12440.023  0.028~ 0.238 65.84 32.63+12.19 5.27~139.50 129.39
2010 12 0.01340.005 0.001~0.047  121.32 0.02240.007  0.003~0.088  113.12 6.6042.08 1.06~ 27.88 108.92
mean 353 0.03840.003  0.000~0.476  149.87 0.07640.005  0.003~0.802  113.94 21.87+42.87 0.20~ 623.32 241.85
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HEESE A 19931 ol = 0.034+0.008 mg/L
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LSSk NN =
2 Ao 199449FE 199697k 0.007+0.003~
0.013£0.003 mg/LZ ¥ F&=E& Yeptrt o & B3 sHd

i

ME FE7F 3438 7Vl 200230+ 0.139+0.039 mg/L=
HAYA S Bygon E3] 2010+ 0.013£0.005 mg/LE W&
Sl S YERNITHTable 5, Fig. 4).

o

FRYoldl ofdAibd s A
AbEstg o, 1 7ok glo] HAakd A= 50.00 %,
39.47 %, o} AAFA A= 1053 %ol AP
0.061+0.005 mg/L(A A 3)~0.095+0.011 mg/L(34 1)
Q1 2ol 7k oY (p=0.0052) W32l A 13 1 9] 3
IR FREAE §4& Bk B AR vl sf
A a1 Aol 0.665 mg/L(Park and park, 2000)el
3l 12%, okt 0.258 mg/L(8F &, 2007)2] 30%, &3z
0.149 mg/L, 31437+ 0.143 mg/L(A, 2010)2] 50% G0,
HAaTHYE 5, 2003)9] 0.114 mg/L, 7519 0.098 mg/L(d 5,
e ST Table 3,

obdae
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Table 6, Fig. 3), W& A+ 81.95(4H 3)~127.82%(8H D=
R R deps bl Aoluh AR Y 590 3
T 0.046+0.003 mg/L= 3L FHS] 890l 0.105+0.013

N AR AR
mg/LE =okom AL v 2 ALH~FH 9 o

Z
™
!

=28 - Ayl . Al

. =
H gl o T o

e} 0] 2ATH(Table 4,
AR LS FAE WA P
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Fig. 4. Annual trends of water quality from 1976 to 2010 in the Yeoja Bay of South Sea. Values are station means by

years and vertical bars indicate one standard error of the station mean data.
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Table 6. Comparison of salinity and nutrient concentration in the different regions of Korean coastal waters

Study area Sal. - 7Nutrlen7t(n?g/L) - - DIN/DIP Reference Period(year)
NH,/-N NO,-N NO;-N DIN Po/-p  ratio
Asan Bay 3155 0.040 0.008 0.170 0.218 0.029 17.89 Moon et al, 1993 1991.11~1992.8
Asan coastal area 3045 0.066 0.012 0.180 0.258 0.019 54.99 Park et al, 2007 1975~76,1988 ~ 2005
Cheonsu Bay 31.30 0.059 0.005 0.035 0.098 0.013 2731 Park et al, 2006 1983~2004
Gomso Bay 29.64 0.030 0.004 008 0114 0.014 17.25 Yang et al, 2003 1999.4~2000.11
Saemankeum area 2749 0.115 0026 0193 0298 0.020 32.23 Kim and Kim, 2002  1999.7~2000.6
Inchon coastal area 2768 0.250 0.046 0.765 1.061 0.030 7811 Yeo and Kang, 1998  1995.5~1996.1
Gyeonggi Bay 29.88 0.298 0.026 0.338 0662 0.028 5250 Park and Park, 2000  1981~1998
Gunsan costal area 24.74 0.120 0.019 0.297 0436 0.027 89.92 Park et al, 2009 1972~2006
Garolim costal area 3147 0.029 0.005 0.140 0.174 0.018 21.40 Park et al, 2009 1997 ~2008
Mokpo costal area 30.95 0.032 0.016 0.102 0.149 0.017 3552 Park et al, 2010 197972009
Jinhae Bay(South Western part) 30.87 0.045 0.011  0.009 0.065 0.015 9.89 Choi and Kim, 2002  2000.1~2000.12
Goseong Bay 3249 0.030 0.015 0.099 0.143 0.045 7.00 Kwin., 2010 1987~2009
MR OB} 1 9 ARE FRH) Fe oM Fol7}
ARTHP=0.0063). Aoz oFHode DIN /DIP 47} 3.3 £ASS7IO Auty
Redfield ratio(Redfield et al,, 1963)¢] 160]4+0 2 ¢lal¢lo] 2] 35dzke] AR R (n=350~383)5 Edlo] FE3ke] AuiE
EEHAEY Agagloz A&t o] QA1 R A Ay &2 ofdibdA 83T A LG Fo Aol
of henl Hzel e wAle] SEEL 1 9] AL 16 Qi WA A, §EAS So gl gl Ao veky
of 7k el E UERISITE MEATE 100.20058)~24990 v @2 &EARS o Aol e v, slE kA e
WAFTA)E BAL WEFo] A} 1 9 RADS ST P opEbEL, ANAL W §EF/ a0 &9 U
s L& Y9It (Table 4, Fig. 3). 91=d Ws®d2 A o] Qo] §59 g3 upe} thh ¥gsie 2o AlsHrh
WAoo s Azt 06171 AeA Z7b Agor 1980de]  FaollEnE AL Lo AdAe] Atk EEANAE
16.30£7.0001 3 2 § g49siA S-S vkt o) 1999 ofFabA el o] ddAde] U, ettt Fatk
o= 13046467502 53] &okow] 1§ sropx] 20019l Ak Fof Aol itk ARl ghEobda, obdAt
5200085010 2 F F7E wAsel SO Y 0079 W, WAL W $EF/1Dae Fol ARl YA, ok
429519978 71H o R yrolAd 20109 E 66012082 £&F AT AabELe} o] Aol 5T UK Table 7). L
NWart ARLAOR AFen YE AOR UehhArt  FelA GRS Feut 29 RS woln AWEE Fo4
(Table 5, Fig. 4). 53] 2010110l o]2fgt ejollA] &&F71d <l Aol& YeRSL, &40k o] s, sahAit
A7 002260007 mg/L= A Al Aol MR HA W seT obdiEs 2 AWAAcks S0 JTAS eI
£ELI)A 20 0070 mg/LUNSI— 2010)0] Hlate] @Aet  THFig. 5). o]#1¥ Aah= R At 8 Aenta} fAR3E A
o §%0) G weh tha WMBE T Y-S AASE ek,

