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Final Proposal

Tree Core Collection and Analysis Protocol
Joel G. Burken, PhD, PE, BCEE

This document is meant for the sole purpose of conferring methods, sampling plans and
analytical procedures to URS and DuPont personnel. Methods and details herein are not
for dissemination other than to the involved URS and DuPont personnel.

Plant sampling methods have been developed at the Missouri S&T laboratories that are not
accepted and applied as site assessment tool (Vroblesky 2008). Plant sampling for a rapid
delineation of subsurface contamination has been termed ‘Phytoscreening’ and is part of a
variety of methods grouped to be known as “Phytoforensics” (Burken et al. 2011).
Phytoforensic methods have been accepted in the US and by the European Union (Trapp et
al, 2008).

Below is a summary of work to be done and that has been completed to determine
partitioning coefficients that will be use and details on how the cores are collected and
analyzed. Slight variation from these experiments may be utilized to optimize the analysis.
Using a combination of novel analytic methods for CFCs and established site investigation
tools for chlorinated solvents, Missouri S&T plans to carry out analysis of approximately
60-70 tree cores from the contaminated site for each CFCs and chlorinated solvents
(hereafter “VOCs”) analysis from a targeted 60 individual trees (approximate, can be
adjusted.). Samples will be collected by Missouri S&T personnel and equipment will be
supplied by Missouri S&T. On-site support to be provided by URS/DuPont. Specific tasks
proposed and separately priced are listed below, including 1) sample collection, and 2)
VOCs analysis on cores. Missouri S&T will offer reduced data (to give in planta
concentrations) data to URS/DuPont for mapping concentrations and developing the site
assessment report and including the coordinated groundwater analysis (provided by URS).
Missouri S&T can provide additional services in the mapping and data analysis if requested.

Proposed cost by task

1) Site trip and Sampling (approximately 60 samples) $ 6,130
2) CI-VOC analysis @ Missouri S&T $11,000
Total for all three priced options $17,130

Estimates are inclusive of all overhead and F&A.

The proposal is offered as a Fixed Price proposal.

All contracting will be through the Missouri S&T Office of Sponsored Programs, the
contracting authority of the university.

Please contact Mr. Kevin Stadler (573) 341-7272 (stadlerk@mst.edu)
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Materials and Methods:

Sample Analysis to be done

Tree cores of approximately 2 inch length and 0.2 inch (0.5 cm) diameter will be taken
with a 0.2 inch increment borer (Forestry Services Inc.). Duplicate samples are to be
included in each vial, taken approximately 4 cm apart, 1.2 m above ground surface. The tree
cores include both xylem and phloem tissues. Cores are collected by placing the coring end
of the borer on the selected spot, then applying pressure to the borer, with the extraction
rod removed. The increment borer can be difficult to start in hardwood trees. A good,
clean start is critical to getting a continuous core. The borer is then screwed into the tree
clock-wise, to an approximate depth of 5 cm. The extraction rod is then inserted fully. The
borer is turned counter clockwise % turn. The extraction rod is then removed, carefully to
ensure the core remains intact. Core is then immediately placed in the vial, next paragraph
has details on core handling. The borer does not need to be rinsed before collecting a new
core in earlier tests on CI-VOCs. Each tree core is put in a 20 ml vial, using a forceps. The
vials will be closed immediately with a Teflon rubber septum and sealed with crimp top
seal. After sealing cores, then GPS location can be logged if GPS is desired (to be provided
by URS/DuPont personnel). Upon sample collection completion, labeled vials should be
refrigerated or stored on ice until they are transported to Missouri S&T for analysis.
Should Missouri S&T personnel not be present, greater detail will be shared.

Analytic methods CI-VOCs

Upon arrival, all biomass samples are allowed to equilibrate with the headspace for
at least 48 hours. Solid Phase Microextraction (SPME) headspace will be completed on an
Agilent 6890 gas chromatograph or Agilent 589011 GC-Mass Spectrometer for unknown
peaks. Peak areas are compared to 5 point standard curves that bracket the measured
concentration. Headspace standards are prepared with known aqueous concentrations in
the identical vials and headspace concentrations are calculated with published (EPA)
Henry’s partition coefficients. SPME headspace analytics is the standard analytical tool for
the chlorinated VOCs anticipated. Details are outlined int eh attached publication (Limmer
et al 2011) Post chemical analysis, the vials are weighed, and opened. The opened vials are
vented in a fume hood, and later dried at 103C overnight. The dry mass is recorded (mass
lost is the moisture content) and the dried core biomass is recorded. Exact lengths of the
tree cores is also recorded and diameter is controlled by the increment borer, 0.2 inch
diameter.

