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Abstract

Temperature, salinity, COD, DIN (Dissolved Inorganic Nitrogen), DIP (Dissolved Inorganic Phosphorus),
and Chlorophyll @ obtained from the southern coastal waters during the period of 2003 to 2005 were analyzed.
Variability in temperature was not found between groups in southern coastal waters, but significantly different
depending on sampling sites (p<0.05). The average temperature in 2003 estimated at 18.33°C that was annually
increased by 2005 and significantly different based on statistics (p<0.05). Unlikely to temperature, salinity was
significantly different depending on sampling sites, as well as monthly variations (p<0.05). Likewise to temper-
ature, the value of salinity was annually increased. COD estimated at the average of >1.7 mg I for three
years, indicating optimal water quality. The fluctuations of nutrients were extremely shown in different sam-

pling sites and monthly variations. Chlorophyll a recorded above 2.0 ug I!

which was associated with high

primary phytoplankton, whereas it showed much fluctuations in temporal and spatial, In particular, Tongyong,
Jaranman, Jinjuman, and Samcheonpo located in the southeast were the highest fluctuations in water quality
than any other regions. The correlation between salinity/COD and nutrients/chlorophyll @ was strongly negative
or positive, which was possibly associated with much the introduction of run-off water as well as rainfall

in summer.
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Fig. 1. Map showing the sampling locations (upper: south-
west, midder: southmiddle, lower: southeast).
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Table 1. Results of one-way factor ANOVA on temper-
ature, salinity, COD, DIN, DIP, and chlorophyll
a between groups in southern coastal waters in

2003

Parameters df F-ratio p
Temperature 33 0.080 NS
Salinity 33 5.882 **

COD 33 1.897 *
DIN 33 0.921 NS
DIP 33 0.732 NS
Chlorphyll a 33 1.028 NS

NS, non-significant, **, p<0.001, *, p<0.005

Table 2. Multiple comparison of salinity and COD at dif-
ferent sampling sites in southern coastal waters
in 2003. The same superscript in each column in-
dicates that means are not significantly different
(p<0.05, Duncan test)

Station Salinity COD
1 31.0767° 1.2847°
2 30.9778° 1.7627°
3 27.7567° 1.6020°
4 29.2067° 1.9793°
5 31.4600° 1.0920%
6 30.7633° 1.7675°
7 31.5278° 1.7585°
8 31.4289"° 1.7395°
9 31.5156 1.5330°
10 31.4878" 1.4995°
11 31.6144° 1.9643°
12 30.8467° 1.7512°
13 30.9033* 1.9757
14 278177 1.8392°
15 27.0922° 1.8103°
16 29.2189° 1.9354°
17 30.4967° 1.8074°
18 29.9933° 1.8428°
19 31.5822° 1.6330°

20 30.8778° 1.5210°
21 31.3822° 1.2748°
22 32.0489° 1.2363°
23 32.0900° 1.3296°
24 31.4544° 1.4756°
25 29.8422° 2.2282°
26 30.4844° 2.3157°
27 31.4589° 1.3779°
28 31.6589° 1.2434°
29 17.5016° 2.7497°
30 19.1550° 2.2262°
31 30.5586" 1.2678°
32 31.2680° 1.1029¢
33 31.8564° 1.2678°
34 32.2884° 1.2524°
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Table 3. Results of one-way factor ANOVA on monthly
variations of temperature, salinity, COD, DIN,
DIP, and chlorophyll a between groups in south-
ern coastal waters in 2003

Parameters df F-ratio )4

Temperature 8 716.0630 *x

Salinity 8 12.5930 **

COD 8 4.7820 **

DIN 8 5.7790 *h

DIP 8 13.0120 *k

Chlorphyll a 8 4.2160 *¥
**, p<0.001
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Table 5. Results of one-way factor ANOVA on temper-
ature, salinity, COD, DIN, DIP, and Chlorophyll
a between groups in southern coastal waters in

2004

Parameters df F-ratio p
Temperature 33 0.097 NS
Salinity 33 3.664 **
COD 33 1.610 NS
DIN 33 4.833 **
DIP 33 2221 *H
Chlorphyll a 33 0.946 NS

