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Effect of recycle water input in Endogeneous Denitrification Tank on

the removal efficiency of Nutrient in DNR process

Won-chul Song

Department of Environmental Engineering, Graduated school,

Pukyung National University

Abstract

DNR process was developed for the N, P removal of the low organic
materials concentration wastewater like domestic circumstances.

This study was conducted to improve the removal rate of N, P and
denitrification rate in sludge denitrification tank by inflowing the recycle water
of wastewater treatment plant to sludge denitrifier. It defends the inhibition of
phosphorus release from anaerobic reactor.

To investigate effects of nitrogen removal in inflowing the recycle water of
modified DNR, the process is accomplished by three steps.

First, compared the removal rates between DNR and modified DNR in
utilizing methanol as external carbon. Second, grasped whether use the




recycle water as external carbon or not. And third, studied the removal
effects of N, P in inflowing the recycle water to sludge denitrifier.

At that result, Modified DNR were higher about 78%, 74% in the removal
rate of N,P than DNR 70%, 60%. As inflowing the recycle waler to sludge
denitrifier, the nitrogen removal rate was 70.4% in spite of the low C/N ratio.
It was simtlar to DNR removal rate.

It was estimated that Modified DNR process show the better treatment
effects than DNR in the low concentration wastewater treatment, it should be
recognized that this process is suitable for DNR improvement.
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olgidt &% Fo AxAAE AA dryol ¥rIH(Ammonia Air Stripping).
ol w3 (lon Exchange), ¥ 3d @AAE(Breakpoint Chlorination) 53 #-&
2258t 9l b nl A4 s (Nitrification)® B2 A8 Denitrification) 59 =384
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ool MEHA RHoE oJudE Ayl HdA olddle SHYEY
v} A Z(autotrophic organism)ell 2l3lA F2 A7 doldth F, dRUYolE
o}AALo 2 WA 7] o}AArRF(Ammonium oxydizing bacteria, Nitrosomonas)3t
ojA Al e Aoz WMHAFE AAF(Nitrite oxydizing bacteria, Nitrobacter)oil
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HEstd BhAl7A BAF O ZERALS BlAdoR do AXFHE Y. 2E FTS
odo} u|AM2(e.g, Arthrobacter't fungile.g, Aspergillus)s = A3 S0l
5%

9] @} (Verstraete and Alexander, 1972) Adato] sialsr A F44s
Eg g vAgRn 4 =¥ Ao Iz UokBitton, 1994).

Eoiof n B 9% At AAL oo 29A AsEE AAA do.

Nitrosomonas:

NH; + %02 — NO; + 2H" + H,0 + 275 KJ (2.1

Nitrobactor:

NO; + 30— NOj + 75 KJ (2.2)
Total:
NH; + 20, — NOj + 2H™ + H,0 + 350 KJ (2.3)

gke} 22302 71xshE, 14gd AUt 64g9] Atxsk AFSER olEA
AaQTFRE 46g 02/(gN4rsholn] A% 5= gzre] S(Alkalinity) & 2H+ 9 Aol
A E o Alkalinity® $3A]7| 22 100/14 = 7.14g Alkalinity/(gN4t3h 2 Alddd,
u]2 EPA°|A @3l ¥ Nitrogen Control Manual(1979) A& o2l 4] (2.4} F3H
A3 ras FAd dgaln 4.2g 02/(gN4Hahe] A e 7#E Uehdn,

NH; +1.830, + 1.98HCO, —

0.21CH,0,N + 0.98NO,; ~ + 1.041H,0 + 1.88H,CO; (2.4)
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35742C7F H4 #H9=7 A YHUSEPA, 1993). #4tst vl Nitrifier)=
g Fr)HOoE LENADO) lmg/t olFAME Abio] oF Aol dojuA=
ofor} Azl HEAE 2ng/tol ol FHAT pHES Fabsle Fge F& Ay
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5CH,OH + 6NO; — 3N, + 5C0, + TH,0 + 60H™ (2.5)

5CH,COOH + 6NO; — 4N, + 10CO, + 6H,0 + 80H~ (2.6)

= A9 u% 1po HAE YA u OH o WA oz Q3 3.6g2 Alkalinity7t
HAgch webd =aEuge Ad Fg AAse] oF AlkalinityAE2E o= AXE
SEA|Y £ Ary, E£F Aioa A Far AAgHoE ojgHoz 1g N AAY
2.86g2 Atart FEHE Aotk W@ Hgel delM 1g NOy -N AATF
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£x0l Wr/EV|RAY AFE olFoAA ddh. & FN AN obAEHIE
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Fig. 2.1 Basic concept of biological phosphorus removal(RRC, 1996).




