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Study for Biological Denitrification of High-Strength Nitrate and Nitrite

Industrial Wastewater
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Byong Hee Lee

Abstract

An economic treatment method to remove oxidized nitrogen from wastewater is biological denitrification
with organic matters. Several organics can be used, however, methanol is commonly used. When methanol
is provided, M:N (Methanol to Nitrogen) ratio is used to define methanol demand for denitrification. In this
study, two artificial wastewaters were provided to a biological system to evaluate denitrification
performance. Differences of influent total CODcr from effluent soluble CODcr were converted to methanol
equivalent and oxidized nitrogen difference between influent and effluent were converted to nitrate
equivalent to define M:N ratios. Modes |, I, Ill, -1 and IV showed 5.1, 2.7, 3.3, 2.3 and 2.6 of M:N ratios,
respectively. Since denitrifying microorganisms had to build a new metabolic system for methanol and
influent organics, initial operation mode, Mode |, required more methanol and this resulted in high M:N
ratios compared with later operation mode, Mode I-1. Salt in influent did not show inhibitory effects on
denitrfication, although this was believed to increase effluent SS and soluble CODcr concentrations in
Mode {ll, -4 and IV, respectively. The concentrations of effluent soluble COD,,, did not changed much with
influent salt.

Key words: methanol, denitrification, M:N ratio, nitrate, nitrite
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References M:N Ratio Remarks

McCarty et al. (1969) 247

Nurse (1980) 234

Timmermans & Van Hante (1983) 252 pH=8.3, Temp=25

Nyberg et al. (1992) 49

Purtscher et al. (1996) 3.5

Siegrist (1996) 35

Koch & Siegrist (1997) 4.25 4,045
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Table 2. Wastewater characteristics from a proposed chemical
plant - influent for this study

Table 3. Hydraulic Retention Time of each bioreactor for
respective operational season, hrs.

Element Dry Season Wet Season

Average CODcr mg/L
Average NO; N, mg/L.
Average NO,™-N, mg/L
Average NO, +NO; N mg/L.
Average TKN mg/L

Average Total N mg/L

Salt, %

1,700
305
257
562

1,300
211
161
309
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Dry Season Wet Season
4-reactor 2-reactor 4-reactor
system system system
Reactor 1 21.7 21.7 15.2
Reactor 2 217 217 15.2
Reactor 3 217 Not Used 15.2
Reactor 4 21.7 Not Used 15.2
Total 86.8 434 60.8
Influent , | ~
Reactor 1 Reactor 4
Effluent
; :
Reactor 2 Reactor 3
-
Return Activated Sludge(RAS) Waste Activated Sludge(WAS)

Note: Reactor 4 & 3 were not used in Mode IV

Fig. 1. Bioreactor schematic and layout.
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Table 4. Experimental period and operation modes

Reactor Functions and Methanol Injection

. Influent

Mode Period Season Reactor 1 Reactor 2 Reactor 3 Reactor 4 salt conc., %

| 12/18-1/30 Dry Anoxic | Oxic Anoxic | Oxic 0

Il 1/31-2/7 Dry Anoxic | Anoxic | Anoxic Oxic 0

n 2/8-2/21 Wet Anoxic | Oxic Anoxic | Oxic 05-2

I-1 2/21-2/26 Dry Anoxic | Oxic Anoxic | Oxic 2

v 2/27-3/25 Dry Anoxic | Oxic 2-9
Note: | indicates methanol injection
2 % y pHyt 2o} 442 Fe Aoz vet &eA AH(Grady and Lim, 1980). v]d& 4l
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AEE 3Tt 5= A4%e Ashe Aol Fasitt. Table29|

Table 4 7 &4 Bro 24 73, 24 wgx A7) A fd4 CODer 3 A2l &&
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Fig. 2. Daily profile of influent and effluent NO, +NO,™-N
concentrations and NO, +NO;™-N removal efficiencies.
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Fig. 3. Daily profile of influent T-N and effluent soluble T-N
concentrations and T-N removal efficiencies.
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FUEE Bo{Fi Aom Mode o] A% F¢)80]
36mL/dSl B4 APs && T-N 2 1.1mg/L
7HA] ol ek, 2elm WAEE S o] 43 Mode 119)
5ol deide FYEo] emL/AR AR BE

Al && T-N FE& 21.6mg/L7Hx|

£ Z7kste R
al

o2 vehgrh aEla f5lgol die] 28E) Al
2tgk Mode T} 29~ 485 12mL/Y74A] A7+
*]Zi*o‘ “ﬂ 7‘1'34‘}!: 4& T-N %: T 24.0mg/L7kR]

Tyt u"‘o—l—
7} Z/Eﬂi @0}71] WX]Q Mode I-12] A-¢ F4
29 6nL/AA BOmHS o, Aeds = TN

TEE 30.6mg/L7A] F7kete Aeg et o
23 Mode [IVE] 7 $-9f] 9lolX &= FY&E 18mL/Y



FoIF=RYR] =2

o] ¥ 3 1924 45 pp. 446-454, 2005
Mode | Mods Il Mode i Mgde I-1 Mode IV Mode T Mode it Mode Ill  Mode I-i Mode IV
30 T ‘ ? 230 10%
i
LY Y i [ a5
ot i : o aa]o
250 | Sl A ? } 1000
[y 86 8%
[ N |
o
R 5.4 . A %
20 e 4 o ‘ 2 800 - S
R 8L A | .
= s Aana 8.2 6% U
2 . s L | a g
£ o AL YN | S 8]
g - - T L o bas a I © o0 A 5% =
A A = w) o
5 -m g 4 AL LI @ »
8 | a N -
A 'aa o o =
=z 4 L B ¢ s a0 uld % g
<6 ! a © Iy B
0 LY 1 N g Qo =
L] ny ; Y | o P [eo] 'y 3%
gy | Q o)
T o s i %
50 - i i 200 e : -
“ » | N o ® “A°U..ﬁf .
| 7.2 1%
L, T- LT 0% g T - i
J_ (] . um
7 ] 0%
a0 sa s

