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Abstract

In this study, long-term measurement data were applied to the LOADEST model and used as an analysis
tool to identify and interpret trends in pollution load. The LOADEST model is a regression equation-based
pollution load estimation program developed by the United States Geological Survey (USGS) to estimate the
change in the pollution load of rivers according to flow rate and time and provides 11 regression equations
for pollution load evaluation. As a result of simulating the Gwangjuchen2, Pungyeongjeongchen, and
Pyeongdongchen in the Yeongbon B unit basin in the middle and upper reaches of the Yeongsan River with
the LOADEST model using water quality and flow measurement data, lower values were observed for the
Gwangjuchen2 and Pyeongdongchen, whereas the Pungyeongjeongchen had higher values. This was judged to
be due to the characteristics of the LOADEST model related to data continuity. According to the parameters
estimated by the LOADEST model, pollutant trends were affected by increases in the flow. In addition,
variability increased with time, and BOD and T-P were affected by the season. Thus, the LOADEST model
can contribute to water quality management as an analytical tool for long-term data monitoring.
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1. Introduction Fe wethe BAVE B 238 3% ARE B
) LOADESTS 283l 4 434 242 5o 74 33
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2AWE golot 919&el QolT Al Q9lo] 9l LOADESTS &&3to] QHFstgs dSsh= 52 9o
o AAHQ QQldlE FoT £L ZF(Algae)e] LA, 4 AFA g AFAE Hlastd, FJAYE o) DFHF
Ha7E U AAdEe wel = 0o g O ATE o) WS BA8SITh Shin et al. (2009)2 M d -5 AHdS
© g7 Jegz 9l a8y Ade dals 9435 e LOADESTZ H-84& B7Is19.2H, Kim et al. (2017)2 35
oz AATA gor $de) JFE WP ek g B FAS FHeR wAEd TME g8l 3
omz o]59 JFS FLsata AAsT 42 LrkYu LOADEST®| A3 34 dg& d7atleh. #49 A& 7F
ot 5% a2 B AL G710 2 £AY FFLS

al., 2010). 3td9 22 57 - FEFH 54, HHEY
e, 199 7%, 71 AR AAFHE Y EFHQ
283 194 &4 Tl a3 tdetA wsstr] dE
gt i S4ES gAY 2 & Frhehe
o} (Ahn et al., 2016). F9W &}
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2. Material and Method

2.1 Study Area

2 A7 gaxge FFA2, 934, ¥5HeE 9
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Fig. 1. Location of the research object measurement points.
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Fig. 2. Schematic diagram of this study.

2.2 LOADEST Model

gAY Z714Q1 FotdF HE 5548 Frhet] Y5t
o= USGSellA 7Hest 3194 78k LOADESTS AH&-5H3
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Nash-Sutcliffe Efficiency (NSE), Percent BIAS (PBIAS),
Root mean Square error-observation standard deviation Ratio
(RSR)E AH&stlen, Z+ A4 Wkl did Hd F7t
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3. Results and Discussion
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1 Z3T A uhe
o2 4 9 §F 482 24k
B FFL 1404 m/s, A +F
2 17.339 msC18 )0l ¥, HA FF2 0.077 m/s(200)=
2 =9tk BOD 2 T-PE ZF 09~14.5 mg/L, 0.046~
0.982 mgLE EAF 3
ZI98A FF FEFS 1452 msolH, A FEFS 40.627
m/sC189), H2 HFHL 0.130 mY/sC199)E AHFH YT
BOD % T-PY W= 7 1.0~9.8mg/L, 0.041~0.408 mg/L
2 eyt
BE5AY 4% AY(FHDE 0.040 m*/s~ 8.341 m*/s(0.558
m’/s) ©]3, BOD ¥ T-P9] ¥9+ Z 1.3~13.4 mg/L, 0.100
~0.883 mg/LE UEFstT} (Table 3, Fig. 3~5) Fig. 3~5%
#FEAEY €EH4S el Aolth

Table 2. General performance ratings for the recommended statistics (Moriasi et al., 2007)

