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Heat-induced changes in organic compounds characteristics and properties of sandy soils

1 2I. Atanassova *, S. Doerr

1Institute of Soil Science N. Poushkarov,  7 Shousse Bankya , 1080 Sofia, Bulgaria , 
2School of Environment and Society, Swansea University, Singleton Park, Swansea SA2 8PP, Wales, UK

* e-mail: i.d.atanassova@abv.bg

Abstract. Ground surface heating, (e.g. forest fire) often leads to an increase or above a critical threshold, elimination of water repellency (hydrophobicity) in 
soils. Here we report on the characterisation of the chemical changes of organic compounds associated with heat-induced increases and elimination of water 
repellency. A eucalypt forest soil of sandy texture was heated in the laboratory at temperatures between 320°C - 330°C. Laboratory heating in this temperature 
range resulted in elimination of repellency, with the exception of one replicate, in which repellency increased. Soil organic compounds were extracted by 
accelerated solvent extraction (ASE) with an isopropanol/ammonia mixture. Organic compounds were measured in solvent/solvent mixtures of increasing 
polarity in order to solubilise the residue. Before heat treatments, the total lipid extracts were dominated by alkanols, palmitic acid, C  alkane, β-sitosterol and 29

polar compounds. A profound change in lipid patterns occurred in the extracts following heating irrespective of whether or not water repellency was destroyed. 
Heat-induced changes resulted in: a) the loss of main lipid signatures and b) a high abundance of benzene carboxylic acids, as well as levoglucosan, simple 
sugars and glycosides, compared to the unburned soil. Our data demonstrate that many of the compounds detected in the originally unheated, water repellent 
soil were lost after heating in the temperature range 320 – 330 °C. We suspect that the increased water repellency in one of the heated samples is associated 
with compounds of different chemical structure and properties, and that saccharides and aromatic acids can play a role in repellency expression in soils after 
heating. 

Keywords: soil water repellency, hydrophobicity, organic compounds

Introduction Material and methods

Water repellent soils were collected from a Eucalypt forest in SE Ground surface heating during wildfires often leads to an 
Australia (0-5 cm depth, sieved < 2 mm) and examined for heat-increase or, above a critical threshold, elimination of water 
related repellency in a previous study (Doerr et al., 2004). Organic repellency in soils. Heat induced soil water repellency can be caused 
carbon was determined on a TOC analyser before and after heating. by: (i) selective destruction of aliphatic domains in soil organic 
Sample replicates were placed in a preheated muffle furnace (320°C matter, accompanied by input of lipid compounds from thermal 
- 330°C) for 10 min. Soil samples (15 g, three replicates) were distillation of soil necromass at around 100°C ~ 200°C, (ii) specific 
extracted by iso-propanol/ammonia mixture 95:5, ASE extraction, hydrophobic compounds produced during heating at higher 
cleaned up and sequentially fractionated into dichloromethane temperatures ~ 300°C through condensation of lignin-derived 
(DCM), dichloromethane/iso-propanol, DCM:IPA (2:1) over quartz degradation products and formation of new aromatic structures from 
sand, Na SO  added as a drying agent and then  dried under N  2 4 2carbohydrate, lipids and aminoacids alterations, as well as 
(Atanassova and Doerr, 2010).heterocyclic nitrogen compounds and melanoidins. Elimination of 

Extracts were derivatised by BSTFA (99%) + TMCS(1%), repellency around 300°C is probably caused by combustion of the 
spiked with internal standard and GC-MS analysed using Agilent existing organic compounds (DeBano, 2000; Doerr et al., 2000). Soil 
6890 - 5975 MS detector. organic matter transformations caused by heat include: (i) 

Soil water repellency was determined by the Water Drop degradation of cellulose and lignin at temperatures 130°C ~ 190°C, 
Penetration Time test, WDPT, (Doerr et al., 2000; Doerr et al., 2004). (ii) structural changes over 300°C related with decarboxylations in 

Here we report the characteristics of the soil with the highest SOM and an increase in the proportion of aromatic structures 
water repellency. Soil texture was sand, pH 4.5, organic C 3.9% (Almendros et al., 1992; Knicker et al., 1996), (iii) relative increase in 
before and 2.0% after heating; WDPT of unheated samples was the abundance of the humin fraction at the expense of the FA and HA 
1290 s and 0 s in 2 replicates of the heated soil, but 7800 s (highly fractions (Almendros et al., 1990;  Fernandez et al., 1997) and (iv) 
water repellent) in the third replicate.formation of ''pyromorphic humus''.

The objectives of this study were to investigate the molecular 
composition and alteration products of organic compounds in a 
sandy water repellent soil  before and after subjecting it to laboratory Results and discussion
heating in the temperature range 320 °C – 330 °C and identify 
compounds associated with heat induced destruction and increase The iso-propanol/ammonia mixture removed any repellency 
of water repellency. present both in the original and heated samples. Heating at 320°C - 

330°C destroyed repellency in the samples, but caused an increase 
in one replicate of the sandy soil. Drastic changes occurred in the 
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lipid assemblages in the original soils (Figures 1, 2). Before heating compounds such as glycerol, mono-saccharides and glycosides.  
total solvent extracts were dominated by n-alkanols (C -C ), After heating, high relative yields of benzoic acid and levoglucosan 20 30

occurred (with higher abundance in the water repellent replicate). terpenoids, C , C , C  acids, C  alkane, β-sitosterol and polar 16 18:1 18 29
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Figure 1. TIC chromatogram of original soil sample, unheated (DCM extract)

Figure 2a . TIC chromatogram of DCM extract of a sandy soil heated at 320°C – 330°C
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Figure 2b. TIC chromatogram of the polar DCM/IPA extract of  the heated sandy soil.

Glycosides and monosaccharides were also detected in the heated Conclusion
soils. A suspected complex polar HMW compound (glycoside), best 
NIST match 40, named D-amygdalin composed of three Laboratory heating in the temperature range 320 - 330°c 
decomposition products: sugar, benzaldehyde, and hydrogen resulted in elimination of water repellency of a higly water repellent 
cyanide was detected in the more polar DCM/IPA extract (Figure 2b). soil, with the exception of one replicate, in which repellency 
No specific lipidic compounds, providing clues about the water increased. Before heating total solvent extracts were dominated by 
repellency expression in the heated soils, could be identified with a n-alkanols (C -C ), terpenoids, C , C , C  acids, C  alkane, β-20 30 16 18:1 18 29high agreement factor based on the NIST library search or published 

sitosterol and polar compounds such as glycerol, mono-saccharides 
spectral data. The increase in intensity of aromatic carbon, as well as 

and glycosides. After heating, highly abundant were benzoic acid 
levoglucosan presence in the heated soils, gives indirect evidence 

and levoglucosan accompanied also by glycosides and 
for the heat-induced formation of refractory (i.e. more resilient) 

monosaccharides.  These polar compounds can play a crucial role 
organic matter. Saccharides and aromatic acids can play a crucial 

in water repellency expression in the heated soils.
role in hydrophobicity expression in soils after heating. Sugars are 
known to promote soil aggregate stability, i.e. assist in the 
hydrophobic bond formation holding humic aggregates together. On 
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Figure 4 is:

and have to be:
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Figure 4. Duration of the period to heading and maturity in the group of late varieties expressed as relative value from 
the standard
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