Journal of Wetlands Research
Vol. 26, No.4, November 2024, pp.389-397

ISSN 1229-6031 (Print) / ISSN 2384-0056 (Online)
DOI https://doi.org/10.17663/JWR.2024.26.4.389

o =2 A >4 Lo 1=
gZ7FoMe] A[ZMEiZ|7t 27 20 0|2 = SEE4
ZhA - ST - G0 Y AL MBI - Ol S "
CIEEEXY
FYHAYSY YSL2BFHTA

Analysis of the Impact of Facility Cultivation Areas on the Water Quality
of the Main Stream in the Namgang Basin

Byungseok Ka' - Jaebeom Park’ - Seongmin Kim' - Hyunmac Kim' - Sangmin Shin" - Minjae Jeon" - Donghyun Lee’

Daon Solution co., Ltd.

*Nakdong River Environment Research Center,

National Institute of Environmental Research

(Received : 08 October 2024, Revised : 11 November 2024, Accepted : 11 November 2024)

o

-+ =

2 dAHe I8 3 /90 e A ez iE e B SEARYUEY ARE o]&5ty o= B
245 Boll 45 EF0lA9 9 EASHA. B 92 B2 AAAurt EidetA] o] Folx]= Loz A] A
Hjo| ALEE]T W22z HFA2 shH Y] 4o W2 YGRS vt o FAEA Ad, A 9 29d
o2A F718d 9 JFEZY FFo] w=A UET EFol thet A F FFEHE Hoto] fEESEFS A 2
T, T-N3F T-Pe] F3Fo] 71 =4 vebdon AdER J3fo] n|x]&= &= Zpo|7F eyt waba], shdoA
o] &ItHQl AT E Hollde L9Y 2 AHEA 5 AR/ AL =g dio] dastH SAZHS B8 A2
Fe AT 8T AR wmoHEnh

HAEY 7] BUEH, AR 24, 8184

Abstract

This study analyzed the impact in the main stream of the Nakdong River through multivariate statistical analysis
using long—term water quality monitoring data from facility cultivation areas in the Namgang basin of the Nakdong
River basin. The Namgang River Basin is a place where many facility cultivation activities are actively carried out,
and the waste nutrient solution used for cultivation and discarded has a significant negative impact on the water
quality of the river. The results of multivariate statistical analysis showed that organic matter and nutrients had a
high impact as the main sources of pollution in the stream. As a result of calculating the tributary load to analyze the
impact of tributaries on the main stream, the impact of T-N and T-P was the highest, and there were differences in
the items affected by season. Therefore, in order to effectively manage water quality in rivers, measures that take into
account tributary characteristics such as pollution sources and seasonality are necessary, and measures using

statistical techniques are believed to be useful for water quality management in the future.
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Step1: Water quality status analysis

+ Basicstatistical analysis
* Correlation analysis of water quality

L 4

Step2: PCAand Factor analysis

Analysis of tributary-influenced water quality
influencing factors

* Principal Compoment analysis: Temp, TOC,
BOD, T-P, T-N, ...
+ Factor analysis

L 4

Stepd: Analysis of the influence of tributaries on the
main stream

Comparison of tributary water quality data and
main stream water quality data

+ Correlation analysis between main stream and
tributary stream
+ Delivery load contribution rate analysis

Fig. 1. Analysis flow chart
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Table 1. Water Quality Change Rate (Unit: %)

Site Chl-a TOC T-N T-P BOD EC
Namg.1~Namg.2 -22.16 11.07 0.16 27.56 13.14 -1.15
Namg.2~Namg.3 23.39 7.69 50.19 43.07 29.85 43.41
Namg.3~Namg.4 100.45 10.24 26.98 5.82 6.66 19.79
Namg.4~Namg.5 20.86 -4.61 2.05 0.67 12.73 11.54
Namg.5~Namg.6 31.53 5.21 -3.13 12.47 5.45 =791
Namg.6~Namg.7 9.16 11.31 2.70 -6.36 4.62 5.79

