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ABSTRACT 
 
The need for rapid and inexpensive techniques for soil fertility determination 
has led to the investigation of modern technologies. Infrared spectroscopy in 
the near-infrared region has been traditionally used, while the mid-infrared 
region (4000 – 400 cm-1) has been less studied. In this research, the feasibility 
of employing attenuated total reflectance mid-infrared (ATR-MIR) 
spectroscopy in soil fertility determination was studied. The soil fertility of 278 
soil samples from four Canadian provinces was evaluated by measurement of 
10 selected soil properties: total carbon (TC), total nitrogen (TN), carbon-to-
nitrogen ratio (C/N), ammonium (NH4

+), nitrate (NO3
-), sand, silt, clay, N 

uptake, and yield. Partial least-squares regression (PLSR) was used to build 
calibration models for the prediction of these properties from ATR-MIR 
spectra of soils. Based on evaluation of the coefficient of determination (r2) and 
the residual predictive deviation (RPD), it was found that the models for TC, 
TN, C/N, sand, silt, and clay showed very reliable performance (r2 ˃ 0.90, 
RPD ˃ 2.00). Sim            
analyzed using diffuse reflectance infrared Fourier transform near-infrared 
(DRIFT-NIR) spectroscopy. Comparison of the prediction results obtained by 
ATR-MIR and DRIFT-NIR spectroscopy demonstrated that the ATR-MIR 
models showed better prediction accuracy than the DRIFT-NIR models, with 
an RPD increment between 12% and 36%. This result indicates that ATR-MIR 
spectroscopy coupled with PLSR has the potential to model and predict certain 
important soil properties and therefore may assist in achieving large-scale 
precision farming.  
 
In the second part of the research, the target of study moved from agricultural 
soils to bitumen-contaminated tailing soils, where the content and quality of 
bitumen residues in a tailings remediation process were determined by FTIR 
spectroscopy. The application of ATR-MIR and DRIFT-NIR spectroscopy as 
rapid tools for determination of bitumen residues in tailings and remediated 
tailings was investigated. In this work, bitumen residues were directly 
determined in neat samples without any chemical separations or extractions. 
ATR-MIR spectroscopy coupled with PLSR yielded the best calibration, with a 
r2 of 0.99 and a root-mean-square error of calibration of 1.76 wt% over the 
bitumen range between 0.70 and 40.70 wt%. These methods were reproducible 
with an average 0.91 wt% difference among triplicate analyses. The 
classification of unremediated and remediated tailing soils by principal 
component analysis (PCA) of their ATR-MIR spectra was investigated. Soils 
were successfully classified according to their level of bitumen content, but 
classification based on discrimination between unremediated and rems 



evaluation of the remediation process to ensure the remediation goal has been 
met. In an extension of this work, the use of the green solvent 2-methyl-
tetrahydrofuran (2-MeTHF) for extraction of bitumen from tailing soils was 
evaluated. Based on gravimetric determination of the bitumen recovery yield, it 
was found that 89 wt% of the total bitumen was recovered by a room-
temperature single-stage 2-MeTHF extraction, which was 9% and 14% higher 
than the recovery obtained with the traditionally used organic solvents toluene 
and dichloromethane (DCM) under the same conditions. The quality of the 
bitumen extracted by the three solvents was analyzed by FTIR spectroscopy, 
which indicated that less migration of clay minerals into the bitumen product 
occurred during extraction with 2-MeTHF. However, under the elevated-
temperature conditions of Soxhlet extraction, protonation, ring-opening and 
polymerization reactions of 2-MeTHF were postulated to form oil-like 
products, which were detected in the FTIR spectrum of the extracted bitumen 
as well as by atmospheric-pressure chemical ionization mass spectroscopy 
(APCI-MS). These results indicate that 2-MeTHF has potential to serve as a 
bitumen extraction solvent, providing a higher recovery yield and better 
product quality than toluene and DCM. Nevertheless, high-temperature 
conditions should be avoided in the extraction and solvent recovery processes 
to prevent polymerization reactions. 
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