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ABSTRACT

Biological nutrient removal (BNR) sludge was added to a sequencing batch reactor (SBR) in the addition ratios of 0%,
20%, 40%, 50% while observing the variation of nutrient removal characteristics and microorganism groups. When the
BNR sludge was added in a ratio over 40%, the characteristics of EBPR (enhanced biological phosphorus removal) was
shown at the 27 days. However, a distinct BNR was not shown when the addition ratio of BNR sludge was lower than
40%. The organic removal efficiency were shown as 90% in all SBRs irrespective of the addition ratio of BNR sludge.
At the 27 days, the phosphorus removal efficiencies were shown as 40%, 55%, 77% and 69%, respectively, according
to the addition ratio of BNR sludge. Overall, efficient nitrification and phosphorus removal was shown when the added

BNR sludge ratio was over 40%.
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2 Bl Mg AAED BETE A4 AA THL
2 vpartial nitritation, nitrifier denitrification, anaerobic
ammonijum oxidation (Anammox) &°] 7iLEAN o,
acrobic denitrification, lithoautotrophic denitrification,
combined autotrophic nitrogen removalell #3gF A1 %
s] AYPEL YU

Syt AR A Ay, Lae
o] WEo] At ON B7F W2 54& 7Y
3, ARHR #E A1FF A3 3 dule Rz
13l pHY DO} 72 & QAo o] Evhsd
pok opel FHe Sex|9] viEo] Tl Az
A - A AP RES el 3t

AR @A EAIodA= SBR (sequencing batch
reactor)®] %o] HEEHI YL SBBR (sequencing
batch biofilm reactor)’= SBR| ¥HEH LFo =2 A
=3 Qlh’® ey SBRO A o AEIF Az
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o] e A U HE&2) BNR (biological
nutrient removal) EE|X|E 2F3le] 49 A AA
LA 29 HEAAHY L TASH. EF FISH
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Fig. 1. Schematic diagram of sequencing batch reactors.
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X150X250 mme] Z7|2 A=A er, U F Ay
SAFL 4], 72 T AL L3FL 20t HEE )
Aok A4 dre AFPEE o] &3] ¥R g
Al F71ml 2 8 RIS, ARae A A
7F 308 F APYILE o83l vhgT] A /R &
A9l 50%% 218 FEANAHY.

AAANE A A A DM 9kgr] Ulg &
&L sl vhg7) el A wRb7)E MdX|Ete] U
3A 100~150 ipmoE IHA|FoH, 2= AFF 2%
ZA7)& o] &3l 25+ 1°CE FAIskHT) 7] dAlel
AMe 371 BEE o838l 05/min®] 37171 W87
3ol AAE A EHE Bl FY=EAS 12 F
=7, AT WE, 7] ¥ EF F9 23 golH
(imenE o|-&3te] Aot ¥k F71= 12 hicycle
2 3t

B e #Y, 1, 3], a4, A, uiE,
FA GAL o] RAARE Biglor FY A7 30%8E
23e €71 9AE T 302, 37] dAleF FAkh
GAE 717} A7 30 R AR 3 A
HjE TAIZ N7 R 31T FX g E 30ReE A
Akct.

FUE 4 H AL Table 13 Z2oH, B
TOC (total organic carbon) 240 mg/l, NH/-N 20 mg/
I, PO&-P 15 mg/i= A HA=U

Ao AbeE Uil LR = KA s Et
oA AHtA HAX7E Bt HA9 < AATHE
d9E o Hoj=nf ARSI C™,” BNR €84 &
a8} Qlo] A o= AA=E SBRAA AFHstA AL
B39t vt 84 sHAe 4 e MLVSS
(mixed liquor volatile suspended solid) 1,200 mg/I=
dAEA KRB, BNR £8A= ZF gz
BNR £#{#|9] ZF nlgo] AAY 0%, 20%, 40%,
50%7t =% FrlelRa, B AFdMe 2zt Ry,
R2, R3, R4z}3 W3S

