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Abstract

In this study, an analysis of the characteristics of organic matter and nitrogenous oxygen demand (NOD) of 17
sewage effluent and wastewater treatments was conducted. High CODy;, and carbonaceous biological oxygen
demand (CBOD) concentrations were observed in the livestock treatment plants (LTP), wastewater treatment
plants(WTP), and night soil treatment plants (NTP), but the highest NOD concentration and contribution rates of
NOD to BODs were found in sewage treatment plants (STP). There was no significant difference in the
CBOD/CODwy, ratio for each of the six pollution source groups, but the LTPs, WTPs, and NTPs all showed relatively
high CODyy, concentrations in their effluent samples, indicating that they are facilities which discharge large amounts
of refractory organic matter. The seasonal change of NOD in all facilities’ effluent was found to be larger than the
seasonal change of CBOD, and data results also revealed an elevation of NOD and NH;-N concentration from
December to February, when the water temperature was low. There was no significant difference in NH3;-N
concentration in relation to pollution source group (p=0.08, one-way ANOVA), but the STP, which had a high NOD
contribution rate to BODs of 48%, showed a high correlation between BODs and NOD (r*=0.95, p<0.0001). These
results suggest that the effect of NOD on BOD:s is an important factor to be considered when analyzing STP effluent.
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1. Introduction

7
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52 ooy a4 2 ALY 2 E AT
Q #E AEFY R =AYl w §&843%
=2 TR BESH Eirts offdl we
g #7118 GEAY FU1EE TEZ & Ath(Jang
al., 2008; Kim et al., 2017; Kim, Shin et al., 2007; Lee et
al, 2010; Seo et al, 2010). COD® TOCE ¥ ®R7IEFS
Uetll= ABZEOR AFEHA glon, BEStE o R 23
7Fedt f71EFE A Ed o3 Esfddo]l FAL L8
H7] w&Eel ©A&BOD (carbonaceous oxygen demand,
CBOD)Z Q1451 ¢l BODEEZE Fsta Atk 28u
BODEEE 74 W #71€ 5= ¥ ¥ ofY} NH:-N 5%
7t =& A% At 9 AFA 4 H(nitrogenous oxygen
demand, NOD)oll 9&& W& < Qlo] A& &) 7t
S 1 E s AR2AY FAH] A

AxstR Qg AAaARE opyjste A4St wte g o}
(Nitrifying bacteria)= H&&=7F =8 wj&ste 54 ¢
BODel mlA= FFo] Hou, A3 Ao &=
A7t FAHAY A W SES AAsHA o] £25
T A% 54 3¢ A5 Aol g AR 7F BOD
FFEE dFS £ F AtiJang et al, 2007; Khorsandi et
al., 2014; Min et al.,, 2011; Nam et al., 2017; Yang et al.,
2015). W&ol st FA7|F] FSEEA A=A A|A
AA g2 dFe Fdo] Avtygez JfARdE st
I AYAE 33 29 201U I3 580 wet did
9| gt 244 E(Nitrogenous oxygen demand, NOD)7} 2] &
F A+ AoZ HAEHI tH(Han et al, 2015; Jang et al.,
2007; Jeong et al, 2009; Kang, 2009; Khorsandi et al.,
2014; Kil and Kang, 2016; Min et al., 2011). #]= Standard
method®l| A= BOD &7 Al A4tskt AAAE &3 24
A3t AniHFES WiASIES skl ey FuldAe A
AEAAAE FHHA ¥ 538E BODE BAVIE &
2 A}E3T 9lo], NODS ¥&2 2 BOD BH%: 7158
Sehe 3% #4359 97 AR By ohid g@a
AEANA ol mE FAA &4 o] F AtH(Yang et
al,, 2015). 3t vl & el tist JE=7 2 oAM= &
FE &9 FY=+e NH-N=Z Q8] NOD7} 2A st 29
9 Wl BoDH&& #oll = &7kl 8t BOD 2 /1A
2 7 A el wA %] £& 4 IthHan et al., 2015; Nam et
al., 2017).

