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Abstract

In this study, the distribution characteristics according to the type of BOD and the effect of nitrogenous
oxygen demand (NOD) and algal oxygen demand on BOD in three streams (Bokhacheon,
Byeongseongcheon, and Gulpocheon) were evaluated. Although the BOD and NOD concentrations
demonstrated a difference in the three streams, the carbonaceous BOD(CBOD)/BOD ratio was 0.75 (p=0.053,
one-way ANOVA), and there was no significant difference in the three streams (r*>0.92, p<0.0001). The
NOD concentration of the Bokhacheon with high NH;-N was 1.7+1.3 mg/L, which was the highest among
the three streams and showed a significant correlation with BOD. Seasonal variations in NOD in the three
streams did not show a significant correlation with changes in NH3-N concentration (1°<0.28, p=0.1789),
and there was no significant difference in NOD even though NH;-N concentration in Gulpocheon was about
twice that of Byeongseongcheon (p=0.870, one way ANOVA). The particulate CBOD(PCBOD)/CBOD ratio
of the three streams was 0.55~0.64, and about 60% of the biodegradable organic matter was present in the
particulate form. When the Chl.a concentration in the stream was more than 7 ug/L, the PCBOD tended to
increase with the Chl.a concentration (r*=0.61, p=0.003). In the three streams, particulate NOD accounted for
81% of NOD; however, despite the large variation in NH3-N concentration (0.075~3.182 mg/L), there was no
significant difference in soluble NOD(SNOD) concentration that ranged from 0.1 to 0.3 mg/L. In this study,
the low contribution rate of SNOD to NOD is considered as a result of the removal of nitrifying bacteria
along with the particles during the filtration process.
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1. Introduction

e 22 A77F AFE vk AKGIl et al, 2011; Jang et
al., 2008; Kim, Jung et al., 2007; Kim et al., 2017; Kim et
al., 2018; Kim, Shin et al., 2007; Kim and Gil, 2011; Lee et
al,, 2011; Lee et al., 2012; Lee et al., 2010; Seo et al.,

49 RAEHY TEE 5 Yow PBeA BS54
me} FReE FEE AR Rad B2 frHsEFS
S H

ABE s EsllEl= ©44 BOD(carbonaceous BOD,
CBOD)Z 7+53kaL, COD 52 TOCE=SHE] Apo] & sl
AEAZ FF3e U] ATHGIl et al, 2011; Jang et al.,
2008; Kim, Jung et al., 2007; Kim et al., 2017; Kim et al.,
2018; Kim, Shin et al., 2007; Kim and Gil, 2011; Lee et al.,
2011; Lee et al., 2012; Seo et al., 2010). 5¢ &<+ BottleW
BODE CBODZ iE3sle A2 BODEE Al wlg2E(2
0C)7F AAts} m|BE9] AJ7gol Zasct HH 2% vl @]
ol §aseE AstA ol Hlgte FHEETF =8 At
Ao AxsgrEe st 2ol o AnawTE 8~10
do] AFS Fo Urth= AR LA U] dfEoltt
(Bitton, 2011; Ge et al., 2015; Grunditz and Dalhammar,
2001; Paredes et al., 2007). 28y BE5H 7|5t A&
& ZF FFskrAgAEaT A4 HYLY T & &
AAxe Aidsted 9 LH|EHE AFaFH(nitrogenous
oxygen demand, NOD)©|] 5¢ ¥ Bottle BODZ S35+ A
HalH frlEd AR 9SS o F de Ao &
214 Jth(Han et al., 2015; Jang et al.,, 2007; Jeong et al.,
2009; Kang, 2009; Khorsandi et al., 2014; Kil and Kang,
2016; Kim et al., 2018; Min et al., 2011; Nam et al., 2017).
It frlECl HeE ABFEHOR FH7EAa(total
organic carbon, TOC)$} BOD7} AF&5 1L 9lor, 31 44
#H e 79 W EXol & AIg viEAdd de s=dE
2 OHEZY FH #Y § WEY FHLE #YHL YT
(Kim et al,, 2019). 28 31 4 <] BODS Wi&d F4
B Ha e 4EoA NHe-Ns=d 7|1 NODU FA|
T PR 2R I WFBER7IEY FFLeR F
7+e st Wl BODEEE F9 Wl WiEdoA ¢ BODW =
ol B FE FYFETLR ol st AL oHE
) tHHan et al., 2015; Nam et al., 2017). Wt Adel
2 WRTd 24 HE 55 WSl & Je9de] #9F