Table 2. Tributaries of Landuse area (Unit: ki)
Streams Field Rice Forest Land Others Uiz Fac.l lmés Cizip Rate(%)
Area Cultivation Area

Hachoncheon 3.01 0.37 4.95 1.90 1.99 12.21 0.66 5.39

Jinecheon 5.53 1.37 21.04 0.97 3.84 32.75 1.38 4.22
Hyangyangcheon 7.39 2.22 26.92 0.67 5.51 42,71 1.50 3.52
Hyunjicheon 1.76 0.20 0.87 0.50 0.33 3.67 1.35 36.94

Degokcheon 5.64 2.22 17.34 0.90 2.77 28.86 0.57 1.96

Banseongcheon 16.74 13.24 73.67 4.44 12.15 120.24 1.64 1.36

Sangjeongcheon 2.26 1.36 20.82 0.42 2.09 26.94 0.24 0.89

Jisucheon 1.53 2.04 10.33 0.61 1.37 15.88 0.22 1.37

Summury 43.84 23.02 175.94 10.42 30.05 283.27 7.56 2.67

Namgang mid watershed 182.26 103.75 683.94 62.38 152.75 1,185.08 37.12 3.13
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4L 1.909mg/LE Uehgth ECE 49 A HoA =
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Table 3. Water quality status
Site Value TOC(mg/L) T-N(mg/L) T-P(mg/L) BOD(mg/L) EC(us/cm)

MAX. 6.500 7.056 0.205 4.600 430

Namgang3 MIN. 1.600 0.438 0.001 0.400 64
AVG. 3.205 1.765 0.036 1.897 167

STDEV. 0.790 1.162 0.031 0.969 72

MAX. 9.800 8.932 0.571 7.300 459

tachonch MIN. 2.700 1.535 0.063 0.700 137
achoncheon AVG. 4.492 3.965 0.184 2228 369
STDEV. 1.333 1.741 0.123 1.341 82

MAX. 6.400 5710 0.266 4100 430

Jinecheon MIN. 2.100 1.003 0.031 0.600 142
AVG. 4077 2.534 0.116 1.823 269

STDEV. 1.085 1.378 0.057 0.944 80

MAX. 6.200 5.633 0.194 4.400 386
Hyangyangehson MIN. 2.900 0.826 0.025 0.600 124
AVG. 4.045 2.367 0.081 1.609 226

STDEV. 0.832 1.269 0.047 0.897 63

MAX. 9.300 28.450 0.919 7.400 752

- MIN. 2.200 1.257 0.047 0.900 75
Hyunjicheon AVG. 5.042 7.624 0.234 2.829 391
STDEV. 1.446 5.348 0.164 1.412 147

MAX. 5.900 3.920 0.153 2.800 1,179
Deokaokch MIN. 2.400 1.020 0.021 0.500 176
eokgoxeheon AVG. 3.555 2.176 0.071 1.345 498
STDEV. 0.805 0.770 0.037 0.613 257
MAX. 7.200 10.800 1.586 5.600 1,107

Banseongeheon MIN. 2.200 0.896 0.018 0.600 164
AVG. 3.745 2.541 0.144 1.586 433

STDEV. 1.235 1.970 0.317 1.064 230

MAX. 3.700 5.094 0.130 2.400 950

Sanjeongeheon MIN. 0.600 0.900 0.011 0.300 122
AVG. 1.905 2.477 0.049 0.736 340

STDEV. 0.851 1.072 0.028 0.446 229

MAX. 7.300 4.804 0.090 3.000 522

Jisucheon MIN. 1.000 0.602 0.008 0.400 140
AVG. 2.686 1.732 0.046 1.077 295

STDEV. 1.327 0.888 0.022 0.683 97

MAX. 8.000 6.805 0.157 5.400 438

Narmgang MIN. 1.700 0.665 0.007 0.500 70
AVG. 3267 2.206 0.039 1.909 190

STDEV. 0.882 1111 0.021 0.823 69

T :¥_Tv 7;:L;:A:1: ;E:Eéé_;%
F - ; = ; ; e ;
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Fig. 4. Water quality status by branch
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(strong)(0.75), % (moderate)(0.75~0.5) & H(weak)(0.5~0.3) _

