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Tree Coring

Methods: D. Vroblesky - USGS

Collect a core sample of the
trunk/stem

Core sample placed into vial

After equilibration time
headspace GC analysis

Partition coefficients
determine concentrations




‘The’ Problem/Current Need
Health Impacts + Exposures = Hard to evaluate
Spatial/Temporal Variability

Residential Buildings
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Hazard Ranking System

Vapor intrusion potential may drive target
groundwater concentrations below EPA
maximum contaminant levels

FEDERAL REGISTER
Vapor- or water-intrusion contamination ol 81 Manay,

may be the sole driver for placing a e e
contaminated site on the Superfund
National Priorities List
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Difficulties in Vapor Intrusion Sampling

e Results are variable
— Temporal
— Spatial
* Inherent subsurface heterogeneity
e Preferential pathways for vapor transport

* Invasive/Difficult in obtaining permissions
— Property owners don’t want people in their homes
— Drilling near foundation of homes and utilities has
MISSOURI

safety concerns S T
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Plants are like our home?
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Sampling plants
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Environmental Yolume
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Soil Vapor Screening

Areal View
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Tree Sampling as a Method to Assess Vapor Intrusion Potential at
a Site Characterized by VOC-Contaminated Groundwater and Soil

Wilson J.L., et al. (2017) Tree Sampling as a Method to Assess Vapor Intrusion Potential at a Site MISSOURI
Characterized by VOC-Contaminated Groundwater and Soil, Environmental Science and

Technology. 2017, 51 (18), 10369-10378. S
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Vienna Wells Superfund site

Explanation

PCE concentration in groundwater
samples, in micrograms per liter

B lessthanb Well name
[ 6to10 MK-01
[ 110100 Deep — Depth Interval

m 243
I 101t01,000

B 1.001 to 1,140

Depth below ground surface, in meters, of
top and bottom of open interval
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Over 900 soil samples with geoprobe measured with field GC
Over 450 tree-core samples

Explanation
PCE concentration in tree-core  PCE concentration in soil PCE concentration in groundwater
Tree diameter, in centi samples, in perliter  samples, in nanograms per liter ~ samples, in micrograms per liter

Less than 15 Not detected ® Lessthani0 W lessthans
161078 a7 e 1wl B 5w
LR 100 o 101100 O 1oie
491071 1,000 @ 1,001 010,000 B 0100
Greater than 71 6,500 ® 10001 to51.8%0 [ K IRCER)
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April 2018 Battelle ChlorCon

Wilson et al. ES&T. 2017a 14



Subsurface Sampling Volume

What is the
environmental
volume sampled
by a single tree?

If we detect or Do
Not detect
pollutants, what
does that mean?

April 2018 Battelle ChlorCon
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What does a plant actually sample?

What is the environmental
volume sampled by a single tree?

Root-to-Trunk

Diameter Ratio
RT = Aroot mass(M)
dtrunk (cm)

If we Detect or
Do Not Detect pollutants,
what does that mean?

T v I e
2 P L PRI F LI

\ J MISSOURI

droot mass &\
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Diameter-Dependent Soil Response

At a R/T ratio of 3, we
have a > 0.5 R2to
predict subsurface
concentrations

A 50 cm tree can
predict concentrations
in 150 meter diameter
Area or 17,660 m?

1 meter tree =300 m
Dia, 70,000 m?

a)

b)

Adjusted R?

Adjusted R?
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Soil and in-planta Concentration Gradients
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PCE concentration, in parts per trillion, in:
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Multi-directional tree-core samples fi e 4 s from
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Plkiphimirsiprys S o £ 00
: <~ 11-100 A 11-100
side .
< 101-1,000 . 101-1,000
Southside _ LargeTeee < 1,001 A - :
i 001-10,000 1,001-10,000

West side

Wilson J.L., et al. (2017) Contaminant Gradients in Trees: Directional Tree Coring Reveals Boundaries of Soil MISSOURI
and Soil-Gas Contamination with Potential Applications in Vapor Intrusion Assessment™ Environmental
Science & Technology 51 (24), pp 14055-14064. &
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Concentration Centroids
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Soil and in-planta Concentration Gradients

‘ ;

{7 PCE soil concentration, in
) micrograms per kilogram

1.0
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Difference in concentration-centroid direction (@)
between soil and tree-core samples, in degrees
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Soil Concentration Gradients
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Directionality with Shallow Soil-Vapor Plume

Top
1.8 m above \
ground surface

Tree 29

1.2m above
ground surface.

SPS sample =

location

E

0.6 m above
ground surface

a) Solid Polymer Sample
(SPS)
(see SPS plot on Figure 1}
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Phytoforensics: Trees As Bioindicators of Potential Indoor
Exposure via Vapor Intrusion

Building Subsurface
Environmental Volume

Residence

Tree
Sampling
Volume

Soil-Gas
Sampling
\olume

Contaminated Grondater

Wilson JL, et al (2018) Phytoforensics: Trees as bioindicators of potential indoor exposure via vapor MISSOURI

intrusion. PLoS ONE 13(2): e0193247. https://doi.org/10.1371/journal.pone.0193247 S ‘ l ‘
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Explanation
Sub-slab PCE concentration, in Interpalated PCE ca o, i T jon, i nanograms par fiter
micrograms per cubic meter nanograms per liter ! ) o
® <10 101 - 1,000 I <0.47 (detection fimit) - 4,7 (reporting limi) A <047 [detection limit) - 4.7 ireparting limit)
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Indoor Air: Trees York, Nebraska
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Ease of Tree Sampling

Fast
* Inexpensive

* Comparable to sub-slab samplmg

* Noninvasive

~ * Provides readily ascertainable
|nformat|on on potentlal human —
health risk |

= Sub-slab = Trees =
Multiple | 1 mobilization
Mobilizations 1 day
>1.5 months
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Plants and our Planet