4 A5Gl YL SANM BODS £34AL T

E X B Hy of o

R

T A BODEAFE S #dd Ahd -
FFerAgd FRTFUY SRT7 FYEHE sk s
2 NOD¢F #43] Jdd vf 9l (Han et al, 2015; Jang
et al., 2007; Jeong et al., 2009; Kang, 2009; Kil and Kang,
2016; Kim and Kim, 2021; Min et al., 2011; Nam et al.,
2017) YA= 70 WE BOD EEXE5AHY #Hd AFE A
9 glov, AR WRYYR7IE 92 FYsaAL 3
7Fab7] 9% AF2 Bdolu} BODSH Chlas E9e] BA%
e Fd £FE vt AkKong, 2017; Lee, 2011; Park et
al., 2008; Yu et al,, 2018). ©]d] £ AFME= FF 2 +2
oA q& 5t - Ha WFRTY Tl ol FHES WL
2 BODE A&aiH 23 4arar]d wet T-23te] BOD
EAZHE RESH S B, dAI7 o wE FRE

AEN G /7125 Chla 3= FAE &3 BOD digh
WHEBER7189 9&FS ottt

2. Materials and Methods

21 Z=AFXE A7

2 dFE E3d, 221 2 ¥8dE YR e
20199 1025 20209 6¥€7HA] 1€& A5t €138
AbetEthFig. 1). Bakd §900= 20174 7% 23
A1 387049 A El e AEAEAA(L, 28) LT
28t 9lon sEFF e 3} - HFERTF 7lgee
27%°]3L TN F2FsF dg 71982 51%CITHME,
2019). FXHL =4S #EIE FIEtAoR S 2uR
of AXE FREZ Q&) FF AFETHE AYstae FA
F9& P Aok F=2A
Aol A8 Qe

A A FFo] Mg Z SHxloITHME, 2019).

el
A~

T

%] O

33 Fdlo] ¥R SPAZ AgH T gom 79 W) 37
&

o

o

=
7F XS o SARE 9 TNREFatEd ot 7]
&2 747 3%, 11%°]THME, 2019).

22 BOD EMHEHE 27 U S

YAA 7)o wWE BODs EA Pl GF/C AHRAZ F73}
R, AaiHEL W2 BOD; EAFHE AASIAA
(ATU)E o] &3 FE3FITHNIER, 2018). YAZ7$} 4ka
EZ gt +EH BOD EAFHE 55+ 27] DOBE
9 20CE FAHE WME7IdA 59T wF F
BE Aol 2 45T BODsE Y 0] &3
B dFdHE BODE @&t CBODE o35
Aol st AAAATU) 9 A Fq e Y2 F SEot
(NIER, 2018), NOD= BOD$} CBOD#S] Aol 2 4H3
A ).
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Fig. 1. The map showing the study sites.

CBOD, SCBOD)¢ 4A3H ©44BOD(particulate CBOD,
PCBOD)Z TFE3}¥ I NODE &&FH Aiol 97t 24
Z=H] Z(soluble NOD, SNOD) 2 JAZ=H ALie o5t 24
ZxH] F(particulate NOD, PNOD) 2.2 -&3}% th(Khorsandi,
et al., 2014). SCBOD= o FH o] AikstdA A o} 2] EH &
A7Vste] =352 PCBODE= CBOD$ SCBODY] X}o]
2 ZPstATHA 2). SNODE 9#d & o] &3 Z8d &&
4 2F24-H] Z(soluble oxygen demand, SBOD)Z SCBOD<
zFo] 7 AF s 2 H(4] 3), PNOD+ NOD$ SNOD xfo] 2
A BATHA 4).