o2 Lpro] 29l ¥5t 4 SASHATHLiun al., 2003). 3.4 SRS AW 2ol 2T $3S =4
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o oA ok RARIRS el Sk oy % olth
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Table 4. Correlation coefficient matrix of water quality data

Variable Temp TOC BOD SS T-N T-P EC
Temp 1
TOC 0.654 1
BOD 0.636 0.950 1
SS 0.659 0.737 0.826 1
T-N 0.531 0.669 0.848 0.882 1
T-P 0.384 0.846 0.944 0.758 0.867 1
EC -0.244 0.085 0.099 -0.007 0.199 0.254 1
Table 5. Initial eigen value and variance for principal component
Component PC1 PC2 PC3 PC4 PC5
eigenvalue 2.186 1.115 0.663 0.639 0.342
% of Variance 0.683 0.178 0.063 0.058 0.017
Cumulative % 0.683 0.860 0.923 0.982 0.998
Table 6. Rotated factor matrix extracted from principal component analysis
Variable RC1 RC2 RC3
Temp 0.33 -0.19 0.91
TOC 0.75 0.1 0.53
BOD 0.89 0.07 0.41
SS 0.83 -0.1 0.38
TN 0.91 0.09 0.21
TP 0.95 0.18 0.12
EC 0.11 0.98 -0.12
Table 7. Correlation analysis for each water quality
Site TOC T-N T-P BOD EC
Hachoncheon 0.344 0.656 0.474 0.533 0.049
Jinecheon 0.789 0.944 0.652 0.466 0.675
Hyangyangcheon 0.721 0.713 0.570 0.426 0.539
Hyunjicheon 0.203 0.879 0.222 0.387 0.820
Degokcheon 0.228 0.496 0.455 0.512 0.741
Bansungcheon 0.520 0.588 -0.152 0.240 0.597
Sangjungcheon 0.673 -0.255 0.561 0.383 0.680
Jisucheon 0.785 0.484 0.401 0.561 0.361
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Table 8. TOC Rate of Tributary(Unit: %)

o] ARgEE 7o 2 A AYH F9(Cho et al., 2018)%}
A9%FG G (Park, 2014), 57 $9(Kwon et al., 2016)
o] Wol Hgsl1 Ut edYE BN A3 TOCE
7163g0] A 11.83%2 71 =1 o3=4o] 4.13%=2 713

A Yehgon T-N& 23 1331%=2 7V lr—ﬂ] UFeEhd
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my

A ekt 7hede] 6.17%2 M WA teRtod
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U3 AheTt A A WA vebieh

AE 2= B-o] 8.38~24.47%, A-&40] 4.31~21.05%2]
Zlolgo] Yerda ofEd 3.36~7.06%, 7F2E 3.14~
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Jert o 2 Acw et o] grjdes we

