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This study was conducted to investigate the ratios of phosphorus release to COD uptake, phosphorus release
to nitrate removal, and phosphorus uptake to phosphorus release by DNPAOs(denitrifying phosphate accumulat-
ing organisms). In case 1~IV, influent 1 were fed with synthetic wastewater with influent 2 NO3-N injection to
anoxic zone and the case V were fed with municipal wastewater with side stream oxic zone instead of influent
2 NO;-N injection. As a result, the ratio of phosphorus release to carbon uptake was increased in accordance
with nitrate supply. The DNPAOs simultaneously took up phosphate and removed nitrate from the anoxic
reactor. In case [~IV, with above 20 mg/L. of sufficient NOs-N supply, phosphate was taken up excessively by
the DNPAOs in anoxic condition. The large amount of both uptake and release of phosphorus occurred above
20 mg/L, of nitrate supply, achieving the ratio of phosphorus uptake to phosphorus release to be 1.05.

In case V, phosphate luxury uptake was not occurred in system due to 6.98 mg/L of insufficient NO;-N supply
and the ratio of phosphorus uptake to phosphorus release was 0.98. Consequently, if nitrate as the electron accept-
or was sufficient in anoxic zone, the ratio was found to be high.
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(a) Lab. scale reactor of case I~IV
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(b) Lab. scale reactor of case V

Fig. 1. Schematic Diagram of the Laboratory Scale
Reactor.
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Table 1. Description of Experimental apparatus

Ttems

Description

case [~IV

case V

Anaerobic Reactor

Anoxic Reactor

Oxic Reactor

Clarifier

Mixer
Pump

Cylindrical Acrylic Plastic
Effective Volume : 1.5 L
Cylindrical Acrylic Plastic
Effective Volume : 3 L

Cylindrical Acrylic Plastic
Effective Volume : 15 L
Cylindrical Acrylic Plastic
Effective Volume : 5 L
Cylindrical Acrylic Plastic
Effective Volume : 2 L

Round Glass Cylinder
Effective Volume @ 2 L

ACI10 30W 60Hz 36 R-P- M CW
Cole-Parmer, NO.7553-77, (6~600rpm)

o 029 9 HAA43YT) case [~V A A
MLSSEEE #7139 F44F 2% 3500 mg/L

2, case VIXE HiF 2600 mg/LE FASH.
Z} case M NO; -NeZ W3le} FALzoA
NOs -N ¥-3hl gk #5730 Table 29 e}
[SEI= 3

case I~IV A&AN FdFe drx9 FA
A2 27t 12 L/day2 AA 24 L/day, £8A ub
& MLSSHAE 93 JAR AN drjzz 9r
k(12 L/day) A AT case V A8 4" 8¢
4~ Inf. 1& case I~IV9] Inf. 25 gl A &)
ZE 24 Uday frgAAoH, Hude iz
2 NOs -N& §4A17171 935te] AAR A 5.7
ZE AXN FALZR 24 1/day, WE9EL 249
MLSS 39 87|29 A NOs -Nel| ¢33 ¢} w&
AR @S AN Aste FarzdA 7
Z2 24 L/dayE AAY. DO 3ke 43137
A3l ¥rgr] HAY FYF ARRE LA
pHE 7-7562 F4& FAsIHLY, 20T2 ¢33}

Table 2. The Characteristics of Operating Condition

X

| SAstATh FYTFE AFZE AAstn, wut
HE o]&ste 3 4 58 FAsIEoH,
Lx JYr2o FFL Masterflex PumpE ol &
A=, 72 case ¥ FYFY A4S Table 39
el 9, case I-IV A8 U Inf 19
£ glucose, NH«Cl, KHPOZ ©]€3sle] COD,
NHz-N, POs-P =& ¥443tA 2Ast5.0H, Inf.
291E NO; -N BEE 2F7] 9J3te], KNOs& o] &
3t FYd5 = NOs -N9 sx9 ¥is Fok 1
9, n|AE g g 7|El vlFdAE Table 3
o Uehlxel Inf 1o &3 95k, ¢Ze=
ZA NaHCO:E o] 83l pHE ZAE3Hh case
V Agde gAHS7 obd UxA SeFEAs
9 13 HARNE AF L F55M masterflex
pumpE F3sld IAFH FYIHLH, Inf. 2 R
37ZE Fo 4¥E HASY

