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Stoichiometric Study for Nitrogen Removal in Anoxic-oxic Process

Byung-Dae Lee'

Division of Health, Uiduk University

ABSTRACT : Optimal sludge recycling ratio for maximum total nitrogen (TN) removal efficiency was calculated stoichiometrically using
nitrification and denitrification reaction with given influent water qualities in anoxic-oxic process which was one of the popular nitrogen
removal system. The water quality items for stoichiometric calculation were ammonia, nitrite, nitrate, alkalinity, COD, and dissolved oxygen
which could affect nitrification and denitrification. Optimal sludge recycling ratio for maximum TN removal efficiency was expressed by those
five influent water qualities. TN concentration calculated stoichiometrically had kept good relationship with reported TN concentration in
each tank and final effluent. In addition, it was possible to expect the TN concentration in final effluent by stoichiometric calculation within
+5.0 mg/L.
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Subsrate (Sg)
Dissolved Oxygen (Dg)

Sludge recycling (R)

m; and my : Concentration of nitrogen reacted

Fig. 1. System configuration of anoxic-oxic process.
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Table 1. Symbols used for items at four positions

lems | Influent (0) Mixture of.inﬂuem After anoxic|After oxic
and recycling (1) | tank (2) tank (3)
DO Dy=0 D, D D;=D
Substrate {|  So=p S Sz S5
NHy-N | No=1 N N; N;
NO;-N | NQy=0 NO, NO; NO;
Alkalinity | A¢=« A, A, As
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Table 2. Expression of items in each position by a, B, R,

m;, and mp
Influent | Mixture of influent |After anoxic tank|After oxic tank
Items .
(0) and recycling (1) ) 3)
DO | Dy=0| D;=R - D(I+R) D=0 D;=D
S:=[(-D - Ry
Substrate | So= =p/(14R =
ubstrate | So=p S =pA1+R) (4R)Fm; $3=0
NH/N | Np=1| N=IR-m N;=N N =1-
4 o 1 2 =N ®RH) - ms
. NO,=R - mp- [NO;= (R+1) .
NOs-N [NOy=0{ NO, = R
T e R ey | em)
= +R) - = .
Alkalinity | Ao=o |A, = ami-2mg) - R| 27 0T IHR) = A =at(l+R)
m-2m; + R m-2(R+1)m,
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N3=0 — 1-(R+1) - my=0 3)
NO,=0 — R - mp-(R+1) - m; = 0 )

8 4 3)F @EFE T4 mF mE Table 20 tigsidd
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Table 3. Case analysis

Table 4. Summary of all cases in anoxic-oxic process

Ttems Case 1 Case 2 Case 3* Case 4**
, 2| (@-RY | (¢-D-RY | (B-D-RY
Niwogen| - m \RIRT Yy aay| Ry | o)
reacted (@D - RY
(mg/L) ms VI+R) | a2+R) 1K1+R) D04R)
DO '
D D D D
(mgOy/L)
Substrate
(mgCOD/L) 0 0 0 0
NH;'N o |Me- (R+1Y/ 0 (24D -
Process | (mgN/L) (R+2)] R-0-)2
effluent | NO,-N (04D -
(maNL) WI+R) | w(2+R) | 1-p+D - R R
Alkalinity |o-[(2+R)/ .
(mgCaCOL)| (14R)] 0 a+p-D - R2 0
I-[(a - RY ) o
TN (mgN/L)| 1/(1+R) ®2) 1-+D - R | 14D - R$
Removal 0 (100RY | (100a - RY . n.
efficiency N (4) (1+R) (R+2) 1003-D - R100(-D - R)

* B should be greater than D - R otherwise TN removal efficiency
become zero.

