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Autotrophic Nitrite Denitrification Using Sulfur Particles for Treatment of Wastewaters
with Low C/N Ratios (Batch Tests)
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Abstract : A sulfur utilizing nitrite denitrification process could be placed after the shortcut biological nitrogen removal (SBNR)
process. In this study, removal of nitrite using sulfur oxidizing denitrifier was characterized in batch tests with granular elemental
sulfur as an electron donor and nitrite as an electro acceptor. At sufficient alkalinity, initial nitrite nitrogen concentration of 100 mg/L
was almost completely reduced in the batch reactor within a incubation time of 22 h. Sulfate production with nitrite was 4.8 g SO4*/g
NO2-N, while with nitrate 13.5 g SO,%/g NOs-N. Under the conditions of low alkalinity, nitrite removal was over 95% but 15
h of a lag phase was shown. For nitrate with low alkalinity, no denitrification occurred. Sulfate production was 2.6 g SOs*/g NOz-N
and alkalinity consumption was 1.2 g CaCOs/g NO;-N. The concentration range of organics used in this experiment did not inhibit
autotrophic denitrification at both low and high alkalinity. This kind of method may solve the problems of autotrophic nitrate deni-
trification, i.e. high sulfate production and alkalinity deficiency, to some extent.
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Table 1. Operational conditions of MCRs

Category NO; —MCR NO; —MCR
Inoculum Anaerobic sludge from a public
livestock waste treatment plant
Sulfur particle 500 mL
NO; —N concentration 100 mg/L -
NO3; —N concentration - 100 mg/L
Reactor volume 1.0L
Liquid volume 05L
Feeding method 250 mL wasting & feeding every five days
Temperature 30£2C
pH 7.6%0.2 (feed) / 5.67+0.4 (wasting)
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Table 2. Set—up for batch tests with high and low alkalinity

Batch No. Electron acceptor Organics Electron donor Inoculum Condition

1 NO; —N - Sulfur (100 g) NO,  MCR Autotrophic
2 NO3; —N - Sulfur (100 g) NOs~ MCR Autotrophic
3 NO; —N Methanol (57.2 mg CHs0H/L)  Sulfur (100 g) + Methanol NO,  MCR Mixotrophic
4 NO, —N Methanol (114.4 mg CH;0H/L) Sulfur (100 g) + Methanol ~ NO»~ MCR Mixotrophic
5 NO; —N Methanol (228.8 mg CH3;OH/L) Sulfur (100 g) + Methanol NO,  MCR Mixotrophic
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Fig. 3. Changes in nitrite concentrations over time during batch
tests under high alkalinity and different methanol concen—
trations. Nitrate denitrification was tested as an control.
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Fig. 4. Changes in sulfate concentrations over time during batch
tests under high alkalinity and different methanol concen—
trations. Nitrate denitrification was tested as an control.

|4 oF 72%)7} X = L, Wi 36417 o
29 oldrgAse] edo] fuEo] AMNEAL &
EO

e
[¢]
0,

pul

AAE b AL 1 g B B ol AFE of

4.8 g SO /g NOZ-Nol 3L A s el 49135 g

SO/g NOs-NZ, obdabdds &4 A wg) da 3 4
1+

3591 3.9 g SO /g NO,-N, 8.2 g SO,%/g NOs-N K.t} o}
AHdARe A9 18%, A ER A 39% o1 =
A BAEN = ol 559 Atk F& AFAF A Iy
o Aba7h WhEZ Qto @ fFElar ks WA Eo] o
£ o] &3l & Fatoz 43t A7 Y] )

ol Ao #
EEIE
P AL e A AelE suFe DA

<]

A Dol sl AAHUL o S ik opda
dd4 19 T Y= N2 F 4.1 g CaCOzelR o,
Ao 74519 3 P 2R °F 8.4 g CaCO;y

1600

mmm NO,-N

1400 1 oy NO,-N
O 1200 | W NO,-N MeOH 57.2 mg/L
g 1 NO,-N MeOH 114.4 mg/L
@ 1000 | mmmm NO,-N MeOH 228.8 mgiL
=
S 800 -
£
> 600 -
£
£ 400 4
<

200 -

0 4 -
Initial Final

Fig. 5. Initial and final alkalinity concentrations during batch tests
under initial high alkalinity and different methanol concen—
trations. Nitrate denitrification was tested as an control.

| Joumal of KSEE | Vol.32, No.9 | September, 2010



C/NUIZ S - ol A BAAE o] g3 obarg Az

KRR BT T @it G
9 A3 A3

o|9lch(Fig. 5). 48 obAA AL AT AWHAL B
AN AARE AL 1g G olEH AR a7Fe 7}

7} 0.5, 4.9 g CaCOs°] 31Tt

3.3. 27) R WAL F718 FE A%
Ao hrLjote] WA} F COD7F Th-i A7}
w1, ghEujelrh ob Ak At A AL Wite] o
7] MRl AN F Be] el Ak
shobdl Supel] GITk® B Aol e A
ol—al—‘ﬂc =%
=)

(o]
o
X,
> H
>

N,

>~

m

N,
&
i
2
o,
L
B~

m
N

(]
=
=

o nx
2
ox
DD
Bk

B
N
AN

A5} of

g
o
%,

N,
B
g
)
X
ol
2
1)
o

>,

2,

,

>~

T
o
Lo,

=

1
I
o
klk'r mfi_‘
flo
mg l’n 1"

)
1o,
ol T
Lo ) N
o
l:‘oll I‘ﬂ
o <7
flo —
©o
a
s
o 33
z O
o
P

m
:Jd
o 2
ru
_>|J_14
o
i
fz
o
N

T

o
o
o
1)

>
o
o,

t}. C/NH]7} 3.4

ol
lo

N b

o N
2 o2
-

X o o
i
4
_\|I_‘ I
EDg
38
o
off
k1
=2,

@
N

2
o,

=)
==
oS
w o
()]
>
R
(2.

b
jus)
= m
O
N
[
>,
)
2
=
o
<o
=
~
o

o,
e,
f
i

) mg
[ fof

~
2l

4t o2 o
()

i)
[ }“>‘
oXx

o
32
)
o,
i)
oldt
[
m ot
i
il
O of r
nfl o
oo 3@
L o
on
o
=z

2
N
N
i
32
R
°
rr
v
e
ofd

Lo
Ol

o

2

o

o

oo

Ao

(o]

o

il

o

o

Yy

2

ox,

i

B

il

>

ju]

=)

W

>

=
=

ol
ol
2
-z
i
o
ne
BN
[
o

A
i)
X
k)
H
[N
ofi
S
e
i)

i)
H
2
ot
zll
QL'
)
fiald
X
i)
)
tlo
>,
)

—O— NO,-
—w— NO,-N MeOH 57.2 mg/L
20 | —V— NO,-N MeOH 114.4 mg/L
—— NO,-N MeOH 228.8 mg/L
0 . . . ;

0 10 20 30 40 50

Time (hr)
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Fig. 7. Changes in sulfate concentrations over time during batch
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