Table 1. Composition of the synthetic wastewater

Compounds mg/l
Glucose 600
MgSO, - TH,0 50
MnSO, - 7TH,0 55
FeSO, - TH,0 222
KCl 7
(NH,),SO, 188.4
K,HPO, 84.2
NaHCO, 300
CaCl, 376

g

2, AF Uy

ZF Whg7] e AR AFHE oF 308 UlA] A7k 2
Ao AHsULH, AR AFH F S 022 pmd
membrane filter® JF3le] Alg W] SRsk= vAE
£ &3] AAS T B4 S0t} SVI (sludge
volume index)?} MLVSSE Standard Methods¥E &
&t 23, 718 TZE TOCE AER o4
3led TOC analyzer (TOC-5000A, Shimadzu, Japan)
& olg3kd £431%}t. NO,-N, NO,/-N, PO, -P
ion chromatograph (Metrohm, Switzerland)E ©] &3}
o Z33h. NH, N HS 3100 Water Analyzer
(Humas, Korea)Z ©]-8-5l] 435194t} pH, DO, ORP
= AN A5 4 710no lab multi level 3, WIW,
Germany)E AHg-sl S48

g FHMsE AR Y% FISHE &3
72 Wem BN

A NE HFHES 1.5 ml DY (pellet)dl] Fol 26G1/2
=g AMS FAPIE ALl &£8%] 2718 93
A Fepo] Hul FEA] PR UEUA 84 <F
INZE A% ¥ (pumping) AHE ¢ F, A7t F
28] BT AGHE FRTE o83t 34
stk

A AR AFEE 15ml Bl ¥ oF 302 A
= 94 st e B o] | AlE F
FHES Arleke HoE wEISYPY AEE 4%
paraformaldehyde 8ol 24A17} A% ZAAFTE 2
Zlo] wWe} 4% paraformaldehyded 73-%-, A&} 2
geio] vyt 1:27h H=S AL, 50% ethanold 7%,
Alg9L ZANMY HI7} 1:10] HEE YU AE
0.5mloll 4% paraformaldehyde 8 1miE Ho] 24
A7E B7dare] Bagsisict

IAHE AEE 12,000 pmollA] 5% Bt A4 Ee
A7 T, 732 WE]3L PBS (phosphate buffered
saline)S 1.5m/ Hallol]l A3 Y voltex mixer 9
o] &7 & 3T} o] F8E 13 o wkEsS
o} A& A8 5 S celllinedl] Y7 oFA =AM A
Z7)oA Axd b, 12T AEE 50%, 80%,
90% ethanolll X#Z 2zt 3% E<2F Gt A=)
oA Azt

vlg] d8AIZ) hybridization -2 8 e} Table 29}
7o} A oligonucleotide probe 2~3 Wie =HIh
2 ¥y & HolA HHEH F, probet DAPI (4,6-
Diamidino-2-phenylindole)s ¥ FHE = 35|
ZaEE AL A 93 RS ol8si] We At
Rt FAE 7t carbonate filter caseol] |3
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Table 2. Oligonucleotide probes used in microbial analysis by FISH

Probe Labelling dye Probe sequence (5'—3") mer" ([S)t;ifl-e') oD?
Nso 1225 Cy3 CGC CAT TGTbATT TGT GA 20 0.2 5
Nb 1000 Cy3 TGC GAC CGG TCA CGG 15 0.2 5
EUB 338 Cy3 GCT GCC TCC CGT AGG AGT 20 02 5
PAO 462 Cy3 CCG TCA TCT ACC AGG GTA TTA C 22 0.2 5
Uprimer length, dilution ratio, “optical density.
Table 3. Selected temperature and time of hybridization and 140 g e aerobic pr— 3
washing solution in probe N
Hybridization solution Washing solution —é go%
Probe  Temperature ~ Time  Temperature Time g ‘é E
() (min) 0 (min) g 2E
EUB 338 38 90 40 15 5 5%
Nb 1000 46 90 48 15 § %g
Nso 1225 46 90 48 15 2 é £
PAO 462 46 90 48 15 -

hybridization S22 &4l & cell-lineS 21 Table
33 o) A Al 2molA] 7zslsh
Cell-line®] H2 &5 ALYA FAZ AAHS ;‘?;
u]2] oE% hybridization washing &) 15% &<t
D7Re ¥, FFFE 7HEA Mol o Az7)elA

