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A B S T R A C T   

Severe wildfires combust most above ground vegetation and detritus layers, altering the content and chemical 
composition of soil organic matter (SOM). To evaluate the lasting effects of wildfire on SOM and the recovery of 
burned soils, we sampled surface (Oa horizon) and mineral soils (0− 5 and 5− 15 cm depths) in unburned areas 
and areas burned at moderate and high severity 14 years after the 2002 Hayman Fire, in Colorado, USA. We 
characterized SOM using Pyrolysis Gas Chromatography Mass Spectrometry (Py-GC–MS) and identified 106 
pyrolysates within eight chemical classes [aromatic hydrocarbon (ArH), carbohydrate (Carb), lignin compound 
(LgC), nitrogen containing compound (Ntg), polyaromatic hydrocarbon (PAH), phenol compound (PhC), satu
rated hydrocarbon (SaH), and unsaturated hydrocarbon (UnSaH)]. Burned soils had greater total quantified peak 
areas (TQPA) for the pyrogenic C indicator (PyC) benzene, compared to unburned soils; however, other common 
PyC markers were not abundant in burned relative to unburned soils. Factor analysis on the individual pyrol
ysates suggests that factors 1 and 2 correlated with pyrolysate aromaticity and hydrophobicity, respectively. 
Sample factor scores potentially suggest that SOM aromaticity increases with fire severity, though difference 
between moderate and high severity was slight. Factor analysis also indicates that the ratio of [ArH + Ntg] / 
[PhC + LgC] may serve as index of PyC content in SOM. This study shows that wildfire effects on SOM character 
may persist for more than a decade of ecosystem recovery and that Py-GC–MS coupled with factor analysis has 
utility for evaluating how disturbance alters SOM and PyC in complex environments.   

1. Introduction 

The number of severe wildfires has increased worldwide during the 
last two decades [1,2]. Not only do severe wildfires combust most 
vegetation, they also alter the thickness, extent and composition of soil 
organic layers [3,4]. A significant portion of combusted biomass is lost 
to the atmosphere as CO2 and volatile organic carbon, but large amounts 
of partly burned residues and pyrogenic organic carbon (PyC) are also 
integrated into the forest floor [5,6], where it may play an important 
role in regional and global C cycles. Since PyC is not completely inert, 
abiotic and biotic oxidation processes alter its structure and chemical 
properties [7,8]. Fine, charred organic particles are common in upper 
mineral soil layers (0− 3 cm). However, oxidized PyC is relatively polar 
and easily transported as dissolved black carbon (DBC) both within soil 
horizons and downslope [7,9,10]. Through there has been considerable 
effort to characterize PyC distribution and composition shortly after 
wildfires [11,12], few studies have evaluated the long-term fate and 

vertical movement of PyC (e.g., > 1 decade after wildfire) within soil 
profiles. In fire-affected mineral soils, PyC is comprised of both labile (i. 
e., ~ 0.03 yr mean resident time), and slowly degraded fractions (i.e, ~ 
40 yr mean resident time) [13]. The signal intensities of pyrolyzed 
materials including aromatic hydrocarbons (i.e., benzene and toluene) 
and polyaromatic hydrocarbons (i.e., pyrene) increase across a range of 
charcoal ages and demonstrate changes with time since burning 
[14–16]. 

