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Introduction 
Forest fires are a frequent phenomenon in Mediterranean ecosystems, and are widely 
considered to be the main factor of disturbance in the Mediterranean basin. The Iberian 
Peninsula has the highest risk of wildfire occurrence of Europe. During the period 1980-
2003 approximately 29% of continental Portugal was affected by wildfires. 
Wildrircs can affect wide range of physical, chemical, mineralogical and biological soil 
properties (e.g. González Pérez et al., 2004). The extent of these changes depends to a 
large degree on the temperature ranges reached at different soil depths (severity) and on 
the degree of heating that the different soil components can withstand before being 
altered (resilience). • 
Therefore, the present work aims a fast characterization of the chemical changes in the 
topsoil of two distinct forest types on Leptosols-Cambisols in the Colmeal area (central 
Portugal), where a wildfire occurred in August 2008 . The fire effects on the organic 
matter quality of these soilss are studied through analytical pyrolysis (Py-GCIMS). The 
Py-GCIMS results for neighboring bumt and unbumt sites are compared to identify 
typical pattems of fire-induced alterations and, thereby, improve the knowledge basis for 
soil restoration efforts. 
Analytical pyrolysis is a fast technique, which provides information conceming the 
structure of organic molecules, including N species, which cannot be released by 
hydrolysis. Pyrolysis involves thermolytic degradation of macromolecules into small 
fragments that are analyzed by gas chromatography-mass spectrometry (GCIMS). It is 
assumed that the fragments are representative of the originallarger macromolecules. The 
interpretation of pyrolysis data, however, requires a detailed knowledge of the pyrolysis 
behaviour of the compounds under study. It has been recently used for the 
characterization of fire effects on different soils (De la Rosa et al. , 2008; Tinoco et al., 
2006; Knicker et al., 2005). 
For this study, a double-shot pyrolysis programme has been used, carrying out a GC-MS 
analysis of gases evolved at 300 oC and 500 oc. The double-shot pyrolyzer allows thermal 
desorption of samples (at sub-pyrolysis temperature) prior to pyrolysis, and so allows the 
sequen ti al examination of the products released by thermal desorption and by thermal 
cracking from the same sample. This permits observing the alterations caused by fire in 
the molecular composition of the SOM for two different compartments in terms of 
thermal stability. A desorption step is applied to look specifically for molecular markers 
of fire-indllced changes in the thermolabile ~M. Previous studies employing thermal 
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analysis have sbowl1 ;¡ luss (,1 Ilwi'Jll(d ;t!,il( ' ('!)';lllil ' cOl1slituents in fire -affected soils 
(Knicker et al., 2005). ¡\ 11:¡J ysi~; :11 ,"" d, pYl'ol y,c; is klllpcr:ttllres (up to 350 OC) permits to 
discern changes in tÍlcl'IllU!; lhi k 1I11i1 S, whilsl :lIl ;dys is :,1 pyrolysis temperatures addresses 
changes in compounds wilh Itigltcr Iltl'llll:tI sl:!ililil y (()lIclléa et aL, 2005). 

Objectives 
The main objective heree is lo asscss Lhe suitability of pyrolysis-gas 
chromatography/mass spectrometry (Py-GC/MS) as a rapid analytical technique for 
discerning changes and molecular alterations in the soil organic rnatter of Mediterranean 
forests. 

Methodology 
Area of Study and soil sampling 
The area of study is located in the Lousa Mountains in central Portugal, and was burned 
by a wildfire in August 2008. Within the burnt area of about 70 ha, two slopes were 
selected with a Maritime Pine (Pinus pinaster) and a eucalypt (Eucalyptus globulus) 
plantation. In addition, two comparable, unburnt slopes in the irnmediate surroundings 
were selected as control sites. Soil samples were mechanically de-ashed, dried and sieved 
« 2mm) before analysis. 
Analytical pyrolysis (Py-GC/MS) 
Py-GC/MS was performed in a double-shot pyrolyzer (rnodel 2020, Frontier 
Laboratories) directly connected to an Agilent 6890 GC-MS systern. Between 0.5 to 1 mg 
of soil sample was placed in srnall platinum capsules. A thermal desorption step at 300 oC 
(first shot) was achieved before the pyrolysis at 500 oC (second shot). During desorption 
the sample capsule was introduced in the furnace preheated at 100 oC and the temperature 
was raised to 300 oC at arate of 20 oC min - 1 and held at 300 oC for 1 mino Subsequent 
pyrolysis was carried out at 500 oc. The GC/MS conditions were the same for a11 
samples; oven temperature was held at 40 oC for 1 min and then increased up to 100 oC at 
30 oC min- I

, from 100 to 500 oC at 20 oC min-l and isothermal at 500 oC for 2 mino The 
identification of individual compounds was achieved by single ion rnonitoring for 
different homologous series, low-resolution mass spectrometry and comparison with 
published and stored data (NIST and Wiley libraries). 

Results and conclusions 
'. 

