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ABSTRACT

To consider the nutrient removal characteristics of BNR process activating soil
microorganisms under the influence of DPB and to clear the characteristics of DPB
under anoxic condition was investigated in the this study. The batch tests were
conducted using sludge sampled from the BNR process activating soil microorganisms
during operation periods.

The results of this study were summarized as follows:

- The DPB(Denitrifying Phosphorus removing Bacteria) performing denitrification
and phosphorus uptake in the anoxic phase plays an important role in removing
nitrogen and phosphorus in the BNR process activating soil microorganisms.

- The PUR(Phosphorus Uptake Rate) of DPB in the anoxic phase was to be about
50% of PUR in the aerobic phase.

- The DPB in the BNR process turned out to be increasing nutrient removal
efficiency of BNR process.

Key Words : BNR(Biological Nutrient Removal), Soil Microorganisms, DPB(Denitri-
fying Phosphorus Removing Bacteria), PUR(Phosphorus Uptake Rate)
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2 dFe EYAEE 3 A9 F AA 339 d4, A AA 5AE€ Denitrifying
Phosphorus removing Bacteria(DPB)&] g8l 2§ @A vetstuzl gaigor, £
DPBe] Z4ta e dtelde) €32 2 < A3 B4 gy 477t AU

Batch test 27, EYTIAEE o] ¢ UEF AA AN A4, A AAe T4 3
golA A3 FAlel A& 43 3le DPB(Denitrifying Phosphorus removing Bacteria) 2}
Pgo] 4T AR JEten itk AdeldAe] DPBel 9% A 43 %71 371438
A9} oF 50%¢°) B3R5 £7] nitrate FE7F DPBS U A3 $E0) i@ dIgAAUE ¢ &
AU, 22ln dUEF AA TPl DPBY EAle AM 3¢ A€ FUAIe Ao

2 BesU.

FHO : d¥AF, A2 - A AA, EYGiE, DPB. A 44 &=

1T.M 8

3 22] A7lA PAOs(Polyphosphate Accumu-
lating Organisms) ¥ Y&¥°] nitrate& Azl
EM 2 o] &3l B4Vt 5 AAY PHAR ¥
s FAlo 249 orthophosphate& 433l
poly-P¢| BFHZ A E F3o| dF=n gl
t}.)"9 Kerrn-Jespersen® Henze''® 7] 2
ga zddMe] YEEA Ql AAC e HE
A ¥ (batch test)& ¥ AF, PAOsE b3 2
< 57K 2FoE UE F 9SS AgHch:
1) AR 2N it ol 88 + dve 2F,
2) AArLEAZA A4 nitrate@ ZF o] £E
£ 8l a2F

E£¢ Sorm ¥V 713 U] 4P 72 @
E3ENETIelA Y Q) AA A¥a AEN dEE
WY dat 234 70 Fo Q 430 gEE A
T R7ERY £22E 9 A A4, A AAE A
T RI1EHY 4L Ha AY S UL ER
3%t} Kuba $2¢ 233 $All Q1 A A (Deni-
trifving dephosphatation)& 3t& Ao] A4, <l
AAE A% CODY £2E Hisslm, draT
Fol Hon] ¢¥A YAFE JiPdn F4
Aok, =3 F4kAn AElo)A nitrate® ARFEA
2 o] &3t A& AH3te A4 EE DPB(Deni-

trifying Phosphorus removing Bacteria)&ti 3

A},

Az og o3y DPBY &AME Mino 54
98t T 79 F8% vl g A Hed, 2 A
HA7t nxe <1 AA FH(EBPR process:
Enhanced Biological Phosphate Removal pro-
cess)olA 8] modelo] 8% W2 2434 5
o, WAz A A AAE AT R71ERY 22
7} H&gEolx Héo] Fe¥ § UAvke Aol

B dPdME AgA oM HHe| 2Pl YE
+ B3 AUYEH AA FHo2 B9E Case
4 339 €2A & WIS 2 batch test® W&t
DPBe] EA&5F 2 54& dotstn, 4FdF A
A<t DPBel 4#¥4 2 7|d& W 4o 3¢
2 Mg o|FmA At

2. dEFx o U
2.1t

E Ad7E 499779 4¥4 FE continuous
system22 FHHY Case 4 39 v|P&EE |
£33t EYRAEE o] 4T AYEF AA FA
Aol Az 2 €2 ST Q AA 54 vt
7] 918t batch 191M batch 471219 4% 79 3
2AEE dA s
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2.2. X} RYF

