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Sequencing batch reactor treating ship sewage and
external carbon source
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ABSTRACT : In Sequence Batch Reactor (SBR), the removal efficiencies of nutrient materials such as nitrogen and phosphate depend
highly on quantity and quality of organic carbon source. Food waste that contains abundant organic materials has been produced in siip. The
applicability of anaerobically fermented of food waste (AFFW) as an external carbon source was examined in the lab-scale SBI? process
operated at 25 C. With the addition of AFFW increased, average removal efficiencies of CODcr, T-N, T-P changed to 985%, 9%'%, 93%,
respectively. Denitrification rate is 0.30g NOy-N/g V5SS - day. In summary, it was suggested that AFFW sould be used as an econorrical and
effective carbon source for the biological nitrogen and phosphate remouval.

KEY WORDS : Sequence Batch Reactor (SBR), Anaerobically Fermented of Food Waste. External Carbon Source.
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2+z} Table 1, 201 YebAACE <) S}
Aol A LAg e 9] BEAE Hzste] 48 AEHE &
7] 95t S1EHFE Azt ALgstATHA %,199).
2(Glucose) & &Yooz o]&3te] CODE 400mg/ ¢ 7t
IRz, Assse NHCE AHE-3e] 40mgNH;-N/ 2 2
AR AA&GANE dREU ol Hae] FHRE FY3A
, 19 TRz KHPOE AHE3te] 10mgPOy/ ¢ 2 st
AL Eul AgAe AgoA A AL FFAE o
st S| EdA Abgadel Hoh Ax
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Fig. 1 SBR system used in this study

Table 1 Characteristics of seawater

Division Concentration(mg/ ¢ ) Mean(mg/ ¢}
CODcr 400~500 450
T-N 25~30 215
T-P 4~5 45
MBAS 10~20 15
Mineral Qil(Diesel) 1.3~1.7 15
Animal Fat 14~16 15
Vegetable ail 14~16 15
Table 2 Characteristics of AFFW
Constituents AFFW
CODcr (mg/ #) 27,250
SS (mg/ ) 5,340
Nitrogen (mg/2) 1,725
Phosphorus (mg/ #) 179
VFA as CODcr (mg/ ¢) 7.8
Initial pH <40
23 ME=xEA
2 AT Algd" AFefAe ’&9] St A B

B3(Best-Bio-Bacillus System) ¥H3-Z2RE AHstg 2o 15
Uztel HE717He AR F wkgzo] AEFsH. E7]A7h
Aol SEAMDO)E vH Y 24 M (Bacillus sp)d] 345
Aol gro] Al7lge] 7R o&] 19ARE 15~2ng/ ¢, 2
G 0.8~1.0mg/ ¢, 394 05~05mg/ ¢, 494 0.3~05mg/ ¢ &
AAE71E Sk w22 1Y 477]|2 stgen, Sz

& Table 3o el 157713 HNel%e 7201 B
& Z23& AZrEHE7|(Time controller)oll 23] zHxo=z Ao
HEE 3Hch
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Table 3 Operating conditions for SBR

. 78747/ Total
Step | Fill P LA 274" % 4:{Settle| Idle |Draw (rmin)
RUN |10]160160[60(70{ 8 10 10 | 360
AFEW 300% -
inject
Aerobic : Anoxic : Il

b

24 ¥4

PRAATL Agsts PP fATsh Al
tiste] MLSS, CODcr, SS, TKN, T-P&9 42 Standard
Methodsoll 914 3te] Z4stdeh. 2 $28 LAPEE Table
400 tERHRTE,

Table 4 Summary of analytical methods

Item Analytical Method

pH pH meter

ORP ORP meter

TOC TOC Analyzer(SHIMADSU 5000A)
NH;"-N Indophenol Method
NOs -N UV Spectrophotometric Method
NO, -N NED, Colorimetric Method