Performance Rating NSE PBIAS(%) RSR
Very good 0.75< NSE <10 PBIAS <+ 10 0.00< RSR < 05
good 0.65< NSE < 075 + 10 < PBIAS <+ 15 0.50< RSR < 06
Satisfactory 0.50< NSE < 0.65 + 15 < PBIAS <+ 25 0.60< RSR < 07
Unsatisfactory NSE < 0.50 PBIAS >+ 25 RSR > 0.7
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Table 3. Annual average BOD, T-P, and flow rate by measurement point
Unit basin Item 16 "7 18 '19 20 Ave.
C16~20)
Min. 0.900 1.200 1.500 1.000 1.700
(fl(g)/?) Max 14.500 8.800 12.200 10.700 9.100 4355
Ave. 3.488 4859 4532 4.424 4595
_ Min. 0.049 0.046 0.057 0.048 0.082
G?;‘:ﬂ“’ (l:;) Max 0.982 0.757 0.535 0.718 0310 0.149
Ave. 0.128 0.136 0.162 0.171 0.153
Min. 0.543 0.289 0.370 0.632 0.077
F';’;Vs /:;‘te Max 7.141 7.670 17.339 3722 6.222 1.404
Ave. 1.569 1.145 1.812 1.119 1341
Min. 1.000 1300 1.400 1.100 1300
(ﬁ) Max 6.200 9.800 7.400 7.800 7.900 3.341
Ave. 2642 3.953 3.005 3344 3.838
Pung Min. 0.047 0.041 0.073 0.049 0.076
- yeong TP Max 0278 0.343 0.408 0.325 0.279 0.127
- jeong (mg/L)
chen Ave. 0.110 0.114 0.136 0.136 0.142
Min. 0.472 0.326 0.239 0.130 0.307
FIFXJ /:;‘te Max 7.089 25.468 40.627 2.243 4223 1452
Ave. 1.421 1.950 2.020 0.882 0.939
Min. 1.400 1700 1500 1300 1.600
(z(;/'i) Max 8.000 8.000 7.900 8.200 13.400 3.456
Ave. 3.720 3.593 3.091 3309 3.580
Min. 0.100 0.111 0.112 0.102 0.117
Pyeong - TP Max 0.306 0.883 0.524 0.473 0.801 0.241
dong - chen (mg/L)
Ave. 0.192 0264 0.231 0.261 0.262
Min. 0.102 0.040 0.097 0.068 0.051
Fl;’l:ﬁg'te Max 2.850 8.341 5.060 2.064 2,016 0.558
Ave. 0.601 0.692 0.730 0.387 0.356
20.0 - 0.0
@ Flow
15.0 “ ﬂ H F 2.0 rate(m’/s)
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Fig. 3. Measurement data on the flow rate and water quality
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at the Gwangjuchen2 point.
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Fig. 4. Measurement data on the flow rate and water quality at the Pungyeongjeongchen point.



20.0
== Flow

15.0 rate(m’/s)

| 30 ~""BOD(mg/L)

Measured
[
o
5

o
o

so  T-P(mg/L)*10

0.0 6.0
147101 4 7101 4 7101 4 7101 4 7 10
2016 2017 2018 2019 2020

YEAR

Fig. 5. Measurement data on the flow rate and water quality at the Pyeongdongchen point.

Table 4. Annual average of the delivery pollutant loads (BOD, T-P) at the measurement point

Unit basin Item ’16 17 ’18 ’19 20
Min. 104.509 112.285 100.310 115.551 27.942
(Bk(g)/lg) Max. 4935.859 2929.867 8496.230 1563.296 1505.226
Ave. 487.541 457.739 735.532 399.152 463.313
Gwangju- chen2
Min. 3.309 2.772 3.310 3.210 1.344
(ljg-/fl) Max. 222378 118.056 696.612 126.118 85.475
Ave. 20.515 13.981 48.258 17.678 17.237
Min. 53.015 56.333 46.449 55.037 84.879
Pung (Bk(g)/:i)) Max. 1959.967 9241.828 15444.760 1134.251 1167.575
- yeong Ave. 354.740 721.606 675.817 260.193 291.982
- jeong Min. 3.750 1.436 2.808 1.626 3.342
- chen T-/l; Max. 120.660 754.749 1432.151 62.983 80.636
(ke/) Ave. 15.981 33.897 48.104 10.837 12.176
Min. 25.574 5.875 20.390 13.928 14.463
(Bk(g)/lg) Max. 1034.208 3315.047 3147.725 517.156 2334.044
Pyeong - Ave. 195.835 260.732 254.794 113.191 152.069
dong - chen Min. 1.066 0.719 2.274 1.765 0.788
(l;rg- /l:l) Max. 69.440 636.345 208.974 29.100 38.668
Ave. 10.097 25.605 17.429 7.369 7.294

