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Executive Summary

The United States Army Corps of Engineers Baltimore District on behalf of the Army National
Guard (ARNG)-Installations & Environment Division, Cleanup Branch contracted AECOM
Technical Services, Inc. (AECOM) to perform Preliminary Assessments (PAs) and Site
Inspections (Sls) for Perfluorooctanesulfonic acid (PFOS) and Perfluorooctanoic acid (PFOA)
Impacted Sites at ARNG Facilities Nationwide. The ARNG is assessing potential effects on
human health related to processes at facilities that used per- and poly-fluoroalkyl substances
(PFAS), primarily in the form of aqueous film forming foam released as part of firefighting
activities, although other PFAS sources are possible.

AECOM completed a PA for PFAS at the Army Aviation Support Facility (AASF) in St. Paul,
Minnesota, Holman Field to assess potential PFAS release areas and exposure pathways to
receptors. The AASF is constructed on a 4.25 acre parcel of land owned by the Metropolitan
Airports Commission and leased to the Minnesota Army National Guard (MNARNG). The
current lease agreement expires on 30 September 2028. The performance of this PA included
the following tasks:

¢ Reviewed data resources to obtain information relevant to suspected PFAS releases
e Conducted a site visit 24 September 2018

o Interviewed current and retired MNARNG personnel, MNARNG environmental managers
and operations staff, and the St. Paul Fire Department

e Completed visual site inspections at known or suspected potential PFAS release locations
and documented with photographs

o Developed a conceptual site model (CSM) to outline the potential release and pathway of
PFAS for the Area of Interest (AOI) and the facility (Figure ES-1)

One AOQI related to potential PFAS releases was identified at the St. Paul AASF Holman Field
during the PA. The AOI is shown on Figure ES-1 and described below:

Potential Release

Area of Interest Date

AOI 1 South Hangar Ramp MNARNG October 2013

Based on potential aqueous film forming foam releases at this AOI, there is potential for
exposure to PFAS contamination in surface soil and intermittent surface water and sediments to
site workers, construction workers, and trespassers via ingestion and inhalation of dust. Site
workers and construction workers may also be exposed to potential PFAS contamination in
subsurface soil via ingestion and inhalation of dust. Potential off-facility PFAS release areas
exist adjacent to the AASF. These areas include property downgradient of the facility and are,
therefore, unlikely to impact the AASF. The CSM for the St. Paul AASF Holman Field is shown
on Figure ES-2.
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1. Introduction

1.1 Authority and Purpose

The United States (US) Army Corps of Engineers (USACE) Baltimore District on behalf of the
Army National Guard (ARNG)-Installations & Environment Division, Cleanup Branch contracted
AECOM Technical Services, Inc. (AECOM) to perform Preliminary Assessments (PAs) and Site
Inspections (Sls) for Perfluorooctanesulfonic acid (PFOS) and Perfluorooctanoic acid (PFOA)
Impacted Sites at ARNG Facilities Nationwide under Contract Number W912DR-12-D-0014,
Task Order W912DR17F0192, issued 11 August 2017. The ARNG is assessing potential effects
on human health related to processes at facilities that used per- and poly-fluoroalkyl substances
(PFAS), primarily in the form of aqueous film forming foam (AFFF) released as part of
firefighting activities, although other PFAS sources are possible. In addition, the ARNG is
assessing businesses or operations adjacent to the ARNG facility (not under the control of
ARNG) that could potentially be responsible for a PFAS release.

PFAS are classified as emerging environmental contaminants that are garnering increasing
regulatory interest due to their potential risks to human health and the environment. PFAS
formulations contain highly diverse mixtures of compounds. Thus, the fate of PFAS compounds
in the environment varies. The regulatory framework at both federal and state levels continues
to evolve. The US Environmental Protection Agency (USEPA) issued Drinking Water Health
Advisories for PFOA and PFOS in May 2016, but there are currently no promulgated national
standards regulating PFAS in drinking water. In the absence of federal maximum contaminant
levels, some states have adopted their own drinking water standards for PFAS. The State of
Minnesota has adopted screening values of 35 parts per trillion (ppt) for PFOA and 27 ppt for
PFOS (Minnesota Department of Health, 2018). These values are more protective than the
USEPA value of 70 ppt, individually or combined.

This report presents the findings of a PA for PFAS at the Army Aviation Support Facility (AASF)
in St. Paul, Minnesota, Holman Field in accordance with the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), as amended, the National Oil and
Hazardous Substances Pollution Contingency Plan (40 Code of Federal Regulations Part 300),
and USACE requirements and guidance.

This PA documents the known fire training areas (FTAs) as well as other locations where PFAS
may have been released into the environment at the AASF. The term PFAS will be used
throughout this report to encompass all PFAS chemicals being evaluated, including PFOS and
PFOA, which are key components of AFFF.

1.2  Preliminary Assessment Methods

The performance of this PA included the following tasks:

o Reviewed data resources to obtain information relevant to suspected PFAS releases
¢ Conducted a site visit on 24 September 2018

e Interviewed current and retired Minnesota Army National Guard (MNARNG) personnel,
MNARNG environmental managers and operations staff, and the St. Paul Fire Department

o Completed visual site inspections (VSIs) at known or suspected potential PFAS release
locations and documented with photographs

e Developed a conceptual site model (CSM) to outline the potential release and pathway of
PFAS for the Area of Interest (AOI) and the facility
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1.3  Report Organization

This report has been prepared in accordance with the USEPA Guidance for Performing
Preliminary Assessments under CERCLA (USEPA, 1991). The report sections and descriptions
of each are:

o Section 1 — Introduction: identifies the project purpose and authority and describes the
facility location, environmental setting, and methods used to complete the PA

e Section 2 - Fire Training Areas: describes the FTAs at the facility identified during the site
visit

o Section 3 — Non-Fire Training Areas: describes other locations of potential PFAS releases
at the facility identified during the site visit

e Section 4 — Emergency Response Areas: describes areas of potential PFAS release at
the facility, specifically in response to emergency situations

o Section 5 — Adjacent Sources: describes sources of potential PFAS release adjacent to
the facility that are not under the control of ARNG

e Section 6 — Conceptual Site Model: describes the pathways of PFAS transport and
receptors for the AOIs and the facility

e Section 7 —Conclusions: summarizes the data findings and presents the conclusions of
the PA

e Section 8 — References: provides the references used to develop this document
e Appendix A — Data Resources
o Appendix B — Preliminary Assessment Documentation

¢ Appendix C — Photographic Log

1.4  Facility Location and Description

The St. Paul AASF Holman Field is in southern Ramsey County, Minnesota, approximately 2
miles southeast of the City of St. Paul (Figure 1-1). The facility is accessible from Trunk
Highway 52 by Plato Boulevard or Eaton Street and Airport Road. The AASF is adjacent to the
St. Paul Downtown Airport which is bordered by the Mississippi River on the north, east, and
south and on the west by a railroad and USACE flood control levy (Metropolitan Airports
Commission [MAC], 2010).

The AASF was constructed in the 1920s on a 4.25 acre parcel of land owned by the
Metropolitan Airports Commission (MAC) and leased to the MNARNG. The current lease
agreement expires on 30 September 2028 (Appendix A). The AASF facilities include a hangar
for the operation, maintenance, and repair of MNARNG rotary-winged and fixed-wing aircraft,
administrative offices, and classrooms.

1.5  Facility Environmental Setting

The AASF lies within the Twin Cities metropolitan area, which is characterized by rolling to hilly
terrain with poorly drained depressions that form ponds and lakes. The Mississippi River forms
ravines, surrounded bluffs, and steep slopes throughout the area, and relatively flat areas are
found along the Mississippi River flood plain. The elevation of the facility is approximately 705
feet above mean sea level.
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1.5.1 Geology

The AASF is situated in the St. Paul Baldwin Plains and Moraines Subsection of the Eastern
Broadleaf Forest Province as defined by the Minnesota Department of Natural Resources
(MNDNR) Ecological Classification System. The St. Paul Baldwin Plains and Moraines are
characterized by Quaternary deposits directly overlying Cambrian or Ordovician bedrock
formations. The bedrock formations form part of a gently sloping structure centered under the
Minneapolis-St. Paul metropolitan area, known as the Twin Cities basin (WSB & Associates Inc.,
2011). Naturally-occurring soils at the AASF generally consist of alluvium deposits
approximately 100 feet deep from the retreating ice of the Wisconsin glaciation. Most of the
Holman Field area was originally marsh land; however, several grading operations utilizing river
dredge material, predominantly sand, and other common fill generally made up of sand, clay,
silt, and broken limestone have been completed (MAC, 2010).

Soils classifications fall under the Chaska and Udorthents associations. These soils are
generally described as level to very gently sloping. The Chaska soils are present in the southern
marshy portions of the facility and are poorly drained soils subject to frequent flooding from the
Mississippi River consisting of silt loam for approximately the top six inches. The Udorthents
soils are also present and consist of variable permeability fill soils consisting of Mississippi River
dredging materials and various fill materials made up of sand, clay, silt, and broken limestone
(MAC, 2010).

1.5.2 Hydrogeology

The AASF is within the Metro Groundwater Province as defined by the MNDNR. Groundwater is
drawn from surficial sand and gravel aquifers for domestic and irrigation wells and from deeper
fractured and weathered bedrock or sedimentary rock for municipal or public supply wells (WSB
& Associates Inc., 2011). Depth to groundwater in the area ranges from 0 to 25 feet below
ground surface, with the shallowest wells closer to lakes, streams, and rivers. Groundwater flow
is generally from the south to the east-northeast toward the Mississippi River (Figure 1-2).
Surficial aquifers are recharged predominantly through infiltration of precipitation, although
some recharge occurs from open water sources and during periods of high water levels (WSB &
Associates Inc., 2011). Regional recharge of the five major bedrock aquifers occurs to the south
in Freeborn and Mower Counties (WSB & Associates Inc., 2011).