The analysis of the released compounds of the pyrolysates showed consplcuoUS 
differences in the composition between the first and the second shot. 

First Shot (300 OC) 
Thermal desorption of the samples at 300 oC wns dominated by furfural, furan-methanol 
and other compounds with carbohydrate origino They are considerate thermally labile 
OM, which agreed with their greater relative abundance in the unburnt soils. In addition, 
a series of n-alkane/enes (C IO-C29) , aromatic compounds derived frorn methyl-benzene 
and naphthalene and N-containing products from peptides were also detected in most 
samples. On the other hand, long chain n-al kanes, substituted-naphthalenes and sorne of 
peptides-derived products (rnainly indules and indenes) were detected in the unburnt 
sarnples but not in the fire-affected salllplcs, This clearly suggested a heat-induced 
alteration of the SOM composition. 
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Second Shot (500 OC) 
Pyrolysi s at 500 oC prcs(~I\I('(1111111I1I dilj¡- I I " III ' ( '~; h'IWI.Tlllhe burtn and unbumt soils. The 
TIC of the samples W<lS l'1!;lr;i("lni /,l"i1 hy Illl" plCSC ll ce of a complex mixture of n
alkanes/enes (pattern C IW('\¡) , ;llollI:lIll ' :~IIIJ('IIIII.'S~ Ill<lillly benzenes and naphthalenes, 
polysaccharides-derived COlllP(HIIHls: 11\()sll y rl ll:II ICS , and some N-containing products 
from peprídes, AH these COlllpOlllHls :lI,(' Iypil':d pyrolytic products of SOMo In addition, 
fatty acids methyl esters (FAMl\s), JI:dkyl kdones, n-alkane nitriles, lignin derived 
products, and sorne triterpcnoids <lml stcrols were present, albeit with a limited 
contribution. Due to the unique alle! known source 01' most of these compounds, they can 
be used as "fingerprints" for detecting diflerenees in SOM composition (Almendros et aL , 
1997). n-alkanes , n-alkenes, and FAs have been used as molecular markers for detecting 
environmental changes in soils and sediments, including by fire, and will be discussed in 
detail undemeath. 
Phenol and methyl-phenols were amongst the most abundant compounds in a11 the 
programs. They are often recognized in pyrolysates of lignin-containing tissues as 
indicating demethylated units formed from microbial degradation of lignin or 
representing secondary reaction products in thermal degradation during lignin pyrolysis 
(Saiz-Jimenez and de Leeuw, 1986). Lignin-derived compounds were also detected in a11 
pyrograms. Polysaccharides, ubiquitous in pyrolysis of plant material or SOM, are labile 
compounds easily altered therma11y or biodegraded during the initial phases of diagenesis. 
The presence of both lignin compounds and polysaccharides in the pyrolysates of a11 
samples, including the bumt ones, suggested the incorporaríon of fresh OM and/or a low
to-moderate fire intensity. 
The bumt samples presented a slightly highe¡; relative abundance of highly condensed 
aromatic structures. They are usually released in incomplete combustion processes as 
occur commonly in wildfires, and indicate the presence of black carbon or thermally 
altered refractory OM (Tinoco et al., 2006). 
The N-containing compounds were dominated by indanes and n-alkanenitriles. Indanes 
probably have protein origin (microbial input) but indole and methyl-pyridine can also be 
present in fresh plant material. n-alkanenitriles could have resulted from the reaction of 
carboxylic acids and ammonia liberated from minerals during the pyrolysis process. 
The n-alkanones were a1so present in the pyrolysates. They are usually present in plant 
material but they may a1so derive from thet;mal alteration processes and bacterial 
degradation of aleohols and aldehydes. 
Steroids are difficult to identify by pyrolysis. Nonetheless, the triterpenoid compound 
Neoursa-3,12-diene was identified in a11 pyrograms. Triterpenes are major biomarker 
components of gums and muci1ages from angiosperms and gramineae, and are also 
typical marker of ryegrass wax. ~-Sitosterol and substituted sterols, were identified in all 
samples, with a greater relative abundance in the un-bunrt samples soils. They are 
constituents of plant lipid membranes and waxes, and are also significant components of 
OM from vascular plants., However, they can also originate from soil algae and fungi. 
Fig, 1 shows the distributions of the series of n-alkanes, n-alkenes and n-fatty acids. N
alkanes series ranged C IO-C33, having a bimodal distribution with maximums at C l3 and 
C21 , and C I5 and C22 in the case of the euca1ypt and pine forest, respectively. Oddleven 
carbon number predominance was not observed (CPI= 0.7). A series of n-alkenes 
primaril y as terminal olefins (n-alk - l -enes) were present in the TIC of the soils, and 
showed a C range C IO-C32 with maximum at Cn 
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n-fatty acids were also identified in the range C 13-C30. Analytical pyrolysis presents major 
limitations in the detection of FAs, (Dignac et al., 2006). It is therefore hard ly surprising 
that n-fatty acids occurred with markedly lower relative abundance than n-alkanes/enes. 
FAs with an even number of C were more profuse, with palmitic acid (C 16) and behenic 
acid (C22) being the most abundant. Table J shows several parameters regarding the 
distributions of n-alkanes, n-alkenes and n-fatty acids. Previously studies have used these 
parameters to detect fire-induced changes in SOM and as markers of post-fire soil 
recovery (Almendros et al., 1988). 
A decrease in the average chain length (ACL) of n-al kanes and n-alkenes in burnt soils 
(samples B and D; Table 1), has been identified as resulting from heat-induced 
breakdown (Almendros et al., 1988). In the case of the eucalypt forest, the ratio of 
short/long n-alkanes was 2.6 for the unburnt sample and 3.7 for the burtn sample; in the 
case of the pine forest, the respective values were 2.2 and 4.3. Furthermore, the ratio of 
short/total n-alkanes and n-alkenes was 0.3 for the unburnt soils VS. 0.4 for the burnt soils. 
This accumulation of low molecular weight homologues suggested the cracking of long 
chain components, and agreed with the difference in the ratio of long/total n-alkanes and 
n-alkenes (0.3 VS. 0.2) . Similar trends were observed for n-alkenes and fatty acids, In 
addition, the relative abundance of pristane and phytane was significantly reduced in the 
burnt sampless. They correspond to isoprenoid hydrocarbons tbat are diagenetic products 
of tbe phyty! side chain of chlorophyll. Pristane/pbytane ratios have been used as a 
measure of the sediment oxicity. In this case, the greater abundance of pristane could 
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suggest that tlle dj ;lgc lll" :~ i :; 1I\ 'l lli'I ("( 1 1I1 <1 \ 1( ' d"IH1sili()llal environments, Tlle fatty acid 
(FA) distribution has bCl:ll ;li s,) l'lllpll)yl'd ;1 :; illdic:llor 01' so j) status and post-rire recovery 
(Gonzalez Vila et al., 200 I j . I 'ig. l . s lt(l w:~ :1 dtT ll';ISC in the relati ve abundance of FA in 
the bumt (B and D) cll lllp;m:d 1(1 IlIdl\11111 s(lil:~ (/\ ;lI1d C), Furthermore, the observed 
differences in the ratio 01' shorl / IOII1',c!t:lill I ;/\MEs hetween bumt and control soils 
(Table 1) confirmed the OCClI IH': II CC ur oxid; lli vc scission of long chain homologues in the 
fire-affected. 
The results presented here are prclil1lin;¡IY, ; lIld other analytical tools are currently being 
explored for a better characterizatioll of Ihe firc- induced changes in the SOM at the study 
sites 
The main conclusions obtained so far may be summarized as follows: 

