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DISCLAIMER 
 
 This report was prepared as an account of work sponsored by an agency of the 
United States.  Neither the United States Government nor any agency thereof, nor any of 
their employees makes any warranty, express or implied, or assumes any legal liability or 
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, 
product, or process disclosed or represents that its use would not infringe privately owned 
rights.  Reference herein to any specific commercial product, process, or service by trade 
name, trademark, manufacturer, or otherwise does not necessarily constitute or imply 
endorsement, recommendation or favoring by the United States Government or any 
agency thereof.  The views and opinions of authors expressed herein do not necessarily 
state or reflect those of the United States Government or any agency thereof. 
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ABSTRACT 
 
 Reclaimed mine lands have the potential to sequester carbon.  The use of 
amendments to increase fertility and overall soil quality is encouraging.  Waste 
amendments such as sewage sludge and clarifier sludge, as well as commercial compost 
were tested to determine their effects on carbon sequestration and humic acid formation 
in reclaimed mine lands. 
 
 Sewage sludge and clarifier sludge have the potential to work as reclaimed mine 
lands amendments.  C:N ratios need to be understood to determine probability of nutrient 
leaching and water contamination.  Microbial activity on the humic acid fraction of 
sludge is directed toward the readily degradable constituents containing singe chain 
functional groups.  This finding indicate that amendments with lower molecular 
constituents such as aliphatic compounds are more amenable to microbial degradation, 
therefore serves as better nutrient sources to enhance the formation of vegetation in mine 
lands and leads to more efficient carbon sequestration. 
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EXECUTIVE SUMMARY 
 
 Using reclaimed mine lands to sequester carbon has been attempted in this study.  
Various amendments were applied to increase fertility and overall soil quality.  Waste 
amendments such as sewage sludge and clarifier sludge, as well as commercial compost 
were tested to determine their effects on carbon sequestration and humic acid formation 
in reclaimed mine lands. 
 
 Results indicate that sewage sludge and clarifier sludge are effective amendments 
to improve mine land reclamation.  Microbial activity on the humic acid fraction of 
sludge is directed toward the readily degradable constituents containing singe chain 
functional groups.  Amendments with lower molecular constituents such as aliphatic 
compounds appear to be more amenable to microbial degradation, therefore serving as 
better nutrient sources to enhance the formation of vegetation in mine lands and leads to 
more efficient carbon sequestration. 
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BACKGROUND 
 
 Improved agricultural practices have great potential to increase carbon (C) 
sequestration and decrease the net emissions of carbon dioxide (CO2) and other 
greenhouse gases (Post et al., 2004; West and Marland, 2003; Bernacchi, et al., 2005; 
Heng-Chi et al., 2005; Samarawickrema and Belcher, 2005; Franzluebbers, 2005; and 
Tan, 2005).  The reclamation of disturbed, nonproductive lands would increase C levels 
in the reclaimed materials and increase C sequestration.  The amount of acreage that 
currently exists as nonproductive wasteland is significant; therefore, this alternative of the 
potential C sequestration may contribute to the overall C balance. 
 
 The Carbon Sequestration Program (CSP) completed by the Department of 
Energy (DOE) Federal Energy Technology Center (FETC) in February 1999 has 
designated C sequestration in terrestrial ecosystems as one of the five major research and 
development areas.  The report indicates that “C sequestration in terrestrial ecosystems 
can be accomplished by the net removal of CO2 from the atmosphere or the prevention of 
CO2 net emissions from the terrestrial ecosystems to the atmosphere.”  The terrestrial 
ecosystems are estimated to sequester C at a rate of approximately 2 Gt/year.  The FETC 
report indicated that this rate of sequestration could be increased substantially using two 
fundamental approaches:  (1) protection of ecosystems that store C so that sequestration 
can be maintained or increased, and (2) manipulation of ecosystems to increase C 
sequestration beyond current conditions. 
 
 The CSP described the potential use of chemical and biological amendments to 
increase organic matter content, water retention, and improve soil structure.  Research in 
the following areas is warranted to achieve such as goal: (1) water retention, (2) 
fertilization and nutrient acquisition, (3) enhanced production and retention of soil C, (4) 
erosion control, and (5) soil amendments or creation of new soil. 
 