No potable water wells are located within the boundary of the AASF (Figure 1-2). Several
monitoring, commercial, and industrial wells are within 4 miles of the facility, and one domestic
well is located less than one half mile due north of the facility. However, based on the east-
northeast groundwater flow direction, this domestic well is not impacted by the facility. Drinking
water for the AASF is supplied by the City of St. Paul, which obtains its municipal water through
the St. Paul Regional Water Utility. The St. Paul Regional Water Utility predominantly uses the
Mississippi River as its drinking water source although some water is supplied by groundwater
aquifers (WSB & Associates Inc., 2011). The Mississippi River surface water intakes are located
upgradient of the facility, approximately 18 miles north near Fridley, MN.

1.5.3 Hydrology

The Mississippi River borders the AASF to the north and east and is a significant resource for
the area. However, three reaches of the Mississippi River and several lakes in the Harriet
Island-Mississippi River Watershed are listed as impaired by the Minnesota Pollution Control
Agency due to fecal coliform, polychlorinated biphenyl, PFOS, and mercury contamination and
high turbidity. The largest lake near the AASF is Pigs Eye Lake, along the Mississippi River
(Figure 1-3).
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The AASF lies within the 100-year floodplain of the Mississippi River and contains wetlands
along the eastern and southern boundary. In 2008, a floodwall was installed to protect against
flooding (MAC, 2010).

1.5.4 Climate

The climate of St. Paul consists of warm to hot, humid summers and cold winters with moderate
to heavy snowfall. Thunderstorms with heavy rainfall are common in the spring, summer, and
fall. Seasonally, temperatures vary from summer highs of 85 degrees Fahrenheit (°F) to winter
lows of 7 °F (World Climate, 2019). The average temperature is 42.85 °F. Average precipitation
is 32.04 inches of rain and 54.4 inches of snow (World Climate, 2019). The prevailing wind
varies from north to south, averaging 8 to 12 miles per hour, with artic air masses throughout the
winter.

1.5.5 Current and Future Land Use

The AASF is a controlled access facility with public roads adjacent to the St. Paul Downtown
Airport. The St. Paul Regional Airport is owned and operated by the MAC and provides
corporate and military air service and a flight training school. The AASF is bordered by the
Mississippi River to the north, south and east and a combination of mixed use commercial,
office and industrial/utility land uses to the west (MAC, 2010). Residential areas are located
northeast and southwest of the airport. Future land use developments are continually evaluated
by the Joint Airport Zoning Board in regards to safety zone dimensions and development
restrictions. Reasonably anticipated future land use is not expected to change from the current
land use.
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2. Fire Training Areas

The City of St. Paul currently provides fire emergency services for the AASF. According to the
St. Paul Fire Chief, all fire training for the City of St. Paul is conducted at the St. Paul Fire
Training Center, approximately 5.5 miles northwest of the AASF. The St. Paul Fire Training
Center is located north of the Mississippi River. The AASF is located south of the Mississippi
River; therefore, PFAS use at this location is unlikely to impact the AASF. The MNARNG does
not train at the St. Paul Fire Training Center with the City of St. Paul Fire Department, and no
FTAs where AFFF was used were identified within the AASF facility during the PA. Annual fire
extinguisher training for the MNARNG was historically and is currently conducted using dish
soap.
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3. Non-Fire Training Areas

Two non-FTAs where AFFF was potentially stored or released were identified during the PA. A
description of each non-FTA is presented below and shown on Figure 3-1.

3.1  South Hangar Ramp

Historically, the AASF had nine TriMax-30 fire extinguishers, one for training with dish soap, four
for outdoor use supplied with 6 percent AFFF, and four for indoor use supplied with 3 percent
AFFF. The TriMax-30 fire extinguishers were never used at the AASF for training or emergency
response. In October 2013, the TriMax-30 fire extinguishers were replaced by seven 125-pound
Purple K fire extinguishers. The TriMax fire extinguishers were emptied on the east side of the
South Hangar Ramp prior to being returned to Camp Ripley for demilitarization (Figure 3-1). In
total, approximately 12 gallons of AFFF concentrate were released during this event. The
geographic coordinates are 44°56'19.1"N and 93°04'08.4"W. Two storm drains that drain to the
Mississippi River to the north were noted on the ramp during the VSI. In addition, the AASF
historically had bulk 3 percent and 6 percent AFFF in 5-gallon containers to be used to refill the
TriMax fire extinguishers, if needed. According to interviewees, bulk AFFF was never used to
refill the TriMax fire extinguishers. Bulk AFFF was returned to Camp Ripley with the TriMax fire
extinguishers in 2013.

3.2 Fire Truck Storage Area

A fire truck was stored at the facility in the north hangar at the indoor wash rack (Figure 3-1)
from 1987 to 1989 as a control measure because the AASF does not contain an AFFF fire
suppression system. The geographic coordinates of the Fire Truck Storage Area are
44°56'22.7"N and 93°04'09.1"W. According to the former Fire Marshall, AFFF concentrate was
transferred to the fire truck by pouring AFFF from 5-gallon containers into the tanks. No spills
were noted. In addition, the former Fire Marshall indicated the fire truck did not have
maintenance issues and was never used for emergency response or training. The nozzles on
the fire truck were tested using water only; the proportioning valve was never tested.
Periodically, the fire truck was washed in the hangar at the indoor wash rack. Water from the
indoor wash rack drains to the oil water separator and then to the sanitary sewage. The fire
truck was returned to Camp Ripley in 1989 or 1990.
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4. Emergency Response Areas

No emergency response areas were identified within the AASF facility during the PA through
interviews or document review. The City of St. Paul currently provides fire emergency services
for the AASF. AFFF for fire emergency services is purchased by the City of St. Paul and stored
at the city fire department. No AFFF is currently stored at the AASF.
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5. Adjacent Sources

One potential off-facility source of PFAS adjacent to the AASF, not under the control of the
MNARNG, was identified during the PA, the St. Paul Downtown Airport. The geographic
coordinates of the airport are 44°56'31.1"N and 93°03'54.1"W (Figure 5-1). The St. Paul
Downtown Airport was constructed in 1926 and is owned and operated by the MAC. The AASF
is southwest and adjacent to the St. Paul Downtown Airport.

The St. Paul Downtown Airport is one of several reliever airports in the Twin Cities and consists
of several private hangars, including hangars for the 3M Company, and the St. Paul Flight
Center. The City of St. Paul Fire Department provides fire emergency services for the St. Paul
Downtown Airport. Based on the interview with the City of St. Paul Fire Chief’s, none of the
hangars at the St. Paul Downtown Airport contain AFFF fire suppression systems, and AFFF
has not been dispensed at the Holman Field Complex, including the AASF.

Several additional sources of PFAS in the St. Paul area, not adjacent to the AASF facility, were
identified in a report by Delta Consultants titled Perfluorocarbon (PFC)-Containing Firefighting
Foams And Their Use In Minnesota. These sources include a 3M Company plant, the
Minneapolis-St. Paul International Airport / Minneapolis—Saint Paul Joint Air Reserve Station,
refineries, marina fire locations, and landfills (Figure 5-2). The AASF is upgradient of these
additional sources of PFAS; therefore, PFAS use at these locations is unlikely to impact the
AASF.
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6. Conceptual Site Model

Based on the PA findings, one AOI was identified at the AASF: AOI 1 South Hangar Ramp. The
AOI location is shown on Figure 6-1. The following sections describe the CSM components and
the specific CSMs developed for the AOIL. The CSM identifies the three components necessary
for a potentially complete exposure pathway: (1) source, (2) pathway, (3) receptor. If any of
these elements are missing, the pathway is considered incomplete.

In general, the potential PFAS exposure pathways are ingestion and inhalation. Dermal contact
is not considered to be a potential exposure pathway as studies have shown very limited
absorption of PFAS through the skin (National Ground Water Association, 2018). Receptors at
the St. Paul AASF Holman Field include site workers, construction workers, and trespassers.
The CSM for the AASF indicates which specific receptors could potentially be exposed to PFAS.

6.1 AOIl 1 South Hangar Ramp

AOI 1 is the South Hangar Ramp. One potential release of AFFF occurred in October 2013
when the TriMax fire extinguishers were emptied on the east side of the South Hangar Ramp by
the MNARNG prior to being returned to Camp Ripley for demilitarization. In total, approximately
12 gallons of AFFF concentrate were released during this event.

PFAS are water soluble and can migrate readily from concrete to groundwater, which is
estimated to be 0 to 25 feet below ground surface (WSB & Associates Inc., 2011). Because
potential PFAS releases to concrete at AOlI 1 have occurred, PFAS may migrate from the
concrete to the groundwater via leaching. In addition, PFAS may have migrated from the
concrete to storm water drains on the ramp via overland surface water flow. Storm water at the
facility drains towards the Mississippi River to the north; therefore, the potential release may
have impacted the surface water and sediments of the Mississippi River. Drinking water for the
facility is supplied by the City of St. Paul, and no potable water wells exist within the boundary of
the facility.

Ground-disturbing activities to concrete and intermittent surface water and sediment at AOI 1
and the Mississippi River could result in site worker, construction worker, and trespasser
exposure to potential PFAS contamination. Therefore, the exposure pathways for inhalation and
ingestion are potentially complete for these receptors. Ground-disturbing activities to subsurface
soil could result in site worker and construction worker exposure via inhalation of soil particles
and ingestion of subsurface soil. Therefore, the inhalation and ingestion pathways for these
receptors are considered potentially complete. There are no potable water wells within the
boundary of the AASF, and based on the east-northeast groundwater flow, domestic water
supply wells are not impacted by the facility. Therefore, the exposure pathway for groundwater
to residents through domestic drinking water ingestion is considered incomplete. The CSM for
AOQOI 1 is shown on Figure 6-2.
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7. Conclusions
This report presents a summary of available information gathered during the PA on the use and

storage of AFFF and other PFAS-related activities at the St. Paul AASF Holman Field. The PA
findings are based on the information presented in Appendix A and Appendix B.

7.1 Findings

One AOI related to potential PFAS release was identified (Table 7-1) at the AASF during the PA
(Figure 7-1).

Table 7-1: AOIls at St. Paul AASF Holman Field

Potential Release

Area of Interest Dates

AOI 1 South Hangar Ramp MNARNG October 2013

Based on potential AFFF releases at this AOI, there is potential for exposure to PFAS
contamination in surface soil and intermittent surface water and sediments to site workers,
construction workers, and trespassers via ingestion and inhalation of dust. Site workers and
construction workers may also be exposed to potential PFAS contamination in subsurface soil
via ingestion and inhalation of dust.

