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Abstract

This study aimed to evaluate SBR operation cycle for removing the high-concentration organic matter of distillery wastewater
in the ginseng processing plant. The experiment was conducted with the use of a laboratory scale SBR reactor and distillery
wastewater as the influent. The results indicated an increase in pH from 4.08 to 7.59 of distillery wastewater after aeration for
2 hours. Also, the optimum SBR operation cycle for the removal of organic matter and nitrogen was 2 hr of aeration and 6 hr
of anaerobic conditions. Adjustment of proper pH through aeration time is most critical in the SBR operation for distillery
wastewater treatment. In this study, we presented an efficient method for distillery wastewater treatment.
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1. Introduction E =4 AT F fle 93] Ao = SHFA 2
S 59 =9-3etE AWy arke Au| ol
NES gaz AlLsls AE AZAdH BAEE H5 2857 W FH&o] o Aotk
= gAz E49% 92de Ty A AT 1% nAES o8& FHHF Aol AYO, MLE, MBR,
Eo] §718L Fgota Qots TEH E7o] ITHKim, SBR ¢ AESH AFPHol A& F Utk o F
Won et al., 1991). ©] § FZHATE F39 48 2 7= SBRE #3x319 Wste] wt {7183} d45 aHHe
Wo| wal A= HEo] AolsiAut duHow =T 2 AAL & e FHel e, cycle WSt wt F4F
o fAEE BRAT AT FIA5 BOD, coD ® ss & 271 TAE sl savsh e kel 98l
5 718 AELS BE oF 20000 mgL o9l Rem o  FEdtThl dEiA Slthlee and Lee, 2005). & AT=
B4 YTHKim, Jang et al, 1991). ole] we} FPdse  IAFTH 2= SEE s aFE AUES xﬂﬂo}ﬂ
A 42 WH5471%¢ BOD 10 mgL, T-N 20 mg/L ©] sl 5714 AESH Art oid g2 whE A fUIEY
Sz mEA7=E 2o odew ©Le el T 2BE o&ste 22 AMUEFS 01%6}225} olo] whzt
QA ABEFAN BAHE FHHSE G pHY ¥ B dFodAe A 7HEEEAM s FEeHsE A
A g g 3L Raggd 9 pHIt A&Foz 2st7] 98l SBR 38< °l&ste Fia cycle 1 3ol
z7s= E4S 23 gl 0E AgEes vasty, 9 SBR ¥AXAE =&5)
F3ose] Al /Y 23 BYLEA, $RF AT
2 S So] JEEa 9tk Kim, Won et al. (1991) )
AN A8 T HESeY 97]%o] oA 101(32)13 2. Materials and Methods
6,500 mgL)E 9T BRIy . 4R 2 21, Lab, scale SBR S
Aol EFsL f71E Fopdsol sty ndE 5=

SBR ¥1-87] A& 2 10 L (Diameter 0.2 m x Height 0.32 m)
2 Fgstgen, ddEge] rtee wwr|et AEAE

" To whom correspondence should be addressed.

hjjoo@kyonggi.ac kr o] FoJA 9lth. SBR ¥&7] 2H TR T AHIFTY 50%E

H} = 37 0, 222 00l 234 ] A = [9)

This is an Open-Access article distributed under the terms of the Creative ChUN O]—'L 50% AFE FRAIIES APt AA &3 9

Commons Attribution Non-Commercial License (http://creativecommons.org/ 5 L AF ¥ EJAEE HX AT Fig. 1o 2FFA 9
licenses/by-nc/3.0) which permits unrestricted non-commercial use, distribution,

o
and reproduction in any medium, provided the original work is properly cited. TS HeEhH

Journal of Korean Society on Water Environment, Vol. 32, No.2, 2016



192 278 - AB| - HAHE - FHS

j

re ~
L
E: ©— W

i Effluent E ! A4
i | ! Influent

. !

] |

! Lo an 1 —e—

(a) Schematic diagram

Fig. 1. Configuration of experimental equipment.
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B 4522 Yepgon, Avtgoz v pH 54
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Table 1. Characteristics of distillery wastewater

Concentration (mg/L)
Parameter -
Min. Max. Ave.
pH 3.96 5.25 4.52
COD¢; 14,500 22,700 16,500
T-N 54 9.6 7.2
NH;-N 0.7 1.7 1.1
NO;-N 0.8 2.6 1.7
T-P 2.5 3.8 3.0
PO,*-P 2.15 3.55 2.85
SS 17.0 30.0 22.0

2.3 ZI|A|2t0l wE FHE| 2| pH B35 2E

I 7HEEENA BAEE FEATY pHE oF 4.0~5.0
HAE e, 7€ ERAAE dui oz 42 pH &
& Holi il olopr|&tar ) tiSheechan and Greenfield,
1980).