This will result in a headspace concentration for the sample. Reported as pg/I and
normalized for the biomass of the core. Resulting units presented are pg/l/mgpiomass. For
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compounds with a known partition coefficients (TCE, PCE, DCE, BTEX, Carbon
Tetrachloride, MTBE) will be applied to calculate the initial biomass concentrations (in-situ
concentration) (Baduru et al, 2008). This procedure can be performed post analysis and
used to convert the pg/l/mgpiomass (Nnormalized concentrations) to actual concentrations,
UE/Bbiomass, L/ Edry biomass, L/ Mlxylem flow. The procedure for calculating the partitioning
coefficients is listed below and further outlined in the initial journal article that
accompanied this document (Ma and Burken; 2002, Sheehan et al. 2011; Vroblesky 2008)).
For this case, data will be reported to URS/DuPont personnel as equilibrated aqueous
concentrations pg/mlyyiem low- Tabled raw data (peak areas) and calculated concentrations
will be sent to URS/DuPont within 10 days of executing the sampling.

References and Supporting Documents

Baduru, K.K., S.T. Trapp, and J.G. Burken (2008) Direct Measurement of VOC Diffusivities in
Tree Tissues: Impacts on Tree-based Phytoremediation. Environmental Science and
Technology, 42(4); 1268-1275

Burken, ].G., D. Vroblesky, ].C. Balouet (2011) Phytoforensics, Dendrochemistry, and
Phytoscreening: New Green Tools for Delineating Contaminants from Past and
Present (feature) Environmental Science and Technology 45(15) pp 6218-6226.

Limmer, M; ].C. Balouet; F. Karg; D.A. Vroblesky; J.G. Burken, (2011) Phytoscreening for
Chlorinated Solvents Using Rapid In-Vitro SPME Sampling: Application to Urban
Plume in Verl, Germany. Environmental Science and Technology;45(19):8276-82

Ma, X. and J.G. Burken (2002) VOCs Fate and Partitioning in Vegetation: Use of Tree Cores
in Groundwater Analysis. Environmental Science and Technology,36 (21) 4663 -
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Patent: Assemblies for Use In Delineating Subsurface Contamination, and Related Methods:
Serial No. 12/463,163 (Missouri S&T - Burken) Posted for publication August 2012

Sheehan, E., Burken, ].G., Limmer, M.A., Mayer, P, Karlson, U.G. (2012) Time Weighted
Average SPME Analysis For In planta Determination of cVOCs, Environmental
Science and Technology, 46(6), pp 3319-3325

Trapp S., M. Larsen, C. Legind, J.G. Burken, J. Machackova, and U. Gosewinkel Karlson (2008)
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Project GOCE003998, European Union Publication, 5 pages
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Vroblesky, D. A. User’s Guide to the Collection and Analysis of Tree Cores to Assess the
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All referenced papers and greater detail are available upon request.
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Appendix B

Surveyors Report from Driesenga



DRIESENGA 455 East 8" Street, Suite 100
' S Holland, Michigan 49423
N ASSOCIATES, INC. Ph. (616) 396-0255 « Fax (616) 396-0100

Engineering - Surveying - Testing

December 2, 2013
JOB No. 1310131.5A

E.l. DU PONT DE NEMOURS AND COMPANY, MONTAGUE PLANT GROUND WATER SAMPLING LOCATIONS
(MONTAGUE, MICHIGAN).
LOCATED IN SECTIONS 35 & 36, TOWN 12 NORTH, RANGE 18 WEST, WHITE RIVER TOWNSHIP & SECTION 1,
TOWN 11 NORTH, RANGE 18 WEST WHITE RIVER TOWNSHIP, MUSKEGON COUNTY, MICHIGAN.

STATE PLANE COORDINATES BASIS OBTAINED APRIL 2005, UTILIZING MICHIGAN DEPARTMENT OF
TRANSPORTATION CONSTANTLY OPERATING REFERENCE STATION (CORS) "MIMK" LOCATED IN
MUSKEGON HEIGHTS MICHIGAN. CORS STATION DATA VERIFIED UTILIZING FOLLOWING MUSKEGON
COUNTY ROAD COMMISSION (MCRC) CONTROL POINT:

MSPC MSPC ELEVATION
DESIGNATION NORTHING EASTING DATUM UNITS (NAVD 88)
LAMOS 698480.8871 1258394575  SPC MI'S IFT 638.59"

ELEVATIONS FOR GROUND WATER SAMPLING LOCATIONS OBTAINED USING TRIGONOMETRIC LEVELING
UTILIZING MICHIGAN STATE PLANE COORDINATE (SOUTH) CONTROL ESTABLISHED IN 2005 AND VERIFIED
IN MAY OF 2013.