The following areas discussed in Section 2 through Section 5 were determined to have no
suspected releases are summarized in Table 7-2.

Table 7-2: No Suspected Release Areas

No Suspected Rationale for No Suspected Release
Release Area Used by Determination

The fire truck did not have maintenance issues
and was never used for emergency response or
training. The nozzles on the fire truck were
tested using water only; the proportioning valve
was never tested. No spills of AFFF were noted
during transfer from bulk containers to the fire
truck tanks.

Fire Truck Storage MNARNG
Area

7.2 Uncertainties

A number of information sources were investigated during this PA to determine the potential for
PFAS-containing materials to have been present, used, or released at the facility. Historically,
documentation of PFAS use was not required because PFAS were considered benign.
Therefore, records were not typically kept by the facility or available during the PA on the use of
PFAS in training, firefighting, or other non-traditional activities, or on its disposition.

The conclusions of this PA are predominantly based on the information provided during
interviews with personnel who had direct knowledge of PFAS use at the facility. Sometimes the
provided information was vague or conflicted with other sources. Gathered information has a
degree of uncertainty due to the absence of written documentation, the limited number of
personnel with direct knowledge due to staffing changes, the time passed since PFAS was first
used (1969 to present), and a reliance on personal recollection. Inaccuracies may arise in
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potential PFAS release locations, dates of release, volume of releases, and the concentration of
AFFF used. There is also a possibility the PA has missed a source of PFAS, as the science of
how PFAS may enter the environment continually evolves.

In order to minimize the level of uncertainty, readily available data regarding the use and
storage of PFAS were reviewed, retired and current personnel were interviewed, multiple
persons were interviewed for the same potential source area, and potential source areas were
visually inspected. Table 7-3 summarizes the uncertainties associated with the PA:

Table 7-3: Uncertainties

Area of Interest Source of Uncertainty

All AOls No or limited information was available on the type,
amount, and concentration of AFFF used at the facility
prior to 1982.

Potential off-facility PFAS release areas exist adjacent to the AASF. These areas include
property downgradient of the facility and are, therefore, unlikely to impact the AASF.

7.3 Potential Future Actions

Interviews and records (covering 1980s to present) indicate that ARNG activities may have
resulted in potential PFAS releases at the AOI identified during the PA. Based on the CSM
developed for the AOI, there is potential for receptors to be exposed to PFAS contamination in
soil, surface water, and sediment at this AOl. Table 7-4 summarizes the rationale used to
determine if the AOI should be considered for further investigation under the CERCLA process
and undergo an Sl.

ARNG will evaluate the need for an Sl at AOI 1 at the St. Paul Holman Field AASF based on the
potential receptors, the potential migration of PFAS off the facility, and the availability of
resources.

Table 7-4 PA Findings Summary

Potential Future
Action

Area of Interest AOI Location Rationale

Approximately 12 gallons of
AFFF concentrate used once in
October 2013.

AOI 1 South 44°56'19.1"N
Hangar Ramp 93°04'08.4"W

Proceed to an SlI, focus
on soil and groundwater

22



St. Paul Downtown Airport—

— [Five Tk Starago Area

Souffh Henger Remp

— A0 1

— St. Paul Flight Center

3M Hangars —

Legend

D Area of Interest
@2 Potential PFAS Release
. =% No Suspected Release

Facility Boundary

0 200 400 800
I T Fcct &5 Water Body
CLIENT ARNG N . .
— Summary of Findings
NOTES Preliminary Assessment for PFAS at St. Paul AASF, MN
REVISED 3/11/2019 GIS BY MS 3/11/2019 -—
A=COM -
SCALE 1:4,800 CHK BY iz 3/11/2019 Fi gure 7-1
Base Map: Sources: Esri, DigitalGlobe, GeoEye, 12420 Milestone Center Drive
Earthstar Geographics, CNES/Airbus DS, USDA, USGS, PM RG 3/11/2019 Germantown, MD 20876
S or Graphics\MXD\MN\StPaul_Figures\StPaul_PA_Figures\Fig_7-1_StPaul_Summary.mxd 23

Q:\Projects\ENVIGEARS\GEO\ARNG PFAS\900-CAD-GIS\920-GlI




PFAS Preliminary Assessment Report
Army Aviation Support Facility, St. Paul,Minnesota, Holman Field

8. References

Metropolitan Airports Commission. 2010. St. Paul Downtown Airport (STP) Long-Term
Comprehensive Plan. June.

Minnesota Department of Health. 2018. Human Health-Based Water Guidance Table. Available
at http://www.health.state.mn.us/divs/eh/risk/guidance/gw/table.html (Accessed 13 January
2019).

National Ground Water Association. 2018. Groundwater and PFAS: State of Knowledge and
Practice. January.

United States Environmental Protection Agency (USEPA). 1991. Guidance for Performing
Preliminary Assessments under CERCLA. September.

World Climate. 2019. Average Weather Data for Saint Paul, Minnesota. Available at
http://www.worldclimate.com/climate/us/minnesota/saint-paul (Accessed 21 January 2019).

WSB & Associates, Inc. 2011. Watershed ManagementPlan. August.

24



PFAS Preliminary Assessment Report
Army Aviation Support Facility, St. Paul,Minnesota, Holman Field

Appendix A
Data Resources



PFAS Preliminary Assessment Report
Army Aviation Support Facility, St. Paul,Minnesota

Data Resources will be provided separately on CD. Data Resources for the St. Paul Army
Aviation Support Facility include:

St. Paul AASF Leases, Licenses, and Permits

e 2005 Army Aviation Support Facility Lease and Use Agreement

e 2008 St. Paul AASF Parking Lot Parcel Deed

St. Paul AASF PFAS Release Information

e 2008 PFCs in Minnesota’s Ambient Environment Progress Report
e 2009 PFCs and Class B Firefighting Foam

e 2010 PFCs and Their Use in Minnesota

e 2011 PFC Survey and Sampling Activities

Previous Investigations Completed at the St. Paul AASF

e 2010 St. Paul Downtown Airport Long-Term Comprehensive Plan
e 2011 Watershed Management Plan

e 2016 Design Drawings Fueling Facility Repairs

St. Paul AASF Facility Maps

e 2018 St. Paul Utility Map

e 2018 St. Paul Surface Water Flow Map

St. Paul AASF EDR Report

e 2018 St. Paul AASF Environmental Data Resource Report
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ARMY AVIATION SUPPORT FACILITY
LEASE AND USE AGREEMENT

THIS ARMY AVIATION SUPPORT FACILITY (“AASF”) LEASE AND USE
AGREEMENT (‘Lease”) is made between the Metropolitan Airports Commission, a
public corporation of the State of Minnesota, at 6040 28" Avenue South,
Minneapolis, Minnesota 55450 {(“Commission”) and Department of Military
Affairs, State of Minnesota, (‘Tenant’) at 20 West 12" Street, St. Paul,
Minnesota 55155-2098.

WHEREAS, Commission owns and/or controls the real property at St. Paul
Downtown Airport (“Airport”) located in the County of Ramsey, State of
Minnesota; and

WHEREAS, Tenant desires to lease property at the Airport adjoining the existing
AASF for the purpose of facilitating the operation of the AASF, which use will
include aircraft tie-down, vehicular storage, fuel storage, and refueling of
aircraft and motor vehicles used in Tenant's operation; and

WHEREAS, Commission is willing to lease certain property to Tenant upon the
terms and conditions of this Lease, which has been approved by the Commission
on May 17, 2004.

WHEREAS, the parties desire to terminate the lease for the National Guard
Hangar at St. Paul Downtown Airport dated December 21, 1959; and other
agreements between the parties affecting the Premises; and

NOW, THEREFORE, in consideration of the foregoing, the parties agree as
follows:

1. Definitions

a. Ordinance 58
“Ordinance 58" means Metropolitan Airports Commission Ordinance

58, which regulates conduct on the Commission’s airports, as
amended from time to time.

b. [intentionally deleted]
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e.

Ordinance 87

“Ordinance 87" means Metropolitan Airports Commission Ordinance
87, which establishes rental rates, fees and other charges to be paid
at the Reliever Airports, as amended from time to time.

Policies
“Policies” means the Reliever Lease Policies, Rules and Regulations,

and all the attachments, adopted by Commission effective November
1, 2000, and as amended from time to time.

[Intentionally deleted]

2. Description of Premises

a. Premises
Commission leases to Tenant and Tenant leases from Commission
that portion of the Airport TOMIMOR referred to as Guard
Operations Area, consisting O yquare feet as shown on
attached Exhibit A (“Premises”). —Durirg-the term of this Lease, title
to any improvements or fixtures located on the Premises is vested in
Tenant subject to the Commission's rights in such improvements and
fixtures pursuant to Section 16, below.

b. [Intentionally deleted]

c. [Intentionally deleted]

3. Use of Premises

a. Use
The Premises shall be used by Tenant solely for the purpose of
operating an AASF, which use will include but not necessarily
be limited to (i) aircraft tie-down, vehicular storage, or such
other similar uses as may be required by Tenant, including
using the fuel tanks and pumps located on the Premises for the
refueling of aircraft and motor vehicles used in Tenant’s
operations; (i) for the storage of aircraft; and (jii) for maintenance
performed by Tenant in the course of operating the AASF.

b. [Intentionally deleted]
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Initial Term

The term of this Lease shall be twenty-five (25) years (“Term™),
commencing on October 1, 2003 (“Commencement Date”) and
expiring, unless earlier terminated, on September 30, 2028.

Holding Over

If Tenant remains in possession of the Premises after the expiration
of the Term, such hoiding over will only create a month to month
tenancy, which may be terminated by either party at the end of any
calendar month, upon thirty (30) days advance written notice. In the
event of such holding over, Tenant shall perform all of the terms and
conditions of this Lease, except the Rent and other charges which
are paid annually to Commission shall be prorated on a monthly
basis and paid monthly in advance.

