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Abstract

This study aimed to predict total phosphorus (T-P) to address early eutrophication caused by nutrient influx from various human
activities. Traditional T-P monitoring systems are labor-intensive and time-consuming, leading to a global trend of using direct reading
sensors. Therefore, this study utilized water quality parameters obtained from direct reading sensors in a two-stage T-P prediction
process. The importance of turbidity (Tur) in T-P prediction was examined, and an analysis was conducted to determine if T-P prediction
is possible using only direct reading sensor parameters by adding automatic water quality analyzer parameters. The study found that T-P
concentrations were higher in the mid-lower reaches of the Nakdong River basin compared to the upper reaches. Pearson correlation
analysis identified water quality parameters highly correlated with T-P at each site, which were then used in multiple linear regression
analysis to predict T-P. The analysis was conducted with and without the inclusion of Tur, and the performance of models incorporating
automatic water quality analyzer parameters was compared with those using only direct reading sensor parameters. The results
confirmed the significance of Tur in T-P prediction, suggesting that it can be used as a foundational element in the development of
measures to prevent eutrophication.
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Fig. 1. Description of the sampling sites in Nakdong River basin
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Table 1. Water quality parameters evaluated in this study from monitoring sites

Sites

Water Quality Parameters

Andongdam, Pungyang, Namgang

WT (°C), pH, EC (¢S/cm), DO (mg/L), T-N (mg/L), T-P (mg/L),

TOC (mg/L), Chl-a (mg/m’)

Hoesang, Sinam, Dogae, Chilgok, Goryeong,
Jeokpo, Cheongam, Sangdong

WT (°C), pH, EC (¢S/cm), DO (mg/L), Tur (NTU), T-N (mg/L), T-P (mg/L),

TOC (mg/L), Chl-a (mg/m’)

Dasan

WT (°C), pH, EC (¢S/cm), DO (mg/L), Tur (NTU), T-N (mg/L), T-P (mg/L),

TOC (mg/L), Chl-a (mg/m’), PO4-P (mg/L)
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Table 2. Descriptive Statistics of T-P data

sites | Number | Ve | STD | MAX | MIN
of Data

Andongdam | 2,687 0.010 0.017 0.309 0.002
Pungyang 1,945 0.016 0.014 0.103 0.003
Hoesang 2,493 0.018 0.017 0.195 0.002
Sinam 2,628 0.022 0.018 0.142 0.002
Dogae 2,895 0.020 0.020 0.455 0.002
Chilgok 2,432 0.023 0.019 0.116 0.002
Dasan 2,311 0.028 0.018 0.136 0.003
Goryeong | 2,391 0.036 0.025 0.161 0.003
Jeokpo 2,737 0.033 0.027 0.195 0.003
Namgang 2,761 0.026 0.021 0.219 0.002
Cheongam | 2,618 0.022 0.021 0.115 0.002
Sangdong | 2,693 0.025 0.018 0.127 0.003
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Table 3. Correlation coefficient between T-P and water quality parameters

