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Table 1  Characteristics of anaerobic sludge and seed sludge
Parameter Unit 333;:)1)10 Seed sludge
Crude protein g/s VS% 59.6 £1.47 65.32 +1.01
Carbohydrate g/g VS% 12.5 +0.81 20.84 +1.74
Crude fatty acid g/gVS% 1.2 +0.22 1.7 £0.21
SO (mg/L) mg/L 12.6 £0.14  8.40.11
pH - 7.28 0. 06 7.12 +£0.08
Alkalinity ( CaCO, ) mg/L 2554.3 £58.91 ND”
Phosphorus wt % 0.27 0.58

" ND = not determine
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Fig.1  Accumulation of methane ( A), hydrogen (B) , acetate (C), propionate (D) , butyrate (E) in anaerobic sludge incubated in the

presence and absence of different inhibitors. The accumulation of gases is given in partial pressures where 1 kPa is equivalent to approximately 1. 56

mmol/L gas accumulated per liter of sludge suspension.
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Fig. 3 Temporal change of formyltetrahydrofolate synthetase ( fhs)
gene copy numbers of homoacetogens under different inhition models.
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Fig.2  Gibbs free energies of homoacetogenic H, consumption ( A) and
syntrophic butyrate-oxidizing ( soild) and propionate-oxidizing ( open )
calculated for the actual conditions of the anaerobically incubated sludge

in the presence and absence of different inhibitors. A -Control, @ -CHCI,

treatment , [ll- BES treatment.
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Fig.4 Fluorescence in situ hybridization of biomass incubated in the presence and absence of different inhibitors with (A) DAPI staining,

(B) probe for syntrophic fatty acid-B-oxidizing bacteria (SBOB), (C) a mixed probe for syntrophic propionate-oxidizing bacteria ( SPOB).

Scale bar = 100 pm. (D) Box plots of SBOB and SPOB cell numbers in the presence and absence of different inhibitors. Asterisks indicate

significant differences (two-tailed Student’s t-test of all datapoints, * P <0.05, “P<0.01, ™"P <0.001).
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Fig.5 Organic carbon current under the conditions of two anaerobic digestions for methane production and adidogenesis fermentation.

Thickness of the line indicate carbon current.
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Mechanism of acetate accumulation during sludge
anaerobic digestion

He Liu'“, Kewei Xu', Jin Wang', Xiufen Li', Jian Chen'”

(' Lab of Environmental Biotechnology, School of Environmental and Civil Engineering, Jiangnan University, Wuxi
214122, China)

(* School of Biotechnology, Jiangnan University, Wuxi 214122, China)

Abstract . [ Objective] To investigate the organic carbon metabolism during sludge anaerobic digestion and to clarify the
mechanism of acetate accumulation. [ Methods | We Used inhibitors 2-bromoethanesulfonate ( BES) and chloroform
(CHCL,) to block the methanogesis to investigate the accumulation of various fermentation intermediates. We determined
the bacterial number of homoacetogen and syntrophic acetogen and calculated the thermodynamics of the acetogenesis
reaction to identify the directions of organic carbon metabolism and acetate accumulation during sludge anaerobic
digestion. [ Results] With the addition of BES, the acetate concentration was 27 mmol/L, the gene copy number of fhs
was 2-3 folds of the control group and the number of sytroph acetogen was slightly decreased. In the group of chloroform
addition, the acetate was 22 mmol/L, while the copy number of fhs gene was one order of magnitude lower than that in the
BES model. [ Conclusion] The two inhibitors lead to acetate accumulation from the anaerobic digestion of sludge. BES
inhibited the methanogen and had no effect on other anaerobic acetogens. The accumulation of the acetate came from the
hydrolysis acidogenesis, homoacetogenesis and syntrophic acetogenesis. Chloroform inhibited not only methanogen but also
the homoacetogen and syntrophic acetogen severely. The acetate accumulation mainly came from the hydrolysis
acidogenesis fermentation.

Keywords: sludge; homoacetogen ;syntrophic acetogen ;volatile fatty acid ;carbon current
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