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A study on operation and management for TOC removal of public
sewage treatment works
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ABSTRACT

Total organic carbon (TOC) will replace chemical oxygen demand (CODwr) as an effluent water quality standard in public
sewage treatment works (PSTWs) from 2021 in Korea. To ensure effective control of TOC in the effluent, investigation
was carried out into TOC levels and sewage treatment operation factors in five target PSTWs using anaerobic-anoxic-aerobic
(A;0) processes, media, membrane, and sequencing batch reactor (SBR) technologies. TOC removal efficiencies appeared
to be 93-96% on average. As a fraction of TOC, biodegradable dissolved organic carbon (BDOC) was reduced from 64%
in the influent to 9% in the effluent in these PSTWs. During the investigation, biological treatment processes were applied
flexibly for operation factors such as HRT, SRT, MLSS, F/M ratios and BOD volume loads, based on the influent characteristics
and design conditions. As a result, we suggest efficient operating conditions in PSTWs by evaluating relationships between
TOC removal and operation factors.

Key words: Total organic carbon (TOC), Public sewage treatment works (PSTWs), Operation factor, Biodegradable dissolved
organic carbon (BDOQ)
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Table 1. Characteristics of each public sewerage treatment work (PSTW)

PSTWs | Region | Treatment capacity in 2017 (m’/day) | Treatment technology | Categorized series Remarks
WN i 70,860 CSBR SBR -
SH m 16,010 DeNiPho Media -
SE v 41,250 4-stage BNR A0 Underground
1] m 10,270 4-stage BNR A0 Underground
1B m 2,810 MBR MBR Underground
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Fig. 1. Status of operation factors in target PSTWs in 2012 and 2014. (The range shown with number indicate the minimum
and maximum of operation factors in five public sewage treatment works. A bar graph below the number indicates

the minimum value.).

Table 2. Sampling sites in target PSTWs

PSTWs Sampling sites (*)
WN(SBR) Influent* — Grit chamber outflow(Distribution tank)* — (Reaction tank) — Outflow* — (Phosphorus treatment
facility) — (Disinfection facility) — Effluent®
SH(Media) Influent* — 1% settling tank outflow* — (Reaction tank) — 2™ settling tank outflow* — (Phosphorus
treatment facility) — (Disinfection facility) — Effluent*
SE(A,0) Influent* — 1% settling tank outflow* — (Reaction tank) — 2™ settling tank outflow* — (Phosphorus
: treatment facility) — (Disinfection facility) — Effluent*
11(A0) Influent* — Flow control tank outflow* — (Reaction tank) — Settling tank outflow* — (Phosphorus treatment
2 facility) — (Disinfection facility) — Effluent*
JB(MBR) Influent* — Flow control tank outflow(Distribution tank)* — (Reaction tank) — Outflow* — (Phosphorus
treatment facility) — (Disinfection facility) — Effluent*
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@ o5 HAIH f-7]%k4 (Non-purgeable organic
carbon, NPOC) =AJulH] o 2 A=F3} ) o|uf] AL&35t
ZAHA 7]7]= TOC analyzer Multi N/C® 3000
(Analytik Jena, Germany)o]|t}.

3. Ziqn} gl ﬂg

3.1 SEXE|AE TOC XM2l&2

g steA e A el tigt A2t sh S
Aol wel TOC #9442 30.5~403.6 mg/L 9ol
A zpolzt vrebyith E3F AESA AP & RS
TOC HE% 27~79 mgLE mj$ 53t a4
FASHE Aoz 2AESIY A steA Al E o
TOC HTEEE 92.6-96.0%F =7 Uehgton, TN
A2 &2 70.0~85.7%= thE ol vlal tha WA
velbsith (Fig. 2). 71 9] BODE 98.3~99.7%, CODyy
91.0~95.8%, COD¢- 94.4-97.3%, TP 94.4-96.6%7}
AeEs Aoz 2AE I

Table 3. Analytic substances and methods in this study (MOE, 2015)