Sites WT pH EC DO Tur TOC T-N Chl-a PO,-P
Andongdam | 0.216" -0.005" 0.040° -0.093" - 0.499° 0.344" 0.164 -
Pungyang 0.251° -0.235" -0.162° -0.241" - 0.493° 0.206" -0.067 -
Hoesang 0.249" -0.454" -0.448" -0.537" 0.429" 0.568" 0.086" -0.138" -
Sinam 0.532" -0.389" -0.516" -0.553" 0.441" 0.403" 0.218" -0.185" -
Dogae 0.465" -0.353" -0.403° -0.394" 0.135" 0.454° 0.082" -0.267" -
Chilgok 0.409" -0.437" -0.490° -0.496" 0.460" 0.360° -0.030" -0.171° -
Dasan 0.355" -0.532" -0.506" -0.392" 0.590" 0.335" -0.018" -0.293" 0.848
Goryeong 0.558" -0.386" -0.521" -0.523" 0.491" 0.279" -0.326" -0.066" -
Jeokpo 0.430" -0.338" -0.542" -0.409° 0.472" 0.370" -0.179° -0.095" -
Namgang 0.336" -0.328" -0.306 -0.436" - 0.353" -0.161° -0.031" -
Cheongam 0.495" -0.440" -0.526" -0.558" 0.300" 0.290" -0.099" -0.140" -
Sangdong 0.412" -0.351" -0.439" -0.431" 0.485" 0.336" -0.107" -0.066" -
" = P-value < 0.05
Table 4. Multiple linear regressions of T-P using water quality parameters for each sites
Sites Selected parameters in regression model R? P
Andongdam EC, WT, DO, pH, Chl-a 0.064 0.000
Pungyang WT, DO, pH, Chl-a 0.178 0.000
Hoesang Tur, EC, WT, DO, pH 0.479 0.000
Sinam Tur, EC, WT, pH 0.534 0.000
Dogae Tur, EC, WT, DO, pH 0.369 0.000
Chilgok Tur, EC, WT, DO, pH 0.453 0.000
Dasan Tur, EC, WT, DO, pH, Chl-a 0.539 0.000
Goryeong Tur, EC, WT, DO, pH, Chl-a 0.565 0.000
Jeokpo Tur, EC, WT, DO, pH, Chl-a 0.536 0.000
Namgang EC, WT, pH, Chl-a 0.247 0.000
Cheongam Tur, EC, WT, pH, Chl-a 0.531 0.000
Sangdong Tur, EC, WT, pH, Chl-a 0.372 0.000
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Fig. 2. Regression analysis for each sites based on the various parameters of T-P
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Table 5. Comparison of Performance with Turbidity Existence and Nonexistence: (a) Tur Existence, (b) Tur Nonexistence
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) R? MAE MAPE RMSE
Sites
(@) (b) (@) (b) (@) (b) (@) (b)
Andongdam - 0.064 - 0.007 - 0.757 - 0.017
Pungyang 0.178 0.009 0.802 0.012
Hoesang 0.479 0.444 0.008 0.009 0.690 0.736 0.012 0.012
Sinam 0.534 0.514 0.009 0.009 0.630 0.656 0.012 0.013
Dogae 0.369 0.366 0.009 0.009 0.706 0.706 0.016 0.016
Chilgok 0.453 0.395 0.010 0.011 0.672 0.726 0.014 0.015
Dasan 0.539 0.440 0.009 0.010 0.411 0.473 0.013 0.014
Goryeong 0.565 0.474 0.012 0.014 0.486 0.558 0.016 0.018
Jeokpo 0.536 0.441 0.013 0.015 0.663 0.724 0.018 0.020
Namgang - 0.247 - 0.012 - 0.727 - 0.018
Cheongam 0.531 0.514 0.011 0.011 0.784 0.811 0.014 0.015
Sangdong 0.372 0.332 0.011 0.011 0.639 0.677 0.015 0.015
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Fig. 3. Importance of Different Water Quality Parameters in Predicting Total Phosphorus (T-P) Concentration. The bars represent the relative
importance of each feature, with Turbidity (Tur) showing the highest importance
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Table 6. Performance comparison according to various analyzes: (a) Sensor Measurement Items, (b) Addition of TOC, (c) Addition of T-N,

(d) Addition of PO4-P

WT (°C), pH, EC (4S/cm), DO (mg/L), Tur (NTU), Chl-a

TOC, T-N 9 PO,-PE
™, B4 Ao )

=43 FT-P OIE
1 T-P o5 ro] F8/4°]
AR it
FETCZ T-P d|50] 7Fst%
T-p of}5 22l ERE

1 2E Table 6]

Sites R® MAE MAPE RMSE

(a) 0.479 0.008 0.690 0.012

Hoesang (b) 0.534 0.008 0.685 0.011
(c) 0.509 0.008 0.651 0.012

(a) 0.534 0.009 0.630 0.012

Sinam (b) 0.560 0.009 0.629 0.012
(c) 0.570 0.008 0.582 0.012

(a) 0.369 0.009 0.706 0.016

Dogae (b) 0.462 0.009 0.706 0.013
(c) 0.399 0.009 0.688 0.015

(a) 0.453 0.010 0.672 0.014

Chilgok (b) 0.486 0.010 0.614 0.014
(c) 0.497 0.010 0.644 0.014

(a) 0.539 0.009 0.411 0.013

(b) 0.553 0.009 0.404 0.012

Dasan

(c) 0.530 0.009 0.403 0.012

(d) 0.776 0.006 0.240 0.008

(a) 0.565 0.012 0.486 0.016

Goryeong (b) 0.609 0.012 0.473 0.016
(c) 0.561 0.012 0.487 0.016

(a) 0.536 0.013 0.663 0.018

Jeokpo (b) 0.570 0.013 0.634 0.018
(c) 0.565 0.013 0.653 0.018

(a) 0.531 0.011 0.784 0.014

Cheongam (b) 0.554 0.011 0.783 0.014
(c) 0.559 0.011 0.778 0.014

(a) 0.372 0.011 0.639 0.015

Sangdong (b) 0.420 0.011 0.621 0.014
(c) 0.376 0.011 0.626 0.015
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