 It is our estimation that the use of organic amendments on unproductive soils will 
result in good reclamation and significant enhancement of C sequestration. 
Mineralization of organic nitrogen into the inorganic forms increases the potential for the 
contamination of water resources with nitrates, but also provides nutrients to enhance the 
mineralization of the organic matter present or added to the system (Martinez and Beline, 
2002, Hadas et al., 2004).  Therefore, the ability to control the mineralization process 
may become important for water pollution issues and the sequestration of C in these types 
of materials.  The key to controlling the mineralization of the organic matter is to control 
the microbial activity in the system (Fahey and Fisk, 2001).  The method that can be used 
to accomplish this is to manipulate the C:N ratio to high values by increasing the amount 
of C in the system relative to the amount of N (Larsen and McCartney, 2000, Bengtsson 
et al., 2003, Smolander and Kitunen, 2002, Broken et al, 2002).  High levels of C relative 
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to N result in a reduction in microbial activity caused by the tie-up of N, making it 
unavailable for further decomposition of the organic matter and leaching into the water 
resources. 
 
 The organic matter content of non-vegetated mined land is less than 1%.  
Therefore, revegetation of such sites may result in substantial sequestration of C in the 
plant materials and “soil.” The use of sewage sludge, paper mill clarifier sludge, 
composted sewage sludge, and wood waste materials can create a dynamic system 
relative to the C cycle (Plaza et al., 2004, Khan and Scullion, 2002).  The mineralization 
of the organic amendments can create a productive “soil” material that enhances 
photosynthesis and the resulting sequestration of C in the “soil” and plant materials. 
 
 This work evaluated the availability of nutrient release from humic materials in 
amendments from various sources.  The amendments are used to create a synthetic soil 
material that enhances water retention, provides nutrients through the mineralization of 
organic matter, and reduces soil erosion. 
 

OBJECTIVES 
 
 The goal of this work is to characterize the influence of various amendments on 
the supply of nutrients to enhance carbon (C) sequestration associated with the 
reclamation of unproductive mined land using organic amendments.  It is anticipated that 
this research effort will provide information on the dynamics of C movement associated 
with the reclamation of unproductive mined lands through the use of organic 
amendments. 

MATERIALS AND METHODS 
 

Chemicals: 
 

 All chemicals used were of reagent grade.  Unless otherwise indicated, chemicals 
were purchased from Sigma Aldrich (Milwaukee, WI). 
 

Sample Collection and Baseline Characterization: 
 

 Waste rock material was collected near Helena, Montana and shipped to Western 
Research Institute (WRI).  Material was contained, sealed, and stored in coolers at 4oC 
until used.  Material was also kept at field moisture conditions.  Total organic carbon 
(TOC) analysis was completed using a wet extraction method and a combustion/NP 
method. 
 

 Amendment materials were collected from sources within a reasonable distance 
form the mine site to ensure cost-effective treatment.  Two sewage sludges were collected 
from waste treatment plants in Billings, Montana and Helena, MT.  Clarifier sludge was 
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collected from Helena, Montana.  Solid-state 13C NMR spectra of the humic acid (HA) 
fraction of sludge amendment materials was obtained using the cross polarization (CP) 
with magic-angle spinning (MAS) (CP/MAS) technique.  In order to compare the spectra 
on a common basis, the spectra were normalized to the aromatic carbon peak of each 
sample.  The assumption was made that the aromatic carbons are the least susceptible to 
bacterial degradation.  This normalization was done on all subsequent samples for 
comparison purposes. 
 
C/N Mineralization: 
 
 Potential net soil C and N mineralization was studied in the laboratory.  Sewage 
sludge and clarifier sludge were tested with different C:N ratios.  Incubation chambers 
were established in 1 liter sealed containers.  Each treatment was replicated four times.  
Incubation chambers contained waste rock material collected near Helena, MT, and 
combination of sewage sludge, clarifier sludge, and sewage sludge/clarifier sludge.  
Treatments are in Table 1.  The treatments were prepared and placed in the incubator at 
84oF.  Each incubation chamber contained a CO2 trap with 20 mL of 1.0 N sodium 
hydroxide (NaOH).  Distilled water was added to each incubation chamber every 21 days 
to maintain suitable moisture levels. 
 

