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Abstract: A field sampling event was conducted to measure the concentrations of metals within
the trunks of felled trees on a college campus east of New York City. Heavy metals, particularly
chromium, were found present in the soils surrounding the sampled trees, allowing for a correlation
coefficient to be calculated with soil and tree concentrations. A statistically significant Pearson
correlation was found between these two concentrations among the samples. This study is aimed
at providing researchers a starting point for their research a better understanding of local ecologies,
prediction of future change, and dissemination of conservation efforts.
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1. Introduction

X-ray fluorescence (XRF) is a non-destructive analytical technique used to determine the
composition of materials. In XRF, an X-ray source is used to excite the inner-shell electrons of the
atoms in the sample [1]. When these electrons drop back to their original energy levels, they emit
secondary X-rays, which have a unique energy signature for each element [2]. These secondary X-rays
can be detected by a detector, and the intensities of the various fluorescence lines are used to identify
and quantify the elements present in the sample.

Dendrochemistry is the study of tree rings focusing on their chemical analysis to determine the
environmental and biological factors that influence tree growth [3]. This field uses various analytical
techniques to measure the concentration of chemical elements and compounds in tree rings, including
XRE. By analyzing the chemical composition of tree rings, we can gain insights into the environmental
conditions that trees have experienced during their growth, such as temperature, precipitation, soil
nutrients, and atmospheric pollution. This information can be used to reconstruct past environmental
conditions and study the effects of environmental changes on tree growth. Dendrochemical analysis
can be used to monitor the health of trees and detect changes in the forest ecosystem that may indicate
environmental stress.

Metals can enter tree rings through the process of uptake from the soil and/or the atmosphere.
Trees absorb heavy metals and other pollutants through their roots and transport them to different parts
of the plant, including the leaves, stems, and bark [4]. Over time, these pollutants become incorporated
into the tree’s growth rings, which can provide a historical record of the levels of pollution in the
environment. The exact mechanisms of how heavy metals enter trees depend on several factors,
including the type of tree, the soil and atmospheric conditions, the source and extent of the pollution,
and the age and growth rate of the tree [5]. In some cases, these elements may be absorbed from
contaminated soil and groundwater, while in other cases it may enter the tree through the atmosphere
through the process of foliar uptake [6].

When heavy metal-impacted wood is burned or incinerated, the metals can be released into the
atmosphere in the form of fine particulate matter or gases [7]. This may pose a significant health
risk to nearby populations, as inhaling metal-contaminated particulate matter can result in toxicity,
particularly in children and pregnant women [8,9]. Lead toxicity, for instance, can cause a range of
health effects, including damage to the nervous system, digestive problems, reproductive problems,
and developmental delays [10-13]. Historical lead emission data is presented in Figure 1.
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Figure 1. Anthropogenic lead emissions in the United States by source category [14].

2. Literature Review

2.1. Bioindicators

Bioindicators are organisms, or a part of an organism, that provide information about the health
and environmental conditions of an ecosystem [15]. Bioindicators are used to assess the impacts of
environmental stressors such as pollutants, climate change, and habitat destruction [16]. They can
also provide information about the presence of specific contaminants, such as heavy metals, in an
ecosystem. Bioindicators can include plants, animals, and microorganisms, and can be used at the
individual or population level.

Urban tree barks can be used as bioindicators of environmental pollution [17]. Bioindicators are
organisms or tissues that can be used to assess environmental conditions, including pollution levels.
Trees in an urban watershed had higher levels of trace elements (Cd, Cu, Pb, and Zn) compared to
those in a nearby reference watershed [18]. A similar study demonstrated that concentrations of trace
elements (Cu, Pb, and Ni) increased over the years, while the supply of nutrients decreased [19]. Lead
has been documented to increase in concentration toward the outer tree rings, with up to a doubling
of the concentration across this range [20].

2.2. Metals in the Environment

Heavy metals are naturally occurring elements that are present in the environment but can also be
introduced through human activities such as mining, industrial processes, and the use of pesticides and
fertilizers [21]. These elements can accumulate in plants and create negative effects on plant growth
and health [22]. The prevalence of heavy metals in plants depends on a variety of factors, including
the type of plant, the environment in which it grows, and the level of heavy metal contamination in
the soil [5,23,24].

2.3. Electrons and X-Ray Generation

Electron excitation is the process by which an electron in an atom or molecule is raised to a
higher energy level or excited state by gaining energy [25]. The energy can be gained through various
mechanisms such as absorption of light or electromagnetic radiation, collision with another particle,
or thermal energy. When an electron is excited, it moves from its ground state to an excited state,
where it is found in a higher energy level [26]. This energy can be emitted again in the form of light
or electromagnetic radiation, as the electron returns to its ground state. The energy, wavelength, and
frequency of this emission can provide information about the chemical composition and properties of
the material being studied [27].
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Figure 2. XRF process [28].

The phase setting is a critical parameter that determines the type and intensity of the X-ray
radiation that is generated [29]. The phase setting determines the operating conditions of the XRF
spectrometer, such as the voltage and current applied to the X-ray tube, and the configuration of the
optics and detectors [30]. Different phase settings can be used to optimize the XRF measurement for
different types of samples, sample matrices, and analytical goals. For example, a high voltage and
high current setting may be used to generate high energy X-rays, while a low voltage and low current
setting may be used to generate low energy X-rays [31]. The choice of phase setting is dependent on the
energy and intensity of the X-rays that are required to excite the sample and generate the fluorescence
X-rays, as well as the stability and repeatability of the measurement.

