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Study of Effectiveness Problem of Water Quality Indicators for the
Evaluation of the Project Saving the Four Major Rivers:
An Example of Nakdong River
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Abstract: The present study aimed to verify the changes in water quality and to elicit the
direction of improvement during the Project to Save the Four Major Rivers. To examine water
quality improvement, this study analyzed the changes in water quality near the artificial weirs
in the Nakdong River. Different patterns in the changes in water quality were found for each
measurement point. There were also significant increases in several water quality indicators
including total phosphorus, total nitrogen, and organic carbon-related indicators such as total
organic carbon (TOC), biochemical oxygen demand (BOD), chemical oxygen demand (COD),
the number of Escherichia coli, and the cyanobacterial harmful algal bloom events. However
the related budget of the Nakdong River Water System Committee in charge of water quality
improvement has been continuously increased and it was confirmed that all relevant
performance indicators exceeded the performance target by more than 100%. These results
revealed that the performance target indicators were not sufficiently reflected to the organic
carbon management plan, thereby causing an effectiveness problem. Consequently, our
results speculated that diverse water quality indicators should be considered when designing
a future environment policy such as water quality project plan.
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3 Ha PAE 6 m FELR Fof ol & #5 tiATt 7ked
e A27hed #4< dEsAR tiest A #49 dgto= &
& 5 Qe =2 diSstAt FENGHEIT AL Haaed 2.5~3
m FELEE FHolet & B giA7E $E3| 7hsolithes HEZHE
g solAl Hastget. stAtt vAEER SR M9l 44 S0l =
Ed ¥R Y57 AR 4~6 m, I 99 B2 2.5~3 m7HA] £435
I, AFE 1671 AA 5 40 ol 7.6% Y AEE gHske AYYS
HHget ntAEERS S SHgstol LRHSIATHEAR, 2018).

47 A7) A X0 w2t s S FES sl SAAE 9
SfA S R= 20099 19RE 407 AFAQ] A A FEShal
ol ol EHF+= ofHe] “BESH A4 3= (Biochemical Oxygen
Demand, BOD) 71& $2 E([E%) Hl&' = 0|1, IRAAYAIL 59 &
B712AEE 5ok d8E nisto] o] wiAEEM] ¥kt
(B85, 2009).3) WIAEER 8 A HPO R AFH AL 7IES
sHd9] 4 BOD 2%, 2239 4 aFetA4ita 87 Chemical
Oxygen Demand, COD), &9, 4&4-a2(XHF5r) 59 AEZ Hdsl=
Ao g At UATHEEE=R AlgHE] R HE, 20099 94, &
). SHA, 874 5= 200797E sHHA BOD= £°FA 1L 124 COD
o} F2 F%7F S7Fskal Qlo] BOD 49 4t o2+ g4 7|+
< AAst= Aol AA7E AUtk AMEE Er QIAISHIH, o] w2t 2009
| 3¥ shdo] AL 7|Eo] CODE $90E F7FotAThI= A=
7€ NA). B9t ot} 4dho] BE AXD B sk T4t} ofd
o2 2FHIY(Algal bloom) 5 £E Aol TAT 4= Sl FHslinL
£ HEBA BsE SHItHEARY, 2018). 1Ho= Etotal 2
B 4N A EANA B aYEA] s BODRS 7l ®
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of Environmental Research, NIER}Z 1&H AX]of] mtE 4=2HS
SERAL, HIAEEH Ao A A o] A[¥EH BODY 5<% ol:-_—E 3
obd &= oyt 1670 B 7t F 01—‘?—(97]1)01] Me 2RsZ7E 571 Ao]
2} A&skoitt. 1ok Eotal 273 £ 3 59 2293} 7€ 29
Y7 BT s BolA 4t Be 4\— oA 5=do] 7}A(BOD 71%)
g Ao JSEct Hugh v} kAR, 2019).