9l AAE d5e Aot DO, FAFFA(NOx) 22l SRT(Solid Retention
Time)Zeo o& =AA 93L W= Randall5(1992)2 #&5Y TPEEE
lmg/eol 3t E 871 Y9siAE BODs/TP7F  200i4te]l  seojot  &tdxn  shaix,
Fkama(1984)%2 COD4Y/TPAAE 50~592 Hysn Yok, Eg ALgHT

7129 Aae wak A s)zel 2 GFE Fed A adHd FIES
Acetated} 1 Ze&lx 3 Qth(Randall, 1992). ®F4kAy AAAGEFE ¢ AFHA

ARFEAZ ZeaA Hed dux AdFYPe] &ALV Az A Felsith
SRTel ojgh Qg B oezy AAAd 3w AglAzE opdd Ao
defAn  ded 3~60¥el ks WA ¢ AAAE]l JhEsex
#HtHRandall, 1992). %% Matsuo%$(1996)2 OxicZ2] A7]9 SRTE ¥t Al A7
A EES BEIALH OxicE9 size= AAZE 2 FFo] Ay £A4
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CODY N9 # 9o dla] & Fo] g A2 AR ckRandall, 1992),

i

19761 Barnard®l <3f EBPR(Enhanced Biological Phosphorous Removal)©]
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AN EHA = Comeaus(1986)0] H&o g E2dL AT o|F Wentzel(1986),
Mino(1987)%°l #3€ 235 At

Comeaus 2 A A ol u = #7114 el o] A & o]
th 9l 4 (polyphosphate) 2] 7t e 25 A E IS R = o] & sfod
€} A7 R(substrate) S F48t9 poly-B-hydroxybutyrate(PHB)S el ol
Aaea AED W99 pH balance® XA HEd ol F7]09 FEol
AdojuiA #ro,
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Bacterla{P-Removal) Bacteria(P-Removal)
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Figure 2.2 Schematic diagram phosphorus release and uptake.{el®¥7] &, 2001)
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Fig. 2.3 Phosphorus release under anaerobic conditions(Wentzel et al. 1591).
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Fig. 2.4 Phosphorus uptake under aerobic conditions{Wentzel et al. 1991).
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Inner Recirculation

Araerobic  Anoxic Aerobic Clarifier

Return Sludge

Figure. 2.5 Schematic diagram of A2/0 process(Hong et al., 1981).

2) Bardenpho (BARnard DENitrification PHOsphate)& %
Barnard(1974)s A4 ¢ 91 FAS AAS? At 5¢ Bardenphod B &
gtstod o Fig, 2.60 Jehld. o FHe) ExozEs #d7jxdA WAZHAS

3o ga9e FFPel gl BES HIAH, A9 AHAE 7z LG

~
=

Inner Recirculation

Anaerobic Aerobic . Aerobic Clarifier
Anaxic Anoxic

Return Siudge

Figure, 2.6 Schematic diagram of five-stage Bardenpho process

(Barnard, 1974).
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Ekama®t Marais $(1984)o] #Alrgk UCT3HE L Fig. 2.7, 2.8 #Fgo
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Figure 2.7 Schematic diagram of UCT process
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Figure 2.8 Schematic diagram of MUCT process

o]8 % UCT(University of Cape Town), MUCT(Modified University of Cape
Town) Y& A2/0 ¥R @& Hadstd ZA4 A AA &8 =2 FHHLEZA
TN ZhFE B Qo) YRNEERETe 21 A 2 AT B 2

2

Be 27 A EA ] So) WL

4) VIP (Virginia Initiatiove Plant) &%

VIP ¥4 Virginia Initiative Plant &3ejA f2d FAo=2 UCT F4F
AR UCT S A4ol wla) na&e +dS 98 7idd FHeloh UCTZE 10 ~
30¢¢9 SRTE AHAg ¥ VIPE 5~10¥2 SRTE Folx, @A ujHES

FANAM Q) AR ZEE FAW Bl wgze §FS FA Rojoh

e

_17._




Recycle 1 Recycle 2

Influent Effluent
Anaerobic | ANOXIC| Aerobic |— e
A
Retum sludge Waste sludge'

Figure 2.9 Schematic diagram of VIP process
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Filt Anaerobic Aerobic Anoic Settle Decant l

Figure 2.10. Schematic diagram of SBR(Sequencing Batch Reactor) process.