X, o> o
ox

ox o 1%

—

€

)

ft:

b P

wetd WE Qo)A NOD S5 S sekshs 2L BOD
FA7Ee 2R FES 2G4 NzAERA

N

2 thHan et al, 2015; Nam et al, 2017). W& LlA <
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E2 TEIFAZANAE HELE FPH A S K (Han et al,
2015; Jang et al., 2007; Kang, 2009; Kil and Kang, 2016;
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AEE ez 39 A7 A9 gl ddolth ol
2 AFdAE o, A 2 B 5 2 Aol OF
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2. Material and Methods

21 Z=AF M AIM

2 d7E= 174 st 9 HTE AYste Al S ddeE
stdoH, ERFARAY, sty 2 JEERY By ¢
ol & #S WE T FHYAA FE EFAAN Bt F
T3 A 2] A4 (sewage treatment plant, STP), ¥ 4332
A)d(wastewater treatment plant, WTP), ¥z 2] 2] (night
soil treatment plant, NTP), 7}& &85 3 A2 A4 (livestock
treatment plant, LTP), #|4=7"8 4] & A4 (industrial wastewater
individual treatment plant, IITP) = 7] A2 A4
(individual sewage treatment plant, ISTP)Z &3}t &
FotTATA AL T AEE R e 2 ¢ )
A 252 270 A A F 170 A E AT

FIZsrAYAA, AFZIATAIL 2 HAFNEA A
= 20179 A529Y 2AAEES EHRE ERFEol 2,000
m'/day ©1’3Q] A F TR INSEZF 4 mg/L o130 Al
AE dFez sk HFF33AYALL HAHAFY i F
2ol FAd g HENEAZAE T TE HEA
AM)eh F7112) BAFEAAN LY ste dFoltt 7HEER
FEZAYANE 2 BeAYAEE FFsteAGAERE AA
AR FiL pHeR Y PRt AEE ez 5t
gom AAesAgAd L A&l 1,000 m/day ©]F
A g ddeZ sHETh

e of

22 ZALAIZ7I H HE

2019 10€~2020d 6€71A 1€9¢& AYst €13 7t
Aoz F 83 XARSIATE 22 APl FHA,
CODw,, BODs, NOD, TN, NH;-N, NO»-N ¥ NO;-N &=
FRA2AFFAG7IENIER, 2018)°] wal EA &)
NOD+= Z4Ats}t JAA(ATU)YE A7FetA] 23l 53 % BODs
FE9 AEFA g As gAAE Fket & P g4
BOD(carbonaceous oxygen demand, CBOD) 5%E¢ 0|2
Al4FSFATHNIER, 2018). 8574 & (dissolved inorganic
nitrogen, DIN)% %=+ NH;-N, NO,-N ¥ NO;-NF5Z9| o
2 Y 93 #7]2 &% X (organic nitrogen, Org.-N)& %
= dutd o AE FUIEHA L AY EAEA gL

B2 TN DIN 5% xlo]2 2335t
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Table 1. Operating statuses of the sewage and wastewater treatment plants investigated in this study