BOD = CBOD + NOD (G2
CBOD = SCBOD + PCBOD A 2)
SBOD = SCBOD + SNOD (4 3)

NOD = SNOD + PNOD A 4

BODS ZF719471% 123 NODS NH;-NEESe)
BARNE Yo 9 F AEE GF/ICE AT & o]FA]
g 988l 222Fg(Chla) BEE AL JF9
NH;-N&%= Z7g AH&3HATHNIER, 2018).

23 SH=M

ZAH A5k sl A BOD, CBOD 2 NOD&E 5 EAdH
H 5% 9 HE 52 one-way ANOVA(SPSS, ver.14.0)S
o] gd] WAL sHHE ChlaBE 71F02 FEH A7
9] PCBOD/CBODH] 9] 2}o]+&= t-test(SPSS, ver. 14.0)5 53
HZsET AR FYFES p<0.058 7IELE,
p>0.05 1 FS FYF Ho|7t gle AoZ AGSATh
A FE T EAA 79482 AR S B8 NS AT

(SPSS, ver.14.0).
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3. Results and Discussion

3.1 AtAAH|ER| HE BOD EXMEE,
A avEZe met FEE CBODS NOD %+ 3
HE 2oz ey BODOl g 7loge AT
(Table 1). E3telA BOD 5%+ 2.7~10.1 mgLHAL
B 5.042.4 mg/LE ZAINA 814 & 71 =9kon wWA
A Z¥HALE FHF 18 mglE  FAFSI THp=0.962,
one-way ANOVA). CBOD$} NODE E3t3ol A 242 HaF
3.3+1.3 mg/L, 1.7£1.3 mg/LE BAAY S XA vus) =
stom, AR FEHAA Y CBODS NODEE+= & 2
o]7} AT (»>0.80, one-way ANOVA)(Fig. 2).
CBOD/BODH| &= H3kdoA B4 0.70£0.092 7Hg 23t
S HAHAETE 0.79£0.08) 014 FEAE A 0.77+0.08) T
2 o7} A THp=0.053, one-way ANOVA). BOD £% =}
ol = B3k 3k BODOl st CBOD &4 &9 &
ASHA dEhd A2 &AF i sk 25 BODO| e
CBOD 7|4 €] ¥3 BOD 5%7} CBOD% 9%l #A
(*=>0.92, p<0.0001)7} A A7) WEQ Aoz =Ty BOD
o] digt NODH#F 7|9 €2 021~03022 AE= 2 3}
ol7} gy, Eskds FEHoA9l BODS NOD 5%
Hile FAE AFS RATH>0.54, p<0.04)(Fig. 3).
A shd el A NH-NE=7F £&55F NOD7F #3te
U NOD®} NH3-N&E Aol §9220 Ja42 slAchr’
<0.28, p=>0.1789)(Table 1). NH;-N¥ %= NODE =7} 7H&
=Y BaHol B 1.365+0.894 mg/LE M =%
H, NOD®EES 2 o7t A" (p=0.870, one-way
ANOVA) HAHY FZA NH;:-NBEE 27 0.223+0.177
mg/L, 0.502+0.260 mg/LZ EAH 22 F95l Aol ¢l
AThp=0.319, one-way ANOVA). E3lH A NH;-NFEE
399 3.182 mgLE 7FF Eoy, NODEEE 4€0 45
mg/LZ 7} Eokonm HAANAME 29 dRYot &7}
0.564 mg/LZ 7} =34 ¥id NODsEE AV 5 7F