Table 3. Operation conditions of lab. scale SBR

(b) SBR equipment

SBR €3 3 27] 999844 7495 497 EA
A Er7} o%od A% FAAc TFE 2L A

"

¢

), 2t
148 RCH,OH+0.5 0,— H,0+RCHOLE Ax}LHL
o] B30l &u3=r|E Aot gHs= 2+
A|2="e] 98] Hy,COs, CO* &2 ASEH pHE Z7HA]7)
= g9lez &3 A Atk(Yang, 1991).

olo wat x7] FHHFT FY Al pH WIE FHESY
A=A A9 A% pH BHAJ 7.0~8.07tA =gst=tl
48 TIAIME EEstanA vk 2718 AFAS B
{&24 BEE 2030 mglE fA8Q9eH, AdxA

S o}g] Table 2] YJERAATH

Table 2. Experimental conditions of pH change for aeration

time
Parameter Experimental conditions
Mode 1 | Mode 2 | Mode 3 | Mode 4 | Mode 5

Aeration time 30 60 90 120 150

24. SBR 2MF7| Helo| mE FHuH = XMe|gE Yot

Fhs T 23 ATE A8 SBR 2AF7] Wil
02 §7E AAELS H/EEoH, Table 391 SBR &
AxAE e FYRES 5 Licycle2 A5t o,

HRT (Hydraulic Retention Time)®] 7% 12 hr/cycleZ 35
o 2 cycle €HHYEE T4 F/M ratio= 4.125 mg
COD/mg MLVSS-day, MLVSS 5,000 mg/L2 3dx7
AQstdnt. vAES FFA o o 237 FSAIZ)
A o] &3ttt

ol o

Influent flow HRT Cycle F/M ratio MLVSS
(L) (hr/cycle) (cycle/day) (mgCOD/mgMLYVSS - day) (mg/L)
5 12 2 4.125 5,000

sREasslx| Mna M2, 2016



Yo% X2|E 9I8 sBR 2FF7(o H3t oiF 193

Table 4. Experimental conditions of operating cycle in SBR

Step HRT ()
Mode 1 Mode 2 Mode 3

Influent (Oxic) 3 2 1
Anoxic 5 6 7
Oxic 1 1 1
Settle 1 1 1
Effluent 1 1 1
Ilde 1 1 1

SBR 3 T4 TJV|->FiAL->A2r-Ad->TF—
FAZ £ 6HARE o]FoA UTthEom, 2014). Table 4°]
Uehd sie} Zo] SBR £dF7|0 wet AFxAE 77
stden, 7] 7], F4ka GAE A9 vmA dAe
EF | hroZ 233R AH @A A Axy] HAE F
o &8 AHEE HolxA FATh

SBR &3 Al& Al AFFUH} Al EIE AASA

2 72} Mode®=E 3, 2, | hr2 AFsIF0h

o

B
bl
N,
©
N
|

Hoee 27 Al g3go] RalEo pHF F71et7] Wl
SBR X F7]& WF& Fita A E FHsnh Fiks
Al A= KNO; FY9& &3 24 249 558 94
02 E=oF9on, Mandt and Bell (1982)°] #AAIZ 4 (1)
of vehd €3S A B4Y ARE FEstY FEASF

g oaEE 47182 AARLA 39

F

QL
o

NO; + 1.08CH;0H + 0.24H,CO; = 0.056CsH;NO; + 0.47N,
+1.67H,0 + HCOy )

KNO; FY#2 Manddt and Bell (1982)] Al
9 2 (2)d g3l CODSF NOy-Ng A& #FAAES F2
stel oo, ofdag AANOy-N)% D09 F e

A

COD,eq=3.71 NOs-N +2.3 NO, -N+ 1.3 DO 2)

718 =239 79 Standard Methods(APHA, 2005)9l
Foto] CODe: & Ao eH, 24 249 42 Ultra-
violet spectrophotometric screening methods(APHA, 2005)
£ o]&35t9th. T3 pHE Electronic sensor(Orion 3-star)
£ PC9 A5t W3} Folg S5

3. Results and Discussion

3.1. Fdu|2| pH 3} Hlu

AESA Aol o] pHE mW$ F2% A2 LA
- FEHTE pHZE o AHe " glen, 27] A
g 23 H&ol sl pH7E HA Ftste 5Fol
. olel wet FF5e) pH WaES vlaste MESHA
FAHSe] 7] pHE 4.0801%92H, 308 F pH7} 4.457F
A F74eIATE ol F 60%o] AFF F pHE 5.01, 0%l
A 623, 1208 F 7.59, 1508 F 898744 F7tshe AL
2 ekt 2715 AI"E A F 1108 F pH7F 7.090
Tg3e Aoz Ygon, I7Azte] EojdsE pHE
A&Hoz Zrtste 4FS Eith

A
ol
=
=8

1t O pH
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L : X
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Fig. 2. pH variation of the aeration time.