case [~1V 239 FYH 4T Inf. 1S <A
2 fA89e9 Inf 29 #9 NOs-N 5EWH3
o wet AXE 4719 case® BF3le] £AA
AA cased] 2 Inf. 194+ COD, P, NHs-N2| &
=& 747} 300, 6, 20 mg/LE FABFEo Y, Inf. 29
B9, 9 NOs -N o]l & 43 2 gdansts

r ooz

S off

Inf.l Inf.2 Ax _ .
= NO:z -N loading rate
(mg/L) (mg/L (mg/L) (mg/L) (mg/L) (mg/L)

Case 1 10 0.011
Case 11 15 0.017
Casem W 6 2 3500 20 3500 0022
Case IV 30 0.034
Case V 125 2~3 20~25 2645 6.98 2655 0.013
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HEH-d4z
Table 3. Characteristics of Influent Synthetic wastewater
Parameter Concentration Note
Glucose 300 mg/L as COD Organics
NH.Cl 20 mg/L as NHs-N Nitrogen
KHPO, 6 mg/L as POs-P Phosphate
MgS0O;, - 7TH0 18 g/12L
case 1 CaClz - 2H:0 0.24 g/12L
I~ . NaCl 06 g/12L Trace Nutrient
FeClz - 6H:0 Variable
MnSO; - H:0 Variable
ZnS0y - THO Variable
NaHCOs 5g/12 L pH-buffer
COD 125 mg/L
case V Inf.1 S-P 2~3 mg/L Influent in wastewater treatment
NH;-N 20~25 mg/L
o] WEE FA7] A case I, I, I, IVAA e gell A FAE sty 918t ¢ 24

NOs -NEZE Z}7} 10, 15, 20, 30 mg/LE FU3FY
o} 1283 DNPAOso 213 Fakhfoll Ao &3
NO; -NAAZT g7z 9] <4 NOs -NFge
4zl Y8 Inf. 19 Inf. 2% d7)Z(AnSY F
Farz(Ax) 2+ 8, FY9EA

case V A8 FYB 7Y Inf. 12 Y=4] 3
FEUAYZY 13 AAAE AG EL FY989
o, case I~V A3 AME-H Inf. 2 & Al

371%E Fo FA2EE NOs-N& 3733 2
& st

4 £42 Standard Methods (APHA, 1995)°]
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Table 4. P release and COD uptake at anaerobic reactor

aFo.

3.0, 2
AU

31. g7ixe) A CODAAS Ae=

B FAAA < AA #Adte AYEL R
5 DNPAQsolBZ @7z A dojues QWEE
DNPAOsol 93] ¥ojet Aot} e, F7lFl
A9l COD AAE DNPAOs¥tolU g} GAOs(gly-
cogen accumulation organisms)E X&3§ 74
& 23 Aoz AtgEHeH, o) nYEe
1 #Eglel CODE AATT. wahA, FrzeA
o]#F FlIPEESo] FEln v 7L,
1 @1 wAEe] $AE A% Fr)RdA=
QW& §lo] COD AA7F doid Aolil, DNPAOs
7t A A9 QuEn COD AAZ FAA e
g Aojt},

Table 49X € @71Z0A49 AWEHFFH CODA
228 eb o) case I I, 1ML, IV, Vel A Q&
2o Z4z} 129, 372, 399, 375, 94 mg/dE rEbytT).
B A 9ol COD AH#FE case [, 1L, M, 1V,
VoA Z+z} 1715, 1701, 1546, 1395 1314 mgCOD/d
2 Jyeyth olgEg d#E vFo|lHol case 17