o o Concentration in the effluent o
Source | Symbol a?aclty 1tharge (mg/L) Loeess t'ype‘ Receiving stream
(m’/day) (m’/day) (E.coil deactivation)
BOD;s CODy;, T-N
iPho+
sl 43,000 40814| 12£04 | 7.1209 | 89+12 DeNiPho*URC Bokhacheon
uv)
S2 2,000 3,033 | 23+0.5 4.9+1.2 6.2+2.1 KIDEA, HS-PRS Bokhacheon
uv)
$3 900,000 644,568 | 18407 | 5909 | 11.5:16 DelNifho, BNR Gulpocheon
(UV, Not operation)
CSBR
STP S4 250,000 161,924 | 1.2+04 82+1.8 | 10.6+2.6 V) Anyangcheon
S5 110,000 103,979 | 2.9£1.8 7.2+1.1 10.44+2.4 MLF’UVC)NR Wangsukcheon
S6 50,000 35,529 | 1.440.8 6.3+0.6 7.2+2.4 MLE, 13 Wangsukcheon
(Ozone)
BSTS-II
7 26,000 17,922 | 1.340.7 8.0£1.3 6.3+1.5 B hy
S , , (NaCIOy) yeongseongcheon
SBR
Wl 14,000 9,847.5| 5.6%1.1 18.9+4.0 | 9.5+3.8 Youngpyeongcheon
©)
WTP A0
w2 19,000 10,9052 | 5.6+£2.6 | 26.6£5.0 | 6.2+2.9 = Shincheon
(have no facilities)
Bio-coal purge
1 91.8| 4.0£2.1 18.545. 18.7£7. Y h
N 90 8 0 8.5£5.7 8.7£7.6 (have no facilities) oungpyeongcheon
NTP Sand fil
N2 90 796| 68£18 | 165225 | 13.443.0 and fitter. Namhangang
(have no facilities)
L1 200 2509 2.9+2.5 | 25.8+9.8 | 21.9+11.5 i Jangcheon
(Ozone+active carbon)
LTP BCS+DOF+BAF
+DOF+
L2 100 87.5] 10.744.0 | 33.6+54 | 35.245.8 V) Youngpyeongcheon
111 - 75,772 | 1.9£0.2 2.8+1.1 19.9£2.2 I Bokhacheon
(have no facilities)
TP
2 - 2,572 1.5£0.9 | 11.543.5 | 4.145.1 I Bokhacheon
(have no facilities)
1 1,400 ) ) ) ) (have no facilities) Bokhacheon
ISTP
12 1,100 ) ) ) ) (have no facilities) Bokhacheon

- : No information

STP : sewage treatment plant, WTP : wastewater treatment plant, NTP night soil treatment plant, LTP livestock treatment plant,
IITP : industrial wastewater individual treatment plant, IITP, ISTP : individual sewage treatment plant

2.3 SH=EN

&Y 2898 55 9 EXFHE HALE one-way ANOVA
(SPSS, ver. 14005 ol&stRL FAAQ] FAFTE2 p<
0.058 7|E2=, p>0.05 *1 A% F93 ze)7t gle AL
2 #asth wlE9Y 15E NODSF CBODY AlZe w&
HEde HFgol et FZFHEAC H|(Coefficient of
variation, CV)E E3] Hlastgdth. NODS &, #7715
BEFE 9 F4o ENFHE =9 HHE
A(PCA)E ©] 833 +AFEE A8 +
A& o] 831 2 H(SPSS, ver.14.0)

=
hal [S]
00591 A% o140 Ee Aoz BUSF

A Ho Moo R
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3. Results and discussion

31 /7|2 HE EM
EY U3l /fIIE SE

2849 $R{5Y CODw, s EE BODs$ HlZs] 2
2ol & Bt FFatrAYAIE & AFAIA(SL, S2, STHS
WREEA 7150] 40~50 mg/L2Z FAF
o= EEEZTIAYAA, dFZIAYANL 2 B=A
SESFAYAAL TG AN EA| Ao A

CODwn= 234 715253 3AFAIE CODWEEE B

29.049.5 mgLE W& IF F 7P E%3L(p<0.05, one-way
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ANOVA), HFZEATAIE(22.1£6.5 mg/L)T Bk AT Al
A(18.126.7 mg/L)NAE HLE L EEE HYTHTable
1, Fig. 1). NQALFAFAIE CODyyEEE HHE 4.61.1 ng
LE NNEFRELFZAIYAE CODw,EEY % 16% S22
HEd 2§ 5 7P gen FIseAEAId 9 g
% EAYA A CODBEE MAQFAA AT FAS
FEoz2 ZAYATHp=0.096, one-way ANOVA). BOD; %
E= dAFFFAYAAANA 4627 mg/LE 7HE =3
BODsE =7} 718 Y AA 5 A14(0.7+1.3 mg/L)THo
FE AolE CODwEE ol FAFIATE CODwys =7}
7HE EXQ 7SRRI IAYAEE BODs SRTFRE
o] 30 mg/LoletZ =S E B35t BODsEE+E 3.3£1.5
ng/LE2 BaAPAA, MALFAZAIE 9 FIAE Al
Ae 2 2ol7t YA tHp=0.194, one-way ANOVA).
&9 258 UF5U CBODEEE CODw,EE =%
9 HEd 254 =3E v NODBEE T&3t5AE
A A 7S Etth AeF3E3AY A4 CBODEE+
44425 mgLZ WiEd 1§ F 7 %3l BODsY H+
95%°]’d°] CBODZE Z&Ajstes Zo=2 ZAMHUTL whd
CODwEE7F 71 =39 7H5EsT3AE A4 CBODF

