Microbial Degradation of Gasoline in Soil: Effect of Season of Sampling

Abstract
In cases where fire debris contains soil, microorganisms can rapidly and irreversibly alter the
chemical composition of any ignitable liquid residue that may be present. In this study,
differences in microbial degradation due to the season in which the sample is collected was
examined. Soil samples were collected from the same site during Fall, Winter, Spring and
Summer and the degradation of gasoline was monitored over 30 days. Predominant viable
bacterial populations enumerated using real-time PCR and reverse transcriptase polymerase
chain reaction (RT-PCR) enumeration revealed the predominant viable bacterial genera to be
Alcaligenes, Bacillus, and Flavobacterium. Overall, the compounds most vulnerable to
microbial degradation are the n-alkanes, followed by the mono-substituted alkylbenzenes (e.g.,
toluene, ethylbenzene, propylbenzene and isopropylbenzene). Benzaldehyde (a degradation
product of toluene) was also identified as a marker for the extent of biodegradation.
Ultimately, it was determined that soil collected during an unusually hot and dry summer
exhibited the least degradation with little to no change in gasoline for up to 4 days, readily
detectable n-alkanes for up to 7 days and relatively high levels of resilient compounds such as
o-xylene, p-xylene and 1,3,5-trimethylbenzene. These results demonstrate, however, that
prompt preservation and/or analysis of soil evidence is required in order to properly classify an
ignitable liquid residue.
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Introduction
The forensic implications of microbial degradation of ignitable liquids in soil have been
studied by various authors [1-8]. However, the influence of season of year on microbial
degradation of ignitable liquids that are relevant to fire investigations has not been reported. As
discussed elsewhere [6], populations of soil bacteria vary based on soil chemical and physical
characteristics including pH, concentrations of N and P, organic matter content, and soil
texture. In turn, soil chemical characteristics vary based on season of the year, and may
therefore influence microbial populations and activities throughout the year. Varying
populations and activities of soil microorganisms could profoundly impact the degree of
microbial degradation observed in fire debris samples containing soil.
Microbial degradation of normal alkanes (e.g., decane) and lesser substituted
alkylbenzenes (e.g., toluene, ethylbenzene, propylbenzene) occurs rapidly in soil while more
highly substituted alkylbenzenes (e.g., 1,2,4-trimethylbenzene) and highly branched alkanes are
less susceptible to microbial degradation [4-7]. The deliberate use of microorganisms to treat
hydrocarbon-contaminated soil is well-understood by environmental scientists [9-20]; however,
the processes that govern microbial activity in samples intended for forensic analysis are less
understood. As soil chemical and physical properties vary, heterotrophic microorganisms will be
impacted, leading to variations in observed differences in the effects of microbial degradation
on gasoline and other ignitable liquids.
The objectives of the present study were to assess the biodegradation of an ignitable
liquid that is commonly encountered in fire debris from an incendiary fire (i.e., 87 octane
gasoline). Specific objectives include: (1) analysis of GC/MS data from gasoline added to soil

over four seasons; (2) identification and quantification of microbial populations present in the
study soil; and (3) investigation of possible correlations between soil properties with microbial
decomposition of added hydrocarbons.
Materials and Methods
Soil Chemical Analyses
Soil material was obtained from a residential property (Miamian sandy clay) in central
Indiana. Soil material was collected during four seasons (January, April, July, October) from the
surface 0-20 cm using a stainless steel sampling probe. Soil samples were composited in the
field, and air-dried and sieved (< 2 mm mesh) in the laboratory.
Particle size distribution of the samples was determined using the hydrometer method
[18]. Total organic carbon (TOC) and total nitrogen (N) were analyzed on a Perkin Elmer Series II
CHNS/O Analyzer 2400 (Shelton, CT). Acetanilide was the standard used. Soil pH was
determined using a 1:2 (w:v) solids:deionized water slurry with an AB15 Accumet pH meter.
Soil nitrate (NO3) concentrations were measured using Szechrome reagents [21] in a
BioteK PowerWave XS2 microassay system. Ammonium (NH4) concentrations were determined
by the method of Sims et al. which uses a modified indophenol blue technique [22]. The
method was adapted for the BioteK PowerWave system. Extractable P was determined by the
Bray-1 method [23]. Soil K was extracted with neutral 1.0 M ammonium acetate and analyzed
using atomic emission spectrophotometry (Perkin Elmer AAnalyst 2000). Extractable metal (Cd,
Cr, Fe, Zn, Pb) concentrations were determined by extraction with 5 mM DTPA
(diethylenetriaminepentaacetic acid) with 10 mM CaCl2, pH adjusted to 7.3. Briefly, the method
involved mechanical shaking (120 osc./min. for 2 h) of 5 g soil with 25 ml of 5 mM DTPA in acid-