723133, DAPI033 mg/hE 8w ¥ FAF o
FATH,
THTE AH F Azl A28, anti-fade
Ak 3w WA cover-glassz §& &, Hblﬁ-oit,;
cover-glassE ZASHATH L § WYFdol] BaetL
2477t 5 FFP0 A S Bk AT
L. &z 2 &t
1. BNR &28{X|o| 24
#7157 FAkh gz 3217 30802 74

sted o7 g7t 243k Fig. 29F 72 ARE A ¢
ATk HA TOCY 90% °)do] ¥ 57] 308 ©
Woll MASACE 871 717F & A=ES ]l WE= ‘?1’5‘}
o] gz |l ¢l T 30 mg/7HA 77}0}01013”]
7] Al M oAl 7238 AR le] E5Eof 2*1
ZF ofiel]l vk W9 9 FEE AY 0mglE et
st

57] Aol A] NH Nz Fidale] o8] 7h4E]7] Al
gt oen, o] wel NO,-N 555 Z7ketg o},
NO, -N= AT Al 2Astslgdozy Ao 7HE
A gkt

Time (h)

Fig. 2. Typical profiles of TOC (@), PO,™-P (O), NH"-N (a),
NO, -N (¥), NO;-N (V) in BNR sludge.

250 by accident

200

SVI (mL/g)
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MLVSS concentration (mg/L)
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Time (day)

Fig. 3. The variations of (a) SVI and (b) MLVSS concentration

in 0% (@), 20% (O), 40% (A), 50% (A) BNR sludge
seeded in SBRs.
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IR B A AME SRl B4 A9 Al wsle] dAHoE MLVSSY 74} BAlElgoL),
A o] BE3 iRl AL & 4 U I o)F A&F el MLVSS 559 7F JepiYa,

oF 359 Ak 23 AREE oA 2 wakE U
2. BNR 23 X| A|Z0f m}2 £2{X|2| SVI®} MLVSS ERA] egskth MLVSS S ¥Wsh= 4329 SBR EF

= #s| A A9 H%g S7HE YeRA)

BNR &2|X|9] AF%#S T3t 4719 SBRsol|A] SVI (sludge volume index)t= 4% SBR R4
SvIgl MLVSS H3les FHE3thFg 3). 27 A&HoE el on, HEHO2 50mig o5l
MLVSSS] FE7F 1,200~2,500 mg/iS & F%7} &3 Fod g veERRSE 2HEE dut SEA7L
Ao} c19)Hel LX) B 2FL &4 YU 2 H7)-5719 wiEHol A o) SVIZl Ao
7] 54 A== AA72A 20K & MLVSS T A Aol FHE AL B F ok 23y
sk UERRA] g9t 1 o]F MLVSSE F7ishe BNR €8A& Bo] FYs w7445 MLVSS &

Zd%e vEhisit 119 A= 73 ARl glolm e E7b w2el® Bel HEA Ssvt A 3Ye
LAFoR Qsle] A At} F23 Fe Aol ZALE Hol, BNR 347} RY245 Ad4e o

Fig. 4. The variation of photographs using PAO 462 probe after 33 days in SBRs.

(A)

Fig. 5. FISH photographs using (a) DAPI and (b) Nb 1000 probes after 33 days in R4.

Journal of Environmental Health Sciences, Vol. 34(1)



SBRoJA BNR &#A] 2]&8]d] w& ggads AA

Fssihs e ¢ Uk

2 A7 fAKE ATEA FA 9l AAY edsrt
7}5 % DEPHANOXE ©| 83 Afolx, gt Abdg
SR 7E A E>sle} Q) AA7Y 7153 SEiAE ¥
38l 242 o] YEsHdA SVIT 50 mifge 2
Vet B E Ao

3. BNR &2{X| & &0] 2 n|YE =& Ha
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probec] ¢ja) FAE AKL Fig. 40 JeERAATH

31

:

BNR E&HAE ZH7ZF 40%SF 50% 415E R39 R49]l
Al R1EA w2 PAOsF #EE Ze B & 3o
3 4F 339 F, DAPIZ #EE wA g0
Nitrobacter 42 UERN= Nb 1000 probeol] 23] &
¥ FISH AR wlwsled Fig 501 AAlskach.
DAPIZ AT = WAES FE ulgi] 8hA) dhi=
oz e}y, Nb 1000 probedl 23 &&= v
AEL H2 A gl WA dhye= oz dawc)
2o} e whHoZ BNR <8A] & n&3 Az
Az @& vAE Lo HEE oheks FISH
probesE ©]8-5le] #ASE #5 4E Table 40 UehY

