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Effects of Denitrification on Acid Production in a Two—phase
Anaerobic Digestion Process

Sang-Min Park - Noh-Back Park - Tae-Kyeong Seo - Hang-Bae Jun’

Department of Environmental Engineering, Chungbuk National University

ABSTRACT : Anaerobic denitrification in a two phase anaerobic digestion(TPAD) process combined with biological nutrients removal
(BNR) system was studied for a piggery wastewater treatment. Denitrification efficiency and the effects of the nitrified effluent on acidifi-
cation was investigated by recycling the nitrified effluent to the acidogenic reactor. Recycle of the nitrified effluent to the acidogenic
reactor enhanced the conversion efficiency of the influent COD into volatile fatty acids(VFAs) in the TPAD-BNR system treating the
piggery wastewater. Acidification rate of the acidogenic sludge acclimated with the nitrified effluent showed 6 times higher than that
acclimated without it. VFA could be used for denitrification as carbon sources, however, nitrate could enhance acidification activity in the
acidogenic reactor. VFA production rate was affected on the COD/Nitrate(COD/N) ratio, however, it depended much more whether the
acidogenic sludge acclimated with nitrate or not. Denitrification with the acidogenic sludge acclimated without nitrified effluent followed
zero-order reaction and the reaction rate constants were in the range of 1.31~1.90 mg/L - h. Denitrification reaction rate constants of
the acidogenic sludge acclimated with nitrified effluent were 3.30 mg/L - h that showed almost twice of them evaluated from the pre-
vious tests. The stoichiometric ratios of utilized COD to removed nitrate showed similar in both tests which were in the range of
5.1~6.4 at COD/N ratio of 10.
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Table 1. Operating conditions of TPAD-BNR system
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Fig. 1. Schematic diagram of TPAD-BNR system.
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Table 2. Components of raw piggery wastewater
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Table 3. Components of the synthetic wastewater used for

Parameter Range, mg/L Average, mg/L batch tests

TSS 550 ~ 680 620 Substrate as SCOD(mg/L) Glucose 600

VSS 430 ~560 480 Nitrate as N(mg/L) KNO3 0,30, 60, 100
TCOD¢r 3,860 ~6,700 5,340 KH2PO4 270
SCODc, 2,480 ~5,360 4,160 Ph(zzlj?:;t: dbt‘;fge}rl(r;’_%/)m K-HPO, 350
BOD:s 1,780 ~4,500 3,150 Alkalinity(NaHCO3) 180
N 300~660 475 CaCl, - 2H,0 75
NH{N 250430 350 Mineral salts(mg/L) MeCh - 6H,0 100
pH 72~17.8 7.6 FeCl; - 4H,0 20
Alkalinity as CaCO; 1,900 ~2,480 2,180 MnCl, - 4H,0 0.5
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Table 4. Comparison of TCOD, VFA and NOx-N before and after recycle of the nitrified effluent

Operating Condition W/O NOx Recycle With NOx Recycle
Item Range Average Range Average

TCOD(mg/L) 3,840 ~6,700 5,390 4,150 ~ 6,600 5,290

Influent VFA(mgCOD/L) 18~45 29 19~43 27

NOx-N(mgN/L) 0 0 0 0
TCOD(mg/L) 2,900 ~6,160 4,925 1,580~2,800 2,065
Acidogenic VFA(mgCOD/L) 2,450 ~4,530 3,500 1,430 ~2,400 1,890
Effluent VFA Conversion(%) - 65.4 - 71.6
Removal Eff. of COD(%) - 8.6 - 21.9

Nitrification TCOD 430~815 663 264 ~740 463
Effluent NOx-N 152~283 234 84~119 100

W/O; Without, VFA Conversion Efficiency = (VFA acidogenic £t/ TCODmr) x 100
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Fig. 3. Production of VFA with acidogenic sludge before re-
cycle of the nitrified effluent.
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Table 5. Zero-order rate constants of denitrification with aci-
dogenic sludges

Zero-order rate(k,) (mg/L - h)
Acidogenic sludge Acidogenic sludge
not acclimated with nitrate |acclimated with nitrate
C/N6 | C/N10 | C/N20 | C/N10 | C/N20
Denitrification 1.90 1.67 1.31 3.27 3.33
rate(R%) (0.84) | (0.95) | (0.99) | (0.99) | (0.99)

Denitrification rate | 1.21 1.27 1.42
after 6 hrs(RZ) (0.99) | (0.99) | (0.99)
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Table 6. The consumed COD/Nitrate ratios at different C/N
ratios

Calculated wt./
C/N Total COD(600 mg/L)

Calculated wt./Max. VFA

ratio | Not acclimated | Acclimated | Not acclimated | Acclimated
with nitrate with nitrate with nitrate with nitrate
6 4.6 - 3.6 -
10 6.4 6.2 5.1 5.1
20 8.5 8.9 5.9 6.7
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