Option to Extend

During the initial Term, Tenant has the right to extend the Term
to a date twenty-five (25) years from the first day of a month
following the date Tenant provides the Commission written
confirmation of substantial completion of improvements made
to the Premises paid for in whole or part by federal funding.
Tenant has the right to extend the Term under this Section only
for construction projects and minor construction projects
intended to extend the useful life of the facility or to expand the
capability of the premises (for example, to handle different
aircraft). The right to extend the lease shall not extend to
projects that are primarily for other purposes, such as
maintenance, sustainment or restoration. To exercise the right
to extend the Term in this circumstance, Tenant shall provide
written confirmation of the date the improvements were
substantially completed. Tenant’s right to extend may never be
exercised so that the last day of the Term is more than 25 years
past September 30, 2028. Commission shall provide Tenant a
written acknowledgment of Tenant's extension of the Term. The
terms and conditions of the Lease during any extended Term
will be as follows:

(1)  The rental rate shall be the rate per square foot set forth
in the then current version of Ordinance 87 for storage
tenants at the St. Paul Downtown Airport and shall be
subject to change in the same fashion as provided for in
this Lease. The imposition of any such increase shall be

3
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subject to the limitations on imposition set out in
paragraph 5 c., below.

(2) The parties may negotiate and mutually agree upon the
other terms and conditions.

(3) The right to extend shall be contingent upon the Tenant
being in compliance with the substantial terms of this
Lease, which shall be determined by an inspection
performed by the Commission in accordance with Section
9.

d. Cancellation by Tenant Due to Federal Funding

Tenant's ability to pay Rent is dependent on sufficient State or
Federal appropriations being made. if funding is not
appropriated for payment of Rent, Tenant may terminate this
Lease upon advance written notice to Commission at least 90
days prior to termination.

e. Cancellation by Tenant if Other Facilities are Constructed

in the event Tenant constructs a new facility at St Paul
Downtown Airport for substantially the same purpose as the
current AASF, Tenant shall terminate this Lease by giving
Commission advance written notice not less than 365 days prior
to such termination. In the event Tenant constructs a new
facility at a location other than St. Paul Downtown Airport for
substantially the same purpose as the current AASF, Tenant
may, at its option, terminate this Lease by giving Commission
advance written notice not less than 365 days prior to such
termination.

5. Rent

a. Rent

—

ant shall pay Commission rent for the Premises in the amount of
}&,P( her square foot for the period from October 1, 2003 through
P September 30, 2004. For each subsequent federal fiscal year of
T b this Lease, Tenant shall pay Commission rent for the Premises
in the amount of the “per square foot” rental rates applicable to
storage tenants at St. Paul Downtown Airport set forth in MAC
Ordinance 87, subject to subparagraph c., below (“Rent”). Rent
shall be paid to Commission at the address specified by
Commission. Rent shall be paid annually in advance on or before
the Commencement Date and each anniversary of the

e

B

e

4
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d.

Commencement Date, unless Tenant is notified in writing by
Commission of different payment dates.

[Intentionally deleted]

Revision of Rents

Under Minn. Stat. § 473.651, Commission has the authority to
determine the charges for the use of property under its management
and control, and accordingly Commission reserves the right, from
time to time, to amend rents, charges and assessments hereunder,
either upwards or downwards. Lessor understands that Tenant's
ability to pay charges beyond those specifically set out herein is
dependent upon funding increases from the State of Minnesota
or the Federal Government. Lessor therefore agrees to provide
reasonable notice of a proposed increase. Commission shall
make actual imposition of any increases, including, but not
limited to any increases provided for under MAC Ordinance 87,
contingent on Tenant's receipt of the proposed increase in
funding from the state or federal government to pay for
increased charges. Tenant agrees to make timely and proper

applications for funding from the state and federal government

and to use good faith efforts to obtain such funding and pay for
such increases. Tenant agrees to provide Commission copies
of all such applications when made.

[intentionally deleted]

6. Taxes and Other Charges

a.

Utilities

Tenant shall pay for all water, sanitary sewer, gas, electricity,
telephone, refuse collection, storm sewer charges or other similar
charges used on or attributable to the Premises, together with any
taxes, penalties, interest or surcharge associated with such utilities
and charges.

Assessments Imposed by Commission

Tenant shall pay Commission for assessments imposed in
accordance with Section X.D. of the Policies and Ordinance 87.
Lessor agrees to provide reasonable notice of an assessment,
and Tenant shall pay that cost in instaliments as specified by an
agreement between the parties. Lessor understands that
Tenant’s ability to pay charges beyond those specifically set out
herein is dependent upon funding increases from the State of

5
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Minnesota or the Federal Government. Commission shall make
actual imposition of such assessments contingent on Tenant’'s
receipt of the proposed increase in funding from the state or
federal government to pay for such charges. Tenant agrees to
make timely and proper applications for funding from the state
and federal government and to use good faith efforts to obtain
such funding and pay for such charges. Tenant agrees to
provide Commission copies of all such applications when made.

Taxes and Fees Imposed by Other Authorities

)

(2)

Commission shall not be responsible for any taxes, fees,
assessments, or other charges imposed by any other
governmental authority during the Term of this Lease
upon the Premises, buildings, improvements or property
located thereon, or upon Tenant’s use or occupancy, for
whatever term deemed applicable to Tenant by that
governmental authority. if such fees apply to Tenant,
Tenant shall pay such fees. Lessor understands that
Tenant's ability to pay fees beyond those specifically set
out herein is dependent upon funding increases from the
State of Minnesota or the Federal Government. Tenant
agrees to make timely and proper applications for funding
from the state and federal government and to use good
faith efforts to obtain such funding and pay for such fees.
Tenant agrees to provide Commission copies of all such
applications when made.

In the event that any governmental authority imposes an
assessment upon the Airport for improvements the Tenant
requested from the governmental authority, then Commission
shall have the option to charge Tenant for the cost of such
assessment. Tenant shall pay that cost in installments as
specified by an agreement between the parties.

7. Compliance with Laws

a.

Compliance with Laws

Tenant shall comply with all applicable local, municipal, county, state
and federal laws, regulations, rules and ordinances, now or hereafter
in force, including those of Commission, to the extent Tenant is
permitted under applicable state or federal law or except as
otherwise necessary for military operations. Tenant may obtain a
copy of Commission’s ordinances, rules and regulations by
contacting Commission. In the event of a conflict between this Lease
and a Commission ordinance, the ordinance governs.

6
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b. Reliever Lease Policies, Rules and Regulations

The terms and conditions of the Reliever Lease Policies, Rules and
Regulations, and all attachments thereto relating to operations
conducted on the premises are incorporated into this Lease.
Tenant agrees to comply with the Policies, as amended from time to
time, to the extent Tenant is permitted under applicable state or
federal law or regulation and except as otherwise necessary for
military operations. |If there is a conflict between Lease and the
Policies, this Lease shall control. Tenant may obtain a copy of the
current Policies by contacting Commission. Tenant acknowledges
that Tenant has received a copy of the Policies previously or upon
execution of this Lease. Provisions of said Reliever Lease
Policies Rules and Regulations and attachments thereto that
relate to payments to be made by tenants are not applicable
because the parties contemplate that the only payments to be
made under this Lease are the rental payments specifically
provided for herein.

C. [Intentionally deleted]
d. [Intentionally deleted]

8. Quiet Enjoyment

Upon Tenant's payment of Rent and performance of all the terms of this
Lease, Tenant shall have quiet possession of the Premises for the entire
Term subject to all of the Provisions of this Lease. However, Commission
and its designated representatives have the right to enter the Premises for
the purpose of making repairs or improvements to any adjoining premises
or the Airport and to install, repair, maintain and construct through the
Premises such pipes, wires and other similar items as Commission deems
necessary or desirable for the operation of the Airport, except as restricted
by applicable law or military regulation relating to military aircraft,
equipment, or other property. In doing so, Commission shall use
reasonable diligence to minimize disruption to Tenant's use and enjoyment
of the Premises, and shall reasonably repair any damage caused by such
entry.
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10.

Inspection

Commission has the right to inspect the Premises and any improvements
and property located on the Premises in accordance with Section XIill.B. of
the Policies, except as restricted by applicable law or military
regulation relating to military aircraft, equipment, or other property.

Construction and Improvements

a. [Intentionally deleted]
b. Approval

(1) Work, including rebuilding, repair, fencing, outdoor signs,
use of a crane, utility installation, and other work set forth in
Section XX.C. of the Policies, may not begin without the
prior written consent of Commission’s staff, which shali
not be unreasonably withheld. However, prior written
consent is not required for preventative maintenance.

(2) Al construction and maintenance shall be at no cost to
Commission and, at the request of Commission, subject
to removal by Tenant of all property, equipment and
fixtures and, if Commission deems it necessary, the
restoration of the Premises on termination of this Lease.

(3) Plans froma responsible contractor for the Work must be
submitted to Commission’s staff for approval prior to the
commencement of the Work. Commission has no duty to
determine whether Tenant’s plans or construction comply
with applicable laws, ordinances, rules and regulations.

(4) Tenant shall only proceed with the Work after approval from
Commission's staff and after obtaining all necessary
government building permits and approvals and providing
copies to Commission, if requested.

C. Completion

(1)  Tenant shall complete any and all work, including Work
subject to Commission approval in Section 10.b., at Tenant’s
cost. In completing any type of work of any amount Tenant
shall do or cause all work to be done in a good and
workmanlike manner, within a reasonable time and in
compliance with the Policies and applicable insurance

.13
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requirements, building codes, zoning ordinances, laws and
regulations.

(2) Commission will not defend and is not responsible for
any liens asserted or fled against the land, or any part
thereof, or against this Lease or any building, structure or
improvement on the Premises, or for any judgments resulting
from such liens.

11. Maintenance

a.