ofgu} 7hee fge] 2 W ERO| AROIA YL ©
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Site Delivery Load(kg/day) Rate of Tributary by Namgang4(%)
Spring Summer Fall Winter Spring Summer Fall Winter
Hachoncheon 90.07 32.51 31.05 38.60 0.67 0.08 0.14 0.75
Jinecheon 209.41 189.54 185.22 49.20 1.55 0.48 0.81 0.95
Hayangcheon 836.99 137.19 280.27 19.38 6.21 0.34 1.23 0.38
Hyunjicheon 23.47 252.23 67.87 10.73 0.17 0.63 0.30 0.21
Degokcheon 235.59 62.10 142.64 26.32 1.75 0.16 0.62 0.51
Bansungcheon 152.80 775.71 264.59 141.59 1.13 1.94 1.16 2.75
Sangjeongcheon 11.64 145.19 7.29 6.44 0.09 0.36 0.03 0.13
Jisucheon 35.63 53.96 4.31 7.12 0.26 0.14 0.02 0.14
Namgang4 13,486.65 39,887.99 22,841.22 5,154.49 11.83 4.13 4.30 5.81
Table 9. T-N Rate of Tributary(Unit: %)
Site Delivery Load(kg/day) Rate of Tributary by Namgang4(%)
Spring Summer Fall Winter Spring Summer Fall Winter

Hachoncheon 75.99 20.49 30.00 33.14 0.88 0.14 0.27 0.54
Jinecheon 123.21 51.93 105.43 128.10 1.43 0.36 0.94 2.09
Hayangcheon 615.55 49.11 160.00 16.12 7.13 0.34 1.43 0.26
Hyunjicheon 24.99 128.88 47.82 33.67 0.29 0.90 0.43 0.55
Degokcheon 188.85 31.22 97.20 22.50 2.19 0.22 0.87 0.37
Bansungcheon 62.59 504.50 185.63 164.41 0.73 3.51 1.66 2.69
Sangjeongcheon 17.26 86.02 8.46 8.80 0.20 0.60 0.08 0.14
Jisucheon 40.41 32.95 5.38 8.58 0.47 0.23 0.05 0.14
Namgang4 8,629.72 14,377.99 11,211.38 6,116.07 13.31 6.30 5.71 6.79
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Table 10. T-P Rate of Tributary(Unit: %)

Delivery Load(kg/day)

Rate of Tributary by Namgang4(%)

Site Spring Summer Fall Winter Spring Summer Fall Winter
Hachoncheon 2.55 2.15 1.19 1.05 1.42 0.31 0.25 1.81
Jinecheon 5.54 7.04 5.68 1.40 3.08 1.01 1.17 2.41
Hayangcheon 25.00 4.40 8.28 0.18 13.90 0.63 1.71 0.32
Hyunjicheon 0.99 12.28 3.14 0.44 0.55 1.77 0.65 0.75
Degokcheon 5.66 1.74 3.86 0.44 3.14 0.25 0.80 0.77
Bansungcheon 3.18 17.45 7.30 8.46 1.77 2.51 1.51 14.59
Sangjeongcheon 0.21 2.93 0.22 0.10 0.12 0.42 0.05 0.16
Jisucheon 0.90 1.07 0.17 0.14 0.50 0.15 0.03 0.24
Namgang4 179.93 694.57 483.78 57.94 24.47 7.06 6.17 21.05
Table 11. BOD Rate of Tributary(Unit: %)
St Delivery Load(kg/day) Rate of Tributary by Namgang4(%)
Spring Summer Fall Winter Spring Summer Fall Winter
Hachoncheon 46.36 14.15 7.35 25.26 0.50 0.08 0.07 0.77
Jinecheon 93.48 93.16 65.30 19.77 1.00 0.56 0.62 0.60
Hayangcheon 420.91 35.77 115.06 7.70 4.52 0.21 1.10 0.23
Hyunjicheon 14.07 105.37 36.69 7.46 0.15 0.63 0.35 0.23
Degokcheon 134.70 19.31 37.95 9.50 1.45 0.12 0.36 0.29
Bansungcheon 53.76 245.46 61.99 67.83 0.58 1.47 0.59 2.06
Sangjeongcheon 3.85 32.21 1.61 2.01 0.04 0.19 0.02 0.06
Jisucheon 12.46 15.24 2.39 2.59 0.13 0.09 0.02 0.08
Namgang4 9,306.00 16,671.65 10,469.56 3,294.78 8.38 3.36 3.14 4.31
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