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Optimum Conditions for the Removal of External Organic
Carbon Sources in a Submerged Denitrification Biofilter

Sung-Yong Oh, Jae-Yoon Jo and Gil Ha Yoon
Departinent of Aquaculture, Pukyong National University, Pusan 608-737, Korea

Denitrification by anaerobic bacteria is one of the most common processes of removing
nitrate from recirculating aquaculture systems. This process is affected by many factors
such as external carbon sources, hydraulic retention time (HRT), and COD/NO;-N (C:N)
ratio. Although external organic carbon sources are essential for the denitrification process,
these also contribute to increase dissolved organic carbon concentration in recirculating
aquaculture systems. So these external organic carbons must be removed from the
systems.

This study was conducted to find out the optimum operating conditions for the removal
of external organic carbons in a submerged denitrification biofilter. Combinations of two
external carbon sources (glucose and methanol), two HRT (4- and 8-hour), and four
different C:N ratios (3, 4, 5, and 6) were used in this experiment.

The removal efficiencies of organic carbon sources at 8-hour HRT were always better
than those at 4-hour’s (P<0.05). Maximum removal efficiencies were achieved when C:N
ratio was 5 in both glucose and methanol. The removal efficiencies of methanol were
always better than those of glucose. The maximum removal efficiencies of glucose and
methanol were 76.5% and 84.0%, respectively and the removal rates were 223.5 g/m’/day
and 247.1 g/m'/day. The maximum removal rates of glucose (290.9 g/u’/day) and methanol
(355.6 g/m'/day) were achieved at 4-hour HRT and 5 C:N ratio. But the concentrations of
SCOD in the effluent of both glucose (52.5 mg/ £ ) and methanol (40.9 mg/ ¢ ) were too
high for rearing fish. Therefore, the optimum operating conditions for the removal of
external carbon in a submerged denitrification biofilter were 8-hour HRT and 5 C:N ratio.
And methanol showed better efficiency as an external carbon sources.
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Table 1. Composition of the synthetic waste-
water used for the test of removal
efficiency of organic carbon source

Compositions Concentration (mg/ £)

Glucose as need
Methanol (77.39%) as need
NaNOs; (NOs-N) 20.0
Na,HPO; (PO4>-P) 45
MnSO, 2.0
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Table 2. Results of organic matter removal efficiency and removal rate in a submerged deni-
trification biofilter when glucose was used as an organic carbon source

HRT Influent Organic Influent  Effluent SCOD removal SCOD removal
COD/NOs;-N loading rate COD SCOD efficiency rate

(hr) (ratio) (g COD/m’/day) (mg/ £) (%)’ (g/m’/day)’
3.0 356.9+21.0 595135 291+14 51.1%14° 182.6£14.6°
4 4.0 481.0+16.8 802+28 404+1.8 49.6+2.9% 238.8+21.9°
5.0 606.0+22.4 101.0£3.7 525%+29 48.0£1.8° 290.9+154°
3.0 189.4+12.0 6311+4.0 208=+28 670132 126.9+£9.9°
8 40 248.6+11.8 829+39 23.0*+24 722422° 179.5+£10.1°
5.0 292.0+12.6 973142 228142 76.5+43 22354189

Walues with different letters in a same column are significantly different (P<0.05).



Table 3. Results of organic matter removal efficiency and removal rate in a submerged deni-
trification biofilter when methanol was used as an organic carbon source

HRT Influent Organic Influent  Effluent SCOD Removal SCOD removal
COD/NO5y-N loading rate COD SCOD efficiency rate

(hr) (ratio) (g COD/m'/day) (mg/ £) (%)’ (g/ m/day)’
3.0 3583%17.1 59.7+£29 16.7+25 72.0+35° 257.9+16.1°
4 4.0 467.9+125 780%+21 264+29 66.2+3.4° 309.8+189°
5.0 600.8+25.7 100.1+43 409*+38 59.1+3.7¢ 355.6130.5
3.0 179.4+78 59.8£26 97105 83.9+05° 150.5+6.7°
8 40 238.6+11.9 79.5+4.0 129+20 83.8+1.9° 199.8+9.5¢
5.0 2942+51 98.1+17 15.7%15 84.0+1.4° 247.1+6.1°
6.0 375.3+12.0 1251%+4.0 43.6*25 651+15° 2444+99°

Walues with different letters in a same column are significanily different (P ( 0.05).
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Table 4. Results of NO3-N removal efficiency and removal rate with increasing NOs-N loading
rates in influent water. Methanol was used as an organic carbon source

HRT Influent Nitrate Influent Effluent Removal efficiency  Removal rate
~ COD/NOsN loading rate NO-N NO;N pH NO:N NO-N pH of NOy-N of NOy-N
(b) (ratio) (g NOs-N/ i/ day) (mg/ ¢) (mg/ ¢) %' (g/ '/ day)
206 12 05 02 82
+ +08° +36
8 5.0 61837 12 +01 01 02 01 +01 97.8%08 604136
495 04 56 08 85 b
+ + +
1486148 +16 +01  +01 15 101 400 89124 1318437
307399 1024 08 00 23 88 708122 2174185

33 *02 01

29 07  *01

Walues with different letters in a same column are significantly different (P <0.05).

Table 5. Results of organic matter removal efficiency and removal rate with increasing organic
loading rates in influent water. Methanol was used as an organic carbon source

HRT Influent Organic Influent Effluent  SCOD removal SCOD removal
COD/NOs-N loading rate COD SCOD efficiency rate
(hr)  (atio) (g COD/m/day) (mg/ ¢) %)’ (g/m'/day)’
294251 981+ 1.7 157*15 84.0-1.4° 2471+ 6.1°
8 5.0 7325+39.0  2442+130 713%89  70.7+40° 518.6+52.9°
1503.5+£18.5 501.2=* 2372142 52.7+1.2° 791.8+29.1°

Walues with different letters in a same column

are significantly different (P<0.05).
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Fig. 1. Comparison of SCOD removal efficiencies
in a submerged denitrification biofilter with
three different COD/NO3-N ratios, two different
carbon sources and two different hydraulic
retention time, 4(A) and 8(B) hours.
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