
Volatile fatty acids (VFAs) play a central role in microbial metabolism. When commonly 
used electron donors/carbon substrates, such as lactate, alcohols, emulsified vegetable 
oils (EVO) or other slow-release electron donors are fermented, hydrogen gas (H2) is 
generated along with VFAs. H2 is consumed quickly by reductive dechlorination and 
methanogenesis, and can be difficult to measure directly. Compared to H2, VFAs are 
more persistent and are used directly by microbes as carbon sources or are fermented 
further, generating additional H2. While total organic carbon (TOC) is widely used to 
quantify available electron donor, TOC methods often underestimate VFAs and not all 
TOC is readily bioavailable. VFA analysis is useful for understanding important aspects of 
electron donor status including: 

•	 Electron donor supply and longevity;
•	 Confirming electron donor fermentation, indicating ongoing H2 production for 

reductive dechlorination;
•	 Understanding the mix of VFAs, which is important for optimal bioremediation 

performance;
•	 Acetate is not an optimal electron donor for complete reductive 

dechlorination 
•	 Providing key information on when to reamend electron donors;

•	 Based on recommended VFA concentrations of at least 10-20 mg/L 
(AFCEE, 2007) and optimally exceeding 100 mg/L  

•	 Tracking intermediates in the anaerobic biodegradation of petroleum 
hydrocarbons e.g., BTEX compounds

The roles and sources of specific VFAs in bioremediation are summarized in Table 1. 
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VFA Structure Formula 
(Ion) Source Role Benefits of Monitoring

Lactate Common primary 
amendment/component 

of EVO mixtures

Rapidly fermented to propionate 
and acetate producing hydrogen for 
dechlorination

Measure of unused reducing potential when 
lactate used as electron donor 

Acetate From fermentation of 
lactate/EVO/sugars

Electron donor for some (incomplete) 
dechlorination reactions Carbon 
source for Dhc

Not typically associated with complete 
dechlorination if VFAs mainly in form of 
acetate could indicate “electron shortage” for 
dechlorination

Propionate From fermentation of 
lactate/EVO/alcohols

Fermented to produce hydrogen and 
formate

Slow fermenting correlated with efficient 
dechlorination (less methanogenesis) optimal 
Dhc growth

Butyrate From fermentation of 
EVO/alcohols

Fermented to produce hydrogen and 
acetate

Slow fermenting associated with optimal 
dechlorination/Dhc growth

Formate From fermentation of 
propionate

Fermented to produce hydrogen and 
bicarbonate

Formate is net pH neutral donor correlated with 
optimal dechlorination

Pyruvate From fermentation of 
sugars

Fermented to propionate and 
acetate with hydrogen production

May be fermented to propionate which is 
beneficial for dechlorination

Table 1: Sources and Roles of VFAs in Bioremediation
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Reference: Protocol for In Situ Bioremediation of Chlorinated Solvents Using Edible Oil. (2007). Air Force Center for Engineering 
and the Environmental (AFCEE).

mailto:cscales%40siremlab.com?subject=
mailto:xdruar%40siremlab.com?subject=
http://www.siremlab.com/analytical-testing/

