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Characteristics of Spatio—-temporal variation and Flux of
Nutrients in the Seomjin River Estuary.

Mi-Ok Park

Department of Environmental Engineering, Graduate school,

Pukyong National University.

Abstract

We investigated the characteristics of spatio—temporal nutrient variation
according to the 25 hours tide cycle and the distribution characteristics of the
nutrient along the salinity gradient in oder to estimate the nutrient flux in
Seomjin River Estuary.

The continuing investigation was conducted in the dry season (Mar. 2006)
and rainy season (Jul. 2006) and the investigation on the salinity gradient
was conducted 6 times in the dry season (Mar. of 2005 Mar. of 2006, Mar.
of 2007) and rainy season (Jun. Aug. of 2005, Jul. of 2006).

According to the tide, the salinity in the dry season was similar to the
cycle of the tide and the SPM and chlorophyll-a appeared to be high density
during the ebb tide. The nitrate and silicate appeared to be high density
during the ebb tide which implicated these substances are originated from the
land.

Along the salinity gradient, ammonium was removed from the middle salt
content range in the dry season whereas the density of chlorophyll-a
increased. This can be judged that the ammonium was used as the main
nutrient required for the development of phytoplankton first selectively before
the nitrite and nitrate. In the rainy season, the ammonium was supplied in
this salinity range. The supply of ammonium can be secreted as the final
product of zooplankton that lives by the basic providers. The nitrite displayed
high density at the early combination range in the entire period and it
showed conservative behavior with most salinity. Phosphate was mostly

removed from the middle salinity range in the dry season. Especially, in

_iv_



March 2007, on the middle salt content range with abundant dissolved oxygen
and high density of suspended particles, it can be judged that it was
absorbed to the particles and removed. The phosphate in other period is
judged to be removed by the phytoplankton. However, in the rainy season,
the phosphate was supplied on the middle salt content range. In June 2005, in
the early combination range close to the fresh water, the concentration of 3-4
times higher compared to other period. This might be the influence of the
fertilizer contents used in the agricultural season that is swept down through
rain. Silicate displayed high density in the early combination range adjacent
to the fresh water for the entire period. In the dry season, it was removed
from most of the estuary and in the rainy season, it showed the conservative
behavior with the salinity. As a result of estimating the flux, the daily
average flux (Frg discharged to the South Sea shore through the estuary of
Seomjin River Estuary was discharged to the Kwangyang Harbor by the 2.12
tons day*1 in the dry season and 8.8 tons day*1 in the rainy season in case
of dissolved inorganic nitrogen. The phosphate was discharged to the South
Sea shore by the 0.014 tons da3f1 in the dry season and 0.47 tons day*1 in
the rainy season; and the silicate was_discharged 1.3 tons day*1 in the dry
season and 32 tons day ! in the rainy season. The quantity of the flux
discharged to the sea was higher in the rainy season than the dry season. In
the dry season, ammonium, phosphate and silicate was mostly removed from
the middle estuary area through the biogeochemical reactions which the
nutrient flux discharged to the South Sea shore is judged to be low. On the
other hand, in the rainy season, the nutrient showed the supply in the middle
estuary area or since it is combined to the salinity conservatively, the flux of

the nutrient is judged to be high.

Keywords : Seomjin River, Estuary, Nutrient, Flux, Tide, Salinity
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Fig. 2. Plots of concentration of dissolved constituent versus salinity(Officer,1978)

a) C. > C : A, conservative; B, nonconservative; C, no net flux out of the

estuary

b) C. < C : D, conservative; E, no net flux into the estuary; F, net flux from

ocean reservoir into the estuary
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Table 2. Range and mean values of chemical constituents at an interval of 2 hours for 25 hours in the Seomjin River estuary

Salinity Temp. pH DO SS Chl-a NH{'-N NOz-N NOz-N DIN POs -P SiOs-Si
(¢ mg Lt mg Lt ug Lt Nutrient (ug-at L™
March-06
Min 20.54 7.37 8.07 10.06 5.35 3.57 0.54 0.34 3.88 5.64 0.25 1.68
S Max 31.03 8.84 8.67 16.35 24.80 9.42 2.17 0.71 16.41 18.01 0.48 9.83
Average 24.56 8.16 8.31 12.30 9.74 6.88 0.97 0.55 10.20 11.73 0.37 3.84
S. D. 2.77 0.54 0.16 2n 6 5.03 1.61 0.49 0.10 3.55 3.56 0.09 2.51
Min 25.79 8.10 8.03 6.47 5.80 3.21 0.62 0.30 3.54 6.67 0.25 1.41
B Max 31.22 8.81 FH2 10.91 304 O 10.16 2.84 0.62 10.16 12.08 0.56 8.26
Average 27.55 8.55 8.21 8.96 14.56 7.08 1 S 0.47 7.42 9.26 0.39 2.60
S. D. 1.82 0.25 05 1.38 9.71 2.40 O, 7% 0.10 2.01 1.52 0.09 1.76
July-06
Min 0.01 20.65 7.62 @39 0.48 0.58) 0.62 0.46 66.79 70.16 1.32 154.98
Max 4.40 22.28 8.25 211 3.52 1.67 5.89 0.89 78.73 85.51 2.19 179.85
S Average 2.13 21.49 7.96 el 2 2.18 0.79 2.60 0.65 75.77 79.02 1.61 169.79
S. D. 1.26 0.41 0.18 1.31 0.85 0.29 1.53 0.12 3.05 3.53 0.24 6.09
Min 15.10 20.06 7.20 5.60 2.65 g W1 8.0 1.44 38.51 46.65 0.82 53.39
B Max 23.32 21.33 7.92 13256 11.85 3.98 10.49 3.16 71.07 76.57 1.18 142.90
Average 20.55 20.72 7.64 7.06 7.06 2%, 5.95 2.44 53.33 61.71 0.98 88.60
S. D. 2.35 0.30 0.23 2.09 2.78 0.88 1.89 0.56 10.21 8.95 0.11 26.67

(S=Surface, B=Bottom)
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Table 3. Range and mean values of chemical constituents in the surface water of Seomjin River Estuary (The dry season).