Pyrolysis gas chromatography - mass spectrometry (Py-GC–MS) is a 
versatile analytical technique with wide utility for natural organic 
matter characterization. The approach has been used to study foliar 
litter decomposition [17] and determine the chemical composition of 
pyrogenic organic matter in biochar and charcoal [14,18,19]. Specif
ically, total quantified peak areas (TQPA) of the pyrolysates benzene, 
naphthalene and benzonitrile increase with pyrolysis temperature and 
have been used as indices of thermal alteration [14]. The abundance of 
three and four benzene ring polyaromatic hydrocarbons has been 
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suggested as an indicator of the presence of charred or burnt materials 
[15]. Almendros, et al. [20] reported accumulations of condensed pol
yaromatic and lignin-derived, phenolic compounds following high- and 
moderate-intensity fires, respectively. Recently, the van Krevelen (VK) 
diagram, commonly used to visualize Fourier-transform ion cyclotron 
resonance mass spectrometer (FT-ICR MS) data [21–23], has been used 
to classify pyrolysates quantified by Py-GC–MS [16,20]. However, the 
classification is based on two dimensions of O/C and H/C atom ratios 
and without appropriate optimization and justification may lead to 
inconclusive and/or confounding results [22]. Most previous Py-GC–MS 
studies have been conducted under laboratory conditions or shortly (< 2 
years) after wildfire, and few have examined the long-term effects of 
wildfire on soil PyC. Therefore, the effectiveness of the approach to 
evaluate changes as ecosystems recover from wildfire remains unknown. 
A recent statistical approach (i.e., ANOVA and factor analysis) was used 
to increase analysis efficiency, sensitivity and data throughout for tens 
of Py-GC–MS peaks [24]. In this study, we will compare different data 
analysis approaches to identify the best Py-GC–MS method for tracking 
PyC in natural environments. 

The 2002 Hayman Fire was the largest fire (558 km2) in recent 
Colorado history [25]. A century of fire suppression increased fuel loads 
in these and many Colorado forests and a severe drought in 2002 created 
conditions that results in high severity wildfire across large areas of the 
burn. Post-fire forest vegetation recovery following the Hayman Fire has 
been extremely slow [26] and stream nutrients and carbon has remained 
elevated relative to unburned watersheds [27,28]. We hypothesis that 
the influence of the 2002 Hayman Fire on soil organic composition 
especially PyC is still evident 14 years after the fire. To study the 
long-term fate of PyC in 2016, we collected soil across fire severity 
gradient within and adjacent to the Hayman Fire (Fig S1) from three 
depths and analyzed them using Py-GC–MS, to: (1) evaluate the effect of 
fire on soil C and N content 14 years after fire; (2) examine the effec
tiveness of PyC markers as indicators of fire 14 years after fire; and (3) 
characterize the fire burned SOM using factor analysis on pyrolysates. 

2. Materials and methods 

2.1. Soil sampling 

The Hayman Fire burned ponderosa pine (Pinus ponderosa Dougl. ex 
Laws) and Douglas-fir [Pseudotsuga menziesii (Mirb.) Franco] forests of 
the lower montane elevation zone (1980–2750 m) [29]. The majority of 
the fire was underlain by Pikes Peak batholith, a coarse-grained biotite, 
and hornblende-biotite granite [30] that weathers to form weakly 
developed, excessively drained, coarse sandy loams (Typic Ustorthents) 
[31]. Soils were sampled in 2015 across a severity gradient that includes 
unburned areas, moderate-severity areas where organic soil horizons 
were partially combusted, and high-severity areas where vegetation and 
surface organic matter were completely combusted (Fig S1), with five 
replicates. Burn severity was mapped according to standard US Forest 
Service approaches [28], using remotely sensed pre- and post-burn 
vegetation reflectance and validated by on-site assessment [32,33]. In 
general, the consumption of biomass during fire forms black ash under 
moderate severity (200− 500 ℃) and white ash under high severity 
(>510 ℃) [34]. At each sampling plot, needle litter (Oi layer) was 
carefully removed where it existed, and well-decomposed O-horizon 
material (Oa layer), along with 0− 5 and 5− 15 cm mineral soil depths 
were collected. All soil samples were oven-dried at 65 ℃ for ≥ 48 h, 
passed through a 2-mm sieve, and ground to a fine powder before 
further analysis. 

