Phytoforensics—Using Trees to Find Contamination
The water we drink, air we breathe, and soil we come into contact with have the potential to adversely affect our health because of
the presence of contaminants in the environment. Environmental samples can characterize the extent of potential contamination,
but traditional methods for collecting water, air, and soil samples below the ground (for example, well drilling or direct-push soil
sampling) are expensive and time consuming. Trees are closely connected to the subsurface, and sampling tree trunks can indicate
subsurface pollutants through a process called phytoforensics. Scientists at the U.S. Geological Survey Missouri Water Science
Center were among the first to use phytoforensics to screen sites for contamination before using traditional sampling methods,
to guide additional sampling, and to show the large cost savings associated with tree sampling compared to traditional methods
(Schumacher and others, 2004, 2005).
Phytoforensics is a low cost, rapid
sampling method that collects tree-core
samples from the tree trunk (fig. 1)
to map the extent of contamination
below the ground (figs. 2 and 3; Larsen
and others, 2008; Limmer and others,
2011; Vroblesky, 2008). Below-ground
contaminants in water, air, and soil
move into tree roots and upward (fig. 2)
through a system of small, water-filled
tubes called xylem tissue. Phytoforensics uses existing trees in the vicinity

of contaminant plumes and reduces
the time, cost, and potential landscape
disruption associated with drilling wells
and other traditional methods. Tree-core
samples may cause local scarring to tree
trunks, but trees are able to repair any
scarring within 2 to 3 years (Vroblesky,
2008). One- or two-person teams can
collect as many as 100 tree-core samples
per day. Tree cores are analyzed for
contaminants in a laboratory, and results
are typically provided within 2 weeks. A

user’s guide to tree coring was published
in 2008 by the U.S. Geological Survey
in cooperation with the U.S. Environmental Protection Agency and acknowledged phytoforensics as a viable tool
(Vroblesky, 2008).
Trees have many characteristics that
are beneficial in mapping subsurface contamination. Contaminant concentrations
in tree-core samples are representative
of a large subsurface volume because of
the horizontal extent of tree roots (fig. 2;

Figure 1. Collection of a tree-core sample with necessary
sampling equipment including an incremental borer, forceps, a
sample vial, and gloves. Samples are collected at about 3 feet
above ground surface, placed into vials, and analyzed at the
U.S. Geological Survey Missouri Water Science Center or the
Center for Research in Energy and Environment at the Missouri
University of Science and Technology.
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Figure 2. Illustration showing how contaminants move through
the subsurface and are collected by trees over a large subsurface
extent called the effective subsurface sampling volume.
Printed on recycled paper

Fact Sheet 2017–3076
September 2017

91º12'45"

91º12'40"

EXPLANATION

PCE IN TREE-CORE SAMPLES
38º36'53"

Missouri River

Tree-core sample and identifier

TR02

Average PCE concentration in treecore sample—Concentration in
micrograms in head space per
kilogram of wet core
Less than 0.1
0.1 to 9.9
10 to 99.9
100 to 999
1,000 to 1,500
Groundwater containing PCE
Less than 5 micrograms per liter
Greater than 500 micrograms per liter

TCR
TA02
TA01

JS6
JS64

38º36'48"

l

l

l

l

l

l

l ev

ee

JS113

TW17
TW16

TW22

TW14

TW18
TW19

TW12

l

JS66

tion

TW03
JS78

TW11

l

JS79

t ec

TW05
TW04
TW02

JS65

JS77

pro

NW

T

JS67
JS80

TB01
TW07
TW06

TW28

CO
TTO

NT
STR
EE

TW08

od

OO

TW09

FRO

TB02

TW01

F lo

DS
TR
E

ET

JS62

l

l

l

l

Wastewater
lagoon

TR02

l

l

Front Street site property line
Road or concrete slab
Railroad track

l

l

l

Base from U.S. Geological Survey digital data, 1:100,000, 1927
Universal Transverse Mercator projection, Zone 15

l

l
Modified from U.S. Environmental Protection Agency (2003)

Figure 3. Tetrachloroethylene (PCE) in tree-core samples, and
estimated extent of PCE in groundwater. Figure modified from
Schumacher and others, 2004.

Dobson and Moffat, 1995; Sorek and others, 2007), which is
typically proportional to trunk diameter. Contaminant concentrations in tree-core samples also are representative of subsurface
contaminant concentrations averaged over long periods of time
because the xylem tissue holds contaminants for a long period
(MacKay and Gschwend, 2000; Trapp and others, 2001). Trees
also indicate shallow subsurface contamination because most
tree roots exist primarily in the shallow subsurface (fig. 2).
Lastly, contaminant concentrations can vary around the tree
trunk because tree roots generally connect to xylem tissue on
the same side of the tree (Orians and others, 2002; Schulte and
Brooks, 2003). The side of the trunk with the largest concentrations often indicates the direction of greatest concentrations
in the subsurface (fig. 4). Collecting multiple tree cores from
around the tree, called directional tree coring, can provide information about the direction of greatest subsurface contamination
relative to the tree (Limmer and others, 2013).
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Figure 4. Screen shot showing A, the location
of tetrachloroethylene (PCE) contamination at
a field site and B, the direction from the tree
center to the PCE and trichloroethylene (TCE)
contaminant centroid indicating the general
direction from the tree to the below-ground
contaminant source in A. Figure modified from
Limmer and others, 2013.
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