Salinity Temp. pH DO SS Chl-a NH;'-N NO;-N NOz-N DIN POZ-P SiOs-Si
[0 mg Lt mg Lt ug Lt Nutrient (ug-at L")
March-05
Min 0.00 7.39 8.16 3.56 2.88 1.50 0.98 0.14 2.78 5.24 0.20 4.54
Max 33.27 7.80 8.35 11.96 9.38 370 5.9 1.40 94.55 97.87 1.98 98.61
Average 20.43 7.56 8.25 5.62 6.20 4.45 2.07 0.64 48.32 51.03 0.86 39.23
S. D. 11.84  0.13 0.07 2.39 1.79 4.10 0.74 041 3291 3294 053
March-06
Min 0.09 5.50 il 12.04 5198 2.90 0.04 D.13 2.55 3.37 0.14 0.51
Max 32.49 8.72 8.77 17.41 16.4 9819 11.05 1.85 61.73 69.23 0.75 32.31
Average 21.47 7.63 8.25 1470 6.81 6.27 2.02 0.71 19.75 22.47 0.28 8.02
S. D. 11.06  1.10 0.19 1.98 3.08 2.03 2.87 050 1995 2231 019  11.52
March-07
Min 0.89 10.36 9.44 3.87 0.87 0.34 0.15 0.20 0.77 0.09 0.76
Max 34.10 11.18 13,99 37.56 12.78 3.52 0.86 91.61 94.83 0.49 62.82
Average 20.45 10.73 11.76 19.11 3.49 1.20 0.60 48.16 49.96 0.23 20.53
S. D. 10.91 0.20 1.18 9.66 3.16 1.07 0.22 35.13 36.16 0.13 22.06
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Table 4. Range and mean values of chemical constituents in the surface water of Seomjin River Estuary (The rainy season).

Salinity Temp. pH DO SS Chl-a NH;'-N NO;-N NO3-N DIN PO/ -P SiO.-Si
T mg Lt mg Lt ug Lt Nutrient (ug-at L)
June-05
Min 0.00 23.22 7.23 6.74 3.50 823 2.60 0.25 6.56 10.18 1.12 7.90
Max 30.01 25.51 8.19 10.15 8.13 25.78 6.75 2.02 170.80 176.20 4.37 109.33
Average 11.83 24.71 7.68 Ol 5t 10.16 445 1.41 94.24 98.85 2.88 67.54
S. D. 9.98 0.62 0.31 0.82 1.39 Bl 7 0.87 0.42 50.67 50.82 1.00 28.72
August-05
Min 0.00 22.00 7.46 7.18 151 0.45 0.87 0.26 28.75 35.45 0.25 80.65
Max 21.34 25299 8.00 o8l 6 8.9% 3.91 5.68 1.25 107.34 108.69 1.16 165.86
Average 7.90 24.16 7.76 8.47 3.66 I .35 .02 0.62 61.71 65.36 0.85 137.04
S. D. 7.71 0.85 0.19 0.75 2.10 1.05 1.29 0.34 20.71 19.76 0.25 26.19
July-06
Min 0.04 21.30 7.49 5.32 1.42 0.68 0.22 0.19 52.74 55.87 0.36 78.19
Max 16.48 23.44 8.45 -2 1D 7.03 8.89 3.17 1.79 79.61 80.14 0.99 166.97
Average 4.65 22.03 7.97 10.08 3.50 1.88 1.69 0.73 73.14 75.57 0.87 139.12
S. D. 5.17 0.51 0.25 1.59 1.58 1.94 1.14 0.52 6.96 5.99 0.15 24.40
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Fig. 10. Relationship of Chl-a (ug L"), ammonium (uM), nitrite (uM), nitrate (M),

phosphate (uM), silicate (uM) with salinity in the surface water of Seomjin

River Estuary (the rainy season).
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Table 5. Flux of nutrients in the Seomjin River estuary

Al7| Friv Fin Frem Feet Fin/Frv ~ Frem/Frv  Fest/Fry
gE= tons day™ %
2005.3 0.040 0 -0.096 -0.056 0 -239 -139
2006.3 0.109 0 -0.175 -0.067 0 -161 -61
2007.3 0.045 0.111 -0.169 -0.015 246 -378 -32
NH, -N  mean 0.065 0.037 -0.147 -0.046 57 -228 -71
2005.6 0.083 0.096 0 0.177 114 0 212
2005.8 0.403 0.410 0 0.813 102 0 202
2006.7 0.035 1.090 0 1.125 3107 0 3207
mean 0.174 0.532 0 0.705 306 0 406
2005.3 0.025 0 0 0.025 0 0 100
2006.3 0.032 0 0 0.032 0 0 100
2007.3 0.016 0.016 0 0.032 100 0 200
NOz2 -N mean 0.024 0.005 0 0.029 22 0 122
2005.6 3.455 0 0 3.455 0 0 100
2005.8 9.953 0 0 9.953 0 0 100
2006.7 9.469 0 0 9.469 0 0 100
mean 7.625 0 0 7.625 0 0 100
2005.3 1.669 0 0 1.669 0 0 100
2006.3 1.045 0 0 1.045 0 0 100
2007.3 14720 1.983 0 3.701 ™5 0 215
NOs -N mean 1.478 0.661 0 2.139 45 0 145
2005.6 34565 0 0 3.455 0 0 100
2005.8 9.953 0 0 9.953 0 0 100
2006.7 9.469 0 0 9.469 0 0 100
mean 7.625 0 0 7.625 0 0 100
2005.3 1.735 0 -0.096 1.639 0 -6 94
2006.3 1%]1 85 0 — (=S 1.010 0 #15 85
2007.3 1.781 2.108 -0.169 3.718 118 -10 209
DIN mean 1.567 0.703 -0.147 2.122 45 -9 135
2005.6 3.573 4o 3%, 0 4.916 38 0 138
2005.8 10.406 0.410 0 10.816 4 0 104
2006.7 9.533 1.090 0 10.623 11 0 111
mean 7.837 0.948 0 8.785 12 0 112
2005.3 0.067 0 0 0.067 0 0 100
2006.3 0.019 0 -0.013 0.005 0 =71 29
2007.3 0.016 0 -0.046 -0.030 0 -283 -183
PO# =P mean 0.034 0 -0.020 0.014 0 -58 42
2005.6 0.188 0 0 0.188 0 0 100
2005.8 0.129 0.619 0 0.747 481 0 581
2006.7 0.255 0.217 0 0.471 85 0 185
mean 0.190 0.279 0 0.469 146 0 246
2005.3 3.459 0 0 3.459 0 0 100
2006.3 0.837 0 -0.486 0.351 0 -58 42
2007.3 2.061 0 -2.093 -0.032 0 -102 -2
SiO2-Si mean 2.119 0 -0.860 1.260 0 —41 59
2005.6 4.251 0 0 4.251 0 0 100
2005.8 52.061 0 0 52.061 0 0 100
2006.7 39.506 0 0 39.506 0 0 100
mean 31.939 0 0 31.939 0 0 100
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Appendix 1. Range and mean values of chemical constituents at an interval of two hours for day in the Seomjin River estuary

