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To investigate the long-term variation of water qualities, we have daily monitored physio-chemical char-
acteristics of surface water in the Geum River estuary from June 1996 to April 2004. We found that the water
qualities were determined by three dominant factors : 1. fluvial input from Geum River (28.3%), 2. chemical
processes such as nitrification and phosphate addition originated from sediment resuspension and domestic sew-
age input (18.6%), 3. biclogical processes such as nutrient consumption by primary producers (13.5%). The fac-
tor 1 (fluvial input) effectively affected the water quality of the estuary particularly during the normal or low
river discharge. The factor 2 (chemical processes) and the factor 3 (biological processes) showed distinct sea-
sonal differences due to their relative strengths of biological activities. The factor 3 was a governing parameter
during the period of spring algal bloom in 2004. For the spring period, an empirical equation derived from the
multi-regression analyses showed that the in-situ chlorophyll-a distributions in the estuarine water were suc-
cessfully simulated by the phosphate concentrations and N/P ratios. Therefore we suggest that phosphate func-
tions as a limiting factor for the primary productivity in the Geum River estuary for the dry season, especially
during spring.
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Fig. 1. Sampling location in the Geum River Estuary.
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Fig. 3. Relationship between precipitation and the flow rate of the

Geum River. The flow rate was obtained from Geum River Flood

Control Office at Gonju, Chungnam province.
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Table 1. The overall relationships between flow rate of the Geum River and the environmental parameters in the Geum River Estuary

Period Salinity SS Chl-a POs NO;~ NH,* NO;~ DIN
96-97 -0.619 0.794 0.396 0.370
97-98 -0.595 0.470 0.354 0.658 0.590
98-99* -0.561 -0.307
99-00 -0.402 0.467 0.370
00-01* -0.519 0316
01-02 -0.714 0.573 0.566 0.376
02-03 -0.603 0.716 0.469 0.571
03-04 -0.626 0.683 -0.330

*wet years

Correlation is significant at the 0.05 level.

Table 2. Relationships between the flow rate of the Geum River and
the environmental parameters in the Geum River Estuary during the
rainy' and dry? months

Period Dry months Rainy months

96-97 Sal., NO7 SS, NOz

97-98 NO;, DIN Sal., NO3, DIN
98-99 Sal., PO~

99-00 Sal, SS, NH,*

00-01 Sal., SS PO,

01-02 Sal., PO, NO, ", DIN Sal., POs*", NOy, NO;~
02-03  Sal, SS, Chl-a, PO, NH,* SS

03-04 Sal. SS, Chl-a, NH4*, PO, DIN

1. rainy months: June, July & August
2. dry months: other months except rainy months
Correlation is significant at the 0.05 level.

Table 3. Eigen values and cumulative percentages of factors from
factor analysis

Factor Eigen value % of Variance =~ Cumulative %
1 2.260 28.248 28.248
2 1.491 18.636 46.884
3 1.076 13.445 60.329
4 0.933 11.664 71.994
5 0.852 10.644 82.638
6 0.584 7.298 89.936
7 0.439 5.493 95.429
8 0.366 4.571 100.000
LOIEM(Factor Analysis)
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Table 4. Rotated factor matrix extracted from factor analysis

Variable Factor 1 Factor 2 Factor 3
Sal. -0.802 -0.053 0.080
SS 0.500 -0.057 0.029
Chl-a -0.097 0.144 0.663
PO;™ 0.020 0.745 -0.456
NO;~ 0.503 0.552 0.073
NH, 0.023 0.801 0.279
NO5 0.736 0.300 0.202
N/P 0.259 -0.099 0.809
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Table 5. Relative importance of each factor among the different seasons from June 1996 to May 1999

Factor 2 Factor 3

Factor 1
Total Sal.,, NO;7,SS (D)
Spring Sal., NH,+, PO, NO;, NO; (D)
Summer Sal.,,NO;,SS (D)
Fall
Winter Sal.,, NH,, NO;, NO; (@)

spring algal bloom* Chl-a, PO/, N/P,NO; (D)

NH., PO, NO; (@)
Chl-a, N/P, SS (®)

Chl-a, N/P (®)

Chl-a, NH", NO; (®) PO, NP (D)
not significant

PO, N/P (D) Chl-a,SS(®)
NH.%, SS (@) Sal,NO; (D)

@: effect of physical impact including fluvial input from Geum River
@: effect of chemical processes including nitrification followed by sediment resuspension and sewage inflow

@): effect of biological activities including primary production
*: 2004.03.19~04.10
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Table 6. Seventeen extreme case studies used in multiple regression analysis for chlorophyll-a by the flow rate of the Geum River and seasons

Flow rate < 50 m*/sec

Flow rate > 200 m>/sec

1. PO/, N/P, NO;3

11. PO, N/P, SS, NO5

Spring 2. PO, N/P,NO5 , NO; 12. PO, N/P, Sal.
3. PO, N/P, Sal., NO;
13. PO, N/P, NO; , NO7
S 14. PO/, N/P, Sal., NO;5 , NO3y
ummer

Each

15. PO, N/P, Sal.
16. PO.*", N/P, DIN, SS

season 4. NH,", NOs5 , Sal., PO;~
Fall 5. NH,*, NO;

6. NH,', NO;7, Sal., N/P

17. NH,", NO;3, SS, NO; , N/P

7.NH,", PO, SS, NO5

8. NH,*, PO, SS, NO,

9. NH,", PO, SS, Sal., NO;j , N/P
10. NH,", Sal.

Winter

1: 97.02.28~03.16
6: 97.11.14~12.06
11: 97.05.19~05.31 12: 98.05.11~05.23
16: 98.08.18~09.02 17: 98.10.04~10.19

*ten extremely low fluvial flow cases: 1~10
*seven extremely high fluvial flow cases: 11~17

2: 97.03.17~04.02
7: 96.11.25~12.08

3: 97.04.16~05.06
8: 96.12.09~12.23
13: 97.06.01~06.13

4: 96.10.13~10.24
9: 97.01.10~01.25
14: 97.06.14~06.28

5: 96.11.11~11.24
10: 97.12.12~12.23
15: 98.08.02~08.17

*each case covers approximately 15 days which span a full half-month tidal cycle.
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Fig. 4. Comparison between calculated and observed chlorophyll-a
concentration during the algal bloom from March to April 2004.
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