Ryu (2013)¢] AFolAe= AENH f71E 2 2
Al pH 6.6 o1&t A AALE7L F83] ZAstal, pH 5.5
olst @ 9.6 o] FlA A=TH {71E 2 2
Adda Busta o £ rAES WEd A=
A dutdgor 549 pHAA 7HE 52 EHEE B
dot. olo] met FHAFE AGs] HAsME = 7
S 53 pHE gFoof & Hart 3len, J3Y pH W
A5 =237 8iAe SBR &3 271 E/IAEE < 2
hro2 d4sjof & Aoz ggdrh

32. SBR 2dF7|0 E FHuFTo /IIE Y X
M AH

Lab. scale SBRE A F7] ¥sle] @& {718 4 AL

AA EXHES B71e AFAEZ Table 59 Fig. 3~4°] JERA

Table 5. Results of substrate removal efficiency of operating cycle in SBR

COD¢; (mg/L) NO;-N (mg/L)
Parameter - -
Min. Max. Ave. Min. Max. Ave.
Mode 1 1,600 2,300 1,860 932 1,720 1,220
Mode 2 760 1,200 920 616 1,130 880
Mode 3 1,800 2,800 2,100 911 1,560 1,110
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Mode 1 : Oxic (3 hr), Anoxic (5 hr)
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Fig. 3. Results of COD¢, removal characteristic for SBR

operation cycle.

Atk A AHEE FUTe FHEEN A DA
7tEEZANA LAE FEHTE AHESE o, A 24
= 4 (2 F&3l9 KNO; (SAMCHUN Chemical, Korea)
£ A H4 3,908 mg/L, AW 6,118 mg/L, B 4,447
mg/LY FE2 FYsHATh

SBR A F7]E Influent (Oxic) 3 hr, Anoxic 5 hr&=Z
AR F /71E AAZES I 23} FFFTY CODe
FEE 1,600~2,300 mg/L WA Fit 1,860 mgLE °F
88.7%9] AAZLES R Atk Influent (Oxic) 2 hr, Anoxic 6 hr

sIE=8Eax| M@ HM25, 2016
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Fig. 4. Results of NO;-N removal characteristic for SBR
operation cycle.
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Mode 1914 {49 NOy-N 5:= HF 1,220 mgLE
oF 72.5%9] AAEZEE HITh Mode 29 ¢ 7+ 3
Z NO;-N 55+ 880 mgL, Mode 3°14& Hi 1,110 mg/L
£ YerATh AAEELS 47 80.2%, 75.0%E YERITH
Aa AAZE 9A] Influent (Oxic) 2 hr, Anoxic 6 hro&Z
SBR &XF718 AFsds W Mg S5 AAzES
A 5 UATH

7849 228 JdlME oNuZF 252 224§
S, I9E g4 Fo] w9 Fasith 71E ATl
AZY F71ES 249 71E AAM aFHH |, C/NH|
7k Y& aAY J& 29 AE5Y CoD7F &1, 838
go] Astdgy B3sa JLohKim et al., 2008).

o
o
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33. SBR 2XMF7|¥ U, SDNR =& Z1}

SBR 2AF7|d wE HAEY JdLRed HEd &
S ¥yl 98] U (Specific substrate utilization rate)<}t
SDNR (Specific denitrification rate)& =23t U, SDNR
#Y AL oY A (3), @l s A THMetcalf
and Eddy, 2003).

o) 3
 HRT XX
(N
SDNR—W )

So : Influent COD¢,, mg/L

S : Effluent COD¢;, mg/L

No : Influent NO5™-N, mg/L

N : Effluent NO5™-N, mg/L

HRT : Anoxic hydraulic retention time, day
X : MLVSS, mg/L

Mode 1914 UZtL 14.05 mg COD/mg MLVSS-day,
SDNR< 3.10 mg NO;-N/mg MLVSS-dayS uUeRHIT}
Mode 29 A% U2 1246 mg COD/mg MLVSS-day,
SDNR 2.85 mg NO;-N/mg MLVSS-day, Mode 3|4+ U
%ol 9.87 mg COD/mg MLVSS-day, SDNR 2.29 mg NO;-
N/mg MLVSS-day®] AAELEEES Hole ALE Yeyk
t}. Metcalf and Eddy (2003)7} A A3 AAZol| oJshd wle
o digt 2A 82 20°CelA] 0.208~1.56 mg NO;-N/mg
MLVSS-dayZ AR L™, FPHFE ddo2 3 SDNR
ol =2 Ao =2 Yehyth SBR 2AF7e] B2 <9r]
AED #7118 2 Z22AALE 2 U8 2 9grg F
71 olEe Aoz #gHTh SBR 2AFVE f71E A
ALZEE Gotry] 98 22ugE ol &9 F7
FERoH, FHuHF U FFE LE5EY F
|

=
o
o2 Ayl sk HHFd SBR 2AF7IE Aok

4. Conclusion

2 d7dAe FEHEs W LsE: /1S AAMI
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