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ABSTRACT

Wildfires are fleeting events with distinctive effects on soil and water quality. Soil mineralogical properties can be
altered, which can change a soll's chemistry. Forest fires can also change the structure of the soil, making it less
permeable, leading to an increase in runoff and erosion into nearby waterbodies. Furthermore, the impulse influx of
burned biomass adds aluminum, calcium, magnesium, manganese, phosphorus, potassium, and silicon, though
these elements are common within many parent materials. ldentification of unique trace elements within biomass ash
could determine whether such signatures exist in the soil and water following a fire.

We examined a recent wildfire within the Delaware State Forest, Pennsylvania, to gain an understanding of the
pedosphere major and trace chemistry after the fire, and the connection to surface hydrology. We collected soil and
water samples within (impacted) and just outside (control) the 16Mile (April 2016) wildfire, and used inductively
coupled plasma mass spectroscopy of soil samples to determine postfire major and trace element chemistry. Minor
but elevated amounts of iron, magnesium, titanium, and zinc provided fire ash signatures in the postfire soil. There is
at least some persistence of the elements in the impacted soil more than six months following the fire. Using
geographic information system (GIS) methods, results were extrapolated to understand how this affected the
surrounding watershed. This investigation builds a more complete understanding of seldom researched fire impacts
In Appalachian deciduous forests, with implications for water resource management and forest resource
management. The study's importance is amplified by the potential increase in wildfires in areas with less precipitation
and rising temperatures due to climate change.

FIELD LOCATION

The 16 Mile Fire, active in April, 2016, is within the Delaware State Forest (northeast Pennsylvania), which burned
over 8000 acres. The region has numerous tributaries that feed into the Bushkill Creek that eventually drain into the
Delaware River. Using geographic information science (GIS) spatial analysis, two watersheds were modeled,
highlighting the hydrological movement that goes through the fire extent.

Fire progression map of the 16-Mile Fire (Hazen, 2016). ~ Map of 16-Mile fire extent and surrounding area,
Delaware State Forest, PA.
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BACKGROUND

basis for a conceptual understanding of soil chemical composition.

Basis of the research question: Is there a fire ash chemical signature or “fingerprint” in the soil?

 Santin and Doerr (2016) presented a variety of physical and chemical impacts by fire on the soil environment.
d Etiegni and Campbell (1991) identified major, minor, and trace elements found in sawdust ash. _ _ _ _ _ _ o
0 Simonson’s (1959) soil process/system model (mass balance) of additions, removals, transformations, and translocations, provides a copper and barium have higher concentrations and are considered to be fire signatures. Within the

d Minor and trace elements found in the soil derive specifically from these additions and removals. _ _ _ _ . _ _
Q Are there specific elements, unique to a sudden influx of ash from a fire, that are distinguishable from elements native to the soil, i.e. between the two time intervals, with the highest concentration in the B horizon at site 7A. Copper
not confused with the parent material composition or the chemistry of the soil water? Also, is there a difference, in terms of and barium concentrations are higher in the burned area compared to the unburned areas.

composition or guantity, of certain elements associated with the biota that may also be present in the soil from slow organic

RESULTS (CONT’D)

Results from ICP-MS show variations between burned and unburned samples in the major elements
calcium and manganese and within the trace elements copper and barium. Of these elements,

soll horizons the O and A have higher concentrations. Copper has higher concentrations in the
second time interval compared to first time interval. Barium has relatively the same concentration

METHODS

Sampling: Soil sampling took place in two time frames, 1-2 months (T1l) and 8-10 months (T2) after the fire
occurred. Shallow soll pits were dug to collected samples at according horizons and included ash that was left on the
surface.

Lab methods: Soil and ash samples were oven dried, then soil, ash and rock samples were pulverized to a fine
powder, combined with lithium metaborate flux and fused in a muffle furnace at 1050°C. The molten sample was then
dissolved in a 7% HNO; solution to a 500x dilution factor. Further dilution to 10,000x was done making it suitable for
Inductively coupled plasma mass spectrometry (ICP-MS) analysis. Samples as well as USGS rock standards were
analyzed with ICP-MS for major elements as well as V, Cr, Co, Ni, Ga, Rb, Sr, Y, Zr, Nb, Cs, Ba, La, Ce, Pr, Nd, Sm,
Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu, Hf, Ta, Pb, Th, and U.

GIS Analysis: Using existing fire extents and digital elevation models(DEM) provided by the Pennsylvania
Department of Conservation and Natural Resources (PADCNR) and Pennsylvania Spatial Data Access(PASDA),
data was analyzed in ESRI ArcGIS to interpret concentrations of Cu, Ba at sampled sites. The hydrology spatial
analyst tools were used to model the watershed in which the 16-mile fire occurred. Slope was calculated to identify if
samples sites lie in areas of possible erosion.
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