6) DNR(Daewoo Nutrient Removal) 33

Influent i Recycle
y
Effluen%
E.D. An. Ax. Ox. Clarifier
Return sludge Waste sludge

>

Figure 2.11. Schematic diagram of DNR{Daewoo Nutrient Removal) process.
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&2]al @& ZF(Endogenous Denitrification Zone, E.D.), &7]& (Anaerobic zone,
An), FAbAZ(Anoxic zone, Ax) J18]31 F7]%(0Oxic zone, Ox) £AE FA =
Q=4 ztzhe] f%& 9g 1858 29.5¢ 52307 H== AzslAck w3 ¥r7|x

FET AGRAS A5e] 149 22 FAAS AHEFA,

Recyle Water Influent

Effbient
o' ava i ave ava —
E == =y 5 N ) :
o _© o
a0 OOOU
0
@ Q [ @ o o ©
(@] ]
0 Ny 2

J&

1. Stirrer 5. Anaerobic tank
2. Recycle pump 6. Anoxic tank

3. Air pump 7. Oxic tank

4, Endgenous denitrification tank 8. Clarifier tank

Figure 3.1 Schematic diagram of Modified DNR process.
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1. Stirrer 5. Anaerobic tank
2. Recycle pump 6. Anoxic tank
3. Air pump 7. Oxic tank
4. Endgenous denitrification tank 8. Clarifier tank

Figure 3.2 Schematic diagram of DNR process.

HedA e COD 120mg/e, NH ,—N 20 mg/t, PO,—P 5 ng/te] AF3t5E
Azsle] oF 3093 AL/ FHA o0, MLSS ¥% 3500~4000 mgMLSS/¢7+7]
z7tg W 72X Jog&AE HrHA Fhens, ofF SRT 10~13¥& A7)
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Table 3.1 Operation condition of DNR and Modified DNR process

Mode 1 Mode 2 Mode 3 Mode 4
Carbon source Methanol Methano! Methanol Recycle water
HRT 8 hr 8 hr 10 hr 8 hr
COD Inf. 23519 187£17 171%6 163=5
NH4-N 34.3x3.5 34.3%£2.7 33.2%1.6 33.7+£0.7
{T-N Inf) (36.2+2.8) (37.8+2.2) (35.5%1.6) (36.4+0.8)
PO.-P 4.610.4 4.2104 4.310.1 4.320.1
(T-P Inf) (4.8+0.5) (4.6x0.4) (4.6x0.1) (4.61£0.1)
Return flow 100 %
NRCY flow 100 %
SRT 10~13 days

T)

Mode 1, Mode 3, Mode 4 : Modified DNR process

Mode 2 : DNR process
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3.1.3 #d49+

Ao AHEE FUsE AT sedaFde A4 37 TE=o
S22 AA L AvEle ALEEgon, A Az F
7

% Mode 1, 2, 39 A5 ©wie€2 o835, Mode 49 F¥= 54 S

e
o
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=
94

R
ric ;
e
:1m

spae gl BAHE AA WRFE FUste] YU Table 3.2 A
Az FYHE APHLY HF FEZ, 214 AHEE AR B2YE AUEH
A7) &e A MESE A4S GARE 2 VRS BT FEES ek
Ao,

Table 3.2 Characteristic of External Carbon sources

Methanol Recycle Water
TCOD (mg/¢) 5800 2400275
SCOD (mg/?) - 111431
NH,-N (mg/2) - 184136
T-N (mg/£) - 255+27
PO4-P (mg/@) - 16.1+1.1
T-P (mg/t) - 39.812.1

_26_
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31904 veld iz 2o, 2831 JFsFE AHESIN wWEel f¢4 F9 SS

FhE SAHSA Y, FEF ssw FAEAN

Figure 4.1, 4.2, 4.32 7 Mode ¥ YU+ F&42 TCOD, SCOD #H# Z
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Figure 4.1 Variation of TCOD concentraticns in operating periods
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Figure 4.2 Variation of SCOD concentrations in operating periods
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Figure 4.3 Variation of SS concentrations in operating periods.
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Figure 4.4 Removal rate of TCOD and SCOD in each modes.
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Figure 4.5 Variation of SCOD concentration in each reactors.

Table 4.1 Average concentration and removal rate of COD, 55 in each modes

\ Mode I  Mode 2 Mode 3 Mode 4
Inf. (meg/¢) 235+19 188+18 1716 163%5

TCOD Eff. (mg/t) 12.944.0 155431  15.0%23  14.9%3.2
Removal rate (%) 94.5 91.6 91.2 90.8

Inf. (mg/?) 228120 186+22 1696 160.8+4.6

SCOD Eff. (mg/d) h.7t2.8 8.1+3.6 10.1+1.7 7.212.2
Removal rate (%) 97.6 95.2 94.0 95.5

SN Eff. (mg/t) 6.01+1.8 8.1t2.6 4.4+£0.5 6.1+0.8

%) 4249 SS= AFHFE AHRAHAY B SHHA WAL
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4.2 AA2AA