249 Qo 4he) 9%e neHA

L
huy
o

P release(mg/d)

COD consumed{(mg/d)

P release/COD consumed

case
In Out Release Amount  In Out Removed Amount (mg/mg)
case 1 14832 27768 129.36 360144 188568 1715.76 0.08
case I 11580 48744 37164 340320  1701.60 1701.60 022
case I 7596 47448 39852 335640  1810.80 154560 026
case V. 7476 45024 37548 338412 1989.36 1394.76 027
case V. T2 1656 936 34425 21984 1314.1 0.07
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Table 5. The amount of NOs -N removal and P uptake in anoxic reactor

NO; -N (mg/d)

P (mg/d) P uptake/NQOs -N

case

In Out Removed Amount

In Out Uptake Amount removed

case |
case I
case I
case IV
case V

144.84 11.52
1836.24 6.84
23892 12.24
368.28 151.2
173.0 90.0

133.32
179.40
22668
217.08
33.0

27768
487.44
47448
450.24
166.5

234.00

154.08
27.00
21.60
46.8

4368
333.36
44748
42864
1197

0.33
1.86
197
1.97
144

case V¢ 7% NO; -No| 5% BZoz 39
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2 BaEn, case I+ DNPAOsS 7|4 wAE
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& AHEHd Aoz Atz

I3y, Table 591 DNPAOsd] €3 ¢ wt&
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DNPAOso| 9] 9] vl Zo] ©J& COD 4% 5§ B
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WEe7E 002~0.899 W2 WHIE sHATT 3ty
om, o] & Smolders 5 028% AANHY. B
Aol dold Jehd COD AR o] WE Qus
o] wl: zZzh 008, 022, 026, 027, 00701
%, NO3 -N Fg°] ZF&3MA DNPAOs7} €3
case III, IVl X+ DNPAOso] 9§ <9 €2/COD
ARHE o 0272 $A8%T olE Dold %)
e B9 o 9o, £3] smolders V0] A
Qe 0289 @ FAME Ao E el
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o2 uf§ =& & e 9lof ¢l W&o
sH dojt Ao E wrkE)

3.2, FAkAaZFol A9 DNPAOsY| 93 9143

Fodazo A DNPAOs <3 NOs -N A/ A=
3 9 HFAFS SFET. Fitaze 2 s
227 FYEA ggtenz 9 HEHd Had A
AFEAe dE-E NOs 7t AFSEAYE 7P 89
. 2 case®® NOs -N AAZFH Q AHFS Table
5o Yepged, o1 A##AAE Fig. 291 Ve
At

Y NOs -N %7} 10, 15, 20, 30 mg/LS] case
I~IVelAM e NOs-N9 #&4 TEv 742 033
039, 04, 46 mg/l. 91, AAZEE Z+7+ 133, 179,
227, 217 mg/dolRd<=dl], case I~IMAE Y
NO:; -N =9 w&} Z7}38t7} case [ ©]F UA

=2

Puptaked (mg/d)
g 828R 8LEE &8

o

0 50 100 150 200 250
NO,; removed (mg/d)

Fig. 2. The relationship between NOsz -N removal and
P uptake.

A fAEUY & FAFEFE A3 case I~1V
A2l AFAFe] wzd FiaizdM AHAE
93] 2 FHE NOs -N && oF 220 mg/dolgl ot
case [, 1= NO3 -N A Aol w3 FFao] 1E3]
Fd Aoz Hadd FH I HHAFE NOs-N
A AL vl AR 44, 333, 447, 429 mg/dE case
W7AAE E7197r 2 olFde AY 4R34 &
A= Aoz eyt &, Fig. 2914 Jehd A
2] NOs -N A7 ¢} ¢l e ¢A% v g4
I e, ol AL FAMdA PAOs7t ¢ AH
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2EFHE NOs-N 4] HE =ASeH, Ahn
572 NOs -N 1 mg AAY 22 mgd] 9 ¥&o] U
olgdtti AA P, B Ad7dME NOs-N F
FZo] BEFYY case 1& AYG case N~V
4 NOs -N A A 3 2 HFHE2 1.86~1.97 mg
Puptaked/ mg NOSA'Nremoved, jéﬁ 10302 %?J NOsi
de BAge] AY dASA debhgd. mekA,
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Fig. 3. The relationship between P uptake/NOs -Nremoval
and NOs -N removed.