washed Nalgene® bottles. The suspension was filtered through Whatman No. 2 filter paper and
analyzed for Cd, Cr, Fe, Zn and Pb using flame atomic absorption spectrophotometry (Perkin
Elmer AAnalyst 2000). For the above analyses, there were four replicates of each sample.
Soil Microbiological Analyses
Populations of total culturable bacteria were determined in each soil sample using the
standard plate count technique [24] on Plate Count Agar (Teknova, Hollister, CA). Soil-borne
actinomycetes were enumerated on Actinomycete Isolation Agar (Sigma-Aldrich, St. Louis, MO)
and yeasts and molds were quantified using Sabouraud Dextrose agar (Fisher Scientific,
Waltham, MA). For each sampling date, colony counts were averaged (six replicates) following
48h incubation of all inoculated plates. Colony counts were assessed using exponential and log
transformations via SigmaStat 3.5 (Point Richmond, CA). Control and experimental groups were
compared using a one-tailed Student’s t test, and different media combinations were compared
using one-way ANOVA (Minitab 16, State College, PA) followed by Student-Neuman-Keuls post
hoc analysis and two-factor factorial analysis using SAS (SAS Institute, Cary, NC). Data were
considered significantly different at p < 0.05.
For the genetic identification of bacteria, DNA was obtained from 3-5 g soil samples
using a commercial system (MoBIO, Solana Beach, CA) and quantified spectrophotometrically.
Real-time PCR was carried out in a Smart Cycler II (Cepheid, Sunnyvale, CA). Extracted DNA (1
µg) was added to real-time SYBR Green™ Supermix (Quanta Biosciences, Gaithersburg, MD); a
no-template contamination control was analyzed for each sample/primer set, as well as
positive control specimens consisting of genomic DNA from ATCC (Manassas, VA) type strains
or other reference strains of Acinetobacter, Alcaligenes, Arthrobacter, Bacillus, Burkholderia,

and Flavobacterium. All PCR primers were designed with the software analysis options available
through the National Center for Biotechnology Information Basic Local Alignment Search Tool
(NCBI BLAST) (www.ncbi.nlm.nih.gov/BLAST), which allows for sequences to be screened for
nonspecific annealing frequencies and non-target homology determination. Internal standard
primer targets in each case were the highly conserved prokaryotic gyrase subunit B gene, gyrB
[25]. Primer sequences and PCR cycling regime were used as described by Turner et al., 2014
[8]. Each primer pair was tested on all non-target strains to ensure appropriate specificity and
eliminate the appearance of a false-positive amplification signal. Cycling conditions were 10
min. at 95°C, followed by 40 three-step cycles of 15 s at 95°C , 1 min. at 55°C and 1 min at 72°C,
with fluorescence acquisition monitored at the end of each cycle. In order to enumerate viable
cell density with high sensitivity, reverse transcriptase PCR was subsequently performed on
whole RNA extracted from 5 g soil of each sampling date using Trizol (Invitrogen, Grand Island,
NY). RNA was standardized to 1 µg following DNAse-I treatment and subjected to cDNA
synthesis and amplification using the qScript™ One-Step SYBR® Green qRT-PCR Kit (Quantas
Biosciences) and genus-specific primers. Viable cell densities were ascertained using the
calculations described below for DNA targets and compared by soil type and season.
Standard curves to determine number of copies of target genomes (and mRNA) for each
bacterial genus were constructed using quantified bacterial templates obtained from each
reference strain 1:10 serially diluted in nuclease-free water to 10-6 (each diluted in triplicate)
and subjected to amplification as described above. Bacterial template concentrations were
converted to amplicon (PCR product) copies by multiplying the mean grams of DNA purified for
each set of extraction replicates by 6.02 X 1023, and dividing that product by the product of the