T-N UV Spectrophotometric Method

T-P Automated Ascorbic Acid Reduction Method

DO DO Meter (YSI Model 58)
MBAS Metylene Blue Method

(1) Bacillus T59 ¥¢] 2 ¥4

Bacillus #F¢ Ed& 98l 12 strength® TSA
(Trypticaxe Soy Agar, Difco) HIXE o]&3lo 27TCA 2
A~48hr Wokstgct. wiorEl Bacillus 3% visible counting
% $HT 5F S WYl o uigsan BT T 5%
& 98 colony PCR 7] & o]&3le] 16S rDNAE FZ a1y
SE 2L BT 1587 cell lysisgt & BT 4H%, 60T
45z, 72C 18 30%, 30cycle FE3AUT). FZEo| ALEH
primery 27F (5 -AGA GTT TGA TCM TGG CTC AG-
37), 1492R (5" -GGY TAC CTT GTT ACG ACT T-37)
2 AMgEle sl n FE g Av)E o 1466bpelth
sequence datat> National Center for Biotechnology
Information (NCBI) programs & o)&3}o] B-4alyr).

£

S

(2) Bacillus 59 2372 4

Bacillus @59 #3dT%E ¥4317] Y8 PCR-DGGE 7]
HE o] &3lAth givE ® £2X9 & DNAE FE39
}. DNA &2 Fast DNA SPIN KIT (for soil) (BIO 101
Systems, Q-BIO Gene)& o] &3}e] uli7dol wa} +83t%
o} %% DNAT 16S rDNAZ ZZ3 2 165 rRNA A=t
9} V3 region® F%3H vk V3 region $Z9| 4-88%¥ primer
T MUIF-GCB " -CCT ACG GGA GGC AGC AG-3'),
518R(5 " -ATT ACC GCG GCT GCT GCT GG-3 7 )& o]&
slgtt. DGGEE DCode system (Bio-Rad laboratories,
Hercules, CA)E o]&3td vwiydd ot st

denaturing gradient ®H97F 40~70%< 10% (wt/vol)
polyacrylamaid gel (acrylamide : bisacrylamide = 375 : 1)
2 1 x TAEYA 60VZ 16A13F rumning 3MHtH gel&
ethidium bromide”} X8 staining &0 1587+ ¢lM3a19d
1, gel ofv|X= olnr] BA Al2¥ (Kodak, US.A)E ol &
3te] A3t

Al AAE 3R &

FUFEE 0ng/ 2 2 $A8Y L
3 AAHE AL ]
0.30g NO3-N/g VSS - day2 et 20% 0]
A wW AAE dAAe BYdEm Prde A
Bued 2 olfe FUE APREY FoA] vl YEol
HAA 28 F JAEVFAsHEC 255 A7] W&ol
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Fig. 2 Nitrate nitrogen profile in the batch test

3.2 9S8 = U2l Bacillus sp. B|ME 24

2 AdFdME s o 7E2E 48] Slste F 33
A&ag AFsgen, PCR-DGGE 71¥& o] &% #3-1x &
MZAde Fig. 3% 2ol dvetdth 2§ Fig. 3B)& digital
image analyzerg ©|&3st] BAM% A& vehd AHolh
YellA B el Zo] {4 F3t7F CODw 370ppm. TOC
240ppmg] 10/01/03A1& (band 5) 7HAE FAME €L g
Wi +3F s UEgus 5 FAR 302 e, 18
Y CODwn 600ppm, TOC 400ppme.2 {37 Z71%- 0%
band s{Ho] &43 Febxion Hehde $HTE vkl A
E g vk ® 19 vEid A3 Zol Z lanedlA dEbtE
band®] ZxE ¢dFe ¥ 4 band WY WstE FJH
o2 Ehd zleoz B 4 gtk
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Fig. 3 PCR-DGGE 71 & ol&38 nAE o3dFE 84 (A)
digital image analyzer® ©)&3led 4% i} (B); band 1:
09/22/03; 2: 09/2:4/03; 3: 09/26/03; 4: 09/29/03; 5: 10/01/03; 6
10/10/03; 7 10/13/03; & 10/15/03; 9 10/17/03; 10: 10/20/03;
shab g 944 AlA #3} (CODww 370ppm, TOC 240ppmeil A
COD\n 600ppm, TOC 400ppm o2 5 #31 ds

el mgol FE 09/22/03, 09/24/03, 0/26/03, 09/29/03,
1001/03 AgAE A2 HEd A slgs FPol e
Wk g g8°) £& o band No. 1, 2, 3, 6 % 10 &F7}
7 ¢dzez uEaTh e A5 44 vz Ad)