Table 4= 2 GEFA 3GA(C16~209) B¢ #=dE + 942 SAH AP E RAXE FH &5t FUls B
Z(BOD, T-P) ¥ & AEE &&3t FEFFS Ue do 9 7%%}:4 AlXrgrel BFAHA A=Y HHE 4
W@ Aoz FF32 BOD F3HF2 27.942 keg/d(H 4,20)~ HME F= g7 }ﬂ#ﬂ ﬂ%ﬂtﬂ Bt 49AQ uHT =3
8496.230 kg/d(Zt,’18), T-P 1.344 kg/d(F]4:,°20)~696.612 S(very good), S5(good), T F(satisfactory), BFE3
kg/d(HA W, 18)2 HFFH AT FFHF A BOD, T-P9 2+ (unsatlsfactory)oi T3} Jﬂ7}o]-%11:]-(Table 5~7). &
shEF2 183,170l H4, 1830 Aoz AW, sl&S F7let= W NSE, PBIAS, RSRS 2](4)~ 2(6)<+
BODE: 46.449 kg/d~15444.760 kg/d, T-P 1.436 kg/d~ 2.

1432.151 kg/d2 2=tk HE5H BOD Hat&F2 5875
kg/d(H 4,°17)~3315.047 kg/d(H™,’17), T-P 0.719 kg/d(H NSE— 1 > (Qobs — Qral)’ A4
2,°17)~636.345 kg/d(A W, 17)E 2HE = Ak > (Qobs — Qobs )’

PEIAS = 1— > (Qobs — Qeal)* X 100 465)

3.2 2ol 2 Gbbs

gARde] os) mo® RaEg Frlsts wPoze rop= RMSE _ v Z(Qobs — Geal)® 26)
NSE, PBIAS, RSRE AME3}TH 2 AToAE E42 W STDEV. — \/51(Qobs — Qobs)?

Zof] tigk mdo] H3A2 Moriasi et al. (2007)°] A o+sk
4 o9 2o g 71FH% FLshA H&s%th Moriasi A7NM, Q.. BEAE, Q. AZARE, bs, BEZAEY
etal 2002 #9 $2EFE 45P7tE 98 gua B BIR

A5 ndo no ARE EBEYE FAVIHE &34
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Table 5. Evaluation according to the general performance rating
for the recommended statistics of Gwangjuchen2

Item NSE PBIAS(%) RSR

Bop | 077 Y 1335 VY 1063 | good
good good

P [090] YV |az6| VY | o36| VO
good good good

Table 6. Evaluation according to the general performance rating
for the recommended statistics of Pungyeongjeongchen

Item NSE PBIAS(%) RSR
BOD | 0.58| Satisfactory | -1040 | good | 042| Vo
good

™ 079 VY | .i588 | Satisfactory | 032] VO
good good

Table 7. Evaluation according to the general performance rating
for the recommended statistics of Pyeongdongchen

Item NSE PBIAS(%) RSR
Bop [090| V¥ |a200| VOV lo3s| Ve
good good good
T-P | 0.68 good 11.21 good 1.01 | Unsatisfactory

#5732 BOD %
(very good) &F

2 T-pY HEY SFE B2 o)

o o
T h=3
o2 H@rlEo] LOADESTY s A3H

=
a

Aagkel A1F)44
397 % BOD
T-P 55< "W
= 2 tH(Table 6).
HE5de H7t 552 tFE $3(good) 57 OlFLE ¥
7hEo] AFgo] w2 A2 UERSTHTable 7).
Moriasi et al. (2007)°] WH2H 94 &9 F&F F59 =
9] A] NSE7} 0.50 ©]%, RSRo] 0.70 ©]&td o, As} gt
S2Poa B33 vk 9121, Moriasi et al. (2007)2 L4t
Aoz mdo] me] A Al 1A 0] gETE BYX
EA2 1:)51111:0] H—yﬂ L}E}urc}z Hagk vh itk 2 A
<

In l‘[o

2 ALZ YEEtTable 5).
T2 “’l'—'—(satlsfactory)b} £ 3 (very good),

N of

= S(very good), TH(satisfactory) 2.2 H7}

= A ch(Fig. 9, Fig. 10, Fig. 11).