respective amplicon length in base pairs X 650 Daltons. Resulting plots depict the number of
amplicon copies as a function of respective cycle threshold (Ct) values.
Microbial Degradation Studies
One hundred grams of each soil was spiked with 20 microliters of commercial unleaded
gasoline (87 octane) and then physically mixed in a clean, non-sterile quart-size paint can. The
samples were sealed and stored for 0, 2, 4, 7, 11, 15, 22, and 30 days. On the specified day,
samples were extracted using a passive headspace adsorption-elution method that has been
previously described and is routinely performed in forensic science laboratories [8]. Samples
were analyzed by GC-MS (Agilent 6890 gas chromatograph with an Agilent 5975 mass
spectrometer) using a method for fire debris analysis. This method has been previously
described in [8]. Briefly, the method utilized a DB-5 column (30 m × 0.25 mm × 0.25 µm),
helium carrier gas at 1 mL/min and an inlet temperature of 250 °C. The oven program started
at 40 °C for 3 min, ramped to 280 °C at 10 °C/min, and held at 280 oC for 3 min. The scan range
of the MS was m/z 40 – m/z 300.
Data Analysis
The compounds of interest to this study included the normal alkanes from C7 to C15 as
well as the mono-, di- and tri-substituted benzenes. Each component was identified based on
comparison of its retention time and mass spectrum to authentic standards and the National
Institute of Standards and Technology mass spectral database. Summed Extracted Ion Profiles
(EIPs) were generated corresponding to characteristic fragments of n-alkanes (m/z 57, 71, 85,
and 99) and aromatics (m/z 91, 105, and 119). The peak areas in each of the EIPs were
generated using the Xcaliber data analysis software (Thermo Scientific).

A particularly powerful method for analyzing complex data sets is Principal Component
Analysis (PCA). The software used to perform PCA was XLSTAT (AddinSoft), an add-in for
Microsoft Excel. Principal Components Analysis (PCA) can be used to elucidate trends in the
data while taking into account any correlations between the variables [8, 26-29]. Prior to
conducting PCA, the data was normalized and autoscaled to correct for variation in peak areas
due to compound concentration as well as variability in peak areas due to differences in the
variance of the ions that were used to construct EIPs. Then, using the same approach that has
been previously described [8], a biplot was constructed that plotted the observations according
to their scores along PC 1 and PC2. Therefore, observations that are very similar (e.g.,
replicates from the same soil) will be in proximity and observations that are very different (e.g.,
day 0 versus day 30 samples) would be well separated. In addition, a biplot plots the variables
in terms of their relationship with the principal components and one another. Variables that
are positively correlated (e.g., alkanes of similar length) will be in proximity on a biplot and
variables that are negatively correlated (e.g., a readily degraded compound versus a resilient
compound) will appear opposite one another.
Results and Discussion
Soil Chemical Analyses
The purpose of soil chemical and physical characterization was two-fold; first, the data
establishes a baseline set of properties of the soil under study. Second, soil analysis helps to
determine whether changes in the properties of the soil may have affected microbial activity.
The physical and chemical properties of the soil are summarized in Table 1. The soil was sandy
clay. This texture is fairly typical for much of the northern two-thirds of the state of Indiana,

which is overlain by substantial deposits of till from the Wisconsin glacial epoch [30]. Soil pH
was 6.3. Total soil N measured 0.23 mg/kg; soluble NO3 and NH4 levels were 40.4 and 3.0
mg/kg, respectively. Soil TOC was 1.0 %. Levels of extractable Cd, Cr, Fe and Zn were all within
range for non-contaminated soils.
Table 1. Selected chemical and physical properties of the study soil.
Parameter
pH
Total N, %
NO3-, mg/kg
NH4+, mg/kg
TOC*, %
Bray-1 P, mg/kg
Extractable K, mg/kg

Value
6.3+0.07
0.23
40.4+3.4
3.0+0.1
1.0+0.1
137.3+4.7
154.5+30.6

Extractable metals, mg/kg
Cd
0.43+0.036
Cr
0.16+0.01
Fe
39.5+2.8
Zn
24.2+4.7
Pb
12.7+0.5
Particle size analysis
Sand, %
Silt, %
Clay, %
Texture
Structure
*TOC = total organic carbon.

46.8+1.3
12.7+0.5
40.5+1.1
sandy clay
granular

Trends in Soil pH and N Species
Soil pH values remained relatively constant over the year, ranging from 6.2 to 6.5.
Soluble NO3 concentrations were lowest during winter (15.9 mg/kg), increasing through spring
and summer to a maximum value of 40.4 mg/kg in fall. This increase is ascribed to nitrate
release during the growing season following application of slow-release fertilizers and