Table 1. Mineralization Study Treatments 
 

Treatments 
1-Waste Rock (WR) 
1-WR + 0.5% Clarifier Sludge(CS) 
1-WR + 1.0% CS 
1-WR + 1.5% CS 
1-WR + 2.0% CS 
1-WR + 0.5% sewage sludge (SS) 
1-WR + 1.0% SS 
1-WR + 1.5% SS 
1-WR + 2.0% SS 
1-WR + 0.5% SS + 1.5% CS 
1-WR + 1.0% SS + 1.0% CS 
1-WR + 1.5% SS + 0.5% CS 

 
 
Humic Acid Incubation Study: 
 
 Incubation chambers were also established for humic acid extraction in one liter 
sealed containers.  Duplicate chambers were set up for each of four treatments.  
Treatments included (1) 1% sewage sludge, (2) 2% sewage sludge, (3) 1% sewage sludge 
+ 0.5% clarifier sludge, and (4) 2% sewage sludge + 0.5% clarifier sludge.  Total material 
(waste rock & amendment) in each container was 1500.00 g.  Treatments were added on 
a dry weight basis.  160 mL of distilled water was also added to each incubation chamber.  
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The treatments were prepared and placed in the incubator at 84oF.  Each incubation 
chamber contained a CO2 trap with 20 mL of 1.0 N sodium hydroxide (NaOH).  Also, 20 
ml of distilled water was added to each incubation chamber every 21 days to maintain 
suitable moisture levels.  Treatments are summarized in Table 2. 
 

Table 2. Amendments in Incubation Chambers. 
 

Treatment # Comet soil, g Sewage Sludge, g Clarifier sludge, g 
1 1485.0 15 0 
2 1470.0 30 0 
3 1477.5 15 7.5 
4 1462.5 30 7.5 

 
Humic Material Analysis: 
 
 Humic acid extractions were completed at 206 (T-206) and 281 days (T-281).  
Approximately 600 g of soil was taken from each of the duplicate incubation chambers.  
The humic acid fraction was extracted from each sample, separated, and freeze dried.  
Afterward, the two duplicate fractions were combined for CP/MAS NMR analysis. 
 

 Research plots constructed for the synthetic soils research were subsequently used 
for evaluating the sequestration of C on reclaimed waste rock for this project.  Sampling 
locations within each plot were randomly determined.  The sample locations were 
permanently marked for future reference.  Replicate samples were collected in each plot 
to ensure statistical significance. 
 

 Changes in the structure of the humic acid present in the field samples were 
evaluated using CP/MAS NMR.  Humic acid samples were prepared and analyzed for 
each treatment.  Resulting spectrum were interpreted and functional groups, including, 
carboxyl, aromatic, aliphatic ethers, and methylene were quantified and compared to the 
baseline data from the Billings, MT sewage sludge. 
 

RESULTS AND DISCUSSION 
 
 Initial TOC analysis was completed on the waste rock samples used in the 
incubation study.  The data shows that the levels of organic carbon are low in the waste 
rock materials, ranging from 0.17% to 0.87%.  Results are presented in Table 3.  This is 
expected for the site due to the lack of surface vegetation coverage and depletion of 
organic matter in the mine rock and cover-soil. 
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Table 3. TOC in Waste Rock Samples 
 

Sample ID TOC, % 
C-C-1 0.72 
C-C-2 0.31 
C-C-3 0.51 
C-C-4 0.41 

C-C-5 (a) 0.83 
C-C-5 (b) 0.87 
C-C-6 (a) 0.53 
C-C-6 (b) 0.55 

C-C-7 0.42 
C-C-7 (dup) 0.48 

C-C-8 0.48 
C-C-9 (a) 0.24 
C-C-9 (b) 0.46 
C-C-10 0.57 
C-C-11 0.56 
C-C-11 0.87 

C-C-11 (dup) 0.82 
C-C-12 (a) 0.42 
C-C-12 (b) 0.17 

 
C/N Mineralization: 
 
 An attempt was made to associate the general molecular structure of the organic 
fraction with stability against mineralization.  Potential net soil C and N mineralization 
was studied in the laboratory.  Sewage sludge and clarifier sludge were characterized in a 
separated completed earlier.  Different amounts of the sludge were tested by offering 
different C:N ratios.  The sewage sludge generated at the Helena water treatment plant 
contains high levels of nitrogen with a relatively low C:N ratio, while the clarifier sludge 
material (high wood fiber) is characterized by a very high C:N ratio  High C:N ratios are 
relatively resistant to microbial degradation.  The data shown in Tables 4-7 shows that 
the increased rate of mineralization of nitrogen in the sewage sludge treatments (low C:N 
ratio) increases the potential for the contamination of water resources.  Waste rock 
containing sewage sludge has a high conversion of nitrogen to the NO3

- form, while 
waste rock containing sewage sludge (> 0.5% level) and clarifier sludge at the > 0.5% 
level reduces the conversion of NH4

+ to NO3
-. 
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Table 4. Nitrogen Profile in Sludge Treatments (21-day incubation) 
 

