
 

Influences on the sorption affinity of soil organic 

matter for non-ionic organic pollutants 

 

 

Ahmad Gholamalizadeh Ahangar 

B.Sc. Soil Science, M.Sc. Soil Science  

    The University of Shiraz, Shiraz/Iran    

This thesis is presented for the degree of  

Doctorate of Philosophy 

from  

The University of Adelaide  

By prior publication 

 

 

 

Discipline of Soil and Land Systems 

School of Earth and Environmental Sciences  

The University of Adelaide 

 

Submitted February 2009



  i 

 

TABLE OF CONTENTS 

 

 
ABSTRACT                                                                                             iv 

 

DECLARATION                                                                                    vii 

 

ACKNOWLEDGEMENTS                                                                  viii 

 

PUBLICATIONS ARISING FROM THIS THESIS                            x 

 
 

CHAPTER 1:  REVIEW OF LITERATURE                                       1  
 

 1. The importance of organic pollutants                                                        1 

 2. The fate of organic pollutants in soils                                                         2 

2.1 Degradation                                                                                                3 

2.2 Volatilization                                                                                              3 

2.3 Leaching                                                                                                      4 

2.4 Bioaccumulation                                                                                         5 

2.5 Sorption                                                                                                       6 

 3. Factors affecting sorption                                                                            7 

3.1 Pollutant properties                                                                                   7 

 

3.1.1 Solubility                                                                                          7 

 

3.1.2 Ionization                                                                                         7 

 

3.1.3 Molecular size                                                                                  8 

3.2 Sorbent properties                                                                                     8 

 

3.2.1 Organic matter content                                                                     8 

 

3.2.2 Surface area                                                                                      8 

 

3.2.3 Mineral surface properties                                                                9 

 

3.2.4 SOM heterogeneity                                                                           9 

 



  ii 

 

3.2.5 SOM-mineral interactions                                                             12 

 

3.2.6 The effect of soil lipids                                                                  13 

 

3.2.7 SOM physical conformation                                                          13 

 

3.3 Aqueous phase properties                                                                       14 

 

3.3.1 pH                                                                                                  14 

 

3.3.2 Salinity                                                                                           14 

 

3.3.3 Co-solvents                                                                                    15 

 

3.3.4 Solid-solution ratio                                                                        15 

 

3.3.5 Temperature                                                                                   16 

 

3.3.6 Solute concentration                                                                      16 

 

 4 Equilibrium Sorption Models                                                                    17 
 

4.1 The Linear Partitioning Model                                                              17 

 

4.2 The Langmuir Adsorption Model                                                          21 

4.3 The Freundlich Model                                                                             22 

4.4 The Polanyi-Manes Adsorption Model                                                  24 

4.5 The Distributed Reactivity Model and Dual SOM Model                   25 

 5. Purpose of this study                                                                                  26 

 
5.1 Scope of the study                                                                                    27 

5.1.1 Factors affecting sorption investigated – Koc variability               27 

5.1.2 Selected Compounds                                                                     28 

5.1.3 Selected Soils                                                                                 29 

5.1.4 Selected method for sorption measurement                                  30 

6. References                                                                                                    32 

 



  iii 

 

CHAPTER 2:  Paper 1: Clear effects of soil organic matter 

chemistry, as determined by NMR spectroscopy, on the sorption of 

diuron                                                                                                       46 

 

CHAPTER 3:  Paper 2: Separating the effects of organic matter-

mineral interactions and organic matter chemistry on the sorption of 

diuron and phenanthrene                                                                      56 

 

CHAPTER 4:  Paper 3: The effect of lipids on the sorption of diuron 

and phenanthrene in soils                                                                      63 

 

CHAPTER 5:  Manuscript 1: The effect of solvent conditioning on 

soil organic matter sorption affinity for diuron and phenanthrene  72 

 

CHAPTER 6: SUMMARY AND CONCLUSION                              94 

 
1. Implications of research findings                                                               94 
 

2. Recommendations for future work                                                          100 

 

3. References                                                                                                   103 



  iv 

 

 

ABSTRACT 

 

Sorption of non-ionic organic compounds to organic matter is usually characterized as 

a partitioning interaction, which is quantified by Koc, the organic-C normalized 

partitioning coefficient. However Koc for any single compound varies considerably 

between soils, often by a factor of 3-10. This study addresses some of the potential 

causes of this variability.   

 

Forty-four soil cores were collected from a 2 ha paddock. Ten of these cores were 

selected for sorption measurements. The chemical composition of the soil organic 

matter (SOM) was determined using 
13
C NMR analysis. It was found that Koc for 

diuron was positively correlated with aryl C (r
2
 = 0.59) and negatively correlated with 

O-alkyl C (r
2
 = 0.84). There were no such correlations for phenanthrene Koc. 

 

A second set of experiments was carried out to investigate the effects of SOM–

mineral interactions on the sorption properties of a selection of the soils. It was found 

that HF-treatment increased Koc for both phenanthrene and diuron. The HF treatment 

removes mineral matter leaving the organic phase unaffected by the treatment. The 

increase in Koc on HF-treatment soils provides strong evidence that interactions 

between organic matter and soil minerals block organic matter sorption sites. 

Furthermore, following HF-treatment, there was a positive correlation between Koc for 

phenanthrene and aryl C and carbonyl C and a negative correlation with O-alkyl C. 

This suggests that the non-constancy of the relationship between organic matter 

chemistry and Koc, for whole soils in the case of phenanthrene, may be a consequence 

of variability of the effect of organic matter-mineral interactions on Koc. 
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The influence of lipids on the sorption of diuron and phenanthrene to soils was also 

investigated. Lipids are known to cover the surfaces of organic matter in soil.  Koc for 

diuron and phenanthrene were consistently higher for the lipid-extracted soils than for 

the whole soils (average of 31% for diuron and 29% for phenanthrene), indicating that 

lipids block sorption sites on the organic matter. Sorption experiments on one pair of 

HF-treated soils indicated that the blocking effects of minerals and lipids are 

independent, because lipid extraction and HF-treatment combined increased Koc by 

more than either treatment alone.  

  

In the last experiment, the effect of solvent conditioning on the sorption of diuron and 

phenanthrene was investigated. The Koc values for compounds were consistently 

higher for solvent-treated whole soil and lipid-extracted soil than corresponding soils 

before solvent treatment. Solid-state 
13
C NMR spectra of the solvent-treated soils 

indicated that there were no significant changes in the chemical structure of SOM 

caused by solvent treatment. Solvent treatment changes the physical conformation of 

the SOM, increasing its sorption affinity.  

 

The key findings from the research are: 

• Variations in sorption affinity for diuron are related to differences in the soil 

organic matter chemistry.  

• SOM-mineral interactions can have a substantial influence on Koc for non-

ionic compounds. 

• Lipids may block the active sorption sites on the SOM thereby diminishing 

sorption overall.  
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• Solvent conditioning can change the physical conformation of SOM and lead 

to enhancement sorption of diuron and phenanthrene. 
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