decomposition of organic matter [31]. Similarly, NH4 values were lowest during winter through
summer, reaching a maximum of 3 mg/kg in fall.
Soil Microbiological Analyses
Enumeration of soilborne bacteria may be completed using the traditional culture-based
methods familiar to microbiologists (i.e., standard plate count), using appropriately selective
media for the target group(s) of interest. Our results from this approach (Table 2) revealed no
significant differences in total bacteria or fungi counts across the soil by season (p>0.05).
Table 2. Values shown represent mean colony counts (and SD) of eight replicates, none of
which were significantly (p>0.05) different across the sampling times. Plate count agar for total
chemoheterotrophic bacteria; ACT =actinomycete agar, for soilborne actinomycetes; SDA =
Sabouraud dextrose agar for total molds and yeasts [8].
Media
Mean Colony Counts (SD)
Plate Count Agar
2.54x105 (4.5x102)
ACT
7.1x105 (2.2x102)
SDA
4.48x104 (8.94x102)
However, these findings do not necessarily reflect the relative levels of viable target
microorganisms in the soils, since recovered densities of each group may not be in proportion
to their relative numbers in the natural soil communities. Moreover, only a fraction of the
viable microorganisms in an environmental sample are recoverable on artificial media. Thus, a
more sensitive measure of these genera was performed that targets genomic DNA from select
bacteria of interest based on a precedent for bioremediation or breakdown of chemical
adulterants in soil communities. This DNA-based approach was real-time PCR targeting
conserved ribosomal DNA sequences that allow for total genome equivalents (copy number) for
each genus to be determined. Our results revealed an actual density of each genus markedly
higher than that seen in the culture-based experiments (Table 3).

Table 3. qPCR-based enumeration of genome copies per gram of soil from each
bacterial genus in this study. Values represent the mean values from triplicate samples
analyzed using SYBR Green-based standard curves as described in Materials and
Methods. From Turner et al., 2014 [8].
Bacterial Genus Genome copies per gram
Acinetobacter
3.12x1016
Alcaligenes
2.37x1020
Arthrobacter
1.636x1013
Bacillus
5.12x1014
Flavobacterium
4.53x1010
Pseudomonas
1.682x1014
Using standard curves constructed by a type strain of each genus, we determined how
many genome equivalents were detectable across each season. Over all seasons, the average
value did not differ significantly (p> 0.05) with Acinetobacter spp. and Alcaligenes faecalis
consistently yielding the highest detectable genomic DNA copies (Table 3).
PCR detection of rDNA sequences was used to quantify total genome equivalents for
representative bacterial genera with a prior history in the literature of potential for chemical
adulterant metabolism in soil environments [36-39]. Acinetobacter, Alcaligenes,
Arthrobacter, Bacillus, Flavobacterium, and Pseudomonas genera were analyzed here by qPCR
using genus-specific PCR primers and standard curves generated with ATCC type strain DNA [8].
The calculated total genome equivalents of each bacterial genus is shown in Table 3. These
qPCR results reveal that in all soil treatments, Alcaligenes spp. were consistently detectable at
significantly higher levels (p< 0.05) than any other genus analyzed, and that the values detected
(both here and for the RNA analyses described below) did not differ significantly seasonally. A.
faecalis has been reported to degrade the chlorinated insecticide endosulfan, found routinely in
many soil types, water (and as residue on foods). This ubiquitous chemical has been in

widespread use for many years and is readily transported through watersheds and soil
microcosms [42], so the particularly high relative copy numbers here throughout all soil types
and seasons suggests that this species has adapted unique tolerances to a variety of potential
chemical pollutants. Other studies have shown that A. faecalis metabolizes
aromatic hydrocarbons and other similar chemical adulterants in soil [43]. Many of these
studies, or similar ones not cited, represent artificial systems containing previously sterile soil
seeded with known strains at defined densities, rather than assessing naturally-occurring
endogenous strains as was done here. The six bacterial genera selected for analysis here was
based on dominant populations seen in soils of this region from past work in our laboratory.
Calculated genome copies of each bacterial group using rDNA-specific PCR revealed densities
many orders of magnitude above recovered bacterial densities on plate count agar, an
observation attributable to the fact that DNA-based PCR detects template copies from both
viable bacterial targets and from dead cells accumulated in the soil biomass. The latter is
certainly contributing artificially to the actual viable, actively metabolizing cell density of each
target genus, which is the rationale for RNA-based PCR. By quantifying target mRNA from each
species of interest (separately), one may accurately (and sensitively) enumerate those bacteria
most directly offering potential for bioremediation.
Table 4 reveals that Alcaligenes in fact remains at very high viable cell levels compared
to the other genera, overshadowed only by Bacillus spp. and perhaps Flavobacterium.
Table 4. Determination of specific mRNA transcript copies per gram of soil using qRT-PCR, to
ascertain viable cell densities from each bacterial genus in this study. Numbers reported are
mean densities from triplicate analyses using SYBR Green-based standard curves as described in
Materials and Methods and in Turner et al., 2014 [8].
Bacterial Genus mRNA transcript copies per gram