  Ammonia (N) Nitrate + Nitrite (N) Total Kjeldah (N) CO2 

Treatment mg/L mg/L mg/L mg/L 

1-Waste Rock (WR) 0.28 0.02 2.50 15.68 
1-WR + 0.5% Clarifier Sludge(CS) 0.10 0.02 1.78 19.75 
1-WR + 1.0% CS 0.23 0.02 2.23 21.84 
1-WR + 1.5% CS 0.13 0.02 2.15 23.17 
1-WR + 2.0% CS 0.19 0.06 2.45 26.65 
1-WR + 0.5% sewage sludge (SS) 0.22 4.82 1.90 27.31 
1-WR + 1.0% SS 0.16 8.69 2.38 32.53 
1-WR + 1.5% SS 0.09 12.73 1.20 38.26 
1-WR + 2.0% SS 0.14 18.88 1.80 37.49 
1-WR + 0.5% SS + 1.5% CS 0.38 2.05 2.30 35.76 
1-WR + 1.0% SS + 1.0% CS 3.74 0.74 7.50 33.83 
1-WR + 1.5% SS + 0.5% CS 7.93 0.79 12.95 45.68 

 
 

Table 5. Nitrogen Profile in Sludge Treatments (42-day incubation) 
 
 

 Ammonia (N) Nitrate + Nitrite (N) Total Kjeldah (N) CO2 

Treatment mg/L mg/L mg/L mg/L 

1-Waste Rock (WR) 0.35 0.10 0.33 1.84 
1-WR + 0.5% Clarifier 
Sludge(CS) 0.15 0.09 0.33 7.88 
1-WR + 1.0% CS 0.14 0.07 0.35 6.55 
1-WR + 1.5% CS 0.13 0.06 0.38 7.88 
1-WR + 2.0% CS 0.13 0.08 0.28 11.00 
1-WR + 0.5% sewage sludge (SS) 0.32 6.01 0.40 11.20 
1-WR + 1.0% SS 0.27 11.65 0.35 19.95 
1-WR + 1.5% SS 0.27 18.05 0.20 20.95 
1-WR + 2.0% SS 0.18 24.43 0.10 25.92 
1-WR + 0.5% SS + 1.5% CS 0.26 3.12 0.48 12.48 
1-WR + 1.0% SS + 1.0% CS 4.19 1.19 3.00 15.91 
1-WR + 1.5% SS + 0.5% CS 9.56 1.56 8.38 15.75 

 
 

Table 6. Nitrogen Profile in Sludge Treatments (63-day incubation) 
 

 Ammonia (N) Nitrate + Nitrite (N) Total Kjeldah (N) CO2 

Treatment mg/L mg/L mg/L mg/L 

1-Waste Rock (WR) 0.43 0.07 0.68 9.24 
1-WR + 0.5% Clarifier Sludge(CS) 0.17 0.05 0.65 17.56 
1-WR + 1.0% CS 0.26 0.05 0.58 17.86 
1-WR + 1.5% CS 0.26 0.05 0.60 33.11 
1-WR + 2.0% CS 0.26 0.04 0.63 19.86 
1-WR + 0.5% sewage sludge (SS) 0.29 7.56 0.43 19.25 
1-WR + 1.0% SS 0.26 13.40 0.25 22.64 
1-WR + 1.5% SS 0.26 19.50 0.15 24.95 
1-WR + 2.0% SS 0.29 24.75 0.18 21.56 
1-WR + 0.5% SS + 1.5% CS 0.42 3.81 0.68 34.53 
1-WR + 1.0% SS + 1.0% CS 3.59 3.30 3.28 23.10 
1-WR + 1.5% SS + 0.5% CS 8.63 3.18 7.23 37.26 
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Table 7. Nitrogen Profile in Sludge Treatments (84-day incubation) 
 

 Ammonia (N) Nitrate + Nitrite (N) Total Kjeldah (N) CO2 

Treatment mg/L mg/L mg/L mg/L 

1-Waste Rock (WR) 0.27 0.11 0.38 9.09 
1-WR + 0.5% Clarifier Sludge(CS) 0.10 0.09 0.33 14.32 
1-WR + 1.0% CS 0.09 0.08 0.25 11.40 
1-WR + 1.5% CS 0.08 0.07 0.35 7.39 
1-WR + 2.0% CS 0.08 0.07 0.30 23.26 
1-WR + 0.5% sewage sludge (SS) 0.16 6.56 0.25 9.09 
1-WR + 1.0% SS 0.10 15.58 0.15 14.01 
1-WR + 1.5% SS 0.31 21.58 0.25 14.32 
1-WR + 2.0% SS 0.19 30.80 0.15 17.06 
1-WR + 0.5% SS + 1.5% CS 0.13 5.02 0.23 24.02 
1-WR + 1.0% SS + 1.0% CS 2.91 3.09 3.00 20.95 
1-WR + 1.5% SS + 0.5% CS 6.44 6.47 5.93 21.25 