Substances Analytic contents Standard methods
BOD Biochemical oxygen demand 5 days biochemical oxygen demand ES 04305.1b
coDb CODpm(Chemical oxygen demand) Titrimetric method-permanganate ES 04315.1a
CODc;(Chemical oxygen demand) Titrimetric method-dichromate ES 04315.3b
TOC Total organic carbon High temperature combustion method ES 04311.1c
DOC Dissolved organic carbon 045 pm ﬁit;i;cl)itf;lfnh;g&llogamperature ES 04311.1c
BDOC Biodegradable DOC ” -
ss Suspended solids Filtration throughlig)lk_)af,’s1 ft)bgr filters, drying at ES 04303.1b
TN Total nitrogen Ultraviolet spectrometry-oxidation method ES 04363.1b
NH;-N Ammonium nitrogen Ultraviolet spectrometry ES 04355.1b
TP Total phosphorus Ultraviolet spectrometry ES 04362.1c
PO,-P Phosphate phosphorus Ultraviolet spectrometry-ascorbic acid method ES 04360.2c
pH Potential of hydrogen Electrode method ES 04306.1b
Temperature - Temperature thermistor ES 04307.1a
DO Dissolved oxygen Electrode method ES 04308.2b
Conductivity - Electrode method ES 04310.1b
ORP Oxidation-reduction potential Electrode method -
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Fig. 2. Status of treatment efficiency in target PSTWs.
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Fig. 3. Ratio of organic substances for TOC in target PSTWs. (Numbers indicate average value of the ratio of organic substances

for TOC in five public sewage treatment works).
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AT M-IVA 9] TOC 713 (1~112]9 15 mg/L
ols}, II~VA] < 25 mg/L °]shZ WEdte Aoz Uet
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are plotted as individual dots, maybe meaning variability distant from a range of total measurement. Vertical lines
from the boxes indicate variability outside the upper and lower quartiles.).

15 15

E E
H H
E 091 E -
= 1.0 : 10 oms
S 0.80 0.79 081 079 o
2 g 0.65
E z ©
0.47
E 05 - 042 E 05 0:39
& 2 0.29 033
§ 0.20 § 0.18
2 0.11 ﬂ s H 0.06 0.10 |_|
=
£ 00 A £ o0 m L M B
ﬂ DOC BOD CODMn CODCr S5 TN TP NH3-N PO4-P EC [DOBEIJ F DOC  BOD CODMn CODCr |§| ™ TP NHZN PO4P EC
S ’ 3 (0.16) (0.13) (0.12)
(0.5) (0.5)

Fig. 5. Correlation analysis for TOC and other water qualities. (ORP is inverse-correlated in the correlation coefficient of
TOC and water quality substances in influent, also SS, NH3-N, and ORP are too inverse-correlated in effluent.).
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Table 4. Seasonal BDOC

concentrations for PSTWs treatment processes (Unit : mg/L)

PSTWs Classification Fall Winter Sprin, Summer
pring
Influent 53.9 42.2 45.2 38.9
Flow control tank outflow 40.0 27.7 36.1 34.7
WN PSTW (SBR) :
Reaction tank outflow 5.4 0.9 1.6 2.7
Effluent 1.5 0.0 1.0 0.5
Influent 42.1 43.4 53.6 46.2
. 1st Settling tank outflow 58.5 40.1 49.2 36.3
SH PSTW (Media) -
2nd Settling tank outflow 1.0 0.9 0.9 0.8
Effluent 0.2 0.0 0.1 0.9
Influent 46.9 47.7 51.5 38.3
1st Settling tank outflow 41.0 39.2 49.8 31.3
SE PSTW (A,0) -
2nd Settling tank outflow 0.7 0.2 1.0 0.9
Effluent 0.5 0.0 0.4 0.0
Influent 84.9 81.0 73.1 60.2
Flow control tank outflow 100.3 67.5 72.1 52.1
JJ PSTW (A,O) .
Settling tank outflow 1.2 0.0 0.2 0.5
Effluent 0.6 0.0 0.2 0.3
Influent 74.8 58.6 181.5 38.7
Flow control tank outflow 90.4 55.8 65.0 49.6
JB PSTW (MBR) ,
Reaction tank outflow 0.4 0.0 0.1 0.2
Effluent 0.9 0.0 0.0 1.2
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HE 58 hro] 8= ek §U4Y % %
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2] <] % HRTES dWtH oz BEAZHETE s}
Ao age] & %‘5&% n 2] 2] o= A

1]910}1: HRT— 10hr
@Eoﬂﬂ +I20E Eﬁl*PO% 55~9.8 hro] ®$le]
A A3k glrl. WN(SBR) 2 JJ (A0) 3H=3 2] A]
-2 HRT AA 27191 9.0 hr 9 9.8 hr Bt} Fof 747}
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2 2AE] T AYAE ASlth HRT= ob4
AHeAld FHE AT 2 LRt AT e
oA LA 9= AL FAT 4= 9t

