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Extended Abstract: The effective use of anaerobic passive treatment systems 
(APTS), such as sulfate-reducing bioreactors, to treat acid mine drainage will help 
to mitigate water contamination from mines located in remote areas as well as cut 
current treatment costs.  One drawback to APTS has been an observed decline in 
long-term performance.  Several environmental factors, such as initial metals 
concentration and temperature, may contribute to observed declines in sulfate 
reduction carried out by the microorganisms.  APTS contain a complex microbial 
ecosystem, and metal toxicity could be indirectly affecting sulfate-reduction by 
inhibiting other important microbes.  Previous research has found that organisms 
capable of degrading cellulose (cellulolytic-fermenters) are dominant within a 
sulfate reducing bioreactor (Pruden et al., 2005), and their ability to produce 
viable substrates for the sulfate-reducing bacteria is the rate-limiting step in 
sulfate reduction (Logan, 2003).  This investigation examines the individual effect 
of zinc and copper, and then the combination of both metals, on a pure culture of 
cellulolytic fermenters, specifically Cellulomonas flavigena (ATCC 482). 

C. flavigena exhibited 50% growth inhibition between a copper concentration 
of 0.00188 mM and 0.0038 mM.  Further investigation of growth inhibition 
within this range of copper concentrations is currently underway.  Glucose 
consumption was also much less in the copper containing bottles, as expected due 
to the low biomass observed in these bottles.  The pH remained relatively constant 
throughout the experiments, staying within an optimal microbial growth range 
between pH 6 and 7.  Possible changes in solution phase metals concentration and 
organic acid production throughout the experiments were monitored, and these 
results will be available during the ICARD conference.  Concentrations of Zn(II) 
at 0, 0.125, 0.25 and 0.5 mM were also examined to determine the effects on cell 
growth for C. flavigena. The results for zinc toxicity and a binary metal mixture 
will be presented at the 2006 ICARD conference.  
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The toxicity effects of Cu(II) and Zn(II) were determined based on increased lag time for cell 
growth, inhibited total cell protein, and lower specific growth rates that were measured over 240 
hours, or ten days.  All of the experiments were performed in quadruplicate, and graphical 
analysis was based on averages of the data collected.  Cell protein was measured to establish 
growth and total cell biomass, and was determined with a Coomassie Protein Assay Reagent Kit, 
using a procedure developed by Sani et al. (2001).  The Cu+2 concentrations of 0, 0.015 and 
0.05 mM were initially used based on Cu+2 concentrations found to inhibit D. desulfuricans, a 
sulfate-reducing bacterium, (Sani et al., 2001).  This gave us a starting place for establishing 
toxicity thresholds for C. flavigena.  Sani et al. (2001) found that D. desulfuricans displayed 50% 
growth inhibition at a copper concentration of 0.016 mM.  This was not the case for C. flavigena, 
as can be seen in Fig. 1.  C. flavigena exhibited much greater than 50% inhibition of growth at 
0.015 mM Cu concentration.  

 

Average Growth of C. flavigena verses Time 
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Figure 1.  Average changes in cell protein concentration throughout 10 day experiment. 

Observation of growth kinetics for C. flavigena in the presence of dissolved Cu+2. 
 

In order to establish the Cu concentration that would cause 50% inhibition of total cell 
protein growth for C. flavigena an additional 5 Cu concentrations were examined, at 
concentrations of 0.00188 mM, 0.0038 mM, 0.0056 mM, 0.0075 mM, and 0.01 mM, 
respectively.  The graphical interpretation of this data can be viewed in Fig. 2.  Based on these 
findings, 50% inhibition appears to happen between a Cu concentration of 0.00188 mM and 
0.0038 mM.  Further investigation of growth inhibition within this range of Cu concentrations is 
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currently underway and will be presented during the 2006 ICARD conference.  

Average Growth of C. flavigena  versus Time

0

5

10

15

20

25

30

0 50 100 150 200 250 300

Time (hours)

A
ve

ra
ge

 C
el

l P
ro

te
in

 C
on

ce
nt

ra
tio

n 
(m

g/
L)

Control
Cu = 0.00188mM (0.12 mg/L)
Cu = 0.0038mM (0.24 mg/L)
Cu = 0.0056mM (0.36 mg/L)
Cu = 0.0075mM (0.47 mg/L)
Cu = 0.01mM (0.64 mg/L)
Cu = 0.015mM (0.95 mg/L)
Cu = 0.05mM (3.2 mg/L)

 
Figure 2.  Average changes in cell protein concentration throughout 10 day experiment.  

Observation of growth kinetics for C. flavigena in the presence of dissolved  Zn+2. 
 

The pH, glucose consumption, metals concentration, and organic acid production were all 
monitored throughout the experiments.  The pH remained relatively constant, staying within an 
optimal microbial growth range between pH 6 and 7, and can be seen in Fig. 3. 

As can be seen in Fig. 3, the control bottles, containing no Cu, and the bottles containing a 
Cu concentration of 0.00188 mM, showed the most significant drop in pH.  This would be 
expected since these bottles exhibited significantly better cell growth, which would correspond 
to higher organic acid production.  All the bottles remained within an optimum pH range, and 
therefore it can be concluded that pH had no significant effect on cell growth during these 
experiments.  

Glucose consumption was also observed during the experiment using a colorimetric method 
developed by Dubois et al. (1956).  In Fig. 4 is shown the decrease of glucose within the bottles 
over time.  As expected, during high growth rates the glucose drops dramatically, and the bottles 
containing very little biomass consumed a smaller amount of total glucose. 
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pH versus Time 
(Copper Toxicity Experiments)
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Figure 3.  Fluctuations in pH observed during experiments. 
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Figure 4.  Average changes in glucose within experimental bottles over time. 

 1771



The concentration of Cu was verified through ICP analysis (Perkin Elmer, Optima 3000).  
Samples were also taken throughout the experiment to determine if the dissolved Cu 
concentration remained constant.  We wanted to establish whether or not sorption onto the cell 
wall occurred, causing a significant drop in bio-available copper.  The ICP results from these 
experiments are still being analyzed and will be presented at the ICARD conference.  Results 
regarding the production of organic acids, such as lactate and acetate, during the experiments are 
also being analyzed and will be available at the conference. 

Concentrations of Zn+2 at 0, 0.125, 0.25 and 0.5 mM were also examined to determine the 
effects on cell growth for C. flavigena.  A Zn+2 concentration of 0.5 mM was chosen because of 
previous toxicity research we had conducted that examined inhibition of glucose utilization by C. 
flavigena in the presence of Zn+2 at 0.5 mM.  This preliminary research was conducted over a 9 
hour period with cell biomass concentration held constant at 250 mg/L cell protein.  The results 
from this prior research show significant inhibition of substrate utilization by C. flavigena at 
Zn+2 concentrations of 0.5 mM based on the decline in rate of glucose consumption by C. 
flavigena, which can be seen in Fig. 5 below:   
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Figure 5.  Average changes in glucose concentration during 9 hour experiment. 

 

The serum bottles containing no Zn consumed glucose at a faster rate than the serum bottles 
containing Zn+2.  Data collection for this study is ongoing and additional results for the poster are 
expected by January 2006.  
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