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Introduction 

Soil contaminated with hydrocarbons such as oil, fuels and lubricant oils is a special waste requiring a 

special disposal procedure, as the contaminants are toxic for the environment. Sources of such waste are 

e.g. the deconstruction of gasoline stations, incidents in traffic and industrial plants, and construction 

sites. Among others, disposal of such contaminated material is provided by cement factories, as they 

operate high-temperature ovens required for the complete burning of this material. The low-boiling 

fraction of the contaminants, however, evaporates before being burned and thereby escapes 

decomposition, causing undesired emissions back into the environment. Maximum values for such 

emissions are dictated and controlled by the authorities, limiting the amount of disposal of this material. 

The relevant parameter linking the emissions to the contaminated material is the hydrocarbon index (HI; 

german: Kohlenwasserstoff-Index, KWI), summarizing hydrocarbons with a boiling point of 175 – 525 °C. 

In practice, this corresponds to hydrocarbons with C10 to C40. Traditionally, HI is determined by GC, in 

earlier years also with IR-spectroscopy. 

Task 

To maximize the throughput for the disposal of the contaminated soil, the cement factory is looking for an 

analytical solution to monitor the total HI of the material. Ideally, real-time monitoring is performed on 

the conveyer belt where the contaminated soil enters the process, supplied by a bucket loader. Total HI is 

envisioned to be summed-up and the operator should be warned when reaching a critical threshold. 

 

Q1  Why is the traditional technique unsuitable to survey the process? 

Q2  What makes NIR-spectroscopy more suitable to solve this task? 

 

To proof the principle, a feasibility study with idealized samples (on the basis of powdered, grinded soil) is 

performed. Most importantly, the influence and possible interference of hydrocarbons not relevant to the 

HI has to be studied. Important substances to be tolerated by the method are hydrocarbons larger than 

C40 such as synthetic polymers and biopolymers, and polar hydrocarbons. 

 

Q3  How would you design the experiments for this feasibility study? 
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Figure 1   Overlay of NIR-spectra (repeated measurements) of a sample from the feasibility study. 

Most often, NIR-spectra exhibit broad features with overlapping signals and data processation is crucial 

for modeling. As one consequence, univariate models often cannot be used in calibration. 

 

Q4 What statistical technique could be used instead? What are the characteristics of the method, 

advantages and disadvantages? 

 

Two calibration models are displayed below, obtained with two different techniques and settings. 

 

 

Figure 2   Two calibration curves obtained with the samples of the feasibility study (x-axis: Reference Value, y-axis: 
NIR value). The model shown on the left was obtained with MLR (multiple linear regression), whereas the one on the 
right was obtained with PLS (Partial Least Squares) Regression. SEC indicates the standard error of calibration, SEP 
the standard error of prediction (obtained with cross-validation techniques). 
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Q5 Discuss why the PLS-model is not necessarily better than the MLR-model (in reality, the MLR-

model performed much better). 
 
After a successful feasibility study, real contaminated soil samples are considered. After inspecting and 
measuring the first sample, it was discovered that an imported factor has been neglected, challenging 
the success of the whole project. 
 
Q6 What factors generally influence NIR-spectra and what component in real soil samples has 

been neglected? 

Q7 What alternative spectroscopic technique can you think of to solve the task? What are the 

limitations? 
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