2.2. Soil C and N characterizations 

We analyzed total soil C and N contents by Dumas dry combustion 
(LECO CHN 2000; St. Joseph, MI). Soil organic matter was characterized 
by a Py-GC–MS instrument with a pyrolysis injector (CDS 5000, CDS 

Analytical Inc., Oxford, PA) interfaced directly with an Agilent GC7980 
gas chromatograph (GC) combined with a 220-ion trap mass spec
trometer (Agilent, Santa Clara, USA) at Clemson University was used. 
Each subsample was heated from 50 to 700 ℃ at 5 ℃/ms and held for 10 
s under a helium carrier gas with 1 mL/min flow rate to flush pyrolytic 
compounds into a DB-5MS column (30 m ×0.32 mm ID, 0.25 mm film 
thickness, J&W Scientific Inc.). The GC injector was operated in split 
mode (10:1) with an inlet temperature of 250 ℃. The column temper
ature was held at 35 ℃ for 5 min, and then increased at 3 ℃/min to 300 
℃, and held at this temperature for 10 min. 

An automated pyrolysate identification and quantification pipeline 
based on the National Institute of Standards and Technology (NIST) 
Mass Spectral Library (2008) through NIST Mass Spectral Search 2.0 was 
developed [24] for efficiently extracting information from the 
Py-GC–MS data. A total of 113 peaks were assigned from the 45 soil 
samples. Pyrolysates were semi-quantified using the percentage of total 
peak area comprised by all identified individual peaks within each 
pyrochromatgram [35]; major pyrolysate peaks (Table S1) were ob
tained from the NIST Mass Spectral Library (2008). One hundred and six 
(106) pyrolysates (out of 113) were categorized into the following 
classes: aromatic hydrocarbon (ArH), carbohydrate (Carb), lignin com
pound (LgC), nitrogen containing compound (Ntg), polyaromatic hy
drocarbon (PAH), phenol compound (PhC), saturated hydrocarbon 
(SaH), and unsaturated hydrocarbon (UnSaH). Additionally, seven py
rolysates (7 of 113) were not commonly observed or reported in previ
ous studies and classified as unknown compounds (Unk). In addition, we 
determined a modified aromatic index [AImod; calculated by (1 +
C–0.5O–S–0..5 H)/(C-0.5O-S-N-P)] [36], water solubility, and the 
octanol-water partition coefficient (Kow) of each pyrolysate. Pyrolysates 
with AImod ≤ 0.5 are aliphatic and olefinic or non-aromatic compounds, 
those with 0.5 < AImod ≤ 0.67 are aromatic compounds, and AImod >

0.67 are condensed aromatic compounds [37,38]. Water solubility 
(mg/L) and Kow were obtained using Fragment Methodology (v1.01 est) 
and KOWWIN v1.68, coupled with an Estimation programs interface 
(EPI Suite™, US EPA) [39]. 

2.3. Statistical analysis 

We used factor analysis to quantify variability among pyrolysates 
within burn severity classes (RStudio Desktop V. 1.0.44; Boston, MA, 
USA). Factor analysis is a statistical method used to describe variability 
among observed, correlated variables in terms of a potentially lower 
number of unobserved variables called factors. We used one-way anal
ysis of variance and Tukey’s HSD means comparisons to identify dif
ferences among burn severity classes within soil layers, after checking 
assumptions of normality (Shapiro-Wilk) and homogeneity of variance 
(Bartlett’s). Box-Cox transformations were implemented to normalize 
data. Where transformations failed to normalize data, we used the non- 
parametric Kruskal-Wallis test and Dunn’s post-hoc multiple compari
son with a Bonferroni correction. Significant effects are indicated for p ≤
0.05. 

3. Results and discussions 

3.1. Total soil C and N content 

The effect of the Hayman Fire remained evident 14 years after the 
fire with significantly lower C content (p < 0.05) in the O-horizon of area 
burned at high (13.7 ± 6.2 %) and moderate (18.4 ± 4.9 %) severity 
compared to unburned soils (28.6 ± 5.0 %). There was also a decreasing 
trend of soil N (1.04 ± 0.15, 0.95 ± 0.33 to 0.70 ± 0.30 %) in O-horizon 
for unburned, moderate, and high severity wildfire areas, though dif
ferences were not statistically significant. The O-horizon C/N ratio fol
lowed the same pattern as soil C content with the lowest ratio at high 
severity (19.2 ± 1.0), following with moderate severity (19.7 ± 1.7) and 
unburned (27.5 ± 2.0) soils, respectively. The persistent effect of the fire 
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on C and N contents was the net effect of combustion losses from 
vegetation and detritus and extremely slow post-fire vegetation recovery 
[26,27]. The fire had no lasting effect on C or N content in the mineral 
soil layers. 