TE 33x15 mg/LE BERXNFAILT FAEIE THp=0.74,
one way ANOVA). Z33t-AEAlA 1514 CBOD&
S 1.1+0.6 mg/LE /WEAZAIE ZFEFH FAE 5]
et NOD B 5E(1.4+1.6 mg/L)e BODel td NOD
719 E(B T 48%)< &Y 1§ § M U FFsk
AGYAr A& ALt &Y 21549 NODEEE FAFSH
3(p=0.091, one way ANOVA), BODsol| i3 NOD7| 4
CODwEE7L EUE AT IAIYAINEAT 7HESERT
YA AN FBF 5%l 7Hg Ik

oo xR

(o]
=
hrv
[s]

312 =R JEY WURTY RIIE 22 Y

WUl BODs/CODyinHl = CODwn 5= BODsE=7F AL
A FFsHEATA AT HeiEAA ] 47 0334022,
0.30£0.212 7Hg £33, CODvn s =7 X WiEd I&F
@FAFZIAY Y, ExAYAL 2 TMEERTIAHYAA)
e F93HA Zol7t AATHp<0.05, one-way ANOVA). -
71E AR 7 HE2 FU1EY EAFHE Hrtske 4HE
l PO Z CODy, E TOC Wt BODs9 71989] £&
& AEHGH7I=0] Bol E3HA IS Y FTHKim,
Jung et al., 2007; Kim et al., 2013; Kim et al., 2017). @&}

=z

l:H

Table 2. Concentration of organic matter and NOD in the effluent of each of the other pollution sources