Figure 4.69 472 7} Mode "8 24 2 NHy -No 5% #3E el oy,
Figure 4.82 7} Mode ¥ %224 % NH, -No| #AA &S Jepd oot agx
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Zlojt}. Table 4.23 Z+ Mode ® ®da 2 $&v9 34 9 NH-N9 F5&
thebd Aol

Mode 1 ®AA fFd+ FHaALE FF 36.212.8ue/t, Mode 2 TAA
37.8+2.2mg/¢, Mode 3 @AM 355+1.6mg/t, 123 Mode 4 SAHA
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DNR Z& 9% HRTEZ 10422 £ Mode 39 4% SCOD/NHs -No| 652
Mode 3% FUstAl #stdch olul T-N AAEL M7 75.0+3.4%F Letwrt
3 )% Mode 49 A% SCOD/NH,"-Neo| 4.10]%lern T-N
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Figure 4.6 Variation of T-N concentration in operating periods.
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Figure 4.7 Variation of NH;"-N concentration in operating periods.
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Figure 4.9 Variation of NOs-N concentrations with each reactors.
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Table 4.2 Average concentrations and removal rates of T-N, NH4-N and

NO3-N with each modes

Mode 1 Mode 2 Mode 3 Mode 4

Inf. (me/) 36.2%2.8 37.8x2.2 35.5t1.6 36.4+0.8

T-N Eff, (mg/t) 8.0x1.2 11.0+2.3 8.9+1.4 10.7+0.6
Removal rate (%) 77.8 71.0 74.9 70.4

Inf. {me/¢) 34.31£3.6 344428 33.3%1.6 33.7x0.7

NH4-N Eff. (mg/t) 0.03x£0.01 1.8+2.2 0.05+£0.02 0.1x0.1

Removal rate (%) 99.9 94.8 99.8 99.6
Inf. (mg/8) 1.8+0.3 2.3x0.1 2.31£0.1 2.7x0.3
NQO3-N
Eff. (mg/) 7.5t1.4 8.3x0.6 8.4%+1.3 10.6%£0.7
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PO+P Concentrations, mg/L
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Figure 4.11 Variation of PO,-P concentrations in operating periods
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Figure 4.12 Removal rate of T-P and POs—P with each modes
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Figure 4.13 Variation of PO4-P concentrations in each reactors.
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Table 4.3& 7} Mode ¥ &%+ 2 #&59 £ % PO,-PY 5= E el

Zoltt,  Figure 4.12& 2z} Mode ¥ %< 2 PO,-P9 AAES Yelli, Figure
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Table 4.3 Average concentrations and removal rates of T-P and POs—P

with each modes

Mode 1 Mode 2 Mode 3 Mode 4

Inf. (mg/t) 4.8+0.5 4.6x0.4 4.6£0.1  4.6x0.06

T-P Eff. (mg/0 1.310.1 1.8£0.1 1.6£0.04 2.1£0.08
Removal rate (%) 73.3 60.4 66.2 54.3

Inf. (mg/) 4.6+0.4 4.310.5 4.3£0.07 4.3x0.07

PO,-P Eff. (mg/8) 0.7+£0.2 1.5+0.3 1.2+0.05 1.7+0.1
Removal rate (%) 84.8 65.8 72.6 60.2

- [%=NO3-N —B-P04-P|

ISCOD/NH4—N= 7.8 !I ‘

Concentration, mg/|
O = M WohH N A ~NOWOo
T

Int. Eff.

E.D. An.

Reactors

Ax.

Figure 4.14 Variation of NOa-N and PO4-P Concentrations with each reactors

(Mode 1 : Modified DNR, HRT 8hr)
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- [%-NO3-N —8-PQ4-P SCOD/NH4-N = 6.
SCOD/PO4-P= 52

Concentration, mg/l
O~ MNDW A O N0 OO
T

inf. Eff. E.D. An. Ax. Ox.

Reactors

Figure 4.15 Variation of NO3—N and PO4-P Concentration with each reactors

(Mode 2 @ DNR, HRT 8hr)

- |- %= NO3-N —B-P0O4-P |SCOD/NH4—N= 6.5 Il

Concentration, mg/i
o = NWwWw b OO N OO
1

Inf. Eff. E.D. An. AX. Ox.

Reactors

Figure 4.16 Variation of NO3—-N and POs;-P Concentration with each reactors

(Mode 3 : Modified DNR, HRT 10hr)
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Figure 4.17 Variation of NO3~N and PQ,-P Concentration with each reactors

(Mode 4 : Modified DNR, HRT 8hr, Real recycle water use)
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