Sampling Date Station Time Sal. Temp. DO pH SS CcOD Chl. A Nutrient (ug-at/L)
psu °C mg/L mg/L _ mg/L ug/L__NH,-N NO,-N NO;-N _ DIN TN PO, -P TP Si(OH),
3¢ 13¢ 14:00 23.99 8.78 10.06 8.35 9.50 3.23 8.07 0.61 0.64 11.98 13.22 40.09 0.25 3.06 3.01
16:00 23.38 8.71 10.12 8.67 9.65 3.09 8.97 217 0.63 13.26 16.06 50.70 0.25 3.28 2.55
18:00 26.20 8.84 8.44 6.75 2.67 6.80 0.71 0.55 8.65 9.91 27.29 0.26 3.01 1.90
20:00 28.39 8.67 8.15 6.80 2.19 5.46 1.47 0.47 6.48 8.41 20.19 0.26 2.62 2.283
22:00 23.06 7.37 8.28 5.35 3.28 5.68 0.55 0.54 10.48 11.57 52.49 0.35 2.49 4.18
3g 14¢ 0:00 23.55 7.89 16.35 8.37 24.80 2.86 6.35 0.88 0.60 11.53 13.00 45.22 0.38 2.63 6.54
2:00 21.28 7.37 11.62 8.41 740 2.73 7™ [ 0.59 0.65 14.94 16.18 86.75 0.41 2.89 7.43
4:00 20.54 7.54 10.96 8.34 7.60 2.80 7.85 0.89 0.71 16.41 18.01 63.15 0.43 2.95 9.83
6:00 24.83 8.00 10.92 8.18 12.60 %50 FiiO; 0.85 0.54 9.46 10.85 33.67 0.42 2.97 2.89
8:00 24.70 6.45 1.18 531 1.36 0.43 5%97 7.75 27.19 0.43 3.02 1.68
10:00 31.03 8.20 13.24 8.07 12.50 1.07 3.57 1.42 0.34 3.88 5.64 22.91 0.48 3.07 2.50
12:00 24.74 8.17 14.75 8.19 9720 2.45 7.10 0.57 0.52 9:05 10.14 42.23 0.44 2.96 2.44
14:00  23.67 8.41 12.64 8.26 7.9 2.49 9.42 0.54 0.58 10.58 11.70 37.45 0.45 3.13 2.75
Max 31.03 8.84 16.35 8.67 24.80 3.28 9.42 2.17 0.71 16.41 18.01 86.75 0.48 3.28 9.83
Min 20.54 7.37 10.06 8.07 5.35 1.07 3.57 0.54 0.34 3.88 5.64 20.19 0.25 2.49 1.68
average 24.56 8.16 12.30 8.31 9.74 2.51 6.88 0.97 0.55 10.20 11.73 42.26 0.37 2.93 3.84
S.D. 2.77 0.54 2.16 0.16 5.03 0.69 1.61 0.49 0.10 3.55 3.56 18.29 0.09 0.22 2.51
Sampling Date Station No. Sal. Temp. DO pH s COoD Chl. A Nutrient (ug-at/L)
ppt °c mg/L mg/L mg/L ug/L _ NH,'-N NO, -N NOz-N DIN TN PO, -P TP Si(OH).
3¢ 13¢ 14:00 25.97 8.77 9.66 8.08 10%G8 3.06 8.30 1.31 0.61 10.16 12.08 43.02 0.25 2.83 2.25
16:00 26.60 8.72 9.13 8.52 7.90 Z96I5 8.30 0.94 0.62 8.39 9.96 41.48 0.26 2.90 1.91
18:00 26.89 8.81 8.42 7.35 217 = / 0.86 0.54 8.18 9.57 24.51 0.27 3.08 2.58
20:00 28.96 8.71 8.09 B.25 1.81 4.41 2.36 0.41 6.23 8.99 23.11 0.36 2.71 2.14
22:00 30.78 8.65 81 5.80 1.56 3882 2.25 0.32 4.45 7.02 17.93 0.39 2.90 3.19
3g 14¢ 0:00 27.73 8.71 10.91 8.26 22 06 2.80 7 =T 1.00 0.47 8.31 9.79 38.84 0.39 3.06 2.26
2:00 25.79 8.67 9.58 8.30 29 .86, 2.30 9.57 0.80 P8 9.06 10.41 26.69 0.41 3.23 1.62
4:00 26.23 8.65 7.03 8.24 29.85 2.73 9.49 1.05 0.50 8.36 9.92 34.56 0.42 3.16 1.41
6:00 26.22 8.29 6.47 8.15 30.70 2865 7.85 0.84 0.50 8.46 9.80 25.50 0.42 3.61 1.56
8:00 27.00 12.05 1.49 4.54 1.92 0.39 517 7.48 25.70 0.47 3.31 219
10:00 31.22 8.28 9.17 8.07 8.85 1.08 3.21 2.84 0.30 3.54 6.67 19.32 0.56 3.22 217
12:00 28.64 8.10 9.74 8.16 8.45 1.88 7.40 1.06 0.44 6.86 8.37 25.20 0.45 3.19 8.26
14:00  26.13 8.18 8.97 8.22 9.90 2.38 10.16 0.62 0.50 9.21 10.34 4412 0.45 3.38 2.20
Max 31.22 8.81 10.91 8.52 30.70 3.06 10.16 2.84 0.62 10.16 12.08 44.12 0.56 3.61 8.26
Min 25.79 8.10 6.47 8.03 5.80 1.08 3.21 0.62 0.30 3.54 6.67 17.93 0.25 2.71 1.41
average 27.55 8.55 8.96 8.21 14.56 2.18 7.08 1.37 0.47 7.42 9.26 30.00 0.39 3.12 2.60
S.D. 1.82 0.25 1.38 0.15 9.71 0.58 2.40 0.72 0.10 2.01 1.62 9.17 0.09 0.25 1.76
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Appendix 2. Range and mean values of chemical constituents at an interval of two hours for day in the Seomjin River estuary