HEA 4Y9E A% €A Case 4 39
DY E7 | 2N BRE 284 (sludge) 7} ©l #H U
oo, ¥4 49 27lqd FUAHE fYdFE €8
o wel 73 FULFE HHA HYRAY E
=2 Az ¥ A3

2.3. dg=A

2.3.1. Batch 1

HdYe & 34 g 23 ¥ A4, A
EAE ¥ 3o PAAHch dES H=x
Anoxic X o2 1308¢E 4¥¥ ¥, Oxic 23
o2 Al APsgict Fol¥ ANERH e}
B, 713 /A § AEE AL 2¥e A
& Azsloln 251 &% £9 of2d HEY
vrg7| & ol &3te] ysizlen, r|AeA A3
A 0.5L8 &AE &Y Hgrld FYsn
bench-scale 339 #Y¥+ 1L% FHF 0.5L&
T3 olg AZE /UY$FE 1.5L F7F A%
# NOs;-N°o| 14mg/L7} 5| =& NaNO:& F7} ¥
43tz A @] (magnetic stirrer)& | 83t
YA oo} anE g A BAT. ENUY A
2E Y932 (60mL)TNEE 108 APz o
5A filter paper® &4l A F Qg94E& NOs-N
2} PO4~P. NH4*-N &) st #£43830ch.

2.3.2. Batch 2

Batch 2 A#8< Z7|(acrobic)delel FAth
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(anoxic)delel 2] <1 H# %<8 (kinetic)& ¥l
i - B e AEe e en, dze 7], B
A4 HEE71E batch 138 BYE Pele) RE AME
ssich o AA vl g MXUel PHB7 $#3]
E3E JelE 49€ P€ 5 UES ¥ F7] 4y
oA Hejd &2 1LE ¥4 wgr)d] FY3
I FFF 0.5L8 B3 ¥ POs-P, NOs-Nol 2
Z} 12mg/L., 14mg/L7} § =& K;HPO48 NaNQOs
& 371 B

2.3.3. Batch 3

Batch 3 4%8& F4la AdoA f7183de F
F& oz § €32 UAd of7|s & nitrate
Agto] Q1 A3 vlAE FPo Rt A7
t}. Zzte] ¥H3-71E batch 13 $Y & Yeio) T4
& Wrgoleln, vl &7 AejolA HaA 1LY &8
A g 3E4 Wgrle) F}En FFF 0.5L8 B
%3 & POsP, NOs-N°| 22} 10mg/L, 6mg/L7}
5% & Ko:HPOsSt NaNOsE #71 F3isich =
g ol 3 shiel wig7lde #7189 FEFE A3
o CODcr 100mg/L7} H=% glucose® HWEZR
)8t}

2.3.4. Batch 4

Batch 4 488 £ F €A ZE HE
& uAY A2 FAth el Q1 AH R
g Folg HUistr] A A, Bevle
919] batch testst FUs ] v E7] Fefol A AH
9 1Le] THHE 5A filter paper2 HA g
* ZR42 + 1.5L7 HI=8 & F POsP F=7t

Table 1. Starting condition of the batch experiments

batch 1 batch 2 batch 3 batch 4

anoxic aerobic anoxic anoxic anoxic anoxic
NOs-N(mg/L) 14 14.2 14.1 6.1 5.7 1.6
PO4-P(mg/L)} 4 11.3 11.6 9.7 9.6 9.4
CODer{mg/L) 123.3 - - - 100 -
VSS(me/L) 1488 4192 4192 3946 3946 3920
Temp.(TC) 20 20 20 20 20 20
Vol.(L) 2 1.5 1.5 1.5 1.5 1.5
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10mg/L7} H 58 KHPO 8 FYsgich
2.4. MUY

HEA AdgdM AHE ABRE A 434 X
Standard Methods® & vl& o2 st 243 n,
AN 24 wg R W8 2V Ao ot

3. &7 g nH
3.1. Batch 1

@4 e8] T A nitrification rates EFY
(mixed liquor)8] &%, #4449 A4¥E, BOD,
a8l inert solids, ¥% SRT, heterotrophic
organisms®}t nitrifiers®l yield coefficients%&
It B AR Pagroink, B AFAME
F39 gy JYJARE 713 i Y2 3
4 4¥E& F8o SNR(Specific Nitrification
Rate)® =&% 23, 5mg N/g SS/hre] #%& Y
el glo] ©1®9) Lab-scale 3% AFolA et
¢ 2.8~3.4mg N/g VSS/hr¥tt ¥ Aist&d
B},