SRT (L& AFAh= BHEA 7L st Al
AZHE oJuRit). e
al WEEEA e AR 5
BEUAFgY A

o] Z3tElo] Q= Zo] 84
S LA F7)2 (HS2)0) BHLUA TS
2 AjEo] BT ok HEUYHA A Held

FEo YR HI|HL ARE o] wpEo] &
EWL HRTETHS 71 A17F 59He 7] o4 A
sa17) =k

vl SRT: &8%
101 SE (A0) 314=7]2]A|4d 2] SRT= 18.5~43.2 day 2

o]
AX
L& AOFHE AESHA G I 542l A e) SRT

QU 2 Wil Wt A o7k
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um MF] Ee] 2|9 Hure weiskn 7] 18] A4
2 AASEaL glom, o] A]AE 9] SRT+= 8.6~61.8 day=
b AR A7) sk Ao Rt o)
e Ao AgE MLSS7F 7P A 9,740~13,875
mg/Le] W9lo A LHE|o] SRT7Z 7w e-odo] v 2|
dgpo] 27| wholc} (Fig. 7.
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MLSS (Bd&84] s5)= F7|2 HollA A& &
= &A1 E T E UEE A 3olth
S A S 3T sheA ol A= v Ee] f7]E
ol F ek wizell A 2ol ﬂoﬁ}"i s F=
g Fas seAEAE £427 % sholtk
Table 59| 41} o] A,O 2 Medla—‘o—‘ﬂ of| A MLSS+
2,000~5,000 mg/L, SBR3-H-2 2,000~3,000 mg/Le] H &
oA AR EAHEY & Aol ol THE
283 Y stA Aol A= 1,280~4,727 mg/Lo]
HeoA A= o]F FHA 2-85F= MLSS &
Az HeolA &FEH+= A= ZAME AT E3H
MBR¥H-S 2-83F JB 8142 2] A4 9] MLSS A A 7]
=2 5,000~15,000 mg/Lo| ™, & AGL7|7F ¢ =AM
JB A] 9] MLSS+= 9,740~13,875 mg/L=2 A AA|7|& =
A WellA A== Aoz Yyttt (Fig. 7).
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BOD4Ralt= 51

.5} (Space loading) =+ BOD

Table 5. Operating factors of sewage treatment technologies in PSTWs (KECO, 2013)

i A0 Media SBR

Classification (4-stage BNR) (DeNipho) (CSBR) MBR
HRT (hr) 6~8 5~8 3~24 6
SRT (day) 10~40 10~25 - 30~40
MLSS (mg/L) 2,000~5,000 2,000~5,000 2,000~3,000 6,000~8,000
BOD volume load (kg BOD/m*d) - - - 0.11~1.47
F/M ratio (kg BOD/kg MLSS-d) 0.1~0.2 0.05~0.2 0.15~0.5 0.02~0.2
Sludge return ratio (%) 20~50 30~50 - 100
Inner return ratio (%) 100~200 - 150~300 -

544

dotrEstR|A] X132 A6 20184 128



ox
omn
rior
ox
ot
=]

oy
0
u
i
i
[
o
o

- Lo (%]
© = =

TOC (mg/L)
=

30

24

TOC (mgl)
i

30

24

o

TOC (mg/L)
=

30

- L
ox Y

TOC (mg/L)
vy

GWN_PSTW(SER) OSH_PSTW(Media)
ASE_PSTW(A20) OJJ_PSTW(A20)
IE DETW/MEDY
JB_PSTW(MBR)
T T T T
0 10 20 10 40 50
HRT (hr)
©WN_PSTW(SBR) OSH_PSTW (Media)
ASE_PSTW(A20) OJ_PSTW(A20)
—JB_PSTW(MBR)
£
A B
1432
0 10 20 30 40 ! 50
SRT (day)
©WN_PSTW(SBR) OSH_PSTW(Media)
ASE_PSTW(A20) OJJ_PSTW(A20)
T =JB_PSTW({MER)
B
1,280 —e— = 13875
0 5,000 10,000 15,000 20,000
MLSS (mg/L)
©WN_PSTW(SER) OSH_PSTW (Media)
a::_n:TW{n ‘]ﬂ} h”_l:u:'r\u{ ﬂ"ﬂ}
—JE_PSTW(MER)
¢
s
6 - O

BOD volume load (kg BOD/m3 d)

- [d (2]
L] k. =

BOD (mglL)
=y

30

24

BOD (mglL)
=

™

k{]