10/10/03 olFFEle M2 &fo] Zistn iAo AHEE

T £ gurk PCR-DGGE patterno] BoFE ulgl ol
de Aol Higtez & F $HFe dHwlol ulHof

10/10/03 A18 olFHE|E band No. 7, 13, 14 #57 ¢4
= AL B F 9tk Fig3 (AdA B ulep o] 09/22/03
Algel A band No. 2 7}, 09/24/033 09/26/03% band
No. 1, 09/29/03%: band No. 2 281 1001/03%= 1 57 &
Aggold 73 $dsle 222 Vel 10/10/032
10/13/03 A9+ band No. 13 #57F 744 ¢33 A=,
10/15/03, 10/17/C3, 10/20/03 Al&IA:= band No. 14 #F7t
M $AEe £o2 ey,

33 #7118 MAHxE "ot

HEe- 2o { °‘E‘ F2&5Ue CODcr, TOCY FEH3IE U
el et #715:(CODer, TOC)S W3l FU+9 CODcr,
TOCS s=7F #42t 370mg/ ¢, 240ng/ £ o1 FZ& 5 olA 6.5mg
/2% 3mg/ 22 AAEE BRelFer ke HIL&s e
v 3" dypt feivele oA Bis g
Az 7129 COD 40mg/ £, SS 20mg/ £ o18He wEstuu(y
3,2002), USA 33 CFR 159 Alaskan waters cruise ships¢]
T2 BODst= 30mg/ £ 9 SS+= 30mg/ ¢ 58 rE3lgch o
g A AHgEn Ay oE HIHFAE vlgte] S8
Asg el o

500

® CODcr

o TOC
400 1 @

CODcr (mg/L)

Time (min)

Fig. 4 Variation of each concentration of CODcr and TOC

34 B, oo MHEE "It
SBR t&%iﬂ ?43] AbelE 13(BADEL e FEF
o] f71Ews, gRyokd At AR Hae AHeHErRE

2 2lel X2 &&E Fig. 59 JeEhGich w2 3714
FAAME GRUold HANH-N)7F 40mg/ £ A 4ng/ £ 2
Wstglal, FARS TAAME FAM AARINOs )7 daksls
o] 05mg/ ¢ olA 27mg/ ¢ 2 F 784} Bacillus sp.ol S5
Aol wel 3714 A FAA THo] wrESHAEM Azt
AALAE, DA whg7)2He ohefol o

2NH; — Glutamine 4

NH; + 202 — N: + 4H:0 + 2H'

NOs(NOy) — Nz 1

4ANH," + 2NO; + 050, — 3N, 1 + 7TH:0 + 2H'

A AeEte Aoz <A ¢ wEEolA
2 & FEAEUL 5 o] T FE R A
g des &+ Qo g H]*—‘!O]C} A FAHAL]
AMe AdetilA 2 2E HAFE 2 U2k 7)E
wel Mg F jEd=g st vk A vl
ME ZED BHF 7SS A SRS H A 2003)A
&S A71Ee FAAGAA COD 40mg/ £ olst, T-N 30
mg/ £ ©18, T-P 4mg/ £ ol8to)x, @A FAAL7] Tl #te
2|71 E-& T-N& 40mg/ £ 013}, T-Px 10mg/ £ 0)3tol L 2ke
2 'I -N& 4mg/ 0|3}, T-P= Ing/ ¢ 7HA Z3tste]n g
AFoA e ol FAHA Aol X—ﬁ}fﬂfﬂ Eﬁiﬁ}ﬂ st
°4 Aol A 2= s gdde st #8985 FAA A
st &7 3% F227F 30~40mg/ £ 74E7} EAs
REo]l gRuyeld AA R wirhel Fodste]l Fiyol Hu
3 A F w)Estojorgith. ool HAbsrt A&st
A dojuba] dxlel %ol dol AAHRL A A e Sng
/eolstR X e wiEHAT & A7 AHEE SBR
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in the SBR system
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