LR,

Table 7. Pearson’s correlation analysis among
1976 to 2010

water quality parameters in the Yeoja Bay of

South Sea from

Salinity pH DO COoD NHs-N  NO:-N  NO3 -N DIN PO,*-P SS DIN/DIP
W.T -0.5990 -0.1306  -0.7373 0.1288 0.1484 0.2058 0.2010 0.2322 0.0398  -0.0506 0.1544
<.0001 0.0105 <.0001 0.0117 0.0055 <.0001 0.0001 <.0001 0.4577 0.3229 0.0044
Salinity 0.1346 0.4005 -0.3146 -0.1370  -0.3362 -0.4411 -0.3962  -0.0981 0.0741  -0.3458
0.0083 <.0001 <.0001 0.0104 <.0001 <.0001 <.0001 0.0668 0.1478 <.0001

pH 0.1361 0.0107  -0.0151  -0.0891  -0.2277 -0.1973  -0.0325 -0.0575 -0.0719
0.0077 0.8357 0.7790 0.0945 <.0001 0.0002 0.5449 0.2614 0.1868

DO 0.0805 -0.1672 -0.2154 -0.1772  -0.2336  -0.1369 0.0814  -0.0507

0.1167 0.0017 <.0001 0.0008 <.0001 0.0104 0.1120 0.3519

COD 0.0445 0.1753 0.2137 0.1745 0.1100 0.1116 0.2927

0.4073 0.0010 <.0001 0.0011 0.0399 0.0292 <.0001

NH,"-N 0.0774 0.0944 0.6800 0.2096 0.1212 0.0591

0.1491 0.0784 <.0001 <.0001 0.0235 0.2782

NO; -N 0.5023 0.4738 0.2734  -0.0364 0.5444

<.0001 <.0001 <.0001 0.4952 <.0001

NO; -N 0.7725 0.3379 0.0990 0.3903

<.0001 <.0001 0.0633 <.0001

DIN 0.3374 0.1263 0.3746

<.0001 0.0183 <.0001

PO, -P 0.0643  -0.2197

0.2302 <.0001

5SS -0.0392

0.4719
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th FAE TdAE o WS 3004 % AEE 5 e o
T AL §EFIAL) 5z S5 FRHER) o}
AL 2 QR Fo2 7|4 Aoz veyt 54
B OolHe 169 %S Adge 5 on o] F dEo}A
Ay £EAD) Q) o2 7)Y AATE FTAE el A
= 1131 %5 A9 5 ddeH, FholEE) Akl
o2 71odsta gQltk PCAe| o BE YR 74
¥ I, O, mell 1% olske] fre] FollAl on] gl gl
UANATHTable 8). FAE 12 2 §EF7124, 3153
gy, BREE, obdAEA T2 o A
((p<0.0001), FE-= 52 34 (p=0.0003)S YERAALL F
A TollAE dEYolda o A2t Fe] AR (p=
0.0046), &4kt 29 484 (p=0.0003)S YERIR AL, 5
AR TMolde ik 2 A} Fo] B (p=

0.0014)& YeRHATHFig. 6).

Table 8. Spearman’s correlation coefficient among water
quality parameters and principal
scores using the annual means of seasonal data
from 1980 to 2010 in the Yeoja Bay of South
Sea. The principal component scores for axes

I, O and I in Fig. 6.

component

Parameter \  PCA PCA 1 PCAT PCAIN
W.T. 0.6547 -0.3228 -0.0994
<.0001 0.0765 0.5947

Salinity -0.6042 0.4356 -0.0845
0.0003 0.0143 0.6513

pH -0.3008 -0.1265 0.6375
0.1001 0.4979 0.0001

DO 0.2722 -0.6029 0.3200
0.1385 0.0003 0.0792

COD 0.8015 -0.1535 0.2336
<.0001 0.4096 0.2059

NH. -N 0.3245 0.7205 0.4069
0.0749 <.0001 0.0231

NOz -N 0.6570 0.2883 0.2952
<.0001 0.1158 0.1069

NO3 -N 0.9297 -0.0305 0.0359
<.0001 0.8708 0.8479

DIN 0.8540 0.2830 0.2672
<.0001 0.1229 0.1461

PO,* -P 0.4280 0.4955 0.5497
0.0163 0.0046 0.0014

SS 0.7540 0.2589 -0.0633
<.0001 0.1597 0.7351

% of variance explained 39.04 16.99 11.31

Top numbers are correlations coefficients(z*) and bottom numbers
probabilities(p). Significant correlations are in bold.
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Fig. 6. Principal component ordination of 31 year water
quality using the annual mean of stations from
1930 to 2010 in the Yeoja Bay of South Sea. The
correlations between the PCA scores and the
analysed variables are expressed with vectors.
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