24

o

BOD (mgL)
ey

30

- [
o« ™

BOD (mg/L)
=

©WN_PSTW(SBR)
ASE_PSTW(A20)

OSH_PSTW (Media)
0J_PSTW(A20)

—JE_PSTW(MBR)

HRT (hr)

50

OWN_PSTW(SBR)
ASE_PSTW(A20)

OSH_PSTW (Media)
0J_PSTW(A20)

=JB_PSTW(MBR)

30 40

SRT (day)

©WN_PSTW(SBR)

—JB_PSTW(MBR)

OSH_PSTW (Media)

50

= -‘ L}
N

10,000

15,000

MLSS (mg/L)

20,000

OWN_PSTW(SER)

OSH_PSTW (Media)

1 —]g__PSTW(HB R) -

BOD velume

load (kg BOD/m3 d)

Journal of Korean Society of Water and Wastewater Vol. 32, No. 6, December 2018

pp. 535-550



’J\ =
A4
30 30
& WN_PSTW(SBR) OSH_PSTW(Media) ©WN_PSTW(SBR) OSH_PSTW(Media)
24 A SE_PSTW(A2Q) OJJ_PSTW(A20) 24 | _
—JB_PSTW(MBR) < _JB_PSTW(MBR)
8 2is
E £ O &
18] ]
o 12 = 12
F %0 < 3
& | == . 0 6
s s 0
A A
0.0 0.1 0.2 0.3 0.4 0.5 0.0 0.2 0.3 0.4 0.5
F/M ratio (kg BOD/kg MLSS d) F/M ratio (kg BOD/kg MLSS d)
30 30
&
©WN_PSTW(SBR) OSH_PSTW(Media) SWN_PSTW(SER) OSH_PSTW (Media)
24 - _ _ 24 i EF_D:'I'W(A 7n} ﬁu_DﬂTW(ﬂ‘]n}
—JB_PSTW(MER) —JB_PSTW(MBR)
218 o 18 o
E £
%] [=]
012 o 12
= o
6 - 6 &8 o
i
0 . 0 : .
0 2 4 6 g 10 0 2 q 6 8 10
CIN ratic (TOCITN) CIN ratic (TOCITN)
30 30
&
©WN_PSTW(SBR) OSH_PSTW(Media) ©WN_PSTW(SBR) OSH_PSTW (Media)
24 SE_PSTW(A10) DI _PSTW(A20) 24 —ASE_EM(A?-)—OJM(A.‘LD-)—
—JB_PSTW(MBR) —JB_PSTW(MBR)
%18 =18 o
£ £ &
[a]
8 12 o2
= -]
<&
< ] &
6 b G0
o . ° = . .
0 2 4 6 8 10 4 6 g o
DO of reaction tank (mg/L) DO of reaction tank (mg/L)
Fig. 7. Relation between operation factors and TOC-BOD concentration at reaction tank outflow or 2™ settling tank outflow

of PSTWs. (In graphs, Concentration of TOC and BOD was analyzed at reaction tank outflow of WN PSTW (SBR)
and JB PSTW (MBR), 2™ settling tank outflow of SH PSTW (Media) and SE PSTW (A,0), and settling tank outflow
of JJ] PSTW (A;O). Refer to Table 2 about sampling sites. Concentration of C/N (TOC/TN) was analyzed at reaction

tank inflow sewage.).

natel o Zoln, Er|z | m’y 1Y $YE=
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(BFex)9 F2E ZAAsh=t AHgHTh

WN (SBR) s}4=#2|A] 4] BODEA|Fst= A7
%7191 040 kg BOD/m*day=th 2o
BOD/m*day®] ¥ $loll A &5t 9
3t SH 3l 2| A 42 Media

AX3sL7F AA %7 028 kg BOD/m*dayo] 0.12~0.43
kg BOD/m*day2] ¥¢] UlollA 753sl== &gt
AT SE st A2 A0 H Y= BODE
A7 AAZ7A 032 kg BOD/m*dayHrth =2
0.32~0.89 kg BOD/m*day® %11 9lgich E3H
JB (MBR) 3}=%] 2] A|d ¢] BOD-§-A f5}= U
A% 0.11~1.47 kg BOD/m’daye] =<
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B0 2N 22 2B UER- Ol
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re

0.30~0.53 kg BOD/m*day2 2%3}= Aoz
c} (Fig. 7).

et

4) F/M(Food/Micro-organism) Y]

