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ABSTRACT: Studies at numerous sites have shown high variability in the 
degradation rates of chlorinated solvents as measured by microcosm studies with 
14C labeled contaminants. The ability of nutrient and carbon additions to 
stimulate degradation can vary widely. Although some of these variations can be 
related to the structure of the extant microbial community, the presence of other 
less refractory contaminants may be critical factors impacting the rate of 

. chlorocarbon mineralization. Relatively higher rates of TCE degradation have 
been observed in the DOE K-25 burial grounds with diverse organic loadings as 
well as in areas that show evidence for hydrocarbon contamination. Similarly, at 
other sites where there was TCE in the absence of hydrocarbons or other 
contaminants, the measured degradation rates have often been found to be very 
low. At various other sites, the intrasite variability in degradation rates appeared 
to be related to the presence of hydrocarbon contamination. The highest rates 
were observed at sites with evidence of hydrocarbons. These observations 
indicated that the viability of natural attenuation as a remediation option for 
chlorinated solvents might depend in part on the presence co-contaminants such 
as hydrocarbons or natural matter. 

INTRODUCTION 
The problems of chlorinated solvent contamination are extensive and well 

documented. In situ degradation of chlorinated solvents is feasible where 
indigenous degrader populations, sufficient electron donors, andor acceptors are 
bioavailable.(Pfiffner et al., 1995). These electron donors andor acceptors can be 
provided during remediation (e.g., biostimulation) or may be present at the 
contaminated site. Due to the large size of many of the plumes, intrinsic 
remediation or natural attenuation based on utilization of electron donors present 
at the site is a favored option. 

The objective of the studies presented here was twofold. First, we wanted 
‘to assess the potential for natural attenuation of TCE at the Oak Ridge 
Reservation. Then we compared the measured potential with that found at other 
sites to help identify controls on natural attenuation potential. 

MATERIALS AND METHODS 

Site Descriptions. Investigations into the potential for natural attenuation of 
chlorinated solvents were conducted at the K-25 (now E T P )  site in Oak Ridge 



(Figure 1) and at the DOE‘Kansas City Plant (KC). One of the two studies at 
E?TP was limited to the K-l070A burial ground and the other covered several 
areas (K-1232, K-1413, K1401, K-1035) and plumes within the industrial 
complex. A total of 23 sediments and 36 groundwater samples were collected for 
these studies. At Kansas City, 7 sediments and 12 groundwater samples were 
evaluated, Rates measured at these sites were compared to previous studies at the 
Savannah River Site (SRS) and the ‘RTDF sites at Dover AFB (DAFB) (Pfiffner 
et al., 1996; 1997). Site matrices ranged from sandy coastal plain sediments with 
clay lenses (DAFB, SRS), to unconsolidated sediments consisting of clays with 
interspersed high permeability gravel lenses at ETTP and to tightly bond clays at 
Kansas City. 

Sampling and Activity measurements: Through this investigation several lines 
of evidence were used to assess the status and capability of the sediment 
microbial community. Activity assays were optimized for observing 
dechlorination activity and were not designed to yield definitive rates or 
assessment of limiting factors. The results can be used to make an assessment of 
potential for natural attenuation, indicate limiting factors, and to compare sites. 
Groundwater and sediment samples were recovered, stored and shipped using 
documented subsurface sampling protocols for microbial (?helps et al., 1994a, 
1994b; Pfiffner et al., 1997). TCE and PCE degradation were assayed in time- 
course experiments and enrichments as described previously using anaerobic 
crimp-top vials with teflodsilicone septa at near in situ temperatures (Phelps et 
al., 1994b; Palumbo et al., 1995). Assays were performed with 14C-TCE (1 mg/L 
in groundwater microcosms and 2.5 mg/L in sediment microcosms) and either a 
nitrogen or air headspace and with additions appropriate to anaerobic or aerobic 
stimulation of degradation. For natural attenuation studies we used site 
groundwater or sediment. For biostimulations studies, site groundwater or 
sediment, was combined with a mineral solution, propane and methane as aerobic 



amended incubations yielded an estimate of the degradation rate, however, the 
regressions were not significant at the 95% level. The slope for the unamended 
was calculated to be 0.0206 -f 0.010 (S. E.) % per day. However, the slope was 
not significant @- 0.062) at the 95% level but was significant at the 90% level 
(11-18, t-2.01). Thus, the lower 95% confidence level of the slope was less than 
zero, However, if we use the slope and assume a fxst order reaction we can 
convert this to a half-life of 9.2 years. The amended samples gave even less of an 
indication of degradation (Table l), with lower slopes but there were fewer 
samples in the regression analysis. 

TABLE I. Linear regression results are listed for aerobic and anaerobic TCE 
degradation incubations. The aerobic amended results are graphed below. 

Tr8atment N Slope SE t P 
Anaerobic Unamended 18 0.0206 0.01 03 2.01 03 0.061 6 
Anaerobic Amended 10 0.0055 0.01 54 0.3558 0.731 2 
Anaerobic Controls 10 -0.0015 0.01 40 -0.1 088 0.91 61 
Aerobic Unamended 67 0.0139 0.0065 2.1 247 0.0374 
Aerobic Amended 38 0.0189 0.0073 2.571 1 0.01 44 
Aerobic Controls 8 0.0107 0.0057 1.8632 0.1 117 

The regression analysis of . Aerobic Amended 
the degradation from the aerobic 
unamended and amended incuba- 
tions yielded positive estimates of E. 
degradation (Table 1). Due to the g 2.00 
larger numbers of samples (n-67) in 
these incubations than in the p 1.00 
anaerobic incubations the power of 
the regression was greater. Thus i 

although the slope for . the 0 10 20 30 40 
unamended aerobic, 0.0139 % per 
day, was less than that of the 
anaerobic it was significant at the 95% level. The slope for the amended sample 
0.0189 % per day was slightly higher than that of the unamended and was also 
significantly different than zero (n=38, t-2.57). 

The incubations of killed samples indicated that in the anaerobic and 
aerobic incubations there were no significant losses over time, the slopes of these 
regressions were both not significantly different from zero (Table 1). These values 
give support for the measured degradations reported above. 
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Site comparisons. Kansas City site had low intrinsic potential and low 
stimulation potential (1-3% TCE degradation)(Table 2). Samples that showed 
elevated degradation results with nutrient amendment, were from a location that 
had hydrocarbon co-contaminants (ORNL, 1998). Similar stimulation results 
were seen with both groundwater and sediment at DAFB. In addition to the 
amendments of minerals and benzoate, hydrogen additions to vadose zone 
sediments increased degradation to almost 25% over the unamended value (< 5%) 
(Palumbo et al., 1997). 



microbial sampling did not hit presumed high activity areas. There is also the 
possibility that these products represent historical and not on-going degradation 
activity, Regardless, as our data show even the low potential we measured could 
result in a half-life of less than 10 years for TCE at the site. 
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