 

 
The data shows that the use of clarifier sludge to increase the C:N ratio has 

reduced the mineralization of the organic matter.  Treatments 6 through 9 contain sewage 
sludge treatments of 0.5%, 1.0%, 1.5%, and 2.0%, respectively, without modification of 
the C:N ratio.  Treatments 10, 11, and 12 contain sewage sludge treatments of 0.5%, 
1.0%, and 1.5%, respectively, with corresponding clarifier sludge treatments of 1.5%, 
1.0%, and 0.5%.  The samples treated with sewage sludge generally contained low levels 
of ammonium after 63 days with increasing levels of nitrate.  The increased levels of 
nitrate corresponded with increased sewage sludge applications.  These data demonstrate 
that the nitrogen readily converts from the organic and ammonium fractions to nitrate 
when the C:N ratio of the applied amendments is low (< 10).  The data for treatments 10, 
11, and 12 demonstrate how the C:N ratio impacts the mineralization of the organic 
matter.  As the amount of sewage sludge application increases, the more ammonium is 
present in the system.  The ammonium is not converted to nitrate via mineralization 
processes because the C:N ratio is high and the microbial population is unable to support 
the nitrification process.  The data also show that the amount of clarifier sludge used in 
the study did not impact the conversion of ammonium to nitrate.  In other words, the 
lowest level of clarifier sludge (.5%) was adequate to control nitrification from the 
highest level of sewage sludge applied. 
 
Humic Acid Incubation Study: 
 
 An incubation study was set up to monitor composition changes in the humic acid 
functional groups over time.  Solid-state 13C NMR techniques of cross polarization (CP) 
with magic-angle spinning (MAS) was used to characterize the organic carbon 
distribution in the amendments.  Figure 1 shows a comparison of the HA fraction 
spectrums for the sewage sludges collected from the Helena and Billings treatment plants 
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and the clarifier sludge from Helena, Montana.  Major carbon functional groups of 
interest resonate at 174 ppm (carboxyl carbon), 128 ppm (protonated aromatic carbon), 
105 ppm (anomeric carbon in polysaccharides), 71 ppm (oxymethine carbon), 55 ppm 
(oxymethylene carbon), 30 ppm (methylene carbon), and 21 ppm (methyl carbons).  The 
NMR spectrum demonstrates that the aromatic constituention in the sludge from Helena 
and Billings was observably higher than that in the clarifier. 
 
 

 
 Figure 1. CP/MAS NMR Spectrum of Helena, Billings, and Clarifier Sludge 
 
 Profiles of the functional groups from the 1% sludge incubations are shown in 
Figure 2.  The chart shows structural changes with incubation time.  The carboxyl 
carbons (165-190 ppm) are separately identified on the chart.  The aromatic carbons 
include the protonated aromatic carbons (110-165 ppm) and are separately identified on 
the chart.  The aliphatic ethers identified on the chart include the oxymethine carbons 
(60-70 ppm), the oxymethylene carbons (50-60 ppm), and the oxymethyl carbons (40-50 
ppm).  The methylene carbons (30-40 ppm) are also identified separately on the chart. 
 

A comparison of the Billings sewage sludge humic acid data with that of the 
incubation extracts shows there may be a slight increase in the carboxyl carbons and a 
slight decrease in the methylene carbons with incubation time.  There is a significant 
increase in the aromatic carbons, and a significant decrease in the aliphatic ether carbons.  
The anomeric carbohydrate carbon (~100 ppm) has disappeared in the 206 and 281 day 
samples.  This may be attributed to the high biodegradability of carbohydrates in the 
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environment.  The oxymethine carbons, part of the aliphatic ethers, have almost 
disappeared during incubation, contributing to the decrease in the aliphatic ethers.  
However, there is a significant increase in the oxymethylene carbons, also part of the 
aliphatic ethers, and it is believed that some of the oxymethine carbons are being 
converted into oxymethylene carbons. 
 