Acinetobacter
Alcaligenes
Arthrobacter
Bacillus
Flavobacterium
Pseudomonas

1.16x102
5.56x1013
5.32x1012
3.06x1017
7.68x1011
3.00x105

Since the target gene (mRNA) in this PCR assay was the conserved 16S rDNA segment of
each genus, one may conclude that some of the variation seen in these values may be due to
the presence of rRNA-encoding genes in multiple copy numbers in certain bacterial species (and
that the respective copy number, as here, may not always be known). However, these RT-PCR
data indicate that in fact Alcaligenes would make a logical choice for further, more specific
studies, related to exactly which biodegradation pathways would be prospective targets to
control rate and type of chemical adulterant removal in contaminated soils.

Microbial Degradation Studies
There were significant losses of all n-alkanes in the gasoline samples (see Figure 1).
Degradation was evident in the chromatograms after 7 days and the majority of the alkanes
were significantly depleted by 15 days. All alkanes were essentially eliminated after 30 days in
all samples. Note that the early-eluting peaks that remain in the later chromatograms are due
to volatile aldehydes that are typically observed in all soils at low levels.[4-6]
The soil collected during the summer was not as active with regards to the
biodegradation of alkanes (Figure 1). For example, alkanes could be extracted from this soil in
relatively high amounts even after 7 days. The summer of the study year was unusually dry and

hot which may have inhibited microbial activity. In contrast, the aliphatic hydrocarbons were
degraded at a faster rate in the winter sampling, with essentially no peaks evident after 7 days.
Biologically-mediated degradation of aromatic hydrocarbons resulted in a significant
reduction of all alkyl benzenes, but not to the same extent as for the alkane fraction. In
particular, five C3-alkylbenzenes (3-ethyltoluene, 4-ethyltoluene, 1,3,5-trimethylbenzene, 2ethyltoluene, and 1,2,4-trimethylbenzene) must be identified in a fire debris sample in order to
classify an ignitable liquid residue as gasoline per consensus standards for fire debris analysis
(ASTM E1618). Furthermore, these compounds must be present in ratios similar to that of a
gasoline standard. The portions of the chromatograms that contain six peaks from C3alkylbenzenes are shown in Figure 2. Of these compounds, the only mono-substituted benzene
(propylbenzene) was rapidly and significantly reduced in all samples regardless of time of
collection. This agrees with prior studies that show that biodegradation is more pronounced in
mono-substituted benzenes such as toluene, ethylbenzene and propylbenzene.
Soils collected in the Fall and Winter exhibited a significant drop in intensity of all the
alkylbenzenes over 30 days. Note that the y-axes of the chromatograms in Figure 2 have been
normalized to the largest peak in the chromatogram. Hence, the overall loss of alkylbenzenes
leads to a steady decline in the signal-to-noise ratio as well as growing interferences from soil
matrix compounds such as camphene. However, the overall distribution (as reflected in
relative peak heights) was well-preserved, which would still allow for the identification of
gasoline. Soils collected in the Spring show significant distortion in the chromatogram with a
noticeable reversal in the peak height ratio of 3-ethyltoluene and 1,2,4-trimethylbenzene over
30 days. The gasoline chromatograms also had increasing interference from benzaldehyde as

degradation continued. Benzaldehyde is known to be an oxidative product of the
biodegradation of toluene and, in this project, served as a convenient marker for
biodegradation.[32-34]
The biplot generated from PCA for soil samples collected in the Fall is shown in Figure 3.
The observations from day 0 samples are projected in the upper right quadrant in proximity to
variables for compounds that are readily degraded, such as the normal alkanes from C8 to C11
and ethyl-, propyl-, and isopropylbenzene. There is a substantial change in gasoline composition
after 2 days, with the observations in proximity to more resilient compounds such as xylenes,
ethyltoluenes, and trimethylbenzenes. After 4 days, the observations move away from all
gasoline compounds and by 22 days, the samples are closely associated only with
benzaldehyde.
The biplot generated from PCA for soil samples collected in the winter is shown in Figure
4. The observations from day 0 samples are projected at the top of the y-axis (F2) in proximity
to variables for readily degraded compounds such C14 - C15 n-alkanes and toluene, ethyl
benzene, propyl benzene. There is a substantial change in gasoline composition after 2 days;
observations for day 2 and day 4 samples are in roximity to readily degraded compounds such
as C7 through C13 n-alkanes as well as more resilient aromatics such as xylene, ethyltoluenes,
and C3-alkylbenzenes. However, between 7 and 30 days, the observations move away from all
gasoline compounds and towards benzaldehyde.
The biplot generated from PCA for soil samples collected in the Spring is shown in Figure
5. The observations from day 0 samples are projected in the upper right quadrant, in proximity
to variables for readily degraded compounds such as C9 – C15 n-alkanes and toluene. There is a