NS, non-significant, **, p<0.001

Table 4. Multiple comparison of monthly variations in temperature, salinity, COD, DIN, DIP, and chlorophyll a in
southern coastal waters in 2003. The same superscript in each column indicates that means are not significantly

different (p<0.05, Duncan test)

Month Temperature Salinity COD DIN DIP Chlorophyll a
Mar. 8.5655 32.3409° 1.3335° 0.0614° 0.0094° 3.0572°
Apr. 12.4538° 31.6412° 1.3142° 0.1381° 0.0173 2.4824°
May 16.6682° 31.6174° 1.5661° 0.0992° 0.0072° 2.2838°
Jun. 20.2632° 30.6232° 2.0901¢ 0.1420° 0.0087° 3.9418°
Jul. 21.1671° 24.5426° 1.9865° 0.3154° 6.4488° 4.1179°
Aug. 24.7450° 28.8718° 1.9620° 0.0669" 0.0064° 3.1947°
Sep. 23.7059¢ 27.3968° 1.8266° 43236° 0.1081° 3.4459°
Oct. 21.1406° 30.5212° 13314 0.0971° 0.0173° 1.6584°
Nov. 16.2976° 32.3635° 1.4086° 0.1298° 0.0205° 0.7811°
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Table 6. Multiple comparison of salinity, DIN, and DIP
at different sampling sites in southern coastal
waters in 2004. The same superscript in each
column indicates that means are not significantly
different (p<0.05, Duncan test)

Station Salinity DIN Dip
1 32.3034° 0.0425 0.0079°
2 32.3872° 0.0579° 0.0135°
3 29.8474° 0.1658" 0.0219°
4 30.8513° 0.0986° 0.0148"
5 32.8546" 0.0713° 0.0145°
6 32.5395° 0.0749° 0.0130°
7 32.4386° 0.0752° 0.0073°
8 32.4902° 0.0510° 0.0073°
9 32.7247° 0.0309" 0.0102°
10 32.3885" 0.0753° 0.0106°
11 32.3467° 0.0635" 0.0150°
12 322175° 0.0532° 0.0114°
13 31.9033° 0.0415 0.0064°
14 30.9411° 0.2344° 0.0156"
15 31.6800° 0.1704° 0.0150"
16 31.7367" 0.1641° 0.0114°
17 32.6900 0.0508" 0.0039°
18 32.4756" 0.0567° 0.0044°
19 33.0844° 0.0383° 0.0037°
20 32.7711° 0.0578" 0.0067°
21 32.2400° 0.0692° 0.0078"
2 32.7333" 0.0783° 0.0096°
23 32.5089° 0.0636" 0.0076°
24 32.5556° 0.0531° 0.0068"
25 31.0300° 0.0630° 0.0079"
26 31.7311° 0.0519° 0.0074°
27 32.3789° 0.0453" 0.0047°
28 32.7744° 0.0655° 0.0083"
29 23.3100° 0.7220° 0.0180°
30 26.2078° 0.6626" 0.0158"
31 30.3389° 0.2503" 0.0132°
32 31.8189" 0.1940° 0.0149°
33 31.5922° 0.1575° 0.0135°
34 31.6300° 0.1220° 0.0117°

7191, E22E % p<0.0017 p<0.01 B
A Zpol7h ' Ao2 YElgY (Table 7). 22
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Table 7. Results of one-way factor ANOVA on monthly
variations of temperature, salinity, COD, DIN,
DIP, and Chlorophyll a between groups in
southern coastal waters in 2004

Parameters df F-ratio p
Temperature 8 687.647 ko
Salinity 8 11.300 *k
COD 8 7.285 ok
DIN 8 2.721 NS
DIP 8 9.304 ok
Chlorphyll a 8 15.011 *

NS, non-significant, **, p<0.001

A G (p<0.05) 64 5B 11€74A] 7] nls:
g FEE Bk 4897 E 88AY BEF-VY
9] % W9E 0.006-0.008 mg I'Z z}o]E Bl
EapAe, 398 v E3te 9-119F Blasry
E=7b wg B ol E BAHCE olg B
ATH (p<0.05). ¥FREe], 78] FR2RHEGE
| Bk oS- 8037 ugI'2 & 2Jol& B
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Table 8. Multiple comparison of monthly variations in temperature, salinity, COD, DIN, DIP, and Chlorophyll a in south-
em coastal waters in 2004. The same superscript in each column indicates that means are not significantly

different (p<0.05, Duncan test)