Sampling Date Station Time Sal. Temp. DO pH SS coD Chl. A Nutrient (ug-at/L)
°c mg/L mg/L  mg/L ug/L  NH,*-N NO, -N NOj; -N DIN TN PO -P TP Si(OH),
7Y 24Y 14:00 0.61 20.65 8.82 8.10 2.18 1.49 0.81 4.96 0.47 77.78 83.21 148.30 1.69 1.16 166.21
16:00 1.01 21.60 8.76 7.92 1.32 1.97 1.67 1.93 0.46 76.47 78.87 118.79 1.79 1.11 172.29
18:00 2.52 21.65 8.58 7.73 1.93 1.91 0.77 1.54 0.71 75.08 77.33 158.61 1.58 1.06 169.25
20:00 4.40 21.71 8.44 7.62 3.00 1.34 0.89 2.65 0.72 66.79 70.16 104.86 1.32 1.07 154.98
22:00 3.56 21.62 8.25 7.82 2 1 1.29 0.72 4.26 0.64 74.92 79.82 81.48 1.46 0.84 170.37
7825 0:00 1.68 21.33 8.93 8.01 2. .10 137 0.66 0.62 0.66 77.18 78.46 115.70 1.52 0.91 167.12
2:00 0.01 21.05 9.84 7.99 0.43 2.01 0.58 2.06 0.71 77.58 80.36 111.61 1.60 1.12 175.05
4:00 1.42 21.36 11.36 8.17 1,.89 1.8% 0.62 . 5% 0.57 77.07 79.16 113.06 1.69 1.15 168.21
6:00 3.03 21.36 8.65 8.06 1.95 120 0.61 5.89 0.89 78.73 85.51 109.02 2.19 1.06 165.08
8:00 2.46 21.33 7.89 8.25 352 1.87 0.84 200 0.66 73.89 77.06 112.58 1.41 0.96 172.70
10:00 2.72 22.28 12.14 7.92 2.64 1.42 0.55 2.42 0.70 76.35 79.48 111.80 1.50 0.983 175.82
12:00 2.14 21.89 10.16 i O 7 2.88 1.80 0.85 2.04 (0, Wirg 75.10 77.91 112.01 1.33 0.96 179.85
14:00 2:91 1.92 0.69 1.34 0.52 78.07 79.92 123.92 1.83 1.01 170.37
Max 4.40 22.28 12.14 8.25 3.52 2.01 1.67 5.89 0.89 78.73 85.51 158.61 2.19 1.16 179.85
Min 0.01 20.65 7.89 7.62 0.43 1.29 0.55 0.62 0.46 66.79 70.16 81.48 1.32 0.84 154.98
average 2.13 21.49 9.32 7.96 2.15 1.71 0.79 2.60 0.65 75.77 79.02 116.67 1.61 1.03 169.79
S.D. 1.26 0.41 1.31 0.18 0.85 0.25 0.29 1.53 0.12 3.05 3.53 18.40 0.24 0.10 6.09
Sampling Date Station Time Sal. Temp. DO pH SS COoD Chl. A Nutrient (ug-at/L)
°C mg/L mg/L  mg/L  ug/L  NH-N NO,-N NOy-N DIN TN PO -P TP  Si(OH),
7Y 24Y 14:00 22.42 21.33 5.60 7.84 11.85 2.32 =55 10.49 2.85 45.96 59.30 93.68 0.98 1.13 75.55
16:00 23.32 20.58 6.36 7.75 8ns2 1.82 1.25 7:96 3.16 39.27 50.40 76.51 0.93 0.96 65.35
18:00 22.66 20.58 5.73 7.84 2.65 1.99 1.28 G 2 2.84 52.84 61.89 82.19 1.07 1.07 76.42
20:00 21.56 20.06 5.97 7.87 9.46 2.23 3703 4.61 2.88 51.22 58.72 82.51 0.83 1.18 75.65
22:00 22.83 20.47 6.04 7.92 5.42 Moz 3232 5.46 2.68 38.51 46.65 71.65 0.82 0.85 53.39
749 25¢ 0:00 15.10 20.99 7.00 7.68 8.99 el l 2.29 6.59 251 51.96 61.07 91.19 0.89 0.93 81.983
2:00 19.38 20.80 6.72 7.66 8.07 1.89 181 4.80 1.44 68.17 74.40 92.11 1.16 0.89 142.90
4:00 19.62 20.77 6.85 7758, 5.98 1.75 1.83 7.01 2.52 51.37 60.90 78.94 0.98 1.00 85.11
6:00 20.56 20.70 6.74 7.55 4.06 1.94 2.39 4.68 2.51 53.86 61.05 51.80 0.95 1.08 81.82
8:00 20.63 20.72 6.01 7.60 6.76 2.28 2.56 719 2.78 57.72 67.65 87.18 1.05 1.00 88.34
10:00 20.63 20.73 18.26 7.20 10.94 1.61 3.98 4.54 2.42 45.56 52.52 70.55 0.91 0.92 71.84
12:00 17.94 20.87 8.39 7.26 6.56 1.85 2.44 3.85 1.61 65.72 71.18 92.80 1.01 0.96 122.91
14:00 7.37 2.35 2.00 3.98 1.52 71.07 76.57 113.16 1.18 1.01 130.56
Max 23.32 21.33 13.26 7.92 11.85 2.35 3.98 10.49 3.16 71.07 76.57 113.16 1.18 1.18 142.90
Min 15.10 20.06 5.60 7.20 2.65 1.61 1.11 3.85 1.44 38.51 46.65 51.80 0.82 0.85 53.39
average 20.55 20.72 7.06 7.64 7.06 1.98 2.22 5.95 2.44 53.33 61.71 83.41 0.98 1.00 88.60
S.D. 2.35 0.30 2.09 0.23 2.78 0.23 0.88 1.89 0.56 10.21 8.95 14.72 0.11 0.10 26.67
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Appendix 3. Range and mean values of chemical constituents in the surface water of Seomjin River Estuary.(2005. 3)