StMoflM BOD EXEEH B2 &Y 95
Table 1. BOD, CBOD, NOD and NH;-N concentration in the three streams
BOD NH;-N CBOD NOD
Streams Month (mg/L) (mg/L) (mg/L) (mg/L) CBOD/BOD NOD/BOD
*19.10 2.7 0.658 2.0 0.7 0.74 0.26
11 2.8 0.358 1.8 1.0 0.64 0.36
12 5.0 1.283 3.8 1.2 0.76 0.24
*20.2 5.5 1.700 4.0 1.5 0.73 0.27
Bokhacheon 3 5.7 3.182 3.7 2.0 0.65 0.35
4 10.1 1.885 5.6 4.5 0.55 0.45
5 54 0.998 34 2.0 0.63 0.37
6 2.8 0.858 24 0.4 0.86 0.14
Avg. 5.0+2.4 1.365+0.894 3.3+1.3 1.7£1.3 0.70+0.09 0.30+0.09
*19.10 0.8 0.106 0.6 0.2 0.75 0.25
11 1.2 0.095 0.8 0.4 0.67 0.33
12 1.8 0.378 1.3 0.5 0.72 0.28
*20.2 1.1 0.564 1.0 0.1 0.91 0.09
Byeongseongcheon 3 1.2 0.271 0.9 0.3 0.75 0.25
4 3.1 0.068 2.6 0.5 0.84 0.16
5 23 0.228 1.8 0.5 0.78 0.22
6 2.6 0.075 2.3 0.3 0.88 0.12
Avg. 1.8+0.8 0.223+0.177 1.4£0.7 0.4+0.2 0.79+0.08 0.21+0.08
*19.10 0.9 0.166 0.7 0.2 0.78 0.22
11 2.1 0.667 14 0.7 0.67 0.33
12 1.0 0.453 0.7 0.3 0.70 0.30
*20.2 2.7 0.929 2.0 0.7 0.74 0.26
Gulpocheon 3 1.1 0.489 0.9 0.2 0.82 0.18
4 23 0.242 2.1 0.2 0.91 0.09
5 1.7 0.733 14 0.3 0.82 0.18
6 2.6 0.338 1.9 0.7 0.73 0.27
Avg. 1.8+0.7 0.502+0.260 1.4+0.6 0.420.2 0.77+0.08 0.23+0.08
(a) 6 (b) mEEE CBOD/BOD 1 NOD/BOD o
a
i B o 10
-~ R NOD b= 0.870 o8
S
< 0.6 .
; b b b o4
227
S
o2
0 L 0.0

Bokhacheon

Byeongseongcheon

Streams

Gulpocheon

Bokhacheon

Byeongseongcheon

Streams

Gulpocheon

Fig. 2. (a) Comparison of BOD concentration and (b) proportion classified by the presence of oxygen consumption substance
in the three streams. a and b indicate a significant difference among the three streams (p<0.05, one-way ANOVA).
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® Bokhacheon =093, p<0.0001 @ Bokhacheon ’=0.94, p<0.0001
O Byeongseongcheon r°=0.98, p<0.0001 O  Byeongseongcheon 1=0.40, p=0.09
V¥ Gulpocheon =092, p<0.0001 ¥ Gulpocheon =054, p=0.04
6 [ J
[}
—_ r4
g =
5o =
£ g
= 4 CBOD=0.40+0.58 x BOD -
o 1=0.95, p<0.0001 g
[~ NOD= -0.40+0.42 x BOD =
© =091, p<0.0001 k2
2 4
0 : : : : : : : : : : 0
0 2 4 6 8 10 12 2 4 6 8 10 12
BOD (mg/L) BOD (mg/L)
Fig. 3. The correlation between BOD and CBOD, NOD in the three streams.
Z IS 552 HYtKTable 1). S EHANAE 114,29 2 sste] - golgk  BHAIAE  TheAel Uk U

649 0.338~0.929 mg/LHH 9 dEYol & e &
33 NOD¥E 0.7 mg/LE o] 7h fliTh.