Month Temperature Salinity COD DIP Chlorophyll a
Mar. 8.2956° 33.0624° 0.5353" 0.0117° 1.4669
Apr. 12.1241° 33.4394° 0.8300° 0.0073" 1.3497°
May 16.4085° 32.0319° 1.5111° 0.0069" 2.6783°
Jun. 19.7922° 32.7271° 0.7777° 0.0073" 1.0971°
Jul. 23.41448 29.4950" 1.4561° 0.0080" 8.0308"
Aug. 25.1498" 32.6742° 1.0099° 0.0076" 2.0045°
Sep. 24.6256" 28.1749° 1.5216° 0.0198° 3.0588°
Oct. 21.1199° 31.1257° 1.2661° 0.0118° 1.9988°
Nov. 17.6838° 31.9655° 1.3669° 0.0154° 32778

Table 9. Results of one-way factor ANOVA on temper-
ature, salinity, COD, DIN, DIP, and Chlorophyll
a between groups in southern coastal waters in

2005

Parameters df F-ratio P
Temperature 33 0.103 NS
Salinity 33 3.251 **
COD 33 3.400 *x
DIN 33 4354 *

DIP 33 1.210 *

Chlorphyll a 33 1.976 *

NS, non-significant, **, p<0.001, *, p<0.05

T (BA 15), BF (B 16), FeER TFAY
(B3 25 2603 BF <t (B4 29)2 533-1539 g
reg o& Add wsh w$ =A Jedo
(p<0.05). AFES 2, 4&, COD, §E2F72 4,
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UEGTH (Table 11). 395 E 8Y471x) 99 S0
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dite 94 Aolrt glom 109 793 119e
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3 3Y5E 68 2 9¥9RH 1198y e gre
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(»<0.05). ZA7I7t & 79 E2299 ¥}
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Table 10. Multiple comparison of salinity, COD, DIN, DIP, and Chlorophyll a at different sampling sites in southemn
coastal waters in 2005. The same superscript in each column indicates that means are not significantly different

(»<0.05, Duncan test)

Station Salinity COD DIN DIP Chlorphyll «
1 32.2522° 1.115° 0.0529" 0.0117° 3.155
2 32.6574° 1.152° 0.0591° 0.0188° 2.773°
3 31.6530° 1.374° 0.1392° 0.0206° 4.792°
4 31.5766° 1.566° 0.0376" 0.0183° 3.778°
5 33.2990° 1.204° 0.0545" 0.0116" 2.861°
6 32.9708° 1.621° 0.0607° 0.0143° 4.266°
7 32.9796° 1.452° 0.0441° 0.0113° 3.692°
8 33.1014° 0.996 0.0727° 0.0192° 1.669°
9 32.7611° 1.099° 0.0360° 0.0131° 0.983°
10 33.4061° 1.422° 0.0647° 0.0178 2.616°
11 32.4359° 1.575° 0.1343° 0.0176" 3.497°
12 32.7628° 1.157° 0.0410° 0.0138" 1.542°
13 32.8000° 1.290° 0.0614° 0.0129° 6477
14 30.6022° 0.916° 0.2106° 0.0195° 4.503°
15 31.6978° 1.031° 0.1313° 0.0177° 6.809°
16 322156 0.994 0.0896" 0.0138 7.191°
17 32.3611° 1.087° 0.1088" 0.0145° 4.548°
18 32.4811° 1.006° 0.1004° 0.0160° 2.562°
19 33.1644° 1.005° 0.0526" 0.0081° 2.064°

