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Fig. 2 Comparison of the standard approach (above) versus the new approach (below)

What is bioavailable?
The chemical matrix inside a fermenter is very complex and thus the

state of micro elements is affected by various parameters such as

pH, temperature and the presence of metabolites (e.g. H2S).

Therefore only bioavailable elements that are present in an

ionic/complex form can be taken up directly by microorganisms.

The problem
The need of supplementing micro nutrients is well described by many authors, but they do not consider the

chemical speciation of an element, which can cause different degrees of bioavailability. It is still a common

practice to draw conclusions from analysis of total micronutrient content in biogas slurries.
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Background
One of the strategies to improve process stability and biogas production rate in anaerobic digestion (AD) is to

ensure the optimum supply of mineral nutrients needed for growth and enzyme activity in the digestion process,

both in quantity and composition.

New approach
The aim of this approach was to test the applicability of a sequential

extraction scheme originally established for soil and sediment samples

with high inorganic content on biogas slurries with a high amount of

organics. This analytical procedure (modified Tessier method) yields in

four different fractions, an exchangeable, a carbonate (reserve),

organic matter and sulphides, and a residual fraction.

Instead of a drying step as sample preparation we generated a fifth

fraction consisting of the supernatant of the native sample. Both our

adapted method (SE-B) and the original modified Tessier scheme (SE-

A) were compared to determine the analytical impact of the

pretreatment caused by drying and milling. Besides the evaluation of

reproducibility of the analytical methods attention was given to the

interpretability of the obtained results based on chemical

characteristics of the samples and on thermodynamic considerations.

Results
Both applied methods were proven for their successful

applicability of the sequential extraction technique on

micronutrients out of AD slurries.

Recovery rates of 90 to 110 % were obtained for the most

important trace elements (Fe, Co, Cu, Mn, Mo, Ni and Zn).

Applying the original Tessier method (SE-A) fractionation

data indicated that up to 98 % of these essential

micronutrients can be present in an insoluble and thus in a

non-bioavailable form. Applying the modified method (SE-

B) a significantly higher concentration of elements in the

bioavailable forms could be determined.

Conclusion
The adapted method (SE-B) was proven to meet the specific

characteristics of different liquids/pastes like biogas slurries and allows

a more exact insight into trace element distribution in AD systems

compared to the widely used method of total amount measurement.

Theoretical expectations correlated with the practical findings of this

work.
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Fig.1 Forms in which elements can be present

Fig. 3 Sequential extraction: 5 fractions
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Fig. 4 Trace element distribution in an biogas slurry
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