Tenant shall, at its own cost and expense, take good care of the
Premises, and all improvements, buildings, structures or property
located on the Premises and shall keep and maintain them in good
order and repair and in a clean and neat condition. Tenant or any
other individual or entity that acquires title to improvements of
fixtures located on the Premises from Tenant, including, but not
limited to, a leasehold mortgagee, judgment creditor or subtenant,
may, without regard to the Commission’s rights in the improvements
and fixtures pursuant to Sections 15. and 16. but subject to the
requirements set forth in this Section 11., remove improvements or
fixtures from the Premises.. An individual or entity intending to
remove improvements or fixtures must give prior written notice to the
Commission. If only fixtures are removed, the individual or entity
removing the fixtures must repair any damage to the remaining
improvements or fixtures and remove and properly dispose of any
debris resulting from the removal of the fixtures. !f improvements are
removed, the individual or entity removing the improvements must: (i)
remove and properly dispose of any debris resulting from the
removal of the improvements; (ii) return the Premises to a buildable
condition; (iii) remediate, to the reasonable satisfaction of the
Commission, any environmental contamination existing on the
Premises arising out of Tenant's past or present operations on the
Premises or the Airport; and (iv) remove, seal or abandon in place,
as reasonably required by Commission staff, any above ground or
underground storage tanks, septic systems or wells located on the
Premises. The obligations in the proceeding sentence shall survive
termination of this Lease. For purposes of this Section 11., any
hangar located on the Premises is an “improvement” and not a
“fiture”. The individual or entity removing the improvements or
fixtures must provide the Commission with an escrow deposit at the
time of notification of removal, in an amount the Commission staff
reasonably determines, or other assurances acceptable to the
Commission staff, in its discretion, to ensure the individual or entity’s
full performance of their obligations under this Section 11. Failure to
:gmply with this Section shall be a Lease default under Section
.a.(9). :

.14
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Tenant shall not suffer or permit any waste or nuisance on the
Premises that shall interfere with the rights or other tenants or
Commission in connection with the use of Airport property not leased
to Tenant.

12. Insurance and Liability

a.

Insurance

Effective as of the earlier of the date Tenant enters or occupies the
Premises or the Commencement Date, and continuing during the
Lease Term, Tenant, at its expense, shall maintain in force the
following insurance coverage:

(1)  Tenant shall either (i) elect to rely upon the Minnesota
Tort Claims Act and/or the Federal Tort Claims Act as
these Acts apply to the Tenant’s operations, or (ii)
maintain insurance, with underwriters satisfactory to
Commission, with a standard term policy or policies of
insurance in amounts equal to or greater than those
afforded under the Minnesota Tort Claims Act and/or the
Federal Tort Claims Act as those Acts apply to Tenant’s
operations. If the Tenant elects to obtain insurance, all
policies shall name Commission as additional insured.

(2) Workers compensation insurance, as required by law, either
(i) self insurance as specified by applicable state of
federal law, or (ii) maintain insurance, with underwriters
satisfactory to Commission. Tenant will also be
responsible to insure that all subcontractors, where
applicable, provide workers compensation as required by
law.

[Intentionally deleted]
Liability

(1)  Except as otherwise provided in this Agreement, Tenant
and Commission agree that neither party shall be liable
for damages to property or injuries to individuals arising
from acts of the other under the terms of this Agreement
or occurring as a consequence of the performance of
responsibilities under this Agreement.

(2) Tenant and Commission agree that each shall give
reasonable notice of any such claim or action. Each party

10
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shall provide to each other all information, records,
statements, photographs, video, or other documents
reasonably necessary to defend any claims, except as
restricted by applicable law or military regulation.

(3)  The provisions of this Section shall survive expiration or earlier
termination of this Lease.

Appropriate Use

Tenant shall not use or permit the Premises to be used in any
manner other than as described in this Agreement without the
written approval of Commission.

13. Damage or Destruction

a.

Commission’s Termination Right

If the Airport is damaged by fire or other casualty to an extent that
Commission reasonably determined to discontinue operation of the
Airport for twenty-four (24) months or more, Commission has the
right to terminate this Lease by notifying Tenant within sixty (60) days
of the damage or destruction. If Commission terminates this Lease,
all rent and other charges due to Commission shall cease as of the
date of the damage or destruction.

Rent Abatement

If Tenant, through no fault of its own, suffers loss: (i) by being
prevented beyond a reasonable length of time, from using the public
portion and public facilities of the Airport due to flooding or for
reasons other than those occasioned by meteorological conditions;
or (ii) because any governmental agency through its sovereign
power, beyond a reasonable length of time, stops, suspends or
seriously limits the Tenant's use of the public portion and public
facilities of the Airport; then Tenant during such periods shall not be
liable for any Rent provided the Premises are not used by Tenant or
subtenants of Tenant. In these situations, Tenant shall not be
entitled to any compensation for loss or damage from Commission
other than this rent abatement.

11
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14.

15.

Tenant's Termination Right

If the improvements on the Premises are damaged by fire or other
casualty, Tenant shall either terminate this Lease or restore, replace
and rebuild the improvements to the same or better condition.
Tenant's election must be provided to Commission in writing within
sixty (60) days of the damage.

(1)  If Tenant elects to Terminate this Lease, Tenant must: (i)
remove any debris and eliminate any environmental
contamination caused by the damage; (ii) return the Premises
to buildable condition; and (i) surrender the Premises in
accordance with the terms and conditions of this Lease. This
Lease, and all rent and other charges due to Commission,
shall not terminate unless and until Tenant fulfills such
obligations.

(2) If Tenantelects to restore the improvements, Tenant must: (i)
remove any debris and eliminate any environmental
contamination caused by the damage; (ii} return the Premises
to buildable condition; (iii) rebuiid the improvements, to the
same or better condition in compliance with the requirements
of Section 10. If Tenant elects to restore the improvements
but this Lease is terminated before restoration is complete,
then Tenant must comply with the removal requirements set
forth in Section 11.

All of the above must be fulfilled within twelve (12) months of the date
of such damage, plus any additional period reasonably granted by
Commission’s staff due to delays beyond Tenant's reasonable
control. :

[Intentionally Deleted]

a.

b.

C.

[intentionally deleted]
[intentionally deleted]
[intentionally deleted]

Intentionally deleted

12
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16.

Surrender of Premises by Tenant

a,

Upon the expiration or termination of this Lease, except as set forth in
Sections 13., Tenant must either remove all improvements and
fixtures, (in which case Tenant must comply with all requirements of
Section 11.) or transfer ownership of the improvements to a
prospective tenant, which must be approved by Commission.
Commission’s approval of such a transfer will not be unreasonably
withheld. If Tenant does not accomplish this within ninety (30) days of
the termination or expiration of this Lease, or within a reasonable
extension of time if more than ninety (90) days is needed,
Commission becomes the owner of the improvements, except as
stated below. Commission will then use commercially reasonable
efforts to sell the improvements; however, Commission shall not be
required to make any upgrades or repairs for purposes of selling the
improvements. Commission is entitied to determine the terms of the
sale in its sole and absolute discretion. In the event Commission is
unable to sell the improvements within 180 days of acquiring
ownership, Commission shall have the option to discontinue
marketing the improvements and may thereafter demolish the
improvements. Commission may, after demolition of the
improvements, lease the Premises to another tenant. The foregoing
notwithstanding, if below average market conditions have attributed to
the inability of Commission to sell the improvements, and the
improvements are not hazardous to public health or safety, the 180
day period shall be extended an additional 180 days or such longer
period as is reasonably determined by Commission prior to demolition
thereof.

If Commission sells the improvements, the proceeds from the sale will
be used first to: (a) satisfy any debts due to Commission from Tenant
including, but not limited to, rent, late fees, interest, penalties, attomey
fees and all costs of collections, and (b) to reimburse Commission for
all reasonable costs of acquisition, administration and sale of the
buildings, including, but not limited to attorneys’ fees, appraisal and
marketing costs, brokerage fees or commissions, repair and
remodeling of the improvements, any environmental studies
conducted by Commission, and any costs incurred by Commission to
bring the buildings and other improvements into compliance with all
applicable laws, including environmental laws. Any proceeds
remaining after payment of all costs of Commission shall be paid to
Tenant. Any amount received by Commission as a result of the sale
of improvements shall not in any way limit Tenant's liability to
Commission for amounts owing to Commission pursuant to the terms
and conditions of this Lease.

13
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Fuel and other tanks, wells and septic systems remain the property of
the Tenant and must be, at the sale option of Commission, and at the
sole cost and expense of Tenant: (a) removed, properly abandoned
by Tenant in compliance with all applicable laws; (b) repaired,
modified, or upgraded by Tenant; or (c) transferred to a new tenant
having a lease on the Premises.

17. [Entire Section Intentionally Deleted]
18. Default

a.

Events of Default
Any of the following shall constitute a default under this Lease:

(1)  Tenant fails to pay money owed to Commission under this
Lease when due, and such failure continues for ten (10) days
after written notice from Commission to Tenant.

(2) Tenant uses the Premises for any purpose not authorized by
this Lease and such default continues for ten (10) days
following written notice from Commission to Tenant.

(3) Tenant fails to allow an inspection in accordance with the
terms and conditions of this Lease and such default continues
for ten (10) days following written notice from Commission to
Tenant.

(4) Tenant assigns, subleases or transfers this Lease except as
otherwise permitted, and such default continues for ten (10)
days following written notice from Commission to Tenant.

(5) [Intentionally deleted]

(6) Tenant vacates or abandons the Premises, and such default
continues for ten (10) days following written notice from
Commission to Tenant.

(7) [intentionally deleted]

(8) Tenant (a) makes a general assignment for the benefit of
creditors; (b) commences any case, proceeding or other
action seeking to have an order for relief entered or to
adjudicate Tenant bankrupt or insolvent, or seeking
reorganization,  arrangement, adjustment, liquidation,
dissolution or composition of it or its debts or seeking
appointment of a receiver, trustee, custodian or other similar

14
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official for it or for ail of any substantial part of its property; or
(¢) involuntarily becomes the subject of any proceeding for
relief which is not dismissed within sixty (60) days of its filing
or entry.

(9) Tenant fails to comply with any other material term or
condition of this Lease and such defauit continues for more
than thirty (30) days after written notice from Commission to
Tenant, or for a longer period of time as may be reasonably
necessary to cure the default, but only if: (i) Tenant is
reasonably capable of curing the default, and (i) is working
diligently as determined by Commission to cure the default.