GROUND
DESCRIPTION MSPC MSPC £ EVATION TOP OF CASING

NORTHIN EASTIN
° ¢ STING (NAVD 88) ELEVATION (NAVD 88)

SWPCK 01 (WATER) 697192.2936' 12576450.2435' 585.54'
IW-08-142
CUT "X" IN NORTH . ' ' '
N(()RTHEAST CORNER 693160.2675 12583820.5960 627.56 629.63
FLANGE BOLT)

GW 13 (MUD) 696504.5319"  12576544.5885' 583.79'
GW 12 (MUD) 696499.9093'  12576490.5772' 582.53'
GW 10 (WATER) 697053.6643'  12576535.6926' 587.79'
GW 09 (MUD) 696956.1018'  12576578.7815' 588.83'
Gw 08 (MUD) 696680.4058'  12576547.2990' 583.98'
Gw 07 (MUD) 696355.7551"  12576283.0378' 584.03'
Gw 06 (MUD) 696796.1598'  12576596.5643' 589.56'
Gw 05 (MUD) 696068.4740'" 12576274.5068' 583.60'
GW 03 (MUD) 696668.7379"  12576210.2224' 583.54'
GW 02 (MUD) 696590.1795"  12576539.0544' 583.88'
GW 01 (WATER) 696178.8391"  12576625.2044' 581.27"
SBPC 01 (DIRT) 696403.8308' 12576718.9207" 617.41'

Holland +« Grand Rapids « Kalamazoo . Detroit



Appendix C

Photographs of Groundwater Sampling Locations



URS PHOTOGRAPHIC LOG
Client Name: Site Location: Project No.
DuPont Montague Michigan 18984840
PhOto NO. Date: .ﬂ. . . g"‘ " ':’l‘]' 3 ' - '\-.'\It ;
1 06/18/2013 Eh 27 ‘f’t‘i"’: v-

Direction Photo Taken:

~North

Description:

2013GW-01. Note sandy
bottom of tributary formed
by this spring.

Photo No. Date:
2 06/18/2013

Direction Photo Taken:

~West

Description:

2013GW-01. Main channel
of Pierson Creek visible in
background.
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m PHOTOGRAPHIC LOG
Client Name: Site Location: Project No.
DuPont Montague Michigan 18984840
Photo No. Date: T el
3 06/19/2013

Direction Photo Taken:

North

Description:

2013GW-02.
Ground wet, very slight seep.
At base of hill, west of

Pierson Creek Landfill.
Photo No. Date:
4 06/20/2013

Direction Photo Taken:

~South

Description:

2013GW-03. West side of
Pierson Creek. Groundwater
visibly seeping from hillside.
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m PHOTOGRAPHIC LOG
Client Name: Site Location: Project No.
DuPont Montague Michigan 18984840
Photo No. Date: I \ zj_ \
5 06/18/2013

Direction Photo Taken:

~West

Description:

2013GW-04.
Ground was wet, no apparent
seep.

Photo No. Date:
6 06/20/2013

Direction Photo Taken:

~North

Description:

2013GW-05. West of
Pierson Creek. Ground
elevation increases to the left
of this photograph.
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m PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
DuPont Montague Michigan 18984840
Photo No. Date:
7 06/19/2013

Direction Photo Taken:

~South.
Description:
2013GW-06
Photo No. Date:
8 06/19/2013

Direction Photo Taken:

~Southwest

Description:

2013GW-06.
Wet ground slopes to upper
left in photograph.
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m PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
DuPont Montague Michigan 18984840
Photo No. Date:

9 06/20/2013

Direction Photo Taken:

~Northwest

Description:

2013GW-07.
Ground wet.

Photo No. Date:
10 06/19/2013

Direction Photo Taken:

~South

Description:

2013GW-08.

Collected from low spot
exposed by fallen tree.
At base of hill, west of
Pierson Creek Landfill.
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URS

PHOTOGRAPHIC LOG
Client Name: Site Location: Project No.
DuPont Montague Michigan 18984840
Photo No. Date:
11 06/19/2013

Direction Photo Taken:

~Southwest

Description:

2013GW-09.
Ground wet at foot of hill.
Slopes upward behind view

of this photograph
Photo No. Date:
12 06/19/2013

Direction Photo Taken:

~Northwest

Description:

2013GW-10
Collected from low spot
exposed by fallen tree.
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PHOTOGRAPHIC LOG
Client Name: Site Location: Project No.
DuPont Montague Michigan 18984840
Photo No. Date: ~
13 06/18/2013

Direction Photo Taken:

~Northwest

Description:

2013GW-11.
Ground wet, no apparent
seep.

Photo No. Date:
14 6/20/2013

Direction Photo Taken:

~Northwest

Description:

2013GW-12.

Slight seep out between
tributary and main channel
of Pierson Creek.
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m PHOTOGRAPHIC LOG

Client Name: Site Location: Project No.
DuPont Montague Michigan 18984840
Photo No. Date:
15 06/19/2013

Direction Photo Taken:

~North

Description:

2013GW-13.

At base of hill, west of

Pierson Creek Landfill.

Photo No. Date:
16 06/20/2013

Direction Photo Taken:

~Northwest

Description:

2013GW-14.
Ground wet. No apparent
seep.
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