o]} 22 U] IZ Bl 4 AE7] Aol
Bl =2 5 o A HERY, £
YA (Harmful algal bloom)d} &g chekst AG-E0] AP o2t (Seo,
Kim and Kim, 2020; Lee, Park and Kim, 2020). Y82, A&d-0]SH
(2014) 473 Aej7] A g@to 2 qhEoj7l |l 37l IS H(FHE,
olFH, o|2H) 2|99 AEEFIE 7 UL Y& A 7}01]
Wk AFE APsteion, AFE A4 o|F FHLE Bt 2.
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3, T E-FA(E9), EJ;E(S’HJ&) %E(‘:a}*é), ;id%}ﬁi(w%) X&Lﬂ
ot (Ya )9 sAgolHE P HsrA ESFHHAAE D
BOZEE A, 7|7H 201282 7|&0 2 AF 5W7H2007~20174)

o sAtjolel Z&alo] BATISI HlolE R4S 95} 7 £U=%
PE7k9] AETHAY AT BA D (-tes)E Excel 2016 SARA T2
a3 Bestel Aysdon, B 2 Auol 2o S04 (X0.05)
Azsign. 2404 S4R A9 20128 AF HolHE B 4 9%
onw Ay AX A% 2ARA dolHoldr Aglstelr

200814~201549 5713 lolelmlo] 291 KOSISNA Bhase] + 4 @7
457 A dlo]ENE Fesio] BODY CODE F4Helo L& 3
B, 39, G542 BA USE o FNEY BALLL SUT 2

s et 2ot

(E 1) BOD7| 3&HQIQI A2 O|SAHEH 24 ZHut
R-squared = 0.6139
bod Coef. Std. Err. t PHItl [95% Conf. Intervall
time  0.5212427  0.1058450 492 0.000 0.3126734  0.7298120
treated -0.3156280 0.1267028 -2.49 0.013 -0.5652980 -0.0659582
did 0.2048546  0.1749238 1.17 0.243 -0.1398356  0.5495449
temp  0.2176237  0.0326894 6.66 0.000 0.1532087  0.2820388

6) http://water.nier.go.kr/main/mainContent.do.
7) http://kosis.kr/statHtml/statHtml.do?orgld=106&tblId=DT_106N_01_0100061.
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ss  0.0000466  0.0039912 0.01 0.991 -0.0078181  0.0079113
tp 11.4647900  0.8814552 13.01 0.000  9.7278700 13.2017100
_cons -2.6542300  0.5148240 -5.16  0.000 -3.6686990 -1.6397610

BOD: Mty MA Q712 time: S42, treated: MAIZ, DID: 015 At BME E5t Ha, temp: 2L,

ss2REE, tp:E2

w4 BOD7H 54 W19l 392 o] FARH BARY AnE @ D3

= JBBATL

02 FAZ Sfol= Ay
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Coeff1c1er1t %IO] Oo] Ao=Z wok Al 2012¢ H A AFof|A BOD
o] AZs] F7FeI= AFAE ERlT & A AE(2016)% 2004
dollA] 20149 7]&02 Asshy AbA Q@ FRHBOD)S B A ASE

Hlwsto] B fASAGA F27F F71611AL S ohRE 44E 1
Zpol7k Alstetal A A skqitt. o#gt b= Y57t JITE AA| o] &

712 9EEst 49E S7et AT AHIE oulatd.