FM Hl= 712 Y &g FHE48 (MLSS)< | kg
F 190 == BODS] 74| (kg)= HEhd Zolch

ZAFA SR 2 A1 9] F/M (BOD/MLSS)  H| o]
USA = WN (SBR) A 2A1HS AA F/M H
7} 0.192 kg BOD/kg MLSS-dayo] ¢l o1} A7 &
F/M H]: 0.04~0.17 kg BOD/kg MLSS-day= w7
$95t= Aoz zAE Ll SH (Media) 3143 g]
Aol AAZA 0.05~0.2 kg BOD/kg MLSS-day =
olH T} thA Y2 0.04~0.40 kg BOD/kg MLSS-day
HelolA Fot= A= FAEUT. SE (A0)
ShA g Al o] A=A 0.13 kg BOD/kg MLSS:
day® T} thA =2 0.10~0.30 kg BOD/kg MLSS-day
Lo A &Fst= Ao m 2AE ST 1T (A0) o)
AP AL A %7 (0.11 kg BOD/kg MLSS-day)
Hr} oA w2 71 (0.07~0.13 kg BOD/kg MLSS-
day)o = YU MBREFHE &5k Qe
JB d=A ] AL FM H]E 0.020~0.051 kg BOD/kg
MLSS-day® WA FA5k] o= AOE e
oh o2t dE A sk Fr Y A Wk w
g FFxds Aol AstA HATI o=
Ao g g (Fig. 7).

5) C/N(TOC/IN) H]
CN 7L @2 AFe st¢o] ALAAS 91t
e gdargo] idE ol AR ARSI
B O f7IEE 5 (ARSI A)
Z-Wo] 7P Huste o] ik
(Lee et al., 1999). X JlpeAT|A| Do = 1x}3]1A
2] Y204 CODe/TN H]:= 1.24, BODs/TN H]:=
04302 FEsld F71=4 F=7F Al A=l vls|
o oz xAE A= Ut (Yoon, 2008).
A steA Al AR B R
Z $Z%<4=9] C/N(TOC/TN) H|:= WN(SBR) % SE
(A20) st | Al Ao A DASHAl 0.9~2.59] W] W
oA 95t Aoz Vpebth E3F SH (Media) 3f
A A AN AA] FEolA CNHZE 0.9~
3.8, JI(A0) stA A fEdRAx &4

C/N |7} 1.9~47, 1B (MBR) shpA{e|Ald o] w324

S

Z2(2Hl=2) FEolA CNBZE 1.2~4.19 H 9ol A
ZAFE Q. o5 CONBH| HejolA TOC AZ|a&s
90% o1 A= A= e (Fig. 7).

6) DO
712 (RF2) = S4EYA nlEwol f71edS
Abststal, A= AMlze] FEbEo| Bagh Aas
FEotal E7|% SHHS wHkstr] 913k Aot s}
FAAAANA F5F 2 AL ) HEstERE &
7|z A EAEHA 48] YeliA= E2AAE HE
& FYFlA 05~1.0 mgl, FEFFNA= 12
mg/L J= FAsl= Ao] Eoh. SAHAEHA FHo
AHEEE TR = A A4 7|44 e R LR
st o]ejdt Z7| AR = BAEHA A AMAE FFA
Aok T2 BEE EZ7|RE TIAA H71x Y9
MLSS7} A A Aes sh= JT2 o gt

B Z20 TOC XL 29~11.9 mgLz RAME QT
ojuf SE(A0) 3BFpA AL 22 A] T
TOC $ =L 3.6~7.6 mg/Lo| 3 il o] mf ¥FS-%= DO %
L= 1.3~1.8 mgLE u]$ ¢HYsHA S43l= ZAow
et JB(MBR) A 2Al e HHE2 FE4
TOC 2t 7P e 2969 mg/Le] Moo A ZA}
£l o] w] DOX 2.5~3.5 mg/Le] WA &5}
= 208 ZAEQIYE ES Mediag ] SH 3h4=4]
2| A1 9] W20 4 DO 2 (0.6~1.8) mg/L o] ujol A
+Fste Aom RAE AL 2A-HA] FEollA
TOC & tha &2 3.7~11.9 mg/Le] Hel= yE
vt (Fig. 7).