Sampling Date  Station No. Sal. Temp. DO pH SS COD Chl. A Nutrient (ug—at/L)
°C mg/L mg/L _mg/L  ug/L _NH/-N NO;-N NO;-N DIN TN PO -P TP Si(OH)s
2005/03/09 F1 0.00 5.14 2.77 2.70 2.33 1.38 91.71 95.41 98.64 1.98 2.77 98.61
F2 0.00 5.18 2.58 3.08 1.92 1.40 94.55 97.87 101.13 1.77 2.58 92.28
F3 0.00 2.88 1.77 2.71 2.44 1.35 89.13 92.91 98.58 1.29 1.77 95.47
MZEN 11.04 7.50 11.90 8.35 4.98 %7 74 8.30 0.98 0.84 80.14 81.95 134.86 1.24 1.77 62.54
2 14.65 7.51 9.02 8.32 8.88 2.03 18.75 1.41 0.75 81.51 83.67 135.36 1.29 2.03 52.39
3 16.20 7.44 7.19 8.33 7.36 Flem 13.06 1.41 0.70 72.57 74.68 125.07 1.19 1.87 47.32
4 18.51 7.44 6.69 8.32 7.01 1.58 9.35 1.66 0.72 64.78 67.16 109.71 1.01 1.58 42.03
5 21.78 7.56 5.63 8.30 9.38 185 5.64 1.88 0.67 53.80 56.35 91.79 0.77 1.35 34.81
6 23.72 7.51 4.67 8.27 5.61 1.19 2.98 irBil 0.55 45.32 4717 72.43 0.64 1.19 29.91
7 24.58 7.60 4.84 8.27 4.93 180 2.35 1.49 0.61 41.95 44.05 47.29 0.54 1.10 28.81
8 26.34 7.50 4.49 8.25 4.36 i 3 2.08 1l .£10) 0.45 36.26 38.21 55.36 0.62 1.18 25.16
9 28.58 777 3.88 8.19 5.97 1.03 il 4 3.48 0.34 26.09 29.86 56.21 0.63 1.08 17.61
10 30.97 7.80 3.74 8.17 7.91 1.16 1.60 K157 0.29 15.87 19.74 35.79 0.51 1.16 11.32
11 32.04 7.63 3.56 8.17 5.66 0.94 1.50 2.75 0.28 9.72 12.70 29.86 0.30 0.94 8.83
12 32.54 7.72 3.62 o 1l 7 4.85 0.81 1.64 2.74 0.26 11.39 14.39 32.86 0.38 0.81 10.12
13 33.11 7.39 4.53 8.16 8.70 0.71 1.62 2.30 0.17 2.78 5.24 19.93 0.20 0.71 4.54
14 33.27 7.53 4.87 8.17 6.68 0.34 1.59 2.08 0.14 3.96 6.18 9.00 0.27 0.84 5.12
Max 33.27 7.80 11.90 8.35 9.38 2. W 13.75 3.57 1.40 9455 97.87 135.36 1.98 2.77 98.61
Min 0.00 7.39 3.56 8.16 2.88 0.71 1.50 0.98 0.14 2.78 5.24 9.00 0.20 0.7 4.54
average 20.43 7.56 5.62 8.25 6.20 1.45 4.45 2.07 0.64 48.32 51.03 73.76 0.86 1.45 39.23
S.D. 11.84 0.13 2.39 0.07 1.79 0.61 4.10 0.74 0.41 32.91 32.94 41.27 0.53 0.61 31.71
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Appendix 4. Range and mean values of chemical constituents in the surface water of Seomjin River Estuary.(2005. 6)

Sampling Date  Station No. Sal. Temp. DO pH SS COD Chl. A Nutrient (ug-at/L)
°c mg/L mg/L___mg/L ___ug/L __NH/S-N NO,-N NO;-N DN TN PO,>-P TP Si(OH),
2005/06/16 F1 0.00 10.15 5.82 4.48 21.11 3.24 1.67 167.01 171.92 175.07 4.37 6.19 100.65
F2 0.05 9.61 7.44 3.93 19.06 5.08 1.82 165.78 172.68 194.80 4.00 5.45 109.33
F3 0.00 8.83 5.76 3.80 25.78 3.85 1.66 170.80 176.20 183.24 4.00 6.23 100.42
2005/06/17 Mz 0.27 24.78 7.96 7.61 5.40 8.74 12.48 4.26 1.10 152.00 157.36 167.27 4.00 5.12 99.78
2 1.49 24.92 7.22 7.37 5.36 3.82 12.85 1.19 144.36 145.55 148.90 3.67 4.77 94.98
3 2.31 24.94 7.05 7.41 4.00 3wb2. 12 ¥4 3.88 1.12 138.47 143.46 153.93 3.65 4.43 90.46
4 3.16 25.24 7.47 % 32 6.27 3.41 i 2T 5k32 1.28 137.08 143.68 147.11 4.04 5.40 82.58
5 4.43 25.51 7.58 725 4.66 3.34 8.82 430 0.90 127.41 132.60 136.64 3.71 5.10 62.22
6 5.88 25.41 6.74 =23 4.21 3415 7.77 1.39 119.97 121.36 136.52 3.70 4.87 88.84
7 6.78 25.40 7.29 VasS 4.42 3.58 11.14 4.68 1.564 112.06 118.27 140.37 3.35 4.41 83.67
8 7.91 25.26 7.60 7.348 3482 3.05 9.94 4.84 1.35 107.70 113.88 134.41 3.33 4.08 67.12
9 8.82 25.15 7.85 780 3.50 3.02 > 5 1.62 106.31 107.93 117.31 2.98 3.44 76.10
10 9.94 24.94 7h5%, /.55, 4.58 3.64 8.52 1.85 99.01 100.86 113.60 2.99 3.42 80.41
11 11.58 25.12 7.93 7.66 8.13 o5 7.77 4.59 1.86 90.47 96.93 105.27 2.80 3.12 76.13
12 13.46 25.05 7.95 7.75 6.43 3.8 6.65 2.02 68.12 70.14 88.33 2.64 3.10 75.22
13 15.55 24.83 7.20 7.80 5.22 3.61 5. 49 5.85 1.95 59.82 67.63 93.52 2.42 2.83 67.67
14 18.77 24.53 7.52 7.90 O3 2.85 5.98 4.66 1.47 58.86 64.99 76.06 1.96 2.43 48.09
15 20.76 24.50 7.57 7.94 6.61 2.46 92 3 1.62 53.18 54.80 62.82 2.20 2.43 51.26
16 21.59 24.21 7.21 7.93 5.51 3.01 6.35 1.48 49.24 50.72 57.80 2.01 2.1 43.89
17 22.80 24.10 8.35 7.97 5.40 2.49 6.73 4.82 1.35 41.70 47.87 54.47 1.91 2.42 40.53
18 23.46 23.83 7.70 8.01 5.87 2 . I 7.47 5.30 1.49 41.14 47.93 52.97 1.78 1.86 37.14
19 25.73 23.78 7.96 8.06 8=l 2.62 7.92 4.72 1.30 33.97 39.99 53.96 1.36 1.87 26.23
20 29.23 24.10 8.60 8.19 Theyo o] 2.40 8.30 4.05 0.54 10.81 15.39 18.93 1.24 1.37 10.40
21 30.01 23.22 8.94 8.15 7.97 2.21 6.65 3.37 0.25 6.56 10.18 20.46 1.12 1.43 7.90
Max 30.01 25.51 10.15 8.19 8.13 4,48 25.78 5.85 2,02 170.80 176.20 194.80 4.37 6.23 109.33
Min 0.00 23.22 6.74 7.23 3.50 2.21 5.23 3.24 0.25 6.56 10.18 18.93 1.12 1.37 7.90
average 11.83 24.71 7.91 7.68 5.71 3.22 10.16 4,52 1.41 94,24 98.85 109.74 2.88 3.66 67.54
S.D. 9.98 0.62 0.82 0.31 1.39 0.56 5.17 0.70 0.42 50.67 50.82 51.31 1.00 1.51 28.72
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Appendix 5. Range and mean values of chemical constituents in the surface water of Seomjin River Estuary.(2005. 8)