substantial change in gasoline composition after 2 days and again after 4 days with the
observations in proximity to more resilient aromatics such as xylene, ethyltoluenes, and C3alkylbenzenes. After 4 days, the observations move away from all gasoline compounds and, by
day 22, the samples are closely associated only with benzaldehyde.
Lastly, the biplot generated from PCA for soil samples collected in Summer is shown in
Figure 6. The data set is unusual in that observations from day 0, day 2 and day 4 samples are
all projected near the negative end of the x-axis (PC1) in proximity to readily degraded
compounds such as C7 - C11 n-alkanes, toluene, ethyl-, propyl-, and isopropylbenzene. There is
a substantial change in the composition after 7 days as exhibited by the large shift in the
projection of these samples. However, even after 30 days, samples from the Summer soil
remain closely associated with the more resilient aromatics such as o-xylene, p-xylene and
1,3,5-trimethylbenzene. This is in agreement with the data shown in Figures 1 and 2, and
shows that the Summer soil samples were less active and the gasoline was not as significantly
affected by microbial degradation.
Conclusions
The findings presented here demonstrate that n-alkanes and mono-substituted
benzenes in gasoline are the most vulnerable to microbial decomposition, and di- and trisubstituted benzenes are the least vulnerable. We identified a biodegradation product
(benzaldehyde) that is known to originate from toluene, a component of gasoline.
Benzaldehyde was useful when it was included in the PCA analysis as it served as a clear marker
for the extent of biodegradation in a sample. In general, the soils collected during Fall, Winter
and Spring caused substantial microbial degradation, with noticeable changes occurring after

only two days. The summer soil sample, however, was clearly less active. Both alkanes and
alkyl benzenes remained intact for longer periods on the Summer soil, which is attributed to
the extremely hot and dry conditions during that sampling period.
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Figure 1: The alkane profile for gasoline on residential soil in fall, winter, spring, and summer after 0, 2,
7, 15 and 30 days.
Figure 2: The aromatic profile of the C3-alkylbenzenes in gasoline on residential soil collected in the fall,
winter, spring, and summer after 0, 2, 7, 15 and 30 days. Peaks: 1) propylbenzene, 2) 3-ethyltoluene, 3)
4-ethyltoluene, 4) 1,3,5-trimethylbenzene, 5) 2-ethyltoluene, 6) 1,2,4-trimethylbenzene
Figure 3: PCA biplot for the microbial degradation of gasoline on residential soil over 30 days for the Fall
sampling. Soil samples are designated as “F” for fall; number of days of degradation; and replicate
number (e.g., F-4-1 is the first replicate from a sample aged 4 days on Fall sampling). The observations
begin in the upper right quadrant and progress to the lower right quadrant over 30 days.
Figure 4: PCA biplot for the microbial degradation of gasoline on residential soil over 30 days for the
Winter sampling. Soil samples are designated as “W” for winter; number of days of degradation; and
replicate number (e.g., W-4-1 is the first replicate from a sample aged 4 days on Winter sampling). The
observations begin at the positive end of the y-axis (PC2) and progress to the lower left quadrant over
30 days.
Figure 5: PCA biplot for the microbial degradation of gasoline on residential soil over 30 days for the
Spring sampling. Soil samples are designated as “Sp” for Spring; number of days of degradation; and
replicate number (e.g., Sp-4-1 is the first replicate from a sample aged 4 days on Spring sampling). The
observations begin in the upper right quadrant and progress to the lower left quadrant over 30 days.
Figure 6: PCA biplot for the microbial degradation of gasoline on soil over 30 days for the Summer
sampling. Soil samples are designated as “Su” for summer; number of days of degradation; and
replicate number (e.g., Su-4-1 is the first replicate from a sample aged 4 days on Summer sampling).
The observations begin at the negative end of the x-axis (PC1) and progress to the lower right quadrant
over the course of 30 days.
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