S}, DNPAOsel 93 <1 4# ¢ NOs -N AA %=
4G HEE JHA I glen, 1 H]E oF 20 W¢
A Aol FAE ALE ddEth $¥, case 17}
case VO] A%, 3402 FFHE NOs-N o]
e "‘0}"1 AAE A7 BE% ’}}ﬂ%, %, d714H
ANA FHER7] W&o, DNPAOs7F 858 & Sl
= A3 Aol 2AHA Fol A WE E HAF
o] % REZIHW Aoz wdddh

3.3. DNPAOsdl| 23 143 o <l
7|z A9 AWELS DNPAOso -’]L /\—i
ey, FALzAM9 JA4FHE DNPAOs#TH
ollz), @AnE, GAOsSH 2L A& 4%
o Bash JHHA 2EFAT B =R v
AE A& 93 COD 1 mg AAF <1 0.01 mge]
AADGL 7Hg8ta, o] nyd A S
o] H|Z Table 60 YRR

Fig. 49)< 7} case’ 8HgEAo] WE P uptake/
P release Bl&S Yehliled, Q HAFHFS AX
FAAE A% 9 ARFS A 2E DNPAOs] 23|
A wrAIEE gholt). Fig. 4o00A case I, I, 1ML, IV, V
oA, P uptake/P release Bl Z+2 0.09, 0.81, 1.05,

==

Table 6. The ratio of P uptake / P release

o
3

o
IS

the ratio of P uptake / Prelease
o
o

o
o

case | case I case Il case V case V

case

Fig. 4. The ratio of P uptake / P release in case 1 ~1IV.

1.06, 0982 Jehged, i3y dHAFL
zd el £ e XA, AreEAQ
NOs #Fo| A=A o] B L Fidhe Aoz
elytt}, uheba, NOs -N F59] F83 case 1M, IV
dMe Hol HlgE UrE}LHC’*—L—tﬂ of 1.059] Hl&
2 9l AF7 gojvta JATh F, NOs -N 9ol
%e 49, DNPAOsO o #AJA-H7E Lot

T 9Ee HelFE Roln, AXTHA AT 9 &
2aA nejsh o AAEEL o 374 A
2 A9,
4.7 2
2 ATE W7)-Fakk R0 #S) NOy-NF

9] 10, 15, 20, 30 mg/LE H3} FUYL W} ¥
NOs -N¢] F¢]t)4] side streame] Z71ZE Fof
ANE AEE 39S W, DNPAOsA & Pretease/
CODconsumed, Puptake/NO\'i?removalg’]' Puptake/P releaseg] H]
&5 ZABIg o, 1 A% U e 2ES &
Z3A o

1) case I~IVeA DNPAOsel 93t dr)zo)A
9P release/COD consumed®] ¥l= NOs -N %o]
T ol 027019, §9Y NOs -N ¥e] 3

=B §F
'('S'TL"

P released net P uptaked net COD

itemns

P consumed by the

growth of microbes net P uptaked by P thake/P Telease

(mg/d) (mg/d) consumed (mg/d) (mg/d) DNPAO (mg/d) by DNPAO
case 1 1294 437 31471 315 122 009
case I 3716 3334 31080 311 3023 081
case M 3985 M75 30252 303 4172 105
case V3755 1986 31206 313 3973 106
case V. 936 1299 27643 378 921 098

(include Ox removed)
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