
INTRODUCTION

Enhanced bioremediation can be an effective technology for cleaning up sites contaminated with anaerobically 
biodegradable chlorinated hydrocarbons. Fermentable organic substrates, which serve as electron donors, are 
commonly used to enhance natural biological dechlorination. This process releases hydrogen which increases the rate 
of contaminant dechlorination. This multi-step process is termed ERD or enhanced reductive dechlorination. Electron 
donors release acids upon their fermentation. For example, oleic acid, a C18 fatty acid, is degraded in the presence of 
water to a C16 fatty acid, acetic acid and two equivalents of hydrogen as shown in Equation 1 below.

In addition to the organic acids produced due to fermentation, a primary product of reductive dechlorination is hydrochloric 
acid. The reaction is depicted in Equation 2 below. The production of organic acids and HCl in the subsurface causes 
concern over the pH effects of ERD. Various laboratory studies have suggested that primary dehalogenating bacteria, 
such as dehalococcoides ethenogenes, are sensitive to pH and may be inhibited under acidic conditions below the 
range of pH 5.2-6.2, depending upon the specific bacteria community.

With the knowledge that fermentable substrates produce acids, an interest exists to study the pH effects of electron 
donors on site groundwater. This poster describes a study of the pH effects of a commercially available slow-release 
electron donor microemulsion at 20 sites where pH data was collected after application.

DESCRIPTION OF STUDY

This study analyzes trends in groundwater pH over time in aquifer zones where an emulsified electron donor, 3-D 
Microemulsion® (US Patent # 7,667,062 & Patent Pending), has been applied. Organic acids are formed in the subsurface 
as 3-D Microemulsion hydrolyzes and ferments.  It is possible that the formation of these acids could cause a decrease 
in site pH during the life of the electron donor in the subsurface.   The aim of this work is to quantify the average effect 
of the emulsified donor and reductive dechlorination on groundwater pH in targeted contaminated zones where the 
emulsion has been injected.

3-D Microemulsion (3DMe®) was developed and is manufactured by REGENESIS, San Clemente, CA for enhanced 
anaerobic bioremediation. This electron donor has a novel molecular structure (Figure 1) which enables the formula to 
distribute widely in the subsurface and provide a three-stage (immediate, mid-range and long-term) controlled release 
of hydrogen into contaminated groundwater for two or more years per application.

pH Values in Treatment Zones

Each of the time points in Table 1 and Figure 3 are derived from a different subset of data, due to variability in monitoring 
frequency among the 11 sites. The pH values in each subset (e.g. sites with a 3-month pH data point) were averaged along with 
their respective baseline (pre-application) pH values. Tables 2, 3 and 4 show this analysis for the 3, 6, and 9 month pH data 
subsets. Baseline pH averages ranged from 6.09 to 6.33 and the post-treatment averages ranged from 5.91 to 6.08.

• The first phase of electron donor release from the microemulsion is free lactic acid, an immediate source of hydrogen. The 
free lactic acid might be responsible for the modest average drop in pH of 0.25 units in the three-month data subset.

• In the six- month data subset, the ending average pH is 0.14 units lower than the respective average of baselines.
• The polylactate component of the molecular structure (Figure 1) provides the second, mid-range phase of donor release, a 

slower source of lactic acid, typically lasting for up to 1 year.

• In the nine-month data subset, the post-treatment pH average is 0.18 units lower than the average baseline pH value.
• The fatty acid constituents of the emulsified donor are the third, long-term phase of release and the slowest to ferment. These 

provide a steady source of hydrogen for the dechlorination process for 2 or more years.

CONCLUSION

In this study, the average observed decrease in pH due to fermentation of 3-D Microemulsion was less than or equal to 0.25 
pH units.  No strong trend in groundwater pH was observed over the course of the first year after the electron donor emulsion 
was applied. Changes in pH within aquifer treatment zones after donor application averaged between -0.14 and -0.25 pH units. 
Baseline and post-application average pH values measured at this set of sites ranged between 5.91 and 6.33. These data suggest 
that typical aquifer material has the capacity to buffer much of the acids generated by reductive dechlorination and fermentation 
of the emulsified donor. Exceptions to this would include sites with very low buffering capacity, such as fractured bedrock.

Future work will include collection of more detailed site data to expand on these results and elucidate any further trends. In 
particular, mineral and soil type information will be examined to determine if and when these might be predictive of significant pH 
changes as a result of the application of 3-D Microemulsion.

Data Set Characteristics

• Groundwater pH data was evaluated from 20 sites treated with the electron donor microemulsion.
• Only 11 of the 20 site data sets had pre- and post-application pH data from wells within the microemulsion treatment 

zones 
• A total of 53 treatment zone wells from those 11 sites were evaluated in this study 
• Compared with the baseline values, average pH trends over time were calculated from all 53 wells.
• The parameter ∆pH was defined as the difference in pH compared with the baseline value for a given time point.

RESULTS & DISCUSSION

pH Changes in Treatment Zones

A plot of the change in average pH versus average baseline pH for the first year after donor application is shown in 
Figure 3. The data are also listed in Table 1, along with the numbers of sites and wells that contribute to each data point. 
Average pH is slightly lower than baseline values during the 3-12 months of post-application monitoring. However, the 
standard deviation (σ) in the ∆pH values ranges from 0.69 to 1.0 standard units. This could indicate a widely variable 
site-dependent response in pH, or simply a significant degree of scatter in the data. This scatter might be attributed to 
instrument calibration drift, temperature changes, or variation in purge times and sampling techniques, all of which are 
common interferences with field data sets.
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Figure 1. 3-D Microemulsion®

Molecular Structure

Figure 2.
Jar sample of electron 
donor microemulsion.

Figure 3. Average ∆pH of all wells within the treatment zone in comparison to baseline pH values over time.

Table 1. Average change in pH of all wells within the microemulsion treatment zone. 
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Baseline 3 Months 6 Months 9 Months 12 Months

Avg ∆pH 0.00 -0.25 -0.14 -0.18 -0.12

σ 0.00 1.00 0.81 0.69 0.77

# of wells 53 43 37 21 15

# of sites 11 9 9 5 3

Table 2. Average baseline and 3 Month pH for 3 month subset  of microemulsion sites.

3 Month pH Data Subset

Average Baseline pH Average 3 Month pH # of wells # of sites

6.33 6.08 43 9

Table 3. Average baseline and 6 Month pH for 6 month subset  of microemulsion sites.

6 Month pH Data Subset

Average Baseline pH Average 6 Month pH # of wells # of sites

6.12 5.98 37 9

Table 4. Average baseline and 9 Month pH for 9 month subset  of microemulsion sites.

9 Month pH Data Subset

Average Baseline pH Average 9 Month pH # of wells # of sites

6.09 5.91 21 5
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