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Inhibitory Effects of Copper on the Anaerobic
Degradation of Propionate
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Department of Civil Engineering, Korea Advanced Institute of Science and Technology

ABSTRACT

The effects of copper on the anaerobic degradation of propionate were studied using
anaerobic batch reactors. The apparent inhibitory effects of copper on the anaerobic
degradation of propionate could be observed from behaviors of intermediates, ultimate
methane yield(UMY) and specific methanogenic activity(SMA). There was little inhibition at
the concentration of 2.5 mg Cu®/L. Beyond this concentration, the inhibitory effects
increased with increasing dose of coppers. The 50% inhibition of UMY and SMA occurred at
copper dosage of 33.8 and 24.1 mg Cu®/gVSS. respectively. The inhibitory effect based on the
UMY was gradually reduced with the operation time dueprobably to the acclimation of
microorganisms and/or binding of the added copper by ligands(and possibly ion exchange sites)
contained on the cell membrane and extracellular polymer matrix whereas it based on the
SMA might exclude the this phenomena. Therefore, the methodology for interpretation of

inhibition data based on the SMA was more accurated than the UMY.
There was no inhibitory effect in batch reactors supplemented with sulfate due to an

antagonistic action of the sulfate reducing bacteria. Propionate degradation was initially
retarded for copper inhibited samples but it gradually degraded afterward. Based on the mass
removal considering take into account the propionate to acetate conversion, propionate
degradation may appear more affected than acetate. This result revealed that the
hydrogenotrophic methanogens were the most affected by copper.

Key Words : anaerobic digestion, copper. inhibitory effect, specific methanogenic activity,

sulfate, ultimate methane yield, hydrogenotrophic methanogens
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Table 1. Composition of anaerobic salts medium
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694 mg/lol™. VSS/TSSHI= ¢ 65%%tt. diat
714& COD 71£22 22124k 2,000 mg/l2
ZAglo olgslATt. 53], ¥y whezuUe
sulfidogenic ¥H5-& o|-83ld S84 32 &
gje] AAow Qg 54 A7 3E s ¢
3te] A& A7 AEE FAlo] a8l
ARGE RESVE RS 200ml 3 EA Nk
718 ol &3ttt FE& CuCL(MW: 134.45) &
olgatxlom, Ae] AHgE MSM(mineral
salts medium)< Shelton} Tiedje(1984)¢]
He 7Rt A48E Fgsisinh. wiAulY 49t
9% $48 93 NaHCO,Z 7tsision), pH
£ 2N HCl#} 6N NaOHE o] &3} 6.82 13
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A

2.2 Al

WAzt~ el 242 TCD(thermal con-
ductivity detector)7} F&€ GC(gas chro-
matography, Gow Mac series 580)% ©]&3ld
oy 7L Porapak Q(80/100 mesh)& #3174
2 AMg 6ftX2mm(9.d) stainless steel

Composition and concentration(per liter)

Phosphate buffer

(adjusted pH 7.0)
0.27g of KH,PO4
0.35g of K.HPO4

Mineral salts

0.53g of NH,Cl

0.075g of CaCl; - 2H,0
0.1 g of MgClL, - H,O
0.02 g of FeCl, - 4H,0

Trace metals

0.5 mg of MnCl, - 4H,0
0.05 mg of H;BO;

0.05mg of ZnCl, -

0.03 mg of CuCl,

0.01 mg of Na,MoO, - 4H,0
0.5 mg of NiCl, - 6H,0

0.5 mg of CoCl, - 6H,0
0.05 mg of Na,SeO,
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Fig. 1. Inhibitory characteristics of generalized non-linear
inhibition model(for 1, m, n)
i) <0 : stimulation, ii) 0: non-inhibition,
iii) O<l,m,n,1 slightly inhibition,
iv) 1: lincar inhibition, v) >1 severely inhibition.
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Fig. 2. Effect of copper on propionate utilizing
microorganisms
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Fig. 3. Effect of sulfate addition on copper toxicity
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Fig. 4. Evaluation of UMY,, m, and I for the effect of
the copper concentration on the ultimate methane
yield
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Table 2. Fifty percent toxicity thresholds for copper
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Fig. 5. Copper effect of volatile fatty acids in anaerobic
degradation of propionate
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