** B and a+f should be greater than D - R otherwise TN removal
efficiency become zero.

As>0 — aHR+1) - m-2(R+1) - my> 0 )
$;>0 — (B-D - RY/(1+R)-m; > 0 (6)
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Table 6 2.2 5-E) ZJ( zoneol| A WEsle G cased: 1y
3w, zone 1€} Rgko] [(1+2D-2p+D*+2D - B+5)"*+p-D-1}/

Case A;(;)lilc z);lkc Influent conditions

1 | DN | N Substrate and alkalinity are enough Table 5. Influent conditions in anoxic-oxic process

2 | DN | IN |Substrate enough and alkalinity are not enough Influent | Case 1 Case 2 Case 3 Case 4

3 | IDN | N |Substrate not enough and alkalinity are enough Substrate B>RAL+RYF | B>(a - R)/ |B<RAL+R)+| B<(a - RY

4 | IDN | IN Substrate and alkalinity are not enough D-R (2HR}D - R D-R (2FR)*D - R
DN: Complete denitrification; N: Complete nitrification; IDN: Incom- Alkalinity oa>(ZHR)/ a<(ZtR)/ @>24+D - a<2tD -
plete denitrification; IN: Incomplete nitrification (1R (I7R) R-B R-p
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Fig. 1. System configuration of anoxic-oxic process.

2D7t 2 4 74A] TN AA &L 100/(R+1)A e wan 27}
St Ho TNAAE-S 100[B-1-DH(1+2D-2p+D™2D - p+3")
[D+B-1+(142D-2p+D*2D - B+pA)*|e] F2at. 22 Rt
o] [(1+2D-2B+D™2D - B+p)**+8-D-12D Xt} 2 AL =
TNAAE2 100(8-D - R)2g wa} agict 1 o) {2 7
AazoAe & A2 A% 28 As) wSo] Yoju]
ot} Zone 2014 TN AALE Rko] [B-a-2D+ol-2
o - Brdo - DHEHD - pH4DH)27F 2 W 74A] 1000 - R/
R+DAE 2w F7tsta o) INAAEL 100[a-p+2D-
(0720t - Btdot - D+E™4D - B+AD) )/ [a--2D-(0f20x - Bat -
D+p™4D - p+4D)Jo]l HZFT}. T2k TNAIA S-S Rgtol
[B-0-2D+(o201 - PHdor - D+R4D - pH4DH)2 Bk 2 7
e FALzA 7149 RET NhzdA YR B
& M2l 100(8-D - R)4]& wzt ZAaF e} Zone 314 TN
AAEL Rgkol [B-1-D+(1+2D- 2p+D*+2D - p+p)**)2D7} 2
9 74 1000 - RAR+2)S} 100R/ (1+R)A S wr=r Z7}s1
Ho) TNAIAEL 100[p-1-D+(1+2D-2p+D*+2D - p+p2)%%)

Table 6. Possible reaction and occurring cases in each zone

Zone | Denitrification Nitrification Occurring cases
1 DN—IDN—IDN | N—>N—IN | case 1—scase 3—>case 4
2 DN—IDN IN—IN case 2—case 4
3 DN—DN—IDN | IN=>N—IN | case 2—>case 1—case 4

Table 7. Summary of minimum R value for maximum total
nitrogen removal efficiency

Minimum R value for

. . Maximum total nitrogen
Zone maximum total nitrogen

1 effici %
removal efficiency removal efficiency (%)
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2 205 BHADY Y [o-B-2D-(o 20t - Bdor -
DHp2+4D - f+4D7)"12 DHHD - pHaDY]
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Fig. 3. Minimum R values required for maximum TN remo-
val efficiency.
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Fig. 4. Stoichiometric maximum total nitrogen removal effici-
ency.

Table 8. Comparison of reported and stoichiometric TN con-
centration in each positions

TN concentration in each .
positions Total nitrogen
Plant " a - removal  |Reference
Influent after anoxic|after oxic efficiency (%)
tank tank
. Rep.*| 57.8 5.7 49 91.5
Sto.** - 8.8 8.8 84.8 5
) Rep. | 584 17.9 19.4 66.8 )
Sto. - 17.0 17.0 71.0
; Rep. | 61.6 4.1 4.1 933
Sto. - 4.0 4.0 93.5 9
. Rep. | 794 7.5 3.7 95.3 )
Sto. - 8.0 8.0 90.0
Rep. | 60.8 10.7 9.3 84.7
5 10)
Sto. - 7.1 7.1 88.3

* Reported TN concentration, ** Stoichiometric TN concentration
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Fig. 5. Comparison of stoichiometric and reported TN efflu-
ent in each positions.
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