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Evaluation of Deniftrification Efficiency by Sulfur Denitrification
Process according to Injection Type
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Abstract This study examined the influent of a sulfur denitrification reactor using nitrified effluent from a batch
type reactor. The denitrification efficiency was compared according to the injection type. The nitrogen removal effects
were compared with the changes in the EBCT and nitrogen concentration of the influent to determine the optimal
operation conditions with the selected injection type.

A denitrification efficiency evaluation of a reactor according to the change in injection type and up-flow was
performed using a lower organic concentration of the effluent than the down-flow because of the re-precipitation of
desorbed microbes and spilled solids. In the up-flow type, organics were controlled by the low concentration than
the down-flow type because of solid re-precipitation. The T-N removal efficiency of the up-flow type was
73.3~90.2%, which was more that 10% higher that down-flow type. This means that the up-flow type has a great
advantage in removing T-N and organics. The T-N removal efficiency by EBCT at lhr was 47.3%, and was 88.1%
and 90.5% by EBCT 3hr and Shr, respectively. Therefore, the optimal operation conditions to remove nitrogen was
considered to be EBCT for 3hr. After careful consideration of rule of law and T-N removal effects, the T-N load
factor in the reactor should remain below 0.443kgT-N/m"day to maintain the legal total nitrogen concentration for

discharge, which is 20mg/L.
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Table 1. Operation conditions of sulfur denitrification

reactor.
Item Sulfur Lime stone
Volume ratio 3 1
Mass up-flow 2.74 1
ratio down-flow 2.82 1
Effective size(mm) 2.8~5.8 2~5
Total Charge(L) 2
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Table 2. Organic matter and nitrogen concentrations of
influent and effluent.

Item Influent(mg/L) Effluent(mg/L)

BOD 78.0 4.7
NH3-N 16.0 0.172
NO2-N 0.021 0.000
NO3-N 0.29 17.9
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Table 3. Operation results of sulfur denitrification reactor by injection type.

Eff. Conc.(mg/L)
Ttem Inf. Conc. 1 Cycle(32day) 2 Cycle(30day) 3 Cycle(19day)
Up-flow Down-flow Up-flow Down-flow Up-flow Down-flow
SS 0.4~10.2 0.5~4.0 23~75 04~2.7 1.2~6.7 04~34 1.8~9.9
BOD 0.4~2.6 33~73 5.6~10.2 0.8~59 1.4~9.0 0.5~3.5 1.4~8.6
CODwi 6.9~15.7 84~13.1 11.6~16.2 1.5~11.8 4.8~18.2 9.2~13.0 10.0~14.5
T-N 10.0~27.6 2.57~13.23 3.14~19.39 0.89~3.48 1.88~5.68 0.61~3.47 3.27~7.02
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Table 4. Variations of nitrogen concentrations according to EBCT.

Eff. conc. Average rem.(%)
Items Inf. conc. EBCT (hr) EBCT(hr)

1hr 3hr 5hr 1hr 3hr Shr

T-N 10.17~25.68 2.27~15.25 0.61~4.34 0.11~5.68 47.4 88.1 90.5

NOs-N 4.061~18.778 1.125~7.302 0.387~2.086 0.016~1.214 57.5 88.7 95.4

434mg/L, 5hro] 0.11~5.68mg/LE ZAEAT) L3k “ _mﬂuelmhr 3hr ' 5 hr “
EBCTol w& #Hd AAEL 27 474%, 88.1%, . :_Eg‘__l, _________________________________________________ o
90.5%% ZA}E|o] EBCT7} 2710 wel A A &S wat 3 ;
713 E
g 01*4 NOyN 554 4061 ~18.778mg/L Gom 5 b
EBCTO] 012 $2%5 %5 [hris 1.125~7302mg/L, 2hr 2 :
£ 0.387~2.086mg/L, ShrolAE= 0.016~1.214mg/LE *

ZAE e, EBCTO wWE #Hit AAZES 57.5%,

88.7%, 95.4%% ZAME o] T-No| 3-$-¢ npdriA|=
EBCT7} 5718 % AAEZE] Eolxlth

v}k EBCTO whe Ak
ﬂ} EBCT lhroll»

o]Fol=x]7] $1gk @XHQ} el A
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Shin(2002)2 EBCT 1.7~9.0hrol A& AA AAZE
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Fig. 7. Variations of T-N concentration and removal
efficiency according to EBCT.
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Table 5. Variation of nitrogen concentration and the removal efficiency according to the nitrogen loading rate.

T-N VLR(kgT-N/m’-day) NO3-N VLR(kgNO3-N/m’day)
Item 0.064 0.193 0.373 0.575 0.026 0.158 0.270 0.407
~0.164 ~0.312 ~0.443 ~0.630 ~0.120 ~0.242 ~0.396 ~0.479
it N 9.98 3022 5821 89.85 4.061 24.726 42.167 63.571
nf.. conc.(mg/L) ~25.68 ~48.79 ~69.20 ~98.37 ~18.778 ~37.800 ~61.798 ~74.820
0.61 521 9.97 17.47 0.387 1.910 5519 11.756
Eff. cone.(mg/L) ~320 ~9.44 ~15.43 ~3721 ~1.508 ~3.676 ~10.974 ~26.386
Rem.(%) 88.6 31.8 79.2 71.7 89.2 90.0 823 732
F&o] gagria Basta e, A EE R
“#-T-N -+NO3-N
A% Ak AALEE A FKtn waska o).
5 AA) sy AT WE 19 FFseEAT A4
E 06 >
B Zro| FF 3k A Al 9 “J%??élﬂ%(mz A1
2 |
2 s el olshe 19 SR 8 somol el
0z T 13t= "gAlst
< sl w2 A A
0.0
0 20 a0 60 80 100 120 ;gﬂ_i_ 20mg/L%
Operating Time(day)
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Fig. 10. Variations of T-N concentrations according to
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