3.2. TQPA and ratios of pyrolysates 

Aromatic and phenolic pyrolysates including benzene and toluene 
and ratios of pyrolysates (i.e., benzene/phenol, benzene/toluene) have 
been considered as pyrogenic carbon (PyC) markers of wildfire occur
rence or severity because total quantified peak areas (TQPA) of these 
pyrolysates change with heating temperature [14,40]. However, in this 
study, few of the proposed PyC markers responded as expected. Toluene 
(Ar2) had the highest TQPA in Hayman soils (Figs. 1 and 2 a) but did not 
respond to wildfire severity or soil depth. In fact, only 35 of the 113 
pyrolysates we identified differed statistically among severity classes or 
soil depths (Tables S1 & S2). The sum of those pyrolysates accounted for 
< 20 % of TQPA in each chromatogram. We also compared each py
rolysate (113 in total) between fire severity (i.e., unburn vs moderate 
severity, unburn vs high severity, and moderate vs high severity) and 
soil depth (i.e., O-horizon vs 0− 5 cm, O-horizon vs 5− 15 cm, 0− 5 cm vs 
5− 15 cm) pairs; only 58 out of 1017 pairs (3 depths × 3 fire severity 
classes × 113 pyrolysates) differed statistically (Table S2). The chemical 
composition of SOM was generally uniform across a wildfire severity 
gradient 14 years after the Hayman Fire. Both microbial degradation 
and photo-oxidation alter the PyC created by wildfire [7,41] and the 
slow recovering vegetation adds fresh organic matter both above and 
belowground to burned soils. 

Few of the proposed PyC markers were useful as indicators of the 
Hayman Fire more than a decade after it occurred. The percentage of 
benzene was elevated in moderate and high severity burned soils in all 
depths (Fig. 2d), and its TQPA generally increased with soil depth. For 
example, benzene accounted for 1.4, 2.5 and 3.5 % of TQPA in the O 
horizon of unburned, moderate and high severity soils. In moderate 
severity soils, benzene accounted for 2.5, 4.9 and 4.9 % in the O-horizon, 
0− 5 and 5− 15 cm depths. Though the abundance of benzene increases 
with pyrolysis temperature [14], aromatic compounds such as benzene 
can also be produced by the microbial degradation of 
aromatic-ring-containing compounds, such as lignin, polysaccharides, 

and proteins [35]. The appearance of benzene with similar average 
TQPA in unburned and burned samples indicates that benzene is not a 
good indicator for the Hayman Fire. Conversely, p-vinylguaiacol was 
lower in burned soils, and the TQPA of this lignin compound decreased 
with depth (Fig. 2j). On average, benzene to phenol and benzene to 
toluene ratios of burned soils were generally higher than those of un
burned soils, and these ratios generally increased with soil depth (Fig. 2k 
and l). Although these PyC markers remained altered a decade after 
wildfire, none of them accounted for more than 5% TQPA of each 
pyrochromatogram and most of the observed trends were not statisti
cally significant. 