Source Symbol fn(J)gI/)LM)n (l:g/][)j) meg(/;g (l;;)/l:) BODs/CODy, NOD/BODs CBOD/CODyy,
S1 7.4+0.5 2.0+0.7 0.8+0.2 1.2+0.5 0.27+0.09 0.610.05 0.10£0.02
S2 6.0£1.8 3.1£1.8 1.0+0.5 2.1£1.5 0.51+0.23 0.65+0.15 0.16+0.04
S3 6.6+0.9 1.320.3 0.8+0.3 0.6+0.3 0.20£0.04 0.42+0.17 0.11+0.03
S4 10.9+1.1 2.5+0.9 1.2+0.2 1.3£0.9 0.23+0.07 0.48+0.18 0.1120.02
ST S5 7.0+£0.6 2.9+1.8 1.3+0.3 1.6£1.6 0.41+0.26 0.42+0.26 0.19+0.04
S6 8.6+2.5 49+34 2.0+0.8 3.0£2.9 0.55+0.25 0.50+0.25 0.23+0.05
S7 6.2+0.6 1.0+0.4 0.7+0.2 0.3+0.3 0.16+0.06 0.27+0.20 0.11+0.03
Avg. 7.5£2.1 2.5+2.0 1.1£0.6 1.4£1.6 0.33+0.22 0.48+0.22 0.14+0.06
Wl 17.1£3.0 2.5+0.6 2.4+0.6 0.1x0.1 0.15+0.02 0.03+0.02 0.14+0.02
WTP w2 27.1£5.0 6.7£2.3 6.3£2.2 0.4+0.6 0.24+0.05 0.05+0.07 0.23+0.05
Avg. 22.1+6.5 4.6£2.7 4.4+2.5 0.2+0.4 0.19+0.06 0.04£0.05 0.19+0.06
N1 17.249.3 1.6x1.2 1.5£1.0 0.2+£0.2 0.09+0.03 0.09+0.07 0.09+0.03
NTP N2 19.0£2.7 3.3£1.8 3.2+41.7 0.1£0.1 0.18+0.09 0.02+0.02 0.17+0.09
Avg. 18.1£6.7 2.7£1.7 2.3+1.7 0.1+0.1 0.14+0.08 0.05+0.06 0.14+0.06
L1 30.6£9.6 3.1x0.7 2.5+0.7 0.6+0.3 0.110.02 0.20+0.12 0.08+0.01
LTP L2 27.5£9.7 3.5£2.0 2.5+22 1.0+£0.9 0.20+0.29 0.31+0.22 0.16+0.30
Avg. 29.0+9.5 3.3£1.5 2.5+1.6 0.8+0.7 0.15+0.20 0.25+0.18 0.12+0.21
II 1 3.8+0.6 1.8+0.6 1.6+0.6 0.2+0.1 0.48+0.13 0.12+0.07 0.42+0.14
IITP II 2 11.4£2.6 1.4+0.9 1.2+0.5 0.2+0.5 0.12+0.05 0.10£0.15 0.10+0.03
Avg. 7.6+4.3 1.6+0.7 1.4+0.6 0.2+0.3 0.30+0.21 0.11+0.11 0.26+0.19
I1 4.6+0.8 0.6+0.3 0.4+0.1 0.1x0.2 0.13+0.08 0.15+0.18 0.10+0.04
ISTP 12 4.7<1.4 0.9+0.3 0.7+£0.3 0.2+£0.2 0.20+0.04 0.18+0.16 0.16+0.03
Avg. 4.61.1 0.7+0.3 0.6+0.2 0.1+0.2 0.16+0.07 0.17+0.17 0.13+0.05

STP : sewage treatment plant, WTP

IITP : industrial wastewater individual treatment plant, IITP, ISTP :

: wastewater treatment plant, NTP night soil treatment plant, LTP livestock treatment plant,
individual sewage treatment plant

Journal of Korean Society on Water Environment, Vol. 37, No. 1, 2021



24 dsy - M

8 . . . . .

a i a=ols

S 1 b=oa4

P ¢=019

64l R S - S
~ : Fd :
= b, ¢ S :
g i b, ¢ :

L=’ [ FOUCURIN JOUOF PRI YPRPIOY FUPOOT IR SPPRPRE
d .
2 : :
Q ab
& I

2 Ao R B .........
a

¢ : C a=o0m
: - b=0.74

CBOD (mg/L)

5=0.08

NOD (mg/L)

BOD,/COD,,,

STP WTP NTP LTP UTP ISTP

Group of discharge source

=)
g
s
(=]
o
Q
: : : : : : 0.8
e . acou
+ : : b§=0.91
o L
b . b g’
: : (@)
........................................ _ 0.4 E
: =
: =)
a: : ﬂ z
......... a .............................. L 0.2

STP WTP NTP LTP HTP ISTP

Group of discharge source

Fig. 1. Comparison of organic matter and NOD concentration in the effluent of each of the other pollution sources.

%%é}érﬂal AT HFAEAGAE S FRF W 77
T AEAGR7E 74 vge] =2 &Y dg gud
I8 Y BODs/CODy, HI & ©] 83 F718 EAFeE
WH2 BODsol tist NOD 7]olg F = ma} i3
J77180] FuErtE = Atk B A7 A= CBOD/CODwy,
1= AFAEAGAIEAA 26%E 7 =%oU BODs/
CODwHI7F 718 E9E FFsteAeAd2 Adde A4
Wl EAIA Ao wlEd 2F§H 2 Aol7b flth(p=0.136,
one-way ANOVA).