3.3 LOADEST Model2| 5|#HAl &4

Adjusted Maximum Likelihood Estimation (AMLE)'dH o
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Fig. 6. Comparison of the calculated BOD, T-P load. and LOADEST load for Gwangjuchen2.
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Fig. 7. Comparison of the calculated BOD, T-P load, and LOADEST load for Pungyeongjeongchen.
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BOD
10,000 - 800
7" | + Load(kg/d) ¢ Load(kg/d)
T 3,000 et '8
g & .
= -1 g o ---1:1
£ £
= 6000 S a =
7 . —_Linear line “ —Linear line
(] P w 400
w L
4,000 o
s
2,000 . . L
&
* *
o
0 2,000 4,000 6,000 8,000 10,000 600 800
Measured Measured
Fig. 9. Comparison of the water quality item load and maximum load calculated for Gwangjuchen2.
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Fig. 10. Comparison of the water quality item load and maximum load calculated for Pungyeongjeongchen.
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Fig. 11. Comparison of the water quality item load and maximum load calculated for Pyeongdongchen.
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Maximum Likelihood Estimation (MLE), Least Absolute
Deviation (LAD), AMLE®¥'H & AH&$ttl. MLESH AMLE %
W 2Ed 2dY AApyt FEEE s o AHgske W
WHelw, LAD ¥y 12X ¢g& F9, AMRESTh £,
MLESt AMLEE= 299 BAgo] ALH F& E= F4AA4F
g o] A FF AT wet ZFAT FF0] X}
AMLEE A8t 24 %2 29 MLE W9

(Cohn, Gilroy et al., 1992).
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_,_o}a‘t tﬂ%— geoto] A Aoz #FdE LOADESTY
S| AATE Table 8o YRS

FAFEP)S 24 27 p9 o] 0.01 (1% FJFE) Rt
Ztom - 9, 0017 0.14k] (1~10% FFF)l 1o
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Table 8. Comparison of the water quality item load and maximum load calculated for Pyeongdongchen.

Aog

BT A—

¥ o
AT (a9

Item o O a a3 O as as R
BOD 6.1797" 0.8775™ 0.0961" -0.3315" 0.0905" 0.0633" -0.0506" 62.52
T-P 2.8260" 1.2014™ 0.1202" -0.0959" 0.1154™ 0.0811" -0.0294" 75.11
™ : Highly significant, * : Significant
Table 9. AMLE regression statistics for Gwangjuchen2
Item Qo a; 15 as a4 Qs Qs
Std. Dev. 0.0529 0.0494 0.034 0.0448 0.0436 0.0219 0.017
BOD T-ratio 116.85 17.76 2.83 -7.40 2.07 2.90 -2.98
P Value 3.56E-203 1.66E-45 4.37E-03 1.28E-12 3.61E-02 3.57E-03 2.76E-03
Std. Dev. 0.0525 0.049 0.0337 0.0445 0.0433 0.0217 0.0169
T-P T-ratio 53.86 24.51 3.57 2.16 2.66 3.74 -1.74
P Value 4.22E-131 2.47E-66 3.55E-04 2.93E-02 7.23E-03 1.85E-04 7.79E-02
Table 10. AMLE variable value of the calculated LOADEST model for Pungyeongjeongchen
Item a a Q a W as as R?
BOD 5.9617" 1.0662" 0.0719" -0.3312" 0.0393 0.0697" 0.0039 82.18
T-P 2.7791" 1.1954" 0.0786" -0.1454" 0.1293" 0.0934" 0.0039 89.16
" : Highly significant, * : Significant
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Table 11. AMLE regression