(2 2) COD7I 3442101 A2 O|FXI2H 2N At
R-squared = 0.6165
cod Coef. Std. Err. t PItl [95% Conf. Intervall

time  0.9118745  0.1814281 5.03 0.000 0.5543674 1.269382
treated -0.6220903  0.2171802 -2.86  0.005 -1.050048 -0.1941331
did  0.4386171  0.2998356 146  0.145 -0.1521938 1.029468
temp  0.3915102  0.0560327 6.99 0.000 0.2810969  0.5019236
ss  0.0388047  0.0068413 5.67 0.000  0.0253238  0.0522855

tp 15.21544 1.510896 10.07 0.000 12.23819 18.19268
_cons -3.171588  0.8824558 -3.59  0.000 -4.910481 -1.432694

COD: 3315 A4 78, time: E42, treated: A2, DID: 015 AHZEAS S5t #4, temp: 2K,
ss2F=E, tp:EY
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9A8 Ak A2 2 Leht 9o, 53 §7] shao] 271}

o] FsH Yeh= @422 <Is) TOC, BOD, CODY Fo| 333l

A ek o BerE olzid 97949 27K Tk v 4 Ee)

Alof| & JF2 1, HAlRF H HElgote] 4o 595 I¥F= &

Ue ASE HIEo] HtHChen, 1996; Perez-Garcia, Escalante,

e-Bashan and Bashan, 2011; Escobar, Randall and Taylor, 2001). ©h&}

/\1 ESFYBAAH Y] & (Bscherichia coli)® S7F A=E ERIgH
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7120 S7He T nAE 9 ul4 2579 40 JFL £ 5
oH, o] Q18] BOD % CODE S7HI711 8 A7E &
AgS g 4 Qlrk. o]gk TOC, BOD, CODQ| AAHTAIE oA ALo)A

% % 4%o] o7 vt YEHDubber and Gray, 2010). ¥1% 57 §7]
wae] 3710l oAl ofy A7t gl olHA A Sot A Ul F
el MaP AP LA o) FUS AT fe) T £ 710
4 £29) JFS FAL AOE 2ZH ol 459 Fak 534
o A19] §F(Water flux)sh 2 Bato] gov, mebd §F=44xms
o At 44 GeE (G e VL (17 Sl B uigt
2ol 20124 BAX o|F 2 gadeke UG BT & Ue,

8) & 74 A E A AH(http://water.nier.go.kr/) B EUE® THE.
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ol2|gt §-7|gk4, BOD, COD 59 $7+e} tl&o] K-Waterol| A &5}
= EYEEH(My Water)99] 274 HA% £4 dB5A A=E 7|5Io =2
20109 5-H 20164 7|17t B9t GZF(Cyanobacteria) ¥4l &It 2
= (F 3T ZAT o714 R T 27 &5 4 e =2
e Ao+ ;A B0, Microcystin ¥ Anatoxin 59 EX
45 &6t vl ARAIAE A(Microcystis), YW Anabaena) R
ofutU 2 =(4phanizomenon) ¥}t L Fol BE2F &2 T
2|5t Rl FRFY AE 5ol web 2FAHEA U 0] 2
o] g AZ0] 10 cells/mL °1FS 2RAEAY #A AASE
2w (A, 2017).
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9) https://www.water.or.kr/disaster/safety.
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(H 3) X7 MIZ7F 2 ZASZE(12 ME/mL 01Y) 0] 'W4yst U

A 20104 20114 20121 20138 20149 20154 2016
SRl 0 0 0 0 0 12 15
Yot 0 0 7 4 0 33 8
0|2 0 0 8 17 0 48 6
iz 0 0 15 6 20 63 1
el 0 0 6 9 69 62 6
gy 0 0 1 38 59 m 37
sl 0 0 22 34 80 138 66
siote 0 0 21 31 65 145 68
B 0 0 10 17.3 36.6 76.5 27.1

[e)
SRR T €91 52, 74, MH oAU JUAT 1Y, B2
HBAE 5 oyt Q208 WA, 2 U, 9 A % 4712 59
QFIF AFAZL 1Y 24, §% S0 & FFL e A0 LA

Q1K (Paerl, Gardner, McCarthy, Peierls and Wilhelm, 2014; Glibert et al.,
2004: Romo, Soria, Fernandez, Ouahid and BARON-SOLA, 2013; Ahn,
Chung and Oh, 2002). /<& -0]Q1& - e F - HH3(2015)= A5k A-
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