¥ denitrification rates Th¥E JBAA F
ANT F/Melel Be F%E WASHEW, The
Soap and Detergent Association®] @7F2n%d)
93 dutrgog A WA FALZdMe] SAE
< 0.04~0.15g NOs -N/g VSS/d Atol9] kg %
E0T St £ U. S, EPA'Y) g2d F ¥
H BarzoMe dFE&L dWtEoz njAEY
WAL sl fFRHEZ A H Fitdzd
Mo g4 Bt YN e ghg A =, A W
A} Baaz 9889 20~50%% AR gEiAn
e,

¥ d7oA B 4¥9E B3 9& SDNR
(Specific Denitrification Rate) 0.07g CODcr/g
S8/d9l F/M =394 1.9mg NOs'-N/g SS/hr¢}
& Uehy U.S. EPA'Vel gt vlmg o o
TS Aoz eyt o3y w& 9382 EF
DY EE ol 8 YFIR AA FHNMY w2 A

& NHS'-N

@® NOS-N
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Fig. 1. Denitrification and nitrification profile
in batch 1 test.
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Fig. 2. Denitrification and phosphorus uptake
profile in batch 1 test.

AA A& tEo] AL F wol HE Al
Ak, EY E batch 1 499 FAtk 7103 &
A3 g7 A 437 FAG delve ¥4 (deni-
trifying dephosphatation)2 4 %A 4=
A olg g @il ¥ FAHAA Q) AAs o] &
Aukg-g #2832 batch 1 4 @olA 9 SDNR3ko)
¥ EHEE ¢ Aoz wdsid.

3.2. Batch 2

¥ batch 2 49 339 FAA JHoN €3
w3 Q1 A#H7t FAlY dolvtEAl (denitrifying
dephosphatation)®] ¥ & &z, 571 34
o Bk 2049 Al A3 Fxg v - Wkt
71 93] PaH Tt

AYAH aYolM BE ubs}t o] FAtd Aejol
A €33 FAlo Q1 AT} o] FojA BAA 2



EYUIGES BSY IUFYF AA $He F4T 202 28eNY Q A 1761

Time (min.)

Fig. 3. Comparison of biological phosphate
uptake under aerobic conditions
(batch 2).
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Fig. 4. Comparison of biological phosphate
uptake under anoxic conditions
(batch 2).

ojixie] Qo] HHE AT AT o AFAES
A7AH} 325 o9 FAlY AFHE YRR

37 =3 Fia z2yPeAe 9 HdH =g
Hms EH 7] 2P Hd A HH &=
(116.8mg P/g VSS/d)7} 4t 2A e #d
ol 43 £%(58.4mg P/g VSS/A)ET 2w} 713
ES€ 2 7 AUt} 2y 44 2UA 9 o)y
F A MY e o 2 @t &+ UL A
ojty, Y FAtA ZZoA e 27] 3083 A A
&% 49.2mg P/g VSS/d2 Yttt

RAA 24 @213 g4 A AAZ 2y
£ A& Poly-P vl & F nitrate® JAATEAZ
o]&% # e ¥ F(DPB: Denitrifying Phos-
phorus removing Bacteria) 7} AxpE-&#M 2 nitrate
E o] &3t A& A3y MEQ] Ao deRle

10
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Fig. 5. Comparison of biological phosphate
uptake under different anoxic con-
dition(batch 3).
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Fig. 6. Comparison of biological phosphate
uptake under different anoxic con-
ditions-glucose added(batch 3).

b & d7AME FLE o]/ Aoz Bd.
ot fAHE 284 AYE ¥E Sorm 529 AT
ste 28 # 479 batch 2 4¥lAMe POP
uptake/NOs-N removed ¥7} 27] 30% B9t 1.4
o] @& 2o oF 4.6l ¥ A& AU

3.3. Batch 3

Batch 3 44 < B44& TIF¢ T4 243
HaYE FHEA & T4 oA 9 43
% €A Fo| & v m - Y7l Yo Pt

aPeM E § UKo @ade] FFH ¥
g7l e g utgo] #2050 nitrated] =
7} S48 A ghde FF) A gle
WHg-7lol M = nitrate®] $=7) @vE 24k 308
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Jebd €& & & 9k

EF frldsge) FHLE Q8 nitrated] F
=7} 1mg/L ol &= ety wel ¢ H3HE A
A&7 8534 =] POs-PY 527t A%
e Ql WE HAdo) doidg & & Ut

gado] FFHAGE B4 =M o A
H &5 271 3083 23mg P/g VSS/dY &
B3, @il FHE T4 2] 27] 30%
9 A3 &= 26.8mg P/g VSS/d7t 4 &3
AT RALY gh& Ve FAkA ZhAM e §7]
49 Fgog QA% DPBY ¢ AH £ A
FYEE " A2 Vel 22V batch 29
%7] nitrate =7t 14.1mg/LY W F34 =
oxle} Z7] 308 < AH &£=7F 49.2meg P/g
vSS/deldl wiall, & batch 39 £7] nitrate %
7} 6.1mg/LY = RA4L ZAGMe 27] 30%
¢ A A4 $=¥& 23.1mg P/g VSS/dE 7]
nitrate Fx ote} QA AH =0t Autgg ¢
T AUt

3.4. Batch 4

¥ batch 4 3§24 482 A€ A% 7|et 82
E€ wlAY JelolA nitrates] A el & 24
& 71859 J A4 Ad 2 $E 47 E v
flzte] HAIBtH.