23
Date

WEtuen: NCZRO3- N cong @ Eff Jen: So,0le T-N core AEaen pH

Fig. 5. Daily profile for effluent NO,"+NO,™-N, soluble T-N
concentrations and effluent pH.

o
jinsa
RSN
e Y

&2
2 K ot

o

—_
ro

[¢}

off N dr v

-
Z
to b
1=
12

filo
Ay e
faorr ooy

_>Il_’4
fr 4 o

>
o

£
=
Z
B

o

>
4y &

5
=
&

b4

1

|
b
12
ol
oL
&
B
i

B
=
o

o it mo N
r

> o

lo N

N
o
o
oo
ox

_O‘L

T 2 U )

”.‘?_ﬂﬁlo\-(umkom

(R | VIR 1=

fo M g 4y

5l
It
we
N
jines
o
o f

o]

= PO [ R )

=
S
=2

Bod 3= uhel 7] Mode 13 I-19] W)
o] o]z} Holi ol gl

do x,

&
o
N

Hw7} o]

€ EANAE

L

[e]

& o, PYAZTES o] &3 Mode 9] &4 754 S
HolZa 9o},

A4 BAL A% A vEe 79

451

czed 1290 46 13 126 127 23 210 2017 2/
Date

8 Soubie CODmn

4330 37 3

0 Solube CODCr LB+ Alnfluent Sait Conc

Fig. 6. Daily profile for effluent soluble CODcr, soluble CODMn, 8S
and infiuent salt concentrations.

Hodz=d, Mode [9]4 % 36mL/Y, Mode oA &=
6mL/Y, Mode o5& 12mL/Y, Mode I-1¢] 1=
6mL/% 2 JEPyth Mode I-13} Mode IS ¥ w31
S uj, vlgE ARgFo] zbolele A2, Fig 49A
HojzE vl o] Model ol X & whgx vy &
| f8de R71E 9 viegd] g3
& andoe vd
Mode IVe] -9l
st frds
Foa) 3k A

et

.
puy
° A

ol

ol

iy
o

o ofo

N ¥v= % pHE Hd
71el & pHel ©Jsf
ek, o] 2elA BoFa le H
24 pH7F 88 vt e A felle 2
FE Ao g veyrh, 1y ez 129
of ojafl a4 pH7L 8.3 olsks} ¥7] Al
I 39HRE & pllv €4d 43S 4
velgo, Helg 82 T-N 355
+ oA Aa TR TET AY

&k.C
e 27

glo
m e o
K 2
M 2 Q0 P

[o]

—
=

T3

=

2
%

> o
N
o

I
=
=}
o
1)

o)

rlo

® g
&

By

Lo
a

o} pH7} TKNA Ao}
2374=3

b

o]
=

po

L

PRUN )

&2 o
e

Fig. 6 #4F 22F%7F 471 2 HEYF SS
BEo valE 9 BAFa de Aoz fYF
A7t 1 %AER SVHEHAE o, Ay &£
CODerEy=7t E718k7] AlAstod 2.5%7) slv 2%



Journal of the Korean Society of Water and Wastewater
Vol. 19, No. 4, pp. 446-454, 2005

&
off
1
i)
2
e
2
i
o
oX
i)
2
ook
o
&,
B

o JEA ol Bak AT

Table 5. Summary of influent and effluent characteristics

Influent Characteristics Effluent Characteristics
Mode Flow, Total TKN NO;~N NO;-N TotalNO;-N Soluble NHyN NO,N NO,N TotalNO,~N SS  Soiuble
Lday COD;, mgl Conc, Conc, Equivalent COD; Conc. Conc, Conc, Equivalent Conc. CODy,
mg/lL mglL mg/L mg/L mg/L mg/L mglL mg/L mg/lL mglL Conc. mg/L
| 224 1,760 43 260 320 476 35 06 0.1 04 0.46 32 14.0
Il 224 1670 43 250 330 483 35 11.0 1.0 16.0 226 25 6.6
11 325 1,300 43 163 21 309 300 5.0 58 132 16.7 104 18.0
-1 224 1,700 43 240 330 474 460 56 6.6 184 224 140 15.0
vV 224 1700 43 280 240 508 680 5.0 0.3 72 74 318 25.0

Note: NO,™-N Conc + NO,-N Conc. x 0.6 = NO;™N Equivalent (McCarty et al., 1969)
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Table 6. Caiculation M:N ratios for each period

Mode Flow, Removed Removed MeOH  Removed Removed MeOH  Influent CODcr Total M:N
Liday COD, NO;-N dosingrate  CODg, NO,-N dosingrate  used MeOH  Equivalent MeOH Ratio
mg/l  Equivalent, mgL. mL/day giday Equivalent, g/day g/day Equivalent, g/day amount, g/day

| 224 1,725 475 36 386 106 284 258 54.2 51

i 224 1,635 460 6 36.6 103 47 244 29.1 27

I} 325 1,000 292 12 325 9.5 95 217 311 33

11 224 1,270 451 6 284 10.1 4.7 19.0 237 23

I\ 224 1,020 500 18 228 11.2 14.2 15.2 295 26
Notes: Density of MeOH =0.79 gicm®

COD,, content of MeOH = 1.5g COD.,/g MeOH (Nyberg et al., 1992)
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