NOD9] AlZAQ ®¥sle ¢4 Ul NH;-Ng& ¥ 1 ofy
2 Z4ks}t w A E(Nitrifying bacteria)®] B EF 133 2,
pH, C/NT olstatd 4z J&FS e A2 4HA
A HGe et al., 2015; Gnida et al., 2016; Jeong et al., 2009;
Kang, 2009). Kim and Kim (2021) =3 @ Qo] Aol 17
A sk A EAl oA FFHS W FARE NH-NE 2 =
B8k NH-N&s= &S NOD 5% W37t 338k
A Al AT YERY NODS #dd BESHE 4T 7He
A& AAS v deh Adstel FEE YEFH - o] 55
897 /NEAHQ AARFAE TEHIL A2 (Brion and
Billen, 2000; Cirello et al., 1979; Cooper, 1984; Ge et al.,
2015; Gnida et al., 2016; Jeong et al., 2009; Kang, 2009;
Pauer and Auer, 2000; Polak, 2004; Schwert and White,
1974), stz A & olelsk Q5] 435 EFAoer A8
g Q71 el AEAHQ a1 AFFAE F3l 5Hd W
NOD WistE oldfat= AL oJH& 4 Utk o]l Polak
(2004)2 A2tstel e E v EZo|y Akt ik o] 5
2 9919 9F A 5 AETH A& v A 59
¥ NO»N&% NO;:-NEE9 779 Fxtelz Hrishlil
o]& AAgl &4 E(Nitrifying activity) 2 EHIIATE £ A
T4 Bottled 54 & 24 HE 555 248k %ot
NH-N&=ZFH skl o] 24
(4.57mg0,»/ImgNH;-N, NOD, ) 45 NOD (NODgps )2l H]
£ o] &3 AN tE A4S n A EY AESF oA
< "R

ZAHE sk 5 - ANAME NODbs/NODy HI 7H
0.61£0.51% 7Fg £33, NOD&E7 718 =38 B35

N o

AE 03120198  FEH(0.20£0.12)3% {5 tHFig.
4)(p=0.523, one-way ANOVA). NOD,p,/NOD, HI7} E&5

= 2457t Bol IFHNSS dnlstnz, ¥gde] A4t
st rd 29 BESA o] HBapdolud XA Hle 2

SIS EAES|X| M37AH ®RE, 2021

NODqps/NODey = 59 HI 717t 5 Pl E S8tse &ol
astA] Zstm A4S nAEFo|Y Y0 sdetu
A W NH;-N&E7l 555 NODobs./NODcal.H| =
2% F Atk ol B FAHANE EFSAL =
ol A1 NODbs/NODy Bl = NH3-NEZ7F 3AHHp=0.319,
one way ANOVA) B A3 vlws] I3 NH;-NE=7}F 7}
& =k HakA T viwa] & o]k flA7] wEel] AR
2 et F A4St AEFe] Mg AAY =0 dAHE
FFxANNE 7HsHel ATt

ZEAA A BE FEDoY Y5 57 #Ed
A4S ZAE sy ST o fFFl dd FF
A FFFY 52 71987 #Ho] e
A48 vBES 3 W FHsta

ot HAZl A2 st7] wited 4ol
4% Ay Hitste] d@FE okt
214 A oH(Cirello et al., 1979; Cooper, 1984; Pauer
and Auer, 2000; Polak, 2004; Schwert and White, 1974). =
FTHE AT BHLE /5 =8 98 29 IA

o] golatn HHEW FE1ke) WAPES Hol HHZo

oy

N F
¢

o o
>

(EoAy oy oon

o

o N ¢ o M
o]

i % o 2 X
0

P =S|
o

i

ahd W 2ok
1S The

3.2 &Xt=37|0l thE CBOD E=REEH

U oy 548 e E freaTdE B
7182 £ FHY GRAY/IIEZ EActe
BaE3 9lork(Jang et al., 2008; Kim et al., 2017; Kim,
Shin et al., 2007; Seo et al., 2010), ¥ A thAsHH A
CBOD+= 4RI FH 9 74 vl &o] E3thKTable 2, Fig. 5).
E&tH A CBODOl 3 PCBOD71982 0.55~0.71'4%]

o oX
fe e

oA\



SiHoA BOD EXfBEE B2 £Y

97

Table 2. BOD concentration

1.0
a=10.523
b b=0.070
0.8 -
Q?é
0.6
=)
Z a, b
~. _
Qg ?
0.4
o a
~ ([
0.2
0.0 T T T
Bokhacheon Byeongseongcheon Gulpocheon
Streams

Fig. 4. Comparison of NOD,./NOD,. in the three streams. a and b indicate a
significant difference among the three streams (p<0.05, one-way ANOVA).

and proportion classified by oxygen consumption substance and particle size in the three streams