3.3. Chemical classes of pyrolysates 

Grouping pyrolysates into chemical classes with similar functional 
moieties is a common approach for evaluating chemical composition of 
organic matter [24,42,43]. Of the chemical classes we observed (Fig. 3), 
ArH was the most abundant (mean: 27 % of TQPA; range: 20− 32% of 
TQPA) followed by Carb (mean: 21 %; range: 18–23 %) and PhC (mean: 
21 %; range: 17–22 %). These three classes comprised 59–74 % of TQPA. 
The ArH class was generally higher in burned soils though the fire effect 
was only statistically significant for moderate severity wildfire in the 
0− 5 cm layer (Fig. 3b). This pattern was consistent with previous 
wildfire studies that found increases in aromatic compounds during 
charcoal formation [42,44,45]. The Ntg class was also higher in all 
burned soil layers which agrees with observations of higher streamwater 
N export from catchments burned by the Hayman Fire [46]. 
Pyrrole-derived compounds were sensitive indicators of burning more 
than a decade after the Hayman Fire (e.g., Nt3, Nt4 and Nt7 in Fig. 2 and 
Table 1). For example, benzonitrile (Nt7) accounted for 0, 0.7 and 0.6 % 
in unburned, moderate and high severity O-horizon soils (Table S3). 
Burned soils had few LgC and PhC compounds, indicating a post-fire 
decline in lignin, the likely result of demethoxylation of lignin macro
molecules during heating or reduced litter inputs associated with slow 
vegetation recovery. We observed a low abundance of compounds in the 
PAH class and though this class have been considered a fire surrogate 
[15,20] these compounds did not respond clearly to either soil depth or 
fire severity in our study. For example, the PAH class represented 0.6 %, 
0.7 % and 1.0 % of TQPA in the O horizon of unburned, moderate and 

Fig. 1. Pyrograms of O-horizon from (a) no burn, (b) moderate severity and (c) high severity.  
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high severity soils. In high severity soils, PAH class accounted for 1.0, 
1.0 and 1.4 % in the O-horizon, 0− 5 and 5− 15 cm depths. Moreover, the 
number of aromatic rings was 2 for the pyrolysates in PAH class. 

3.4. Factor analysis 

The first two components (F1 and F2) of the factor analysis explained 
35 % of the total variance (Fig. 4). The F1 factor axis separated aromatic 
hydrocarbons from lignin and phenolic compounds (Fig. 4a). F1 loading 
is strongly positive with ArH and PAH classes having an aromatic index 
(AImod) ≥ 0.5 for benzene (Ar1), benzonitrile (Nt7), and naphthalene 
(PA1). Conversely, F1 loading is strongly negative with LgC and PhC 
classes having AImod < 0.5 for creosol (Lg3) and p-xylenol (Ph9). We 
interpret F2 as an index of hydrophobicity since it was positively 
correlated with water solubility [Log10(water solubility in mg/L) = 1.16 
× F2 loading + 2.72; p-value = 0.03] and negatively correlated with the 
octanol-water partition coefficient (Kow) [Log(KOW) = -1.08 × F2 
loading + 2.75; p-value = 0.02] for individual pyrolysates (Figs S2a and 
S2b). 

From the factor analyses we observe general patterns of aromaticity 
with fire severity, from unburned, moderately severity, to high severity 
along the F1 loading axis and the difference between moderate and high 
severity was slight (Fig. 4b). Regrouping samples by soil depth (Fig. 4c) 
indicates greater SOM aromatic (PAH and ArH) and N content (Ntg) in 
deeper soil layers, the net result of downward movement of PyC. It has 
been estimated that forest vegetation will require an 20− 50 more years 
to return to pre-fire conditions at the Hayman Fire [46,47]. As seen 
elsewhere, the greater SOM aromatic and N content we observed in 
deeper soil layers may have resulted from downward post-fire move
ment of PyC [7,41]. The post-fire transport and fate of PyC was well 
summarized by Santin, et al. [6]. After fire, soil erosion is enhanced due 
to the loss of vegetation cover and increased soil water repellency, so a 
large portion of the PyC created during litter and vegetation combustion 

Fig. 2. The 10 most abundant pyrolysates by TQPA percentage (panels a-j), ratios of relative area percentages of representative pyrolysates (panels k-l), and pyrrole- 
type N containing pyrolysates (panels m-n) in three different depths across the burn severity gradient (mean ± standard errors, n = 5). Asterisks indicate statistical 
differences within a specific soil depth (p ≤ 0.05). 