Sampling Date  Station No. Sal.  Temp. DO pH SS COD Chl.A Nutrient (ug—at/L)
°c mg/L mg/L  mg/L  ug/L  NH,~N NO,—N NO,-N DIN TN POS>-P TP  Si(OH),
2005/08/14 F1 0.00 8.39 2.49 3.91 2.13 0.29 46.19 48.61 97.64 0.50 1.61 161.65
F2 0.00 6.66 1.95 2.90 2.21 0.40 76.74 79.34 102.86 0.25 1.13 165.86
F3 0.03 22.00 8.84 7.66 8.95 1.49 3.69 3.23 0.26 64.15 67.64 90.51 0.33 0.87 161.45
ME 0.15 25.99 9.38 7. 74 gis 51 1.65 1.72 0.87 0.29 82.80 83.96 119.79 0.80 1.10 163.55
2 0.26 23.92 9.63 7.56 1.93 1.36 1.98 1.09 0.26 107.34 108.69 115.91 0.91 1.55 163.79
3 1.59 24.58 9.76 7.46 223 1.41 1.483 1485 0.36 39.43 41.34 92.93 0.75 1.48 158.20
4 1.65 25.01 9.54 7.58 1.62 15.68, 1.21 1.70 0.36 79.61 81.67 88.14 0.88 1.55 158.36
5 4.46 23.83 8.89 7.58 2.79 1-55 0.93 2.47 0.43 78.30 81.21 107.19 0.94 1.45 148.91
6 2.76 23.89 8.49 53 2.01 1 .48 1.20 2.:32 0.36 80.22 82.90 100.29 0.81 1.65 155.48
7 5.15 24.09 8.26 7.66 2.88 1.63 0.56 2.99 0.48 73.60 77.08 105.66 0.91 1.32 144.36
8 6.72 23.99 8.29 7.74 3.54 1.61 0.74 3.40 0.50 73.73 77.64 96.21 0.84 0.97 143.06
9 9.14 24.37 8.01 7.83 3.26 1.31 0.45 3.69 0.61 38.83 43.14 69.79 0.98 1.03 131.19
10 19.73 23.71 7 5¥8 7.97 3.76 1.58 0.70 31566 1.25 42.40 47.21 51.64 0.98 1.00 116.86
11 13.72 24.44 7 %2 7.93 3.01 \8il 0.97 4.00 1.01 67.20 72.20 73.71 1.10 1.12 108.49
12 12.17 25.26 7.94 7.91 2.99 1.28 0.68 4.62 0.90 59.36 64.88 81.36 1.15 1.29 115.17
13 15.34 24.41 8.05 7.93 2.83 1.60 (0" -3 4.32 0.88 41.30 46.50 95.29 1.16 1.32 117.31
14 16.18 24.26 8.14 7.96 3536 1.41 0.70 4.51 0.92 53.07 58.51 90.71 1.01 1.26 108.72
15 19.76 23.65 8.08 7.98 3.99 1.36 [0F /22, 5.68 1.02 28.75 35.45 68.29 0.80 1.42 100.78
16 21.34 23.36 7.82 8.00 3.91 1.20 0.65 941 3 1.20 39.52 43.84 84.21 0.98 1.39 80.65
Max 21.34 25.99 9.76 8.00 8.95 2.49 3.91 5.68 1.25 107.34 108.69 119.79 1.16 1.65 165.86
Min 0.00 22.00 7.18 7.46 F=51 1.20 0.45 0.87 0.26 28.75 35.45 51.64 0.25 0.87 80.65
average 7.90 24.16 8.47 7.76 3.66 1.56 1.35 3.02 0.62 61.71 65.36 91.16 0.85 1.29 137.04
S.D. 7.71 0.85 0.75 0.19 2.10 0.29 1.05 1.29 0.34 20.71 19.76  17.01 0.25 0.23 26.19
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Appendix 6. Range and mean values of chemical constituents in the surface water of Seomjin River Estuary.(2006. 3)

Sampling Date Station No. Sal.  Temp. DO pH SS COD Chl. A Nutrient (ug—at/L)
°c mg/L mg/L  mg/L ug/L  NH/-N NO,-N NO,-N DIN TN PO49’_—P TP Si(OH),
2006/03/13 F1 0.09 554 17.41 8.77 3.95 2.13 6.58 1.76 1.85 61.73 65.34 112.66 0.53 3.10 24.69
F2 2.82 550 17.40 8.15 16.40 2.72 8.67 11.05 1.39 56.79 69.23 134.02 0.75 5.69 32.31
F3 7.05 6.34 15.99 7.97 7.45 3.05 6.65 3.33 1.22 39.77 44.33 90.64 0.46 4.07 26.70
2006/03/14 MZEN 21.27 7.74 17.40 8.35 5.40 2.60 7.92 0.58 0.71 16.81 18.10  41.48 0.21 2.77 4.68
2 21.50 7.83 16.08 8.36 6.80 2.68 9.19 0.36 0.74 17.46 18.55 38.41 0.20 2.59 4.02
3 238.06 7.94 14.49 8.30 6.55 2.41 =25 0.04 0.67 14.46 1517 37.09 0.20 2.49 2.32
4 2471 8.10 13.83 8.28 5.40 2.32 8.00 0.36 0.58 12.61 13.55 44.84 0.18 2.69 2.69
5 2597 8.15 14.63 8.29 5.80 2.30 6.95 0.59 0.52 10.48 11.59 26.26 0.16 2.41 0.62
6 28.38 8.17 14.04 8.22 7.10 1.79 5.08 1.68 0.44 8.15 10.26 25.09 0.15 2.42 1.13
7  29.51 828 | 12:5( 8.14 6.05 148 4.50 2.06 0.39 6.80 9.25 28.46 0.17 2.24 1.89
8 30.60 8.38 12.68 8.14 6.05 100N M2 2.14 0.33 4.98 7.45 19.46 0.14 2.97 1.77
9 31.63 8.52 12.58 8.13 6.55 1.14 2.90 1.61 0.23 412 596 12.22 0.23 2.21 0.88
10 32.49 8ui2” | 12404 8.10 5.00 1.01 3.34 0.69 0.13 2.55 3.37 14.12 0.21 1.83 0.51
Max 32.49 8.72 17.41 8.77 16.40 3.05 9.19 11.05 1.85 61.73 69.23 134.02 0.75 5.69 32.31
Min 0.09 550 12.04 7.97 3.95 1.01 2.90 0.04 0.13 2.55 3.37 1222 0.14 1.83 0.51
average 21.47 7.63 14.70 8.25 6.81 2.05 6.27 2.02 0.71 19.75 22.47 48.06 0.28 2.88 8.02
S.D. 11.06 1.10 1.98 0.19 3.03 0.69 2.03 2.87 050 19.95 22.31 39.03 0.19 1.00 11.52
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Appendix 7. Range and mean values of chemical constituents in the surface water of Seomjin River Estuary.(2006. 7)