38l A 2] A o] A BODs/CODy,H1 ¢+ CBOD/CODy, M)
9] & Aol BODsol Wig NODY E2 719 g 718

X _:L e x
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=

Sy

jag
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ZZakEA A4 BODsol 3 NOD & a
aHE oVt S AKX AAIERE &
—S— =24, A2 2 s 7 A
AESH B3 M5 9715 44 AAE
] lthLee et al, 2011; Lee et al., 2010). &
F-ol X CBOD/CODy, HI7F 0.420.142 718 E9W 4+
AE HZAAE 17) AL DS AYead WiEsd 25
FUY {7189 ZAFHE GAFSIR T BODs/CODy,
19% 2 2to)7} gl2lch W& 9 18 CBOD/CODy, MY
A S AT AYFFY Aolddl = ekl TR
BN F71EY EAHgo]l FASHH, CODwMEE7}
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vl NOD¢] Al- 31
A A 174 =
CBOD H&AFl H& Hoixe=
A WYebskth(Fig. 2). Han et al. (2015)
4 W CBOD, TOC BX% ¥stro A
Fo 2 BODs 5% 319/]'7]' A Jept=
Stk BODs %9 CBOD ¥ NOD$¢
A o A :g:ga} A2 A4 BODsE CBODXE.TH=(’=0.54,
£<0.0001) NOD =9} F#Ao] EE(?=0.95, p<0.0001)
W74 Ul BODs/CODy,H1%= NOD &% F93<l 4#4

o T T

#3517 CBOD
= 10 AR

_’_
]/R%

K
v}

STP
WTP
NTP
LTP
TP
ISTP

opomd @

CV of NOD

CV of CBOD

Fig. 2. Comparison of the CV value of CBOD and NOD
in the effluent of each of the other pollution sources.

A2 A A A17]18 22 BODsol tldt NODY 4] =2

A Ve g omdch W, FERSAYALL A
93 W BRAH) NODSEE 1 neLol 393, BODsel o

o] AATHr?=0.83, p<0.0001)(Fig. 3). °|&& AF}E= FFs} S NOD7| &% 30%°]3t1 2 BODs7t CBOD9 &A%
(a) '° 10
® CBOD

81 O NOD O ® [ 8
ﬁn NOD=-0.54+0.78 x BOD O ® ]

64 = . -
£ 12095, p=0.0001 NOD=-0.79+6.73 x BOD ° =
g r*=0.83, p<0.0001 2
zZ 41 PY - 4 E
2 S
g8 2 L, Z
[=a]

@)
0 CBOD=0.54+0.22 x BOD -0
°=0.54, p<0.0001
T T T T T T T T T T ‘2
0 2 4 6 8 10 12 1400 0.2 0.4 0.6 0.8 1.0
(b) 12 3.0
® CBOD

5 ] O NOD ° - 2.5
= CBOD—0.13+0.94 x BOD ¢f8 I
g" 1’=0.95, p<0.0001 b 20 -
g 61 ° ¢ LS o
2 £

° i a

3 3 ‘ 1.0 %
8 °
=) [ ] ® [ - 0.5
Q @]

o1 el Sre # oo

0 2 4 6 8 10 12 1400 01 02 03 04 05 06 07
BOD (mg/L) BOD/COD
Fig. 3. The correlation between BOD and CBOD, NOD in the effluent of each of the other pollution sources.

(a. STP; b. Others)
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FYAES Bl ¥hAE(?=0.95, p<0.001), BODs/CODy,Hl &
NODQM FHEE (AT
177] A QoA A&l W2 NH-N 2 NOD ¥% #Hal=

Al et Apol gl ot 301 7P g2 A7l F 7ot
= s BAtFig. 4). ME HPE%H FEE FH
(12~29)l = BF 240CE & &2 AT AF3F

200

AL (W1, W2)& ﬂlS’M 157H Al 4 Hd T2
154~23.1 CHARNE 1297 29 HHFFT20] 154+347C
2 78 I %tHp=0.088, one-way ANOVA). NH;-N 5E&=
1770 AR A1 F 117) A1ZelA 12983 28 Aol
Z7belE AEFS vekd vbd, 370 A1 (ST, W2, T12)2 5~6
ol F718F93 W1, N2 2 12 A2 Aldd w2 F3%
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W37 YehuAl 29tthFig. 5 and 6). 1770 AlACA =3
H ¥ Hd NODE F=0] 93, IRFTy dEYot iEﬂ
B 4.5£5.9 mg/LE W 290 7M=& FFE 29