Fig. 3. Relative area percentage (mean ± standard error, n = 5) of chemical 
classes in (a) O horizon; (b) 0-5 cm; and (3) 5-15 cm mineral soils between 
wildfire severity classes. Asterisks indicate statistical differences. Chemical class 
labels as follows: aromatic hydrocarbons (ArH), carbohydrates (Carb), lignin 
compounds (LgC), nitrogen-containing compound (Ntg), polyaromatic hydro
carbons (PAH), phenolic compounds (PhC), saturated hydrocarbons (SaH), and 
unsaturated hydrocarbons (UnSaH). 
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is mobilized [6]. In addition to lateral transport, PyC can move vertically 
through the soil profile [48]. A greater vertical mobility was found for 
biochar (as PyC particles) with smaller sizes and lower surface charges 
[49]. Lopez-Martin, et al. [50] reported the decrease of the aryl-C from 
46 % to 23 % of organic C in A horizon seven years after the fire, possibly 
due to lateral and/or vertical movement or microbial degradation. The 
labile aliphatic fraction of PyC is degraded fast [51], while microbial 
degradation of aromatic PyC portion results in the increase of O-con
taining functional groups (e.g., carboxyl C) in PyC [52]. It is notable that 
degradation processes transform PyC into various forms, but that only its 
transformation to CO2 represents a net ecosystem loss [6]. With the 
improvement in water solubility, the formerly hydrophobic PyC can be 
transported into deeper soil layers with soil solution and rainfall [7]. 
This regrouping (Fig. 4c) also shows that SOM hydrophobicity declines 
with soil depth. 

3.5. A proposed surrogate for pyrogenic carbon 

In the years since the Hayman Fire, microbial degradation and 
photo-oxidation of PyC and organic inputs from regenerating vegetation 
may have altered the chemical composition of SOM and reduced the 
sensitivity of specific PyC markers [7,41]. Instead of individual pyrol
ysate or chemical classes, our findings suggest that a ratio of chemical 
classes may be a better indicator of the PyC proportion in SOM and fire 
severity. The numerator [ArH + Ntg + PAH], the TQPA sum of 

pyrolysates, represents pyrogenic organic matter, and the denominator 
[PhC + LgC], the TQPA sum of lignin and phenolic containing pyroly
sates, is associated with fresh litter and unburned vegetation. There is 
considerable evidence that burning transforms vegetation and litter 
materials with high lignin content to charred residues comprising aro
matic carbon and nitrogen. Using Py-GC–MS, the TQPA of benzene, 
benzonitrile and naphthalene as pyrolysates increased with pyrolysis 
temperature [14], while condensed, polyaromatic hydrocarbons were 
abundant in charred or burnt materials after high-intensity fire [15]. 
Jimenez-Gonzalez, et al. [48] used both Py-GC–MS and 13C NMR to 
determine that aromatic compounds increased in burned topsoils. Using 
GC–MS, researchers [53,54] identified wildfire as a significant source of 
16 US EPA regulated PAHs in topsoil and ash. Black nitrogen, primarily 
comprised of N-containing heterocyclic aromatic structures, is an 
important fraction of pyrogenic organic matter [55]. Recently, 
Torres-Rojas, et al. [56] found the significant increase of aromatic C = N 
in 6-membered (oxygenated) rings and quaternary aromatic N with 
pyrolysis temperature from 350 to 700 ℃, by using N (1 s) K near edge 
X-ray adsorption fine structure (NEXAFS) spectroscopy. 