StreamReferences Month Chl.a PCBOD | SCBOD PNOD SNOD PCBOD | SCBOD PNOD SNOD
(ug/L) (mg/L) (mg/L) (mg/L) (mg/L) | /CBOD | /CBOD /NOD /NOD
'19.10 12.5 1.3 0.7 0.4 0.3 0.65 0.35 0.57 043
11 39 1.0 0.8 0.9 0.1 0.56 0.44 0.90 0.10
12 0.9 24 14 1.1 0.1 0.63 0.37 0.92 0.08
*20.2 4.5 22 1.8 1.3 0.2 0.55 0.45 0.87 0.13
Bokha-cheon 3 15.5 22 1.5 1.8 0.2 0.59 0.41 0.90 0.10
4 539 4.0 1.6 43 0.2 0.71 0.29 0.96 0.04
5 333 23 1.1 1.8 0.2 0.68 0.32 0.90 0.10
6 38.0 1.7 0.7 0.2 0.2 0.71 0.29 0.50 0.50
Avg. 20.3£19.2 | 2.1+0.9 1.2+£0.4 1.5+1.3 0.2+£0.1 | 0.64+0.06 | 0.36+0.06 | 0.81+0.17 | 0.19+0.17
*19.10 3.8 0.3 0.3 0.2 0.0 0.50 0.50 1.00 -
11 3.0 0.3 0.5 0.4 0.0 0.38 0.63 1.00 -
12 0.9 0.8 0.5 04 0.1 0.62 0.38 0.80 0.20
*20.2 1.5 0.6 0.4 0.0 0.1 0.60 0.40 - 1.00
Byeongseong-cheon 3 4.1 0.4 0.5 0.3 0.0 0.44 0.56 1.00 -
4 37.8 1.6 1.0 0.5 0.0 0.62 0.38 1.00 -
5 18.5 1.1 0.7 0.3 0.2 0.61 0.39 0.60 0.40
6 319 14 0.9 0.3 0.0 0.61 0.39 1.00 -
Avg. 12.7+14.9 | 0.8+0.5 0.6+0.2 0.3+0.2 0.1£0.1 | 0.55£0.09 | 0.45+0.09 | 0.80+0.35 | 0.20:+0.35
*19.10 7.1 0.4 0.3 0.2 0.0 0.57 043 1.00 -
11 1.0 0.9 0.5 0.5 0.2 0.64 0.36 0.71 0.29
12 0.9 0.4 0.3 0.2 0.1 0.57 043 0.67 0.33
*20.2 3.0 14 0.6 0.5 0.2 0.70 0.30 0.71 0.29
Gulpo-cheon 3 4.0 0.4 0.5 0.2 0.0 0.44 0.56 1.00 -
4 23.5 14 0.7 0.2 0.0 0.67 0.33 1.00 -
5 8.9 0.9 0.5 0.2 0.1 0.64 0.36 0.67 033
6 26.3 1.3 0.6 0.6 0.1 0.68 0.32 0.86 0.14
Avg. 9.3+10.0 | 0.9+0.4 0.50.1 0.3£0.2 0.1£0.1 | 0.62+0.08 | 0.38+0.08 | 0.83+0.15 | 0.17+0.15
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(a) (b) ] PCBOD SCBOD B PNOD SNOD
4 T Y 1o
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a B PNOD r 0.8
37 a" SNOD
— b =0.821
= b = 0511 L 0.6
B b= 0.948 °
E L b =0327 =
= &
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1A b'
r0.2
b
b
0 == ‘ ; 0.0
Bokhacheon Byeongseongcheon Gulpocheon Bokhacheon Byeongseongcheon Gulpocheon
Streams Streams

Fig. 5. (a) Comparison of BOD concentration and (b) proportion classified by oxygen consumption substance and particle size
in the three streams. a and b indicate a significant difference among the three streams (p<0.05, one-way ANOVA).