298 AT A7l 2 Aot AU (p=0.284, one-
way ANOVA) (Fig. 4) F3stTAgAE 5 LFA4A(S],
S2, S4, S6)lE 4~59| = NOD7} E7H6l= AFS B
th(Fig. 5). Kil and Kang (2016)3 Kang (2009)2 9] 1
5C olst2 YolA = 547 &< Hiskg Astz Ay
W NH;-N &=7F $715t3 A3 4 Ul BODs s&o gt
NOD ggo] Z7tet= Aoz Bud vt ¢ick ¥bA Han et
al.2015)& &47] ¥ ¥ ofy gk FIkFAL &
FUl TN 5% digt NH;-N 5% 7198 S719 g&9
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Fig. 5. Monthly variation of CBOD, NOD and NHs-N in the effluent of sewage treatment plants.

BODsell tigk NOD9| 7o g0l 17~53%% F7tehs Hil
gt uf Qlth

HEd 258 NH;-Ns=s #ASH W, NH-NE =9
NOD¢®He] #9591 #Al= FFshrAT AT Yers
o AP T ulEY 25 TN Bd5Ee /SRS
A A 21.5mg/L)T A 5 A4 (16.8 mg/L)o] TH
&Y 5% Hud %o (p<0.05, one-way ANOVA),
NH;-NEEE W& 2§ ol & A7t fiATh(p=0.08,
one-way ANOVA)(Fig. 7). &9 15 Wl ZF AJAoA ZA}
H NH;-N&E NODH] #9431 4#Y 2 FFatrA =

Aol A et = (Fig. 8), &3t E A1 S S1A] Ao
Al NOD&E=7F NH:-N&=9 7H fALSH A3 wstE
YERAAL(P=0.97 p<0.001), S4¢} S7TAIAE AYstae
NH;-N %7} $71d & 375U NOD7F S7tske BE
< EAthFig. 5). W FFsFAYA LS ALt ohE )
9 3% W A4ddA+= NH;-NE=d ©E NODY 3l
St Wske el ke w(Fig. 6), T&steA AL TG
vl FAFSE NH3-NEE=dE B35 NODEEE U9
tHFig. 9).

NOD+ A W NH:-N&= ¥ 7t ol Zks}ate] 2l of
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Fig. 6. Monthly variation of CBOD, NOD and NH;-N in the effluent of others pollution sources.

AEF 183 G495 5 AEHH 219 e 2= A 2015; Jeong et al., 2009; Kang, 2009). W-2+A F&35=A2
o2 &#A tkBrion and Billen, 2000; Ge et al., 2015; Al AFEE AT T2 A]AdeA NOD7F NH;-N&Z 9
Jeong et al., 2009; Kang, 2009). 2 tstute] g ot Ff-5taL £33 e 22 TFFU NODeF #4E 8 A ESE 270
AE F719A ZHo|Y vie Fof]l A4S e Aoz & st &olstA] &S 7Hedel s F AUth

HA Ao AYAAE 38 F AFAHIY T3 2 A5HH| HE 2 AFodA AAd 8 BAETHA 2ho)ug 9T
5ol FHIL e BF AAstutHE of A= Aol ¢ [0& A AT e flod, FRFdA A=
9lo] W (Brion and Billen, 2000; Polak, 2004) &, Ak Z39 98] NOD7} @A ekA] ¢ttt e B E NH;-NEE
5%, pH ¥ ON T °|gd3 271% Ztstute gl o &4 7t & 3RV fFdEE skdolAE NOD7F A
Eo] G o/|F F e ALE EEA AHGe et al, S THHan et al., 2015; Min et al., 2011; Nam et al., 2017).
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