Sampling Date Station No. Sal.  Temp. DO pH SS COD Chl. A Nutrient (ug—at/L)
°c mg/L mg/L  mg/L ug/L  NH,~N NO,-N NO;-N DIN TN PO43_—P TP Si(OH)4
2006/07/25 F1-1 0.04 3.72 2.31 1.46 0.22 0.25 77.55 78.02 108.45 0.98 3.90 162.60
F1 0.04 23.44 11.67 7.69 4.87 2.28 1.43 0.25 0.26 78.91 79.43 93.86 0.91 2.58 166.97
F2 0.04 21.44 12.73 7.93 2.90 2.18 1.26 0.42 0.20 78.37 78.98 89.44 0.96 3.29 160.22
F3 0.04 21.30 11.10 7.49 2.06 1.99 1.24 0.34 0.19 79.61 80.14 84.83 0.91 3.71 153.22
MZNH 0.06 21.40 11.29 7.73 1.85 2.09 0.81 0.60 0.21 78.89 79.70 86.18 0.98 1.90 1683.53
2 0.05 22.21 1111 7.66 1.42 2.23 0.90 0.56 0.25 78.56 79.37 107.15 0.95 4.23 156.56
3 0.54 22.03 10.31 8.45 2.34 2.39 0.85 i*. 24 0.35 76.25 77.82 105.47 0.78 3.45 164.43
4 2.14 21.89 10.16 7.97 2.40 2.20 0.78 73 0.46 76.69 78.88 88.16 0.83 4.45 140.75
5 3.59 21.75 10.01 -5 3.08 1.98 0.84 2. 1% 0.66 75.08 77.90 103.45 0.88 1.90 142.34
6 3.18 P37 10.22 8.13 2.83 2.67 0.68 .30 0.71 73.29 76.30 94.90 0.88 13.97 138.94
7 5.59 21.79 9.78 8.01 3.28 1.96 1.29 2.59 0.82 74.49 77.90 94.76 0.91 3.00 138.92
8 6.83 21.79 9.86 7 . 3.97 1.93 1.79 2.89 1.08 71.01 74.98 113.07 0.87 1.45 128.73
9 8.33 21.89 9.61 7.92 3.16 1.91 1.69 2.88 1.14 72.36 76.38 111.69 0.94 1.52 129.18
10 9.17 22.09 8.93 8.12 3.62 1.80 2.19 3 i 1.26 67.87 72.30 99.07 0.99 1.29 121.64
11 11.38 22.20 Q87 8.14 4.01 1.67 2.65 2.95 1. 34 67.81 7213 95.68 0.94 1.29 111.98
12 11.61 22.38 ©.82 8.23 7.00 2.36 3.28 AT 1.46 63.95 68.55 108.77 0.76 1.52 106.84
13 16.48 22.45 9.85 8.28 7.03 2.52 8.89 1.34 1.79 52.74 55.87 89.95 0.36 1.52 78.19
Max 16.48 23.44 12.73 8.45 7.03 2.67 8.89 3.17 1.79 79.61 80.14 113.07 0.99 13.97 166.97
Min 0.04 21.30 5.32 7.49 1.42 1.67 0.68 0.22 0.19 52.74 55.87 84.83 0.36 1.29 78.19
average 465 22.03 10.08 7.97 3.50 2.15 1.88 1.69 0.73 73.14 7557 98.23 0.87 3.23 139.12
S.D. 5.17 0.51 1.59 0.25 1.58 0.26 1.94 1.14 0.52 6.96 5.99 9.07 0.15 2.98 24.40
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Appendix 8. Range and mean values of chemical constituents in the surface water of Seomjin River Estuary.(2007. 3)