gon], WAHAS 038~0.62 2122 FEHE 044~0.702
s CBODOl t# PCBOD #7198 BatddlA
0642 WA wgron BHA(0.55)% FEA0.62)%F 2

aolE AATHP=0.055, one-way ANOVA). 330l
CBOD®| tlg PCBODY 2 7|9 &2 3t W Chla 3%

7} 38.0~53.9 pg/L M2 #3d 397 68 Atolo] 0.68~
0712 7} Egon, 2¥ A% YHYAE Chla =7 571
3 49~69 7|7+ 5 PCBOD/CBODH|7} Z7tstes Ao
ZALE ATt

A skl A Chlas =7t F7Fske= A171¢ PCBOD/
CBODH|7} EA Yehd AL CBOD Hd WHAA 7 &
9 &L u|g £ 3tk BoD Ui WHEAHFIE 4
TS Frtste PHOE B AT 5YsA dA=IER B
g5ty AH =38 A W (Khorsandi et al. 2014) & EJ
Z3HKong, 2017; Lee, 2011) 283 BOD$} Chlas=%
o BARANE B9 tPF oz FHrhee ¥y § o Aok
(Park et al., 2008; Yu et al., 2018). Khorsandi et al.(2014)=
dR=Z712 EEstd S35 WHLZE Chla 5571 93
I 345 pg/L) pondollA CBODOl Wigt =7/ 7]oj&o)
79.7%2 HIF v 3tk Kong (2017)2 FRARUS Ed)
WREALR71EY 78S FFstete PH2E 2011~2017
3 2F5oAM ZF 7194 BODH|E°] 28%AUS H I3 vt
AeH Lee 2011)E Y54 st A9 F1HdA BOD
o] B 68.4%7F WHAER7IED S AAlIet itk & o
Tl YrrA7)e w2t £t 538 ¥ PCBOD7F BOD9
Ha 45%, CBODQ] 60%2 FALE )oY Chla =7 Y&
A X719 = PCBOD/BODH|7} A Ut AL B AF
oA AAE PCBOD7} &7 ¥ 1t olg} H] 2754 YAE
Ao &L YSS Yrl it

BOD¢} ChlasE¢te] s|AEMN M= Chla %7t 7 pg
/Lo14Ql A]7]e]l PCBOD7} Chla ®%o <&3te A
HAI(?=0.61, p=0.003), PCBOD/CBOD7} &7}st= AL
UEHTHFig. 6 and 7). H3stdol A& PCBOD$ Chlas

B

pal

ol
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Atole] o)Al #A 7 YERd A171¢] PCBOD/CBODY| 7}
BT 0.67£0.052 Chla =7} 7 pg/l Btk 93w A7)
(0.58+0.05)¢F ®lms] FYH AolE  EATHp=0.046,
t-test)(Fig. 8). 28 Y Chla =7} Etd 21719 PCBOD/
CBODH]7} 0.55~0.652 d&HA #1148 Aol of)7] A&
o] Chla &7} 2 A]7]o] PCBOD7} &7/ % vt oly&}
H2FE f719AEZd 98 S7H S 7Hed = iAE
= gtk HAAH X HNANE Chla =7} 7 pg/LET
EE A]7]9l PCBOD/CBOD®EIZ} 242 10.5%, 5.2% 7}
StA2u Chla $=7F 7 pg/L BTk 23kd X179 v s
2 ol7b ARTHp=0.083, ttest)(Fig. 8). ¥ AT-ollA
Chla BEE& 7|22 T84 A171¢ PCBOD/CBODH| A}
o7} ZF4 CBODOl g% ZAALS IguaA=
PCBOD®} Chla &EAF0l9 F9ZH0 B2
CBOD7} 3t Wl BOD &% W3l 4FHE TS op]
Stal A5 A|AStcH(Park et al., 2008; Yu et al.,