statistics for Pungyeongjeongchen

Item Qo [\ N a; a3 a4 Qs Qg
Std. Dev. 0.0511 0.0371 0.0213 0.0371 0.0399 0.0191 0.0144
BOD T-ratio 116.56 28.76 3.38 892 0.99 3.65 0.27
P Value 3.95E-198 5.15E-77 7.03E-04 6.90E-17 3.17E-01 2.57E-04 7.81E-01
Std. Dev. 0.0432 0.0313 0.018 0.0314 0.0337 0.0161 0.0122
T-P T-ratio 64.26 38.13 437 -4.63 3.84 5.79 0.32
P Value 4.77E-144 3.50E-99 1.40E-05 4.30E-06 1.26E-04 1.47E-08 747E-01
Table 12. AMLE variable value of the calculated LOADEST model for Pyeongdongchen
Item a O a a3 o as a5 R?
BOD 4.7277" 1.1025™ 0.0366" -0.2062" 0.0915" 0.0004 0.0445™ 90.54
T-P 2.1345" 1.0248" 0.0739" -0.1424™ -0.1760" 0.0563" -0.0132 89.41
"™ : Highly significant, * : Significant
Table 13. AMLE regression statistics for Pyeongdongchen
Item ) a a a3 Q4 as Qs
Std. Dev. 0.0441 0.03 0.0183 0.0355 0.04 0.0175 0.013
BOD T-ratio 107.23 36.72 2.00 -5.80 229 0.02 342
P Value 3.84E-189 1.27E-95 4.34E-02 1.37E-08 2.09E-08 9.81E-01 6.03E-04
Std. Dev. 0.0404 0.0275 0.0168 0.0326 0.0367 0.0161 0.0119
T-P T-ratio 5278 37.22 440 -437 -4.79 3.50 -1.11
P Value 5.78E-126 1.06E-96 1.22E-05 1.40E-05 2.09E-06 4.45E-04 2.61E-01
AlZbel W& WsleE T-Po BAZHCRE {9sHA F7lshe EAEEE MEE AoE EMHJT B, 3332,
Aoz vgton AdL S Yel= S AAIT (0, a)E 29484, 35 25 2992 4T g% HE5g0l
+ F=E FE87 FUkste ALE EAFHATHTable 13). Adgolg AIZFe S50 WE Wt & ALE 3
A=
4. Conclusion
3) & 479 FAHY FotFe FEFGE Al w
2 ATl 9 FAY LH4FE d9RY 7R, F7tske Aoz AHEAG. A7 ddAdS I
29734, 95AL WHoE £33 FFYL 2SR B Z 2RE U R AT aewee sdu
71t #5A 2 S LOADESTO| 2 &5to] 2o A= 37 s AdMe 2999 #rt Fasith A
Ao E3 A0 ATAHLS BAsET EAst o E vdea9dFdY FHFo] =& spHolT.
2 a7 A%S gokad deF 2o A, 9 FA 9 29 edd As] HAsiM =
vy ead #=7t Zasith
1) LOADESTS] 29| A= #5379 A8 dFA
AAF P92 YelY LOADESTS Z3gho] =X & 4) FHARLEETE DAYl #3E 2 4 /¥ A4S
Z agste] 29T £ JdE AoZ YeElgd o, AsE &E&std FEY AFEE BN Z2H,
FBAF} Zo] BESARY AU 2 A Bed= LOADESTY] w8 &85 29 9F AL 3
EA R WZo A 570 Yol RAow BAHT Fg EAo] 7Hestith. LOADESTY Z2%E Edz
LOADESTY] 54& iglste] Fg3tofof il FF Ws 4TS A 2 S - & g sbeEh,
3 F - 4dd B2 2 A5 Y EAo] 7hest
2) XA edRsF AFHS gobst A, Hat o &, A7 #=8 ZUHYAZE LOADESTe
Fo] WEHL 9F 24 S el 9 on A7k et 72 PSS BAGHH FA8Y A Y
wet F7tete ALE EA T %9, BOD ¥ T-P FH 2 3Gt 7149 F g Ao dgHh

SIS EEIHES|X| M38H Fl65, 2022
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