20 33.3389° 0.851° 0.1009" 0.0153" 2.661°
21 32.9789° 1.027° 0.0602° 0.0104° 4,553
22 33.2911° 0.642° 0.0689° 0.0138" 2454
23 33.2767° 0.705° 0.0522° 0.0138° 2.963°
24 33.1267° 0.723° 0.0656" 0.0121° 2.970°
25 31.5106° 1.407° 0.0776" 0.0161° 8337
26 31.9156 1.217° 0.6560° 0.0136" 5334
27 33.1678° 0.932" 0.0432° 0.0115° 3.664°
28 33.3333° 0.730° 0.0630° 0.0127° 2.452°
29 27.3089" 2.719° 0.5661° 0.0271° 15.392°
30 30.2133° 1.953° 0.4750° 0.0195° 9.662°
31 31.8967° 0.718 0.1913° 0.0148° 4.056
32 32.7244° 0.869" 0.1404° 0.0157° 4.027°
33 33.0700° 0.614° 0.1269" 0.0162° 3.640°
34 33.2544° 0.820° 0.1060° 0.0132° 2.498

Table 11. Results of one-way factor ANOVA on monthly
variations of temperature, salinity, COD, DIN,
DIP, and Chiorophyll a between groups in
southern coastal waters in 2005

Parameters df F-ratio p
Temperature 8 685.621 *
Salinity 8 9.630 *
COD 8 8.688 ok
DIN 8 2.595 ok

DIP 8 11.534 *
Chlorphyll a 8 4.846 ok

% p<0.001

o, 2t (B4 3, FHE (FA 32), AT
ok (A 33,34)8] Hgg2 17261796 CE tha
goron), BAACR Ao|r YE AR Ve
t} (p<0.05, Table 16). TRt (P4 29) = Azt
(AA 30)0) A8 & Ao vlgled W g w2
22,705} 25.19% A3 2}o]E B 4 9rh (p<0.05).
CODE A4 299} 30094} 25057 1.93 mg I'2 &
A o) vlEtd =& =25 Jehix o (p<0.05).
gzedr Ay 299 3004 7 =& 9.04 pg I
3715 ng I'ez ohE Al vty Egd (<
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Table 12. Multiple comparison of monthly variations in temperature, salinity, COD, DIN, DIP, and Chlorophyll a in
southern coastal waters in 2005. The same superscript in each column indicates that means are not significantly
different (p<0.05, Duncan test)

Month Temperature Salinity COoD DIN DIP Chlorophyll a
Mar. 8.4709° 33.8447° 0.705° 0.1438° 0.0149° 1.967°
Apr. 11.9462° 33.2079° 0.955 0.0912° 0.0089° 2.730°
May 17.5365° 33.1826° 1.031° 0.0631° 0.0097" 2.543°
Jun. 21.6207° 32.9439° 0.906" 0.0565" 0.0177° 4.348°
Jul. 22.6198° 30.6148" 1.642° 0.2132° 0.0207° 8.655°
Aug. 25.4975" 31.0910° 1.478° 0.1293° 0.0119° 5.824°
Sep. 24.8030° 31.7023° 1.648° 0.0649° 0.0113° 6.145°
Oct. 22.2371° 32.4007° 0.860° 0.0877° 0.0176" 2.541°
Nov. 16.5858° 32.6079° 1.095° 0.1416" 0.0240° 3.482°
Table 13. Results of one-way factor ANOVA on anmual  3}7] 93t ¢33 5233 &HQ) F2ad T3
temperature, salinity, COD, DIN, DIP, and oz e Hge FAL 27 Yo} B} =
Chlorophyll a between groups in southern _ o = -
coastal waters during 2003 to 2005 o AR dEs BY, "dsls Tl & S99t
Ade, s E, AFe ge sodo vieto 53
Parameters df F-ratio p P ¥, AF T sefel Hstel 2
7ol Wol Holdlvhe H2 Uy JEF=
Temperature 2 12.125 ** o o
Salinity 2 9.981 = = 9 AARE Bk AR A 1L SANEFEH f
COD 2 20.356 ** A== S5 ¢ e Fko] vl Z7] wEol
o 2 >.681 ' Sto A&AQ BUHPL Bt IFHA F
pI 2 13.552 % ] o
Chlorphyll @ 2 6.985 * AE 93t A3 & HE dlolth