Factor analysis showed strong positive F1 loadings for ArH, Ntg, and 
PAH and strong negative loadings for PhC and LgC. We excluded PAH 
from the ratio, since it comprised only 0.6 % TQPA. Unlike earlier PyC 
markers based on individual pyrolysates (i.e., benzene to phenol and 
benzene to toluene) that comprise < 20 % of TQPA, our proposed ratio 
[ArH + Ntg] / [PhC + LgC] includes 48 of 113 pyrolysates and 

Table 1 
The 113 pyrolysates identified during this study. Total quantified peak areas (TQPA) percentage of highlighted compounds differ significantly (p ≤ 0.05) between 
unburned soils and those burned by moderate or high severity wildfire. Light grey indicates that differences in burn severity occurred in O-horizon. Dark grey indicates 
that differences only occurred in mineral soil layers (either 0-5 or 5-15 cm soil). The products with bold fonts are the 10 top-ranked products in % TQPA.  

Chemical class labels as follows: aromatic hydrocarbons (ArH), carbohydrates (Carb), lignin compounds (LgC), nitrogen-containing compound (Ntg), polyaromatic 
hydrocarbons (PAH), phenolic compounds (PhC), saturated hydrocarbons (SaH), unsaturated hydrocarbons (UnSaH), and unknown compounds (Unk). 
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represents > 60 % of TQPA in each chromatogram. The ratios in our O- 
horizon samples were 0.6 ± 0.1, 0.9 ± 0.3, and 1.1 ± 0.5 for unburned, 
moderate severity, and high severity wildfires, respectively. The corre
sponding ratios for the 0− 5 cm mineral soil layer were 1.1 ± 0.3, 2.3 ±
0.6, 1.3 ± 0.5, and 5− 15 cm depth were 1.3 ± 0.4, 2.0 ± 0.6, 2.1 ± 0.4. 
The ratios were consistently higher in burned soils, though were sta
tistically insignificant due to the small sample size (n = 5) of this study. 
The ratio also increased with depth, which agrees with observations that 
PyC moves downward over time [7,41]. Additional field samples from 
different burning conditions are needed to verify the usefulness of this 
surrogate. 

4. Conclusion 

Soil C declined after the Hayman Fire and the changes in SOM 
quantity and chemical characteristics have persisted for 14 years. 
However, due to vegetation recovery, litter inputs and decomposition 
during that period, traditional PyC markers were no longer sensitive to 
post-fire changes in SOM composition. Some individual pyrolysates (i.e., 
benzene and p-vinylguaiacol) and chemical classes (i.e., ArH) had utility 
as wildfire indicators but provided little information about fire severity 

or SOM composition. We applied factor analysis to link the chemical 
properties of individual pyrolysates to better characterize the properties 
of fire-impacted SOM. Of the 113 pyrolysates recorded in our samples, 
those in the ArH and Ntg classes had strong positive F1 loadings, 
whereas those in the PhC and LgC classes had strong negative F1 load
ings. We propose that a ratio of these classes (i.e., [ArH + Ntg] / [PhC +
LgC]) can serve as an indicator of the long-term influence of wildfire 
severity on SOM composition of the proportion of PyC in post-fire SOM. 
The F1 and F2 loadings were well correlated with pyrolysate aromaticity 
and hydrophobicity. Our results show a potential increase in SOM 
aromaticity with increasing fire severity and depth in burned soils. This 
study illustrates that the long-term influence of wildfire on SOM can be 
tracked using Py-GC–MS chemical analysis coupled with a data man
agement pipeline and statistical approach developed to characterize 
large numbers of chemical compounds. A potential next step would be to 
evaluate Py-GC–MS data from multiple fires to verify the changes in 
SOM character we report across fire severity gradients at the Hayman 
Fire. 

Fig. 4. Factor analysis loadings (a) and scores (b, c) on the relative area percentages of 113 pyrolysis products identified in 45 soil samples. Semi-transparent symbols 
in Fig. 4a represent weak (i.e., -0.5 < loading value < 0.5) correlations for both F1 and F2 loading. Chemical class labels as follows: aromatic hydrocarbons (ArH), 
carbohydrates (Carb), lignin compounds (LgC), nitrogen-containing compound (Ntg), polyaromatic hydrocarbons (PAH), phenolic compounds (PhC), saturated 
hydrocarbons (SaH), unsaturated hydrocarbons (UnSaH), and unknown compounds (Unk). 
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