A¥A3 nitrate =7} 1mg/L ©l32 3etst
9 nitrated AAFEAE o) & 7Hed A AA v
A& (DPB)9] 1 A#7t A#=ol Poly-P "AYE
ANAQA @AM & o Q1 G&o] $ANA Hu
o|2 &l AR +F9 Q] s} FedtE AL
2 g

Batch 1~ Batch 47tx19] Z st € F3<] Q1
AA FolE EU2 EGTYEL BIHY JId
F AA 349 4 AA 711§ ABED 2724
A #& DOE fARE 73 A2, A AA
7t Agstn Q AAREe] S A9 Awd
(secondary release)°] $1& A& DPB(Denitri-
fying Phosphorus removing Bacteria)®ll 2§ <
el Aoz HweHh oy B TN 900%
ol4te] Ql AAXEE HRIY fslME P72

14 5 r 4
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Fig. 7. Biological phosphate uptake under
anoxic conditions (batch 4).

Table 2. Comparison of phosphate uptake
rates in the batch experiments

batch 1  batch 2 batch 3  batch 4

anoxic-aerobic anoxic anoxic® anoxic*® anoxic

$-POs-P 4 113 116 97 96 94
R-POs+P 05 0.1 08 09 68 132
PUR max. - 1168 584 328 365 -
PURax»  40.3 95.0 49.2 231 268 -

S-PQO4-P: starting ¢oncentration of phosphorus in the
batch reactor(mg/L), R-POs-P: residual concentration
of phosphorus in the batch reactor(mg/L), PUR max.:
maximum phosphorus uptake rate in the batch reactor
(mg P/g V88/d), PUR 0. phosphorus uptake rate for
30 min. in the batch reactor(mg P/g VSS/d)

* without nitrate limitation, ** with nitrate limitation

A12] nitrate =7} 1mg/L ©|3t2 Aol=o] 2§
89 2 AA W YE(PAOs)9 Q] ol 4gs
Al o) fojAotit ZriZAA Qe o] YA} o] F
oA AF A AALE] ¥A RAHEE EYUY
€ BANY AR AA THY w2 A AA
&S S8nA ¢ dele B ¥ 2§ 44
g SAY Yrlz=d& Tk A, o F
& BIBNR 4% A4 & U§ Ao Ba
"},

4.8 B

EFUNES Y JFYR AA TAHAIA
¢l DPB &4 R Tl Ul¢ %<& A7 A%
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Batch test& 8¢ 23 t&3 e dEgd ¢
k.

1

2)

3)

4)

1.

EYSUiYES YW seAeTH L e
o @A uie} o] AL L Q) AAXE]
A FAHE § FRYE /& FHFHEe
& 4L Jehdded, d7dn oe
DPB(Denitrifying Phosphorus removing
Bacteria)®] g3o] 42 HE-& AAdte
Aoz BerE At

7] 23T Faa 2HAM A HH &=
(phosphorus uptake rate)& vlmg d3}
37] 2449 Hul ) HH £%=(116.8mg
P/g VSS/d)7} F-4b4 oMY Hop A A
# &£x(58.4mg P/g VSS/d)Et} 24) 713
52 A22 Vet

27] nitrate %7} 14.1mg/LY W FAka
ZdoA 9] 27] 3083 A AH &7 492
mg P/g VSS/d 14| §&ll, 27] nitrate $=
7b 6.1mg/LY o F4ta 2elA 9 27] 30
¥ 2 3 4=+ 23.1mg P/g VSS/d=
Yett 7] nitrate ¥%7F DPBE] ¢ A3
Exo g ALY S & 4 AU,
EGuAES B8 U F AA THL
DPBel &F2.2 3t i, A AjA d8
T AUF F RVIEHY 227 FaE 2
&Y AARES §EE £ 3x, 3 3¢
g3 e EAHA Aexe st of
A7F bt 1 AHE AT HLFEE E

U & glol 3H BANel $uE & AUk
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