Commission Remedies

If a material default occurs, Commission, at its option and in its sole
discretion, may at any time thereafter do one or more of the following
to the extent permitted by applicable law or military regulation:

@) Commission may, without releasing Tenant from its
obligations under the Lease, attempt to cure the default.
Commission may enter the Premise for such purpose and take
such action as it deems desirable or appropriate to cure the
default. This entry is not an eviction of Tenant or a termination
of this Lease; '

(2)  With legal process, but without further notice to Tenant, re-
enter the Premises or any part thereof and take possession of
it fully and absolutely, without such re-entry working a
forfeiture of the money to be paid and the terms and
conditions to be performed by Tenant for the full Term of this
Lease. Commission's re-entry of the Premises is not a
termination of this Lease. In the event of such re-entry,
Commission may proceed for the collection of money to be
paid under this Lease or for properly measured damages,

(3) Terminate this Lease upon written notice to Tenant and re-
enter the Premises as of its former estate, and implement the
provisions of Section 16.; and

(4) Exercise all other rights and remedies including injunctive

relief, ejectment or summary proceedings such as an eviction
action and any other lawful remedies, actions or proceedings.

15
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d.

Cumulative Default

Notwithstanding the notice and cure periods set forth above, and
subject to the inspection procedures set forth in the Policies,
Commission shall only be required to provide Tenant with notice and
opportunity to cure two (2) Cumulative Defaults in any calendar year.
Only for purposes of this paragraph, Cumulative Default means: (i)
Tenant's failure to pay money due under this Lease; (ii) Tenant’s
failure to comply with the use of Premises section of this Lease, and
(iii) any material violation of the terms and conditions of this Lease
which has the likelihood in Commission’s reasonable discretion to
cause harm to life or property. In addition, Commission shall only be
required to provide Tenant with notice and opportunity to cure two (2)
defaults of failing to allow an inspection of the Premises in any
calendar year. Beginning with the third (3™ Cumulative Default or
third (3 failure to allow an inspection in any calendar year,
Commission will not be required to provide notice and opportunity to
cure and may immediately take such action as Commission deems
appropriate under this Lease.

[Intentionally deleted]

19. Environmental Responsibilities

a.

Definitions

(1)  “Environmentally Regulated Substances” means any element,
compound, pollutant, contaminant, or toxic or hazardous
substance, material or waste, or any mixture thereof,
regulated pursuant to any Environmental Law, including but
not limited to products that might otherwise be considered of
commercial value, such as asbestos, polychlorinated
biphenyls, petroleum products and byproducts, glycol and
other materials used in de-icing operations.

(2) “Environmental Law” means any common law or duty, case
law or ruling, statute, rule, regulation, law, ordinance or code,
whether local, state or federal which is applicable to
Tenant's activities under this Lease that regulates, creates
standards for or imposes liability or standards of conduct
concerning any element, compound, pollutant, contaminant,
or toxic or hazardous substance, material or waste, or any
mixture thereof, including but not limited to products that might
otherwise be considered of commercial value, such as
asbestos, polychlorinated biphenyls, petroleum products and

16
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byproducts, glycol and other materials used in de-icing
operations.

Liability

(1) Except as otherwise provided in this Agreement, Tenant
and Commission agree that neither party shall be liable
for damages to property or injuries to individuals arising
from acts of the other under the terms of this Agreement
or occurring as a consequence of the performance of
responsibilities under this Agreement.

(2) Tenant and Commission agree that each shall give
reasonable notice of any such claim or action. Each party
shall provide to each other all information, records,
statements, photographs, video, or other documents
reasonably necessary to defend any claims, except as
restricted by applicable law or military regulation.

(3) The provisions of this Section shall survive expiration or
earlier termination of this Lease.

Compliance with Environmental Laws

Tenant shall keep and maintain and shall conduct its operations on
the Premises and Airport in full compliance with all applicable
Environmental Laws. Tenant shall further ensure that its employees,
agents, contractors and subcontractors occupying or present on the
Premises and Airport comply with all applicable Environmental Laws.
By virtue of its operational control of the Premises, Tenant shall be
fully responsible for obtaining all necessary permits or other
approvals under the Environmental Laws and shall have full
responsibility for signing and submitting any necessary applications,
forms, documentation, notifications, certifications, or other
governmental submittals relating thereto. Upon the request of
Commission, Tenant shall provide copies to Commission of any such
applications, forms, documentation, notifications or certifications.

Tenant agrees that any future installation of tanks, wells or septic
systems shall only occur if such installations are in compliance with
applicable law and regulation, and only after prior written approval
of Commission. Notwithstanding the above, Tenant accepts titie and
ownership to (i) any tanks, septic systems or wells existing on the
Premises at the time of execution of this Lease and used by the
Tenant in its operations, and (i) any tanks, septic systems or wells
installed at any time during the Term of this Lease.

17
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Testing and Reports

Tenant shall provide to Commission, within ten (10) days of receipt, a
copy of any notice regarding a violation of the Environmental Laws
arising out of Tenant's past or present operations on the Premises
and Airport, a copy of any report, whether in final or draft form,
regarding compliance with Environmental Laws or with the presence,
use, emission or release of any Environmentally Regulated
Substances arising out of Tenant's past or present operations on the
Premises and Airport, or a copy of any notice of the emission or
release of Environmentally Regulated Substances in violation of the
Environmental Laws arising out of Tenant's past or present
operations on the Premises and Airport. If Commission has a
reasonable basis to believe that Tenant is not meeting the obligations
of Section 19.c. hereof, Commission may require Tenant to perform
reasonable environmental studies or assessments (for example, but
not limited to, Phase | or Phase |l reports as such terms are generally
known on the date of execution of this Lease) on the Premises with
the written results being delivered to the Commission within ten (10)
days of their receipt, whether in draft or final form.

Notification

Tenant shall immediately notify Commission in writing of any matter
Tenant obtains knowledge of that constitutes any emission, spill or
release. or any threatened emission, spill or release of any
Environmentally Regulated Substance in, on, under or about the
Premises and Airport arising out of Tenant's past or present
operations which is or may be in violation of the Environmental Laws.
Tenant shall promptly notify Commission verbally of any fuel spill or
any other spill caused or resulting from Tenant's operations on the
Premises and Airport.

Right to Investigate

Commission shall have the right, but not the obligation or duty,
anytime from and after the date of this Lease, to investigate, study
and test the Premises, at Commission’s own expense, and without
unreasonably interfering with Tenant’'s operations on and use of the
Premises, to determine whether Environmentally Regulated
Substances are located in, on or under the Premises, or were
emitted or released therefrom, which are not in compliance with
Environmental Laws. Commission’s investigation of the Premises
under this provision shall be in accordance with the subject to the
Inspection Procedures established in the Policies. Commission shall
pay Tenant the cost to repair any damage to the Premises caused by
Commission’s investigation, study or testing.

18
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Right to Take Action

Commission shall have the right, but not the duty or obligation, to
take whatever reasonable action it deems appropriate to protect the
Premises and Airport from any material impairment to its value
resulting from any escape, seepage, leakage, spillage, discharge,
deposit, disposal, emission or release of Environmentally Regulated

Substances from the Premises and Airport which violates any -

Environmenta! Law and arises out of Tenant's past or present
operations on the Premises and Airport. Commission shall notify
Tenant of its intention to take such action in writing thirty (30) days
before proceeding under this section. Within such thirty (30) day
period, Tenant shall have the opportunity to take whatever
reasonable action is deemed appropriate by Commission to cure the
matter of concern or provide Commission a binding commitment to
do so within a reasonable time. If Tenant does not take such action
or provide a binding commitment within the thirty (30) day period,
Commission may proceed under the terms of this Section 19.

Claims Relating to Environmentally Regulated Substances

Tenant represents and warrants that, since the time Tenant
commenced operations on the Premises or took or assumed an
interest in the Premises, to-the best of Tenant's knowledge (except
for matters that have been corrected in accordance with law) (i) no
enforcement, investigation, cleanup, removal, re-mediation or
response or other governmental or regulatory actions have, or could
have at any time, been asserted or threatened with respect to
Tenant's past or present operations conducted on the Premises or
Airport, or the Premises itself, or against Tenant with respect to or in
any way regarding the Premises, pursuant to any Environmental
Laws, or relating to Environmentally Regulated Substances; (ii) no
violation or noncompliance with Environmental Laws has occurred
with respect to the Premises or Tenant's past or present operations
thereon; (iii) no claims with respect to the Premises or Tenant's past
or present operations thereon, or against the Tenant with respect to
the Premises or Airport or Tenant’s past or present operations
thereon relating to Environmental Laws or Environmentally
Regulated Substances, have been made or been threatened by any
third party, including any governmental entity, agency or
representative.  For purposes hereof, “‘the best of Tenant's
knowledge” shall mean the actual knowledge (without any duty to
inquire) of the person within the Tenant's operations that has the

primary responsibility for ensuring compliance with Environmental
Laws.
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20.

21.

Non-Discrimination

a.

C.

General

Tenant, for itself, and its heirs, representatives, successors and
assigns, as part of the consideration herein, hereby covenants and
agrees, as a covenant running with the land, that (1) no person, on
the grounds of race, color, or national origin shall be excluded from
participation in, denied the benefits of, or be otherwise subjected to
discrimination in the use of the Premises; (2) that in the construction
of any improvements on, over, or under the Premises, and the
furnishing of services thereon, no person on the grounds of race,
color, or national origin shall be exciuded from participation in, denied
the benefits of, or otherwise be subjected to discrimination; and (3)
Tenant shall use the Premises in compliance with all other
applicable requirements imposed by or pursuant to Title 49, Code of
Federal Regulations, Department of Transportation, Subtitle A, Office
of the Secretary, Part 21, Non-Discrimination in federally Assisted
Programs of the Department of Transportation — Effectuation of Title
VI of the Civil Rights Act of 1964, as amended from time to time.

Improvements

Tenant, for itself, and its heirs, representatives, successors and
assigns, as part of the consideration herein, hereby covenants and
agrees, as a covenant running with the land, that in the event
improvements are constructed, maintained or otherwise operated on
the Premises for a purpose for which a program or activity of the
Department of Transportation is extended or for another purpose
involving the provision of similar services or benefits, Tenant shali
operate such improvements and services in compliance with all other
applicable requirements imposed by or pursuant to Title 49, Code of
Federal Regulations, Department of Transportation, Subtitie A, Office
of the Secretary, Part 21, Non-Discrimination in Federally Assisted
Programs of the Department of Transportation — Effectuation of Title
VI of the Civil Rights Act 1964, as amended from time to time.

[Intentionally Deleted]

Civil Rights

Tenant agrees that it will comply with applicable laws, statutes, Executive
Orders and rules that are promulgated to assure that no person shall, on the
grounds of race, creed, color, national origin, sex, age, or handicap be
excluded from participating in any activity conducted with or benefiting from
federal assistance.