Changing the phase setting time can affect the count rate and intensity of the fluorescence signal
[32]. A longer phase setting time will generally result in a higher count rate, but also increase the
background noise, whereas a shorter phase setting time will result in a lower count rate, but also
reduce the background noise [33]. The optimal phase setting time will depend on the specific sample,
X-ray excitation source, and measurement conditions, and is often determined through trial and error,
or through the use of a calibration sample.

3. Methodology

Taking an XRF sample is a multi-step process that involves preparing the sample, placing it in
the XRF instrument, and analyzing the data. A general outline of the steps involved in taking include
[34-37]:

1. Sample preparation: Depending on the type of sample, it may need to be prepared in a specific
way. For example, solid samples may need to be ground to a fine powder to ensure that the X-rays
penetrate the entire sample (for destructive sampling). Liquid samples may be coated onto a solid
substrate.

2. Sample placement: A prepared sample is placed in an XRF instrument, or in a sample holder
or on a sample stage for portable units. It is important to ensure that the sample is positioned
correctly in or above the instrument to ensure accurate results.

3. X-ray excitation: The XRF instrument uses an X-ray source to excite the inner-shell electrons of
the atoms in the sample. When these electrons drop back to their original energy levels, they emit
secondary X-rays that have a unique energy signature for each element.

4.  Data collection: The XRF instrument detects the secondary X-rays emitted from the sample and
converts them into a spectrogram, which is a graphical representation of the fluorescence intensity
as a function of energy. The spectrogram is analyzed to determine the composition of the sample.

5. Data interpretation: The XRF data is interpreted to determine the elemental composition of
the sample. This involves identifying the fluorescence lines in the spectrogram and comparing
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them to reference spectra for each element. The intensities of the fluorescence lines are used to
quantitate the amount of each element present in the sample.

A Bruker S1 Titan Model 800 XRF was used to analyze sample data. This unit operates at four
watts (4 W), with an excitation range up to 50 kilovolts. Its elemental range of analysis is from
magnesium to uranium. The unit analyzed a calibration standard prior to sample analyses and was
confirmed to be in proper operating condition. The phase setting time in an X-ray fluorescence (XRF)
instrument refers to the duration during which the energy of the X-ray excitation source is kept at
a specific level before the measurement is taken. This phase setting time is used to optimize the
measurement conditions and can affect the accuracy and precision of the XRF analysis [28].

This study was used non-destructive sampling, so the portable XRF was held directly onto the
tree stumps for the full length of the required time of ninety (90) seconds (3 phases at 30 seconds each).
The Bruker S1 Titan stores data internally along with spectrograms, making interpretation simpler. The
accuracy of the XRF results depends on several factors, including the quality of the sample preparation,
the calibration of the XRF instrument, and the interpretation of the data. It is recommended to use
standard reference materials to verify the accuracy of the XRF results.

Samples were chosen from felled trees in which the full trunk was exposed and had a minimum
diameter of forty-five centimeters (45 cm). The physical location of the sampling event was in a
wooded field in Nassau County, New York, United States adjacent to a relatively low-trafficked road.
Samples were in the center of the tree trunk, its outer ring, and a point in the middle of those two
(Figure 3. Nine (9) trees met the criteria for sampling. Ambient temperature was fourteen degrees (14
O).

Figure 3. Sampling locations (X) of tree stumps.

The measurements recorded were with the XRF having its three phase settings each set to thirty
seconds. Other phase timings were attempted and did not provide any significant variation for
recording or analyzing the data.

4. Results

Data from the XRF was exported into a CSV file and then analyzed with R [38]. One sampled
tree resulted in non-detectable chromium concentrations and was not used in calculations. The three
chromium concentrations per tree were averaged and then plotted against the chromium concentration
in the surrounding soil. There does appear to be a correlation between these two variables.
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Figure 4. Scatterplot of tree versus soil chromium concentrations.

A Pearson correlation was computed to assess the linear relationship between soil and average
tree concentrations. There was a positive correlation between the two variables, r(6) = .832, p = .010.
This represents a strong, positive correlation.

Peak identification from the XRF spectrum allows for the identification of any elements present in
the sample. Each element has its own signature peak profile, so comparing the energy levels to known
values can be accomplished. Software that accompanies this XRF unit does this automatically from a
built-in database of known element spectra (Figure 5).
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Figure 5. Spectrum output for one observation.

5. Discussion

There are some limitations of XRF scanners, including their sensitivity to surface effects and the
need for careful sample preparation to ensure accurate results [1]. Conducting nondestructive in situ
XREF analysis of tree samples may result in interference due to the presence of water [39]. Spectra may
be flatter as the water molecules dilute the mass fraction of the analytes of interest.

In general, a longer XRF phase setting time can be used for samples with high fluorescence
yield, whereas a shorter phase setting time is appropriate for samples with low fluorescence yield.
By adjusting the phase setting time, it is possible to improve the sensitivity and accuracy of the XRF
analysis [28,29,32].
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6. Conclusions

XRF is widely used in a variety of fields, including geology, archaeology, metallurgy,
environmental science, and many others. It is particularly useful for the analysis of samples that
cannot be easily dissolved or that would be damaged by more aggressive analytical techniques [40].
Additionally, XRF is fast, efficient, and can be used to analyze large areas of a sample at once, making
it a popular choice for both laboratory and field analysis.

By analyzing the structure of tree rings, scientists can reconstruct past climate patterns and study
the effects of environmental changes on tree growth [41]. This information can be used to better
understand the ecology of the region, predict future changes, and inform conservation efforts [42].
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