3.3 SH-R2IA B4 TOC M2l oipt eowal

uiot Tt
AR RS0l §7184 XEZ BOD U 0Dy
gjali gloLt, COD WrhEe Atslg REom
A4 §7188 S4o| mastl, FE4l U 201
~20159 HH 1137) 28 B EAA COD EF7]
GHFo] 27.0% $ECE f718Ho] g3t THE

%_31
ulgate] 57182 welo] g Baol P
oF (NIER, 2017). "4+ 2 A el A| Alo] B3t
JoA L A B0 S W B
BE7 7120l CODw e AAZ FH57] 91 of

o Mt 3@ O N T oAz 2
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| BERHEIAIEOIN SR7IEA(TO0) HelE 2ot 22| 0
Table 6. Draft TOC standard of effluent by application stage in PSTWs (Unit : mg/L)
Classification Current BOD Current CODym Draft TOC

I region 5 20 15
PSTWs above 500 m*/day I region 5 20 15
facility capacity II region 10 40 25
IV region 10 40 25
PSTWs from 50 to 500 m®*day facility capacity 10 40 25
PSTWs below 50 m%day facility capacity 10 40 25

Table 7. Operation factors and conditions of reaction tank in relation to TOC concentration of 2™ settling tank effluent(or

reaction tank outflow) in target PSTWs

2™ secondary F/M ratio BOD volume
Classifi- | settling tank | Temp. H DO MLSS HRT SRT (ke BOD) load C/Nratio
cation | effluent TOC | (C) P (mg/L) (mg/L) (hr) (day) & (kg BOD/
MLSSday) | 5,
(mg/L) m"day)
WN _PSTW

(S_BR] 4.6~11.9 14.1~28.3 | 6.6~7.1 | 0.4~5.0 | 1,280~3,250 | 17.2~25.2 | 6.9~33.2 | 0.040~0.170 | 0.130~0.295| 0.9~2.4

SH_PSTW

(Media) 3.7~11.9 11.2~26.2 | 6.4~6.8 | 0.6~1.8 | 2,740~4,727 | 9.7~16.7 | 6.6~15.5 | 0.035~0.400 | 0.116~0.432 | 0.9~3.8

SE_PSTW

(A0) 3.6~7.6 13.2~28.0 | 6.4~6.7 | 1.3~1.8 | 2,700~3,470 | 4.7~6.3 |18.5~43.2| 0.098~0.300 | 0.317~0.885| 1.0~2.5

] PSTW

(A.0) 4.5~8.0 12.8~26.6 | 6.5~7.3 | 0.4~3.2 | 2,835~4,010 | 14.6~20.1 | 4.2~14.4 | 0.069~0.126 | 0.229~0.432 | 1.9~4.7

JB_PSTW

(MBR) 2.9~6.9 12.6~21.7 | 6.9~7.2 | 2.4~3.5 | 9,740~13,875 | 5.5~9.8 | 8.6~61.8 | 0.020~0.051 | 0.300~0.530 | 1.2~4.1
o] TOC 55 4= =9 (2013.1.1)3F31 3L, 20161 Ao 3 Al P2 AE EE5he Ao
HE CODw, A EE FHA|5to] TOCE Agsh= AoR Zastry. A03H, SBREH, Mediag i, MBREH 2
o] Ut Table 63 o] FshpA|eAl oA Hgsto] dA 7Hs 5l sk ElA A Hisl g4

l‘j’“ el Al COD g2 thAste] TOC & & ZARSHRAL Table 73} o] o A[A Q] Y9 E A5}

S mqott o) W G Aaselnd YRS & £9RAS AN
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A0
BDOC
BOD
C/N
COD
(C)SBR
DO
DOC
F/M

: Anaerobic-Anoxic-Aerobic

: Biodegradable dissolved organic carbon
: Biochemical oxygen demand

: Carbon/Nitrogen (TOC/TN)

: Chemical oxygen demand

: (Continuous) Sequencing batch reactor
: Dissolved oxygen

: Dissolved organic carbon

: Food/Micro-organism

HSE- o0 ZUA- YA YT UEA- O |
HRT : Hydraulic retention time,
KECO : Korea Environment Cooperation
MBR  : Membrane bioreactor
MLSS : Mixed liquor suspended solids
MOE  : Ministry of Environment
NH;-N  : Ammonium nitrogen
NIER  : National Institute of Environmental Research
NPOC : Non-purgeable organic carbon
ORP : Oxidation-reduction potential
pH : Potential of hydrogen
PO4P  : Phosphate phosphorus
PSTW : Public sewage treatment work
SRT : Solids retention time
SS : Suspended solids
N : Total nitrogen
TOC : Total organic carbon
TP : Total phosphorus
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