20
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22.

23.

This provision obligates Tenant or its transferee for the period during which
federal assistance is extended to the Airport, except where federal
assistance is to provide, or is in form of personal property or real property or
interest therein or structures or improvements thereon. In these cases, the
provision obligates the party or any transferee for the longer of the following
periods: (1) the period during which the property is used by the sponsor or
any transferee for a purpose for which federal assistance is extended, or for
another purpose involving the provision of similar services or benefits; or (2)
the period during which the Airport sponsor or any transferee retains
ownership or possession of the property.

Commission’s Operation of the Airport

Commission shall properly maintain, operate and manage the Airport at all
times in a safe manner, according to generally accepted good practices in
the State of Minnesota for airports of similar size and character. If for any
reason beyond the contro! of Commission (including, but not limited to, war,
strike, riots, and civil commotion), Commission fails to properly maintain,
operate or manage the Airport, such failure is not a breach of this Lease
and Commission is not liable in damages. This paragraph does not require
Commission to operate an airport traffic control tower at the Airport unless,
in the judgement of Commission, such is deemed necessary, nor does this
paragraph bind Commission to maintain the Premises.

Use

a. Subject to the terms and conditions of this Lease, Tenant shall
_have the use, in common with other users of the airport of the
Jointly Used Flying Facilities, together with all necessary and
convenient rights of ingress and egress to and from the Jointly

Used Flying Facilities, the AASF, and the Premises.

b. The parties agree that the current level of use of the Jointly
Used Flying Facilities at the Airport by the Tenant does not
constitute a “substantial use” as defined under Title 49, United
States Code, Chapter 471 “Airport Development” (49 U.S.C.
Sections 47101-47129). Accordingly, the Tenant's use of said
facilities meets the criteria for use without charge under Chapter
471, which provides that, in airports developed with financial
assistance from the United States, facilities usable for the
takeoff and landing of aircraft will be available without charge
for use by Government aircraft in common with other aircraft, so
long as such use is not substantial.

C. In the event that the nature or extent of the Tenant’s use

changes so as to constitute a substantial use as set out in said
Chapter 471, the parties shall either amend this Lease or enter

21
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24.

25.

into a separate agreement concerning said Jointly Used Flying
Facilities.

For the purposes of this Lease, the Jointly Used Flying Facilities
at the Airport are the runways, taxiways, lighting systems,
navigational aids, markings and appurtenances, including all
improvements and facilities pertaining thereto and situated
thereon and all future addition, improvements and facilities
thereto as may be added or constructed from time to time. The
Jointly Used Flying Facilities do not include land areas used
exclusively by Tenant or the terminal buildings, hangars, non-
government parking aprons and ramps or other areas used
exclusively by the Commission or its lessees, permittees, or
licensees for civilian or commercial purposes.

Use Not Exclusive

Tenant shall have the right to conduct all operations authorized pursuant to
the terms of this Lease, provided, however, that this Lease shall not be
deemed to grant to Tenant, or those claiming under Tenant the exclusive
right to use any part or portion of the Airport other than the Premises.

General Provisions

a.

Airport Access

Tenant has the privilege of using the public portions of the Airport,
such as runways and other public facilities, under such terms,
ordinances, rules and regulations as now exist or may be enacted by
Commission, and subject to charges for such use as may be
established by Commission, by ordinance or agreement with Tenant.

Waiver
The waiver by Commission or Tenant of any breach of any term of

this Lease shall not be deemed a waiver of any prior or subsequent
breach of the same term or any cother term of this Lease.

Headings
The headings in this Lease are for convenience in reference and are

not intended to define or limit the scope of any provision of this
Lease.

22

.11



FEE-13-20E0% B3:46

Entire Agreement

This Lease represents the entire agreement between the parties and
supercedes any prior agreements regarding the Premises. This
Lease may only be modified if done in writing and executed by both
parties.

Termination of Old Agreements

This Lease terminates the agreement dated December 21, 1959,
by and between the Armory Board, National Guard Hangar,
Holman Field, St. Paul, Minnesota, and the Minneapolis-St. Paul
Metropolitan Airports Commission and any other agreements
between the parties affecting the premises.

Severabilit

If any part of this Lease shall be held invalid, it shall not affect the
validity of the remaining parts of this Lease, provided that such
invalidity does not materially prejudice either party under the
remaining parts of this Lease.

Governing Law

This Lease shall be governed by Minnesota Law, except as
superceded by applicable federal law or regulation.

Public Data

Commission shall use reasonable care to treat matters pertaining to
Tenant’s business in a confidential manner to the extent permitted by
law. This Lease, and the information related to it, are subject to the
Minnesota Government Data Practices Act, which presumes that
data collected by Commission is public data unless classified
otherwise by law.

Commitments to Federal and State Agencies

Nothing in this Lease shall be construed to prevent Commission from
making such commitments as it desires to the Federal Government
or the State of Minnesota in order to qualify for the expenditure of
Federal or State funds on the Airport.
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Successors

This Lease shall extend to bring the legal representatives,
successors and assigns of the parties to this Lease.

Relationship of Parties

Nothing contained in this Lease shall be deemed to create a
partnership, association or joint venture between Commission and
Tenant, or to create any other relationship between the parties other
than that of landlord and tenant.

Multiple Parties

If more than one person or entity is named as the Tenant, the
obligations of the Tenant shall be the joint and several
responsibilities of all persons or entities named as Tenant.

Consent and Approvals

Whenever in this Lease the consent or approval of Commission is
required, such phrase means the formal approval or consent of
Commission through a meeting of the Metropolitan Airports
Commission. When the consent or approval of Commission’s staff is
required, such phrase means the consent or approval from the
appropriate employee or agent of Commission.

Notice

Any notice required under this Lease shall be in writing and delivered
in person or by courier or mailed by certified mail, return receipt
requested by United States Mail, postage prepaid addressed as
follows:

Commission: Metropolitan Airports Commission
Attn: Manager of Administration, Reliever Airports
6040 28™ Avenue South
Minneapolis, Minnesota 55450-2799

Tenant: The address in the first paragraph of this Lease
Notice is deemed given (i) two business days after being deposited in
the mail, whether or not the notice is accepted by the named

recipient, or (ii) if delivered by any other means, the date such notice
is actually received by the named recipient. Either party may change
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the party's address for notice by providing written notice to the other

party.

IN WITNESS WHEREOF, Commission and Tenant have executed this Lease as of
the dates indicated below.

COMMISSION: METRQPOLITAN AIRPQRTS COMMISSION

By:
Name: |]“£0_ﬂ;Ll A-ML!\Q/‘&N
Title: M)L, Efew)ﬁr‘vcghe/@ﬁ /M

Date: é / 3, / oY
TENANT: STATE OF MINNESOTA, DEPARTMENT OF MILITARY AFFAIRS

By: LARRYW. SHELLITO,
Major General,
Minnesota Army National Guard

Title: ADJUTANT GENERAL OF MINNESOTA

Date: > Tpne— Yo7 U]
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EXHIBIT A

Army Aviation Facility Lease and Use Agreement

Description of Premises

A tract of land lying in Government Lot 12 Township 28 North, Range 22 West of
the Fourth Principal Meridan, bounded by a line described as follows:
Commencing at the southeasterly corner of said Section 5, thence westerly on
the south line of said section 5 to the westerly boundary of the St. Paul Municipal
Airport, a distance of 1155 feet, thence northerly along the westerly boundary of
said airport a distance of 1549 feet, thence easterly at a right angle with the last
described line a distance of 47 feet to the Southwest corner of Tract A, thence
south at a right angle a distance of 60 feet to point of beginning of leased tract of
land, thence east and parallel of the south boundary of Minnesota National
Guard Property a distance of 620.00 feet, thence northwesterly at a angle of 56°
13' 28" a distance of 1115.23 feet, thence south and parallel with the west
pboundary of Minnesota National Guard Property a distance of 927.00 feet to
point of beginning and there terminating and excluding Tract A identified below.

Tract A-Minnesota National Guard Property described as a tract of land lying in
Government Lot 12 Township 28 North, Range 22 West of the Fourth Principal
Meridan, bounded by a line described as follows: Commencing at the
southeasterly corner of said Section 5, thence westerly on the south line of said
section 5 to the westerly boundary of the St. Paul Municipal Airport, a distance of
1155 feet, thence northerly along the westerly boundary of said airport a distance
of 1549 feet, thence easterly at a right angle with the last described line a
distance of 47 feet to the point of beginning of the tract of land hereby conveyed,
thence northerly at a right angle with last described line a distance of 530 feet,
thence easterly at a right angle with the last described line a distance of 192 feet,
thence southerly at a right angle with last described line a distance of 530 feet,
thence westerly at a right angle with last described line a distance of 192 feet to
the point of beginning.
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EXHIBIT A, Continued

927 Feet

Tract A
530 Feet

Lease Area

47 Feet -“”""-—--..__4____“__.—-‘. 56°1 /28"' N
60 Feet e I N — l

-

620 Feet

1549 Feet

1155 Feet

-
SE Corner Section 5
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LOU M HENNA, ﬁ\il!(‘::'lﬂﬁ DEED NO, Beans

fint 4 e g sy
= THE GRANTOR, MIDWESTERN RATLROAD PROPERTIES, INCORPORATED. o
Defaware corpordtion, whose principa) office 15 located at 186 N. Canal
Stroat, Chicaga. |' fnais, for the censideration of THIRTY-EEGHT
YHOUSAND PIVE HUNDRED AND NO/100 DOLLARS ($38,500,00),7 conveys and
quitgiatms to STATE OF MIHKESOYA, DEPARTMENT OF MILITARY AFFALRS of
st. Payl, Minnespta 55155, GRANTEE, al) interest 10 Lne following
dascribed real estate situated in the County of Ramsey, and the 5tate
of Minnesotn,. to wit:

