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Simultaneous Denitrification and Methanogenesis at Various NO3-N/COD Ratios in

an USB Reactor

Sang:Min Park - Hang-Bae Jun' - Noh-Back Park - Gyu-Hwan, Oh

Department of Environmental Engineering, Chungbuk National University

ABSTRACT : Up-flow sludge blanket(USB) reactors were used to investigate the effects of N/C(NO;-N/COD) ratio on simultancous deni-
trification and methanogenesis processes. Without nitrate feeding, 84% of the influent COD was converted into methane. With the increase
of N/C ratio, nitrogen gas increased while methane production decreased and stopped finally at the N/C ratio over 0.20. Influent nitrate
was completely denitrified into nitrogen gas while nitrate removal efficiency dropped below 40% at N/C ratio of 0.40 because of deficiency
in organic carbon. Fraction of COD utilized by denitrification increased at higher N/C ratios. Methanogenesis started to be effected at N/C
ratio of 0.05, which could explain the competition for organic carbon between these microorganisms such as denitrifiers and methanogens,
rather than inhibitory effect of nitrate and its intermediates. Critical N/C ratio for simultaneous denitrification and methanogenesis was found
to be 0.20. Influent COD was removed over 92% by denitrification, methanogenesis and other biochemical reactions including cell growth
at these N/C ratios.

Key Words : Up-flow Sludge Blanket(USB) Reactor, N/C(NO5-N/COD) Ratio, Simudtaneous Denitrification and Methanogenesis
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Table 1. Composition of the synthetic wastewater used in this

study
N/C ratio 0 0033 005 010 0133 02 04
Glucose s COD| 1661 600 1,000 1.000 1,000 1,000 1,000
(mg/L)

Nitrate (mg/L) 0 34 50 100 134 200 400
Phosphate buffer

KH:PO4, 0.27; KoHPO,, 035

(g/L)
Mineral salts CaCl, - 2H,0, 0.075; MgCl, - 6H,0, 0.100;
(g/L) FeCl; - 4H,0 0.020; MnCl, - 4H,0, 0.50

H3;BOs, 0.05; ZnCly, 0.05; CuCl, 0.03;

Trace metals | 0 V1004 - 4160, 0.01; CoCl - 2150, 0.5;

mg/L .
(me/l) NiCl, - 6H,0, 0.05; Na;SeOs, 0.05
X
Unit : mm
600 Gas
collector
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F
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Fig. 1. Schematic diagram of the experimental USB reactor
system.
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Fig. 2. Total gas production(a) and CODc removal(b) at various
N/C ratios. ‘
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Fig. 3. Production of methane, carbon dioxide and nitrogen
gas at various N/C ratios.
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fication at various N/C ratios.
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Table 2. Removal of COD and nitrate corresponding to each
gas produced at various N/C ratios

Table 3. Calculated COD utilization by methanogenesis and
denitrification

] com ot | oo o | P TCrk COp Ui T et con
ratio| Eff? EfEY ratio (g/day) Utilization Utilization
melL glday % mglL g/day %7 | N. CHy CO; N ch” Towl (¢/day) (g/day)
0 26 10.88 97.6 - - - 0 3.65 1.12 0 0 9.13 9.13 10.88 1.75
0.03| 31 1084 956 | 0(0) 041 100|028 2.89 0.96 0.03 2.00 7.23 9.23 10.84 1.61
0.05| 47 1036 940 | 00) 062 100 | 045 127 0.8 0.05 3.21 3.18 6.39 10.36 3.97
0.10f 58 1015 932 | 0(0) 125 100| 0.85 1.09 053 0.10 6.07 2.73 8.80 10.15 1.35
0.13] 28 1092 938 | 0(12) 1.66 91 | 0.94 055 028 0.13 6.71 1.38 8.09 10.92 2.83
0.20f 50 1056 92.6 | 10(34) 231 78 | 1.24 0 022 0.20 8.86 0 8.86 10.56 1.70
040 107 9.66 85.6 |76(172) 2.40 38 | 1.14 0 024 0.40 8.14 0 8.14 9.66 1.52
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(applied to equation 1" and 4')
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