% p<0.05, **, p<0.001
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Table 14. Multiple comparison of average temperature, salinity, COD, DIN, DIP, and Chlorophyll a in southern coastal
waters. The same superscript in each column indicates that means are not signficantly different (p<0.05, Duncan

test)
Year Temperature Salinity COD DIN DIP Chlorophyll a
2003 18.3342° 29.9910° 1.6598° 0.5971° 0.7382" 2.8146°
2004 18.7349° 31.6330° 1.1417° 0.1257 0.0106° 2.7736°
2005 19.0353° 32.3996° 1.1467° 0.1102° 0.0152° 4.2483°
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Table 15. Results of one-way factor ANOVA on temper-
ature, salinity, COD, DIN, DIP, and Chlorophyll
a at different sampling sites in southern coast-
al waters during 2003 to 2005

Parameters df

F-ratio 14

Temperature 33 4.263 o
Salinity 33 4.520 o
COD 33 2.675 *x
DIN 33 1.037 NS
Dip 33 0.734 NS
Chlorphyll a 33 2.524 *

NS, non-significant, *, p<0.05, **, p<0.001
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Table 16. Multiple comparison of temperature, salinity, COD, and Chlorophyll ¢ at different sampling sites in southern
coastal waters during 2003 to 2005. The same superscript in each column indicates that means are not sig-

nificantly different (p<0.05, Duncan test)

Station Temperature Salinity COD Chlorophyll «
1 18.7750° 31.8774° 1.2156° 2.9822°
2 18.74214 32.0075° 1.3375° 2.6590°
3 18.9769¢ 29.7524° 1.3917° 3.7021°
4 19.4690° 30.5449° 1.6698° 3.6125°
5 18.2255° 32.5379° 1.0993" 2.6446"
6 18.1685° 32.0912° 1.5547° 4.9541°
7 18.9499° 32.3153¢ 1.5362° 3.1058°
8 18.8462° 32.3402° 1.3344° 1.9463°
9 18.9017° 32.3338° 1.1587° 2.2421°
10 18.1685¢ 324275 1.4044° 2.7053°
11 19.1117° 31.799¢0° 1.6838" 2.6988"
12 19.5801° 31.9423° 1.3460° 2.0171°
13 19.3144° 31.8689° 1.4520° 3.5651°
14 19.0356° 26.7870° 1.3676" 4.0467°
15 18.6700° 30.1567° 1.4049° 43287
16 18.7089° 31.0571° 1.6556" 4.0185°
17 18.8093¢ 31.8493° 1.2780° 3.0669°
18 18.9030° 31.6500° 1.3747° 2.9323°
19 18.6159" 32.6103° 1.0874° 2.1287°
20 18.4033¢ 32.3293¢ 1.0137° 2.4402°
21 19.1448° 32.2004° 1.0452° 2.8681°
2 18.3296° 32.6911° 0.9001° 1.6831°
23 18.7415¢ 32.6252° 1.0112° 2.4742° -
24 18.8774° 323789 1.0470° 2.4096"°
25 19.5256° 30.7941° 1.6738" 45227
26 19.3774¢ 31.377¢° 1.4801° 3.4285°
27 19.2052¢ 32.3352° 1.1419° 2.8336"
28 18.5960" 32.5889° 0.9024" 1.9692°
29 18.5585¢ 22.7068° 2.5032° 9.0410°
30 18.1137¢ 25.1920° 1.9312° 7.1558°
31 17.5560° 30.9314° 0.9507* 3.2904°
32 17.2648° 31.9371° 0.8938° 2.7199"
33 17.9685¢ 32.1729° 0.9766" 3.0683°
34 17.9107° 32.3900° 0.9230° 2.1646°
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Table 17. Pearson correlation between environmental parameters in southern coastal waters from

2003 to 2005

Temperature Salinity COD DIN DIP Chlorophyll a
Temperature 1 0.181 -0.013 -0.139 -0.127 0.125
Salinity 0.181 1 -0.674 -0.392 -0.107 -0.367
COD -0.013 -0.674 1 0.327 0.279 0.384
DIN -0.139 -0.392 0.327 1 -0.074 0.012
DIP -0.127 -0.107 0.279 -0.074 1 0.002
Chlorophyll a 0.125 -0.367 0.384 0.012 0.002 1
Bold letters are significantly different (»p<0.001), italic letters are significantly different (p<0.01)
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