 

     
 Figure 2. CP/MAS NMR Spectrum of 1% Sewage Sludge Amendments 
 
 

Profiles of the functional groups from the 2% sludge incubations are shown in 
Figure 3.  Humic acid data from the 2% sewage sludge incubation shows similar trends to 
the 1% sewage sludge incubation.  Again, the data shows there may be a slight increase 
in the carboxyl carbons and a slight decrease in the methylene carbons with incubation 
time, but it is not known if it is statistically significant.  There is a significant increase in 
the aromatic carbons, and a significant decrease in the aliphatic ether carbons.  However, 
the aromatic carbons continue to increase with time in the 2% sewage sludge incubations, 
whereas they have started to decrease in the 1% sewage sludge incubations at 281 days.  
The anomeric carbohydrate carbon again has disappeared in the 206 and 281 day 
samples.  The oxymethine carbons again show a progressive decrease with incubation 
time, however, there is a significant increase in the oxymethylene carbons again 
mirroring the data for the 1% sewage sludge incubation. 
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Figure 3. CP/MAS NMR Spectrum of 2% Sewage Sludge Amendments 
 
 Profiles of the functional groups from the 1% sewage sludge and 0.5% clarifier 
sludge incubations are shown in Figure 4.  Initial data from the Billings sewage sludge is 
not included because of the addition of the clarifier sludge.  As seen in Figure 1, the 
addition of clarifier sludge changes the overall composition of carbons in the humic acid 
fraction.  The clarifier sludge contains less carboxyl carbons, more aromatic carbons and 
fewer methelyene carbons. When comparing the incubation results to that from the initial 
Billings sludge, there is no significant change in the carboxyl carbons, a substantial 
increase in the aromatic carbons, which is expected from the addition of the clarifier 
sludge, a decrease in the aliphatic ethers, and a decrease in the methelyene carbons.  The 
anomeric carbohydrate carbons disappeared in the 206 and 281 day experiments.  The 
oxymethine carbons also show a progressive decrease with incubation time, while there is 
a significant increase in the oxymethylene carbons.  The addition of the clarifier sludge 
change the carbon composition in the samples, and it is clear that some functional groups 
are more readily accessible and more easily consumed. 
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Figure 4. CP/MAS NMR Spectrum of 1% Sewage Sludge and 0.5% Clarifier 
Sludge Amendments 

 
 Profiles of the functional groups from the 2% sewage sludge and 0.5% clarifier 
sludge incubations are shown in Figure 5.  Humic acid data shown in Figure 5 
corresponds very well with the data in figure 4.  The anomeric carbohydrate carbons 
disappeared in the 206 and 281 day experiments.  The oxymethine carbons also show a 
progressive decrease with incubation time, while there is a significant increase in the 
oxymethylene carbons. 
 
 Figures 2-5 show the total carbon percentages as a function of the functional 
groups from humic acid extractions.  The changes in functional groups are relative to 
each other and do not indicate the changes in the overall amount of humic acid in each 
treatment.  The total amount of humic acid in the system decreases in all incubations.  
The aromatic carbons were used to normalize the data because it is the least likely to be 
degraded by microbial activity.  Figures 6-9 show how functional groups changed and/or 
were consumed over time.  The single chain carbon groups including the anomeric 
carbohydrate carbons, the oxymethine carbons, and the oxymethylene carbons were 
easily accessed and consumed, as demonstrated by the reduced peaks in Figures 6-9. 
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Figure 5. CP/MAS NMR Spectrum of 2% Sewage Sludge and 0.5% Clarifier 
Sludge Amendments. 
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Figure 6. Spectra of Treatment 1 Carbon Functional Groups 
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Figure 7. Spectra of Treatment 2 Carbon Functional Groups 
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Figure 8. Spectra of Treatment 3 Carbon Functional Groups 
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Figure 9. Spectra of Treatment 4 Carbon Functional Groups 

 

CONCLUSIONS 
 
 Reclaimed mine lands have the potential to sequester carbon.  The use of 
amendments to increase fertility and overall soil quality is encouraging.  Waste 
amendments such as sewage sludge and clarifier sludge, as well as commercial compost 
were tested to determine their effects on carbon sequestration and humic acid formation 
in reclaimed mine lands. 
 

Based on the resulting data, the following observations were obtained: 
 

1. Sewage sludge and clarifier sludge have the potential to work as reclaimed 
mine land amendments. 

2. C:N ratios need to be understood to determine probability of nutrient leaching 
and water contamination. 

3. Microbial activity on the humic acid fraction of sludges is directed toward the 
readily degradable constituents containing single chain functional groups. 
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