• the distribution and relative abundallees of homologous compound series as 
determined by analytical pyrolysis provided a good indicator of the occurrence of the 
wildfire o and its intensity; 

• the desorption step revealed that the wildfire produced a significant reduction of the 
therrnally labile molecular structures of the SOM, , whereas pyrolysis at 500 oC 
evidenced an accumulation of low molecular weight homologues, suggesting the 
occurrence of thermal breakdown and cracking of long chain components; 

• various markers like polysaccharides, lignin-derived compounds and triterpenes 
pointed to a fast recovery of SOM following the wildfire and/or a moderate fire 
intensity 

Table 1. Comparison of parameters calculated from n-~ lkyl biomarkers released by analytical Pyrolysis at 
500°C 

I/-alkanes I/-alkenes I/-fallyacids 

lC IO- ICro- IC24- IC IO- IC IO- IC2, - l Cn- IC ro- ICw 
cn / C I,! CH / C2, / c15/ C'3/ C IS/ C IS/ C301 

AC lC24- ICro- IC IO- Pr/C PhlC Pr/ AC lC24- IC lo- IClo- Pr/C l e l9- lCIr IC ,,-

L cH e 33 e H 17 IS Ph L C" C" e " 17 C'o C,o e 30 

Samp shortllo shortllO long/lO shortllo shortlto long/to shonllo shortlto long/to 
le ng tal ta l ng tal tal ng tal tal 

A 19, 19. 
(conlr 

S 
2,6 0.3 0.3 1.I 0,14 8,8 

3 
2,6 0.3 0,3 2A 0,6 

01) OA 0,6 
B 18, 18, 

(bumt 
4 

3_7 OA 0,2 0,6 0,10 7.5 
2 

\ 3,9 OA 0.2 1.2 0,9 
) OS 0.5 
e 20, 19, 

(contr 

° 
2,2 0.3 0.3 1.0 0,12 9.0 

7 
2,4 0.3 0.3 1.7 0,6 

01) 0.3 0,6 
D 18, 18, 

(bumt 
4 

4,3 OA 0,2 OS 0,08 6.5 
3 

4.2 OA 0,2 l.l 0,8 
) 0,4 0,5 

ACL; Average chain length is lhe weighted average number ofC alOms, Pr; Pristane/ene, Ph ; Phytane. Values were ca lculated from 
nonnalized ab undances shown in Fig 1" 
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