Sampling Date Station No. Sal. Temp. DO pH SS COoD Chl. A Nutrient (ug-at/L)
°C mg/L mg/L mg/L ug/L  NHs-N NO,-N NO; -N DIN TN PO, -P TP Si(OH),4
2007/03/21 9 0.89 10.36 10.70 3.87 1.46 2.37 0.86 91.61 94.83 0.36 55.08
10 2.05 10.48 10.92 4.58 1.31 2.36 0.79 91.09 94.24 0.30 55.67
1 4.62 10.43 10.89 4.45 1.55 3.19 0.80 87.22 91.21 0.35 62.82
12 6.74 10.55 11.10 10.30 2.68 3.52 0.79 86.57 90.88 0.30 52.31
13 8.83 10.55 11.42 15.78 5.83 2.97 0.77 87.23 90.97 0.20 47.80
14 10.32 10.90 11.87 15.25 3.59 2.34 0.76 85.21 88.31 0.09 42.96
15 13.61 10.86 12.67 226 2l 7 il 82 0.75 84.32 86.59 0.12 33.18
SJ1 16.86 11.00 12.82 12.02 3.09 12.78 . 4 0.76 78.89 80.36 61.06 0.15 1.65 22.41
6 19.07 10.75 18W5 5 18.81 3.55 11.14 %, 07, 0.79 68.52 70.37 40.42 0.09 2.19 18.25
2 21.15 10.76 12.79 18.86 k3.3 1 3103 0.35 0.72 61.87 62.94 42.32 0.17 1.56 14.05
8 21.24 10.86 13.46 25 .15 2t/ 4.56 0.43 0.54 31.11 32.08 20.42 0.15 2.05 4.76
7 23.25 10.70 il 3707, 30.15 5.38 0.92 0.65 45.46 47.03 0.11 8.27
7 26.18 10.58 12.50 23.63) 2.84 o 43} 0.44 0.56 27.89 28.89 19.67 0.14 3.04 3.17
5 26.64 11.18 12.34 17.41 3.87 2.95 0.36 0.57 38.32 39.26 29.78 0.13 1.47 7.14
8 26.81 10.69 12.63 35.86 2887 0.43 0.67 49.94 51.04 0.10 15.74
6 27.58 10.72 1 250 37.56 17 0.45 0.54 20.01 21.00 0.10 1.98
9 28.82 10.71 i 2228 24.60 1.52 @0 0.51 0.49 14.95 15.95 10.84 0.25 2.29 1.57
10 31.13 10.67 11.05 29.01 15.26 .12 0.39 0.39 5.47 6.25 11.56 0.30 1.90 0.90
5 32.79 10.67 10.562 23.62 0.87 0.40 0.36 2.45 3.21 0.22 0.95
4 33.57 10.76 10.13 20.23 0.91 0.37 0.20 0.20 0.77 0.46 0.89
2 33.69 10.81 10.05 28 2 1.05 0.34 0.20 0.35 0.89 0.49 1.01
Si 34.10 11.09 9.44 10.12 420 0.88 0.15 0.95 1.99 0.46 0.76
Max 34.10 11.18 13.55 37.56 15.26 12.78 3.52 0.86 91.61 94.83 61.06 0.49 3.04 62.82
Min 0.89 10.36 9.44 3.87 1.62 0.87 0.34 0.15 0.20 0.77 10.84 0.09 1.47 0.76
average 20.45 10.73 11.76 19.11 4.45 3.49 1.20 0.60 48.16 49.96 29.51 0.23 2.02 20.53
S.D. 10.91 0.20 1.18 9.66 4.44 3.16 1.07 0.22 35.13 36.16 17.44 0.13 0.51 22.06
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2005.3 2006.3 2007.3
FRriv 0.04 FRriv 0.109
A A FRiV 0.045 FESt -0.015
FEst -0.056 FEst -0.067
FRem -0.096 FRem -0.175 Fin 0.110 FRem -0.169
Nitrite
FRriv|o.016

FRiv 0.02p FRiv 0.03]t
>

FEst 0.025 FEst 0.031 N FEst 0.032
Fin 0.016
Nitrate
FRiv 1.67 FRiv 1.05 Friv[1.72
= = =) =
FEst1.67 FEst1.05 {} FEst 3.7
Fin 1.98

Appendix 9. Diagrams of Ammonium, Nitrite, Nitrate fluxes (the dry season)
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Appendix 10. Diagrams of DIN, Phosphate, Silicate fluxes (the dry season)

_50_

FRiv 0.¢

FRriv 2.06

2007.3

FEst 3.72

Fin 2.11

FEst -

==

lFRem -0.046

FEst -0.03

)

l Frem -2.09



Ammonium

2005.6 2005.8 2006.7
FRriv|o.403 FRriv|0.035
Friv 0}.083 Festo0.177
i FEst 0.813 T |FEst 1.13
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Appendix 11. Diagrams of Ammonium, Nitrite, Nitrate fluxes (the rainy season)

_51_



DIN
200

5.6

FRiv|3.57

<

FEst 4.92

Fin 1.3

Phosphate

FRiv 0.18f

—>

FEst 0.187

==

Silicate

FRriv 4.3

N

FEst 4.3

2005.8

FRiv 10‘1

Fin 0. 41L|

»

FEst 10.8

FRiv|o.129

C=D

>

Fin o.ejﬁ

FEst 0.747

FRiv 52 I l FEst 52

Appendix 12. Diagrams of DIN, Phosphate, Silicate fluxes (the rainy season)
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Appendix 13

. Correlation matrix(the dry season)

Salinity Temp. pH DO COD SS Chl-a NH; -N NO;-N NO;-N DIN POS™-P Si0.-Si
Salinity 1
Temperature 0.08 1
pH -049 -0.34 1
DO -0.37  0.16 0.22 1
COD -0.03  0.39 0.26 0.26 1
SS 0.23 0.63 -0.26 0.25 0.59 il
Chl-a -0.26  -0.32 0.40 0.37 & =0014870.1# 1
NH: -N -0.41 -042 -031 -0.05 -0.16 =022 0.01 1l
NOz; -N -0.90 -0.25  0.57 0.53 0.098 1§D IZE=0"Ch 0.34 1
NOs; -N -0.88 0.14 0.47 0.09% ==0.01% [EOSENN0.2HN 0.26 01,774 il
DIN -0.89  0.11 0.44 0:09 % SOO0INN8- 008, "N0:2 8 0.30 0:73 0.99 1
PO/ -P -0.48 -0.51 0.28 -0.36 -0.07 --0.38 0.16 0.22 0.49 0.00 0.00 1
Si02-Si -0.84 -0.08 0.30 -0.13 -0.07 . -0.32  0.09 0.32 0.68 0.87 0.87 0.76 1
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Appendix 14. Correlation matrix(the rainy season)

Salinity Temp. pH DO COD SS Chl-a NH;'-N NO;-N NO3;-N DIN POS™-P Si0:-Si

Salinity 1
Temperature 0.16 1
pH 0.52  -0.53 1
DO -0.46 -0.65 0.16 1
COD -0.11  0.37 -0.35 -0.23 1
SS 0.37 0.14 0.19 -0.37 0.45 1
Chl-a -0.04 0.51 -0.37  -0.24 ;/ 0.85 0.52 1
NH: -N 0.53 0.57 -0.10 -0.77 0.36 0.42 0.42 it
NOz -N 0.40 0.38 0.04 -0.57  0.60 0.43 0.58 0.69 1
NOs; -N -0.65 0.28 -0.71  0.00 0.66  FE.OSENO0.C 0.06 0.25 fl
DIN -0.62 032 -071 -0.04 " 0.68 -=0.01 0.69 0L 0.29 0.99 1
PO/ -P -0.11  0.61 -0.60 -0.38 0,84 0.25 0.84 0.54 0.57 0.76 0.79 1
Si02-Si -0.79 -041 -0.13 059 -046-. -056- -048r =0.71 =0.66  0.13 0.09 -0.46 1
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