3.3 edAt37|0of| HE NOD ZEFHEEY

ZAM et A iR Z7]e wWE NODY EAFH =
PNOD7|H&°] &2 A 22 YIS THTable 2, Fig. 5). &3}t
1 PNOD= ¥+ 1.5 mg/LE ¥AAH} XA vus) &
gtoy, zAlAsrAol A9 PNOD/NODHIE HiF 0.812
2 o7} fATHp=0.274, one-way ANOVA). ZALth4t of
A SNODE 0.1~0.3 mgLEYE k38 & xpo]7} ¢l
Qo BHoAEs 12~499) NH;-NE=7} 1.283~3.182
mg/LE Z7}8t= A17]9] PNOD7}F 1.1~4.3 mgLog &7}
39921 SNODE 0.1~0.2 mg/L W37} Q1A tHFig. 6). &
ATl AFo] wWE NH-NEES W= EF3)
PNOD$ 23 SNOD9 wWsh7t A9 vehtr &2 A
NODE d#a7|ol w2} FEah= gl A9 2atsn|d
AEL Zad @l g F Uth
A v E2 YAEH FAste] MAshe Aoz &

24 2 (Brion and Billen, 2000; De Bie et al., 2002;

o rlo Rt oT
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Fig. 6. Temporal variation in CBOD, NOD, Chl.a, and NH;-N concentration in the
three streams (Oct. 2019 ~ Jun. 2020).
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Fig. 7. The correlation between Chl.a and PCBOD concentration in the three streams.
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2000; Polak, 2004) SBOD Z73& <3l oAl A
SN Aus v g Bl JPRE AA A3
998 4ol ek ARAIAA QA% PR Fa 9F 3

4
sHAl = SBOD 3Gl Asrt A7) w2l el
€ SNODE #4sH o NODE 2 #Ho]7F 19 th(p=0.870, one way ANOVA). ©]&
A= shHd A NOD7F NH;-NB%E
A= S EY AEF 2 S5 IHdE 43 a7 74
Rom FEHL
HAAY EH=7}
PCBOD/CBODH| &=
JAE EHz=E &A1
21 A]7]9] PCBODE Chla &= &
ATH*=0.61, p=0.003). | BFH}E Chla B=7} &
shdol A CBODol w3t
AlArR T ZAM S oA NOD] 81%+=
PNODEEH 2 & a9
o] 2 W3} (0.075~3.182mg/L)ol =
HHAR 2 A7t (e
Fot= FHANA A HAE

SBOD$} SCBODS| zto]= 2+3
3 AthE 22 NODel th3t PNOD 71¢jg0] £7}5HA ®tt 5
Yz =710 Wt NODE £ oA ZilsnAE
F Wsl2 PNODY 7]agc] EA vehd A FASH, o]
CBOD®| & PCBODY]
HAEF vt 9FS oIRE TteAel ey B AT
o4 SCBOD$ CBODOIA uUehd 5AA 94 1=0.89,
p<0.0001) ZAtsl mAETG vws] SdAYRIIES B3l
st FAEY mE JFEEE 18T o dFHIFAA A
A& W57t SCBOD HAE ¥
Ae Ao AlsdT
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4. Conclusion
o - A BHFe GFol Aol

2 AEHTh

oD} WHAEf7129 IF

o4 BOD$} NOD&EY Afo]

= 3t CBOD/BODH|= 0.75% StAHZ HAMEHY

NE &

3(p=0.053, one way ANOVA), BODE AEZ9 wW3al= il

CBOD%  FAFSHATH >0.92,
E3kd 1.7x1.3mg/LZ 7Fg E3k3 BOD$}

NH;-N7F =2

p<0.0001). NODEEE of 23
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H|3] NH;-N&

5o A4
819U TH(11-1480523-004098-01).

=N e BYTH?=0.94, p<0.001). L} FAH
Aol A NODS AlE A<l Hsl= NH:-N
o

s=wste f+

ABAHL A 17<0.28, p=0.1789), FEHL HA

7]’ O}: 2HH O]o ::\::oﬂ—l— ﬁ:FLO]'—'—
w g ohet A2

Z/\]_EH/\]- o}zq = U‘\l._a]_ }g ‘:'E]:o] 7};1-
JAHEe FEEPNASS grleith
0.55~0.64 = PEAL 7=
3, Chla B=7F 7 pg/Lol4
sto] F7tete A
%74 BOD7} FL3HA 14
SNOD+ ZAM|ZF & NH;-N&%
E738k3 0.1~0.3mg/L
°]& SNODE &73t7] 918 4
ol AA= Yerd A
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