Table 4. The counted number of microorganisms according to time

0.4

R1 3 day 14 day 27 day 33 day R2 3 day 14 day 27 day 33 day
others 718 948 1423 2114 others 1170 1045 1686 2347
PAO 462 28 48 51 124 PAO 462 56 162 164 202
Nso 1225 46 59 113 176 Nso 1225 115 138 150 240
Nb 1000 44 63 65 123 Nb 1000 65 64 155 181

R3 3 day 14 day 27 day 33 day R4 3 day 14 day 27 day 33 day
others 783 1113 2145 2840 others 1234 1414 2043 2677
PAO 462 44 211 232 436 PAO 462 139 181 196 403
Nso 1225 102 226 311 394 Nso 1225 210 273 279 450
Nb 1000 65 146 208 252 Nb 1000 201 214 223 373

1o (R1) (R2)
0.8 %
0.6 z

=R

08t

Microorganusms ratio (-)

0.6

04 |
02t
0.0

RHT

N

V (R4)

= NSO1225
| =1 Nb1000

| mmmm PAOC462

! == others

7 14 22 33

7 14 22 33
Time (day)

Fig. 6. Change of Nitrosomonas, Nitrobacter, PAOs and others during expetimental periods.
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213, DAPIZ =9 AN nAE 5o ig 7
probedl] 28] ZHaE nAE £ vE-E Y]l
Fig. 60 Wit
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gl wet Frisiaed, 2 H&e JE} Z
£ Holx| Esi¥om, 334 ZA3E
A7} 4.8% E2sisict. obAAtsl H&%% sl
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BNR £#A & 20% 453 R22| 79, PAO 462
v-g-2 149 Ao drHoz FAHT F7FE VeI
O}, 229 Aol ThA] 74T AMHOTE PAO
462 B8 F7lsl9, A F2 PAO 462 = A&
29l Z7+8 VERHACH Table 4). R2oIM %= e v]4Y

B9 v)s) Nso 12252 H]&o] &gkont A3l 735}
o W& & Halyt HAHA= FUTh

BNR €8A1E 40%9} 50%% 21E3F R334 R401A
T 420 Nso 12257F 7F¢ & 9142 A
o} R13} R29) Bla] PAO 462¢F Nb 1000& =&
Hl&-g Ak e A= Vet

i
i

4. BNR &2{X| 40| g |715 M7 Hst
BNR &&#] 2] ¥]ge w2 Z} ¥h8x9) TOC
Hahs Fig. 73 2] JEisith felol ARyHE 308
ot ok 80%9) TOCT} AA=UTE HL 7]7ke] ZHs4
goll w2} 271 #9) 717 & A7AEE TOC %2 &
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A7} 50% AFE RaolM 7ML w2 vehlizl
o1}, RI, R2, R3¢} 243 xol8 Btk AAHLo
Z BNR £8A9] 2F o] #AQe] BF 85%
o]e] TOC AA &&& it
Z7] %9 7179 43 TOC Aéie

[e]
&
37} 27A00M Ao wiko] o]foix] w©Ade]
FHo
3

F_:_‘

Z ) g4to] Al wel uAlE
Zato] AL PHASE B3l - 48 RAo=

2
olo

L%
oo £

Gt}
517] ©AlA 9] PAOsE 718 28 98 PO>
S WEshe 717 7T dedl, A

-8—71 BE 78] AALANE E751
ol PO, P2 W&ol AR o]Fo] AA] AUrh(Fig.
9(a)). °l+ BNR &€&#] HE 2719 #7118 AA=

[ A3
’E? et _ﬁ
[

150

anaerobic aerobic anoxic

120 (a)
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0
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Fig. 7. Typical profiles of TOC variations in R1 (@), R2 (O),
R3 (), R4 (2) after at (a) 3 days, (b) 7 days and (c)
27 days.
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Fig. 8. Typical profiles of NH;*-N (@), NO,-N (O), NO;-N
(w) concentrations in SBRs after (a) 3 days, (b) 7 days
and (c) 27 days.
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