TRACT At

2629404

That part of Govarapent Lots 4 and 12 af Section 5,
Township 2B North, Ranye 22 £agt, Ramasy County, Minnesota,
being a stetp of Tond 15 Feat n width, which iies betwaen
dwe linex rurnning parallel with and distant 15 feat and %0
faat Ensterly of tha main teack centar line of the Chicadgu,
Rock leland and Paciffc Rallroad Cempany (formeriy the Jt.
payl Tarminal and Transfer Company} now Midwestera Ratlrodd
Proparties, Incorparated, ags gald main track was originally
lacated and established over and across sald Section 5 and
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within the following described tract:  Comménting a4k the
Southaast corner of sald Governpent Lot §i thence Easterly on
the Southerly line of sg1d Gavernment Lot § Jroducln. 71.44
fest; thence South U0 degrees 08 minutes D0 seconds East,
168.77 teet to tha pofnt of bagianing of tho tract to be
deseribed; thence farth 00 degrees 96 miautes 00 syconds
Wast, throuah 5214 palat on. the Southerly 1line of sald
Govarnment Lot 5 produced and on & 1ine intersecting the
Northerly Ttine of $t. Liwrence Street produced Wortheaiterly,
digtant  ©7.48 fgat Noctheasterly from the Sauthessterl
corngr of Dynwell and Spencer's Addition tp Brooklynd, 870.0
foet! thance EatterTy on & Ytne parallel to the Sautherly
tipa of astd Governnent Lot 5 produced, 119 faet; thenco
sauth 00 degreas 33 minutas 00 seconde East on & 1{ne paral-
tel to the Bastarly Viow of sald Govérnment Lot 5, & du&nn
of 979,63 foeet; thonce Northwestarly n a direct Tine, 1 33
feet to the polnt of begtnning; e v

Deed tax hereon dup §_13'75%
Excoptivng 4and Resqru1nn.{ hoewever, unta tha Grantor, 1tz

Tensans, licansant, SUCCasSAArs andfasslgnn. the right td continue to
protect, maint2tn, opaerate, and uﬁi any amd all existing drainoye,
driveways, condui{ts, sawers, uatnf-molns. gas 1ines, eledtrie power
1inot, communfcation lines, wires aﬁa other vtilities, and sesements of
any kipd whatsoover on Sxid premisef} fnciuding the repalr, reconsicucs
tion and teplacement theraof, ;
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’; NEED NO. 86686 _

2629404 :. Authar{zatinn No. _ﬂ:ﬁa}_

o ibailr

(1) To assume the total axpense of arecting and matotaining
Z humpar=high barricada and/or fence along the Westerly
boundary 1ina (tn:ksilﬂa boundary} of tha Above
dosarthad repl estate, 1f Grantee refocates the axisting
roadway Westerly onto the above described real gstete
and a11 vahicle parking 15 confined to the orea East of
the relassted ruadway.i' tne fenge or bumpar-high
parricada =111 not be raq@!rud.

{2) Mot to 8lter dratnage conditions of the abave described
raal estate in such a way as to asdversely offect the
remaining real estate of F“ Grantar,

{3) To thaka A)) steps necassér,v. at no expense Y0 Grantoer,
to comply with any and 211 governmental reguirements
ralating to Tand platving:.ang uie.

i
v Graptor certifies that ﬁpern are pno wells an the subject

proparty.

Pursuant to Section 3.2 of Articla 1] of the Mortgage, Owed
of Trust, Assignment of Leasar and Repnte, Seeurity Agreamant and
Financing Statement dabed o5 of Of.t.obnn 27, 1084, ac medified. (the
"Mortgage!) and recerdad in tha OH“IH of the Raqistur af Deeds in and
for Ramsay County as Document Numhur 2816717, ¢ the Grantor hereby
certifies that (a) this dead and gnnvannce is made pursuant to the
provigions of Seerion 3.2 of Artik1e 11l of said Mortpage, [b) the
provisions of sald Sectiqn 3.2 of ﬁrﬂﬂn 1t have been compligd with
sni () the property herehy conveyed may Do conveyed free from the 11en
of sald Mortgage and 1y heredy conveyed free from the 1ian of safd

Mortgags. - P -
DATED this __20th day or June y 19,90,
gfgnad. Spaled and Dellvered in MIDWESTERR RMLRDAD PROPERTIES,

resence of! IRGORPORATCO
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corporatton, and ag their own fre¢ and veluntary aet; that the seal
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therein sut Torth. X

’
IN WITNESS WHEREOF, 1 have hareunto set my hand and affized my
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U ]
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PFC Acronym Glossary

Groups

PFCs — perfluorochemicals or perfluorinated compounds
PASs — perfluoroalkyl surfactants

PFCAs — perfluorocarboxylic acid

PFSAs — polyfluorinated alkyl substances

FTOH - fluorotelomer alcohols

PFAAs — perfluoroalkyl acids

Individual

PFBA — perfluorobutanoic acid

PIBS — perfluorobutane sulfonate

PEFPeA — perfluoropentanoic acid

PFHxA — perfluorohexanoic acid

PFHxS — perfluorohexane sulfonate

PFHpA — perfluoroheptanoic acid

PFOA — perfluorooctanoic acid

PFOS — perfluorooctane sulfonate

PFOSA — perfluorooctane sulfonamide

PFNA — perfluorononanoic acid

PFDA — perfluorodecanoic acid

PFUnA — perfluoroundecanoic acid

PFDoA — perfluorododecanoic acid

N-EtFOSE — N-ethyl perfluorooctanesulfonamidoethanol
N-MeFOSE — N-methyl perfluorooctanesulfonamidoethanol

Other Acronyms

AFFF — aqueous fire fighting foam
ECF — electrochemical fluorination
WWTP — wastewater treatment plant



Executive Summary

Perfluorochemicals (PFCs) are a group of fully-fluorinated carbon-based compounds that repel both
oil and water and are very resistant to breakdown in the environment. These properties have led to
their use in numerous industrial and consumer products. Specific PFCs of interest in Minnesota
include PFOS (perfluorooctane sulfonate), PFOA (perfluorooctanoic acid) and PFBA
(perfluorobutanoic acid).

Manufacture of PFCs in Minnesota began in the late 1950s by 3M Corporation at its Cottage Grove
Facility. 3M ceased production of PFOS and PFOA in 2002 after several studies showed that PFCs
were bioaccumulating in humans and wildlife worldwide. In 2004, PFCs were detected in drinking
water supplies in several eastern Twin Cities suburbs; sources of the contamination were traced to
legal disposal of 3M manufacturing wastes. The Minnesota Pollution Control Agency (MPCA) and
the Minnesota Department of Health (MDH) have since identified contaminated wells and provided
clean drinking water to affected consumers.

PFCs are released to the environment through manufacturing processes, industrial use, and the use
of PFC-containing consumer products. PFCs, like PFOS and PFOA, are also formed from the
breakdown of other fluorinated compounds such as fluorotelomer alcohols produced by DuPont. In
order to identify potential sources of PFCs to the environment it is critical to understand the fate
and transport processes governing these compounds.

It is now known that PFCs are ubiquitous environmental contaminants. This is a concern because
some PFCs (such as PFOS and PFOA) are persistent, bioaccumulative and toxic. The worldwide
presence of PFCs in humans and animals provides strong evidence that exposure to this group of
chemicals is through general environmental exposure and is not limited to known point sources or
areas of contamination. Although all routes of exposure have yet to be clearly defined, exposure
likely occurs through a variety of pathways including drinking water, food and food packaging, and
use of consumer products containing PFCs.

In Minnesota, it has been apparent since 2006 that PFCs may be present at concentrations of
potential concern in the ambient environment (i.e., away from 3M disposal sites). The MPCA
negotiated a Consent Order with 3M in May 2007. The Consent Order provided funding for
additional monitoring of PFCs around Minnesota and intense remediation efforts at the 3M
manufacturing and waste disposal sites. Since then, the MPCA has made a number of important
discoveries regarding PFCs in Minnesota’s ambient environment.

Some of the results to date presented in this report include the following findings. Several lakes in
the Twin Cities and portions of the Mississippi River have elevated concentrations of PFOS in fish
tissue, which has resulted in fish consumption advisories. Sampling indicates that, although present,
PFC concentrations in shallow ambient ground water are well below health advisory
concentrations. Most sampled waste water treatment plant influent, effluent, and sludge has
detectable concentrations of PFCs. PFCs were detected in permitted landfills leachate, landfill gas,
and landfill gas condensate, as well as in ground water upgradient and downgradient of the

facility. More detail and additional results are presented in the report, including several extensive
data sets in the appendices.



Introduction

Perfluorochemicals (PFCs) are a group of fully-fluorinated carbon-based compounds that repel both
oil and water and are very resistant to breakdown in the environment. These properties have led to
the use of PFCs in numerous industrial and consumer products. PFOS” (perfluorooctane sulfonate),
PFOA (perfluorooctanoic acid), and PEFBA (perfluorobutanoic acid) are examples of individual
PFCs of concern in Minnesota. Common applications of PFCs include non-stick coatings for
cookware, stain repellants, paper coatings, food packaging, fire-fighting foams, lubricants, wetting
agents, corrosion inhibitors, cleaning products, cosmetics, and pesticide applications.

Manufacture of PFCs in Minnesota began in
the late 1950’s by 3M Corporation at its
Cottage Grove Facility. After research found
that PFOS could be measured in not just
wildlife but also humans from around the
world, 3M began the process of phasing out of
the manufacture of the 8-carbon PFCs (PFOS and PFOA) and PFOS-related products in 2000. The
phase out of PFOS production in Minnesota was completed in 2002. Since that time, 3M has
worked to develop new technologies based on shorter chain PFCs such as perfluorobutane sulfonate
(PFBS).

At this time, PFOS, PFOA, and PFBA are the PFCs of
greatest interest in Minnesota due to their
persistence, toxicity, and/or widespread detection
in the environment and biota.

Although PFCs have been in commercial use for nearly 50 years they have only recently been
detected in the global environment. It is now known that PFCs are ubiquitous environmental
contaminants; they have been detected globally in lakes, rivers, oceans, sediment, soil, precipitation,
air, biota, sewage sludge, and wastewater effluent. This is a concern because some PFCs are
persistent, bioaccumulative and toxic. Several studies indicate that most wildlife and humans
worldwide have at least some PFCs in their blood. While many sources of PFC exposure remain
unknown, it is likely that exposure to PFCs occurs through consumption of contaminated food and
water, and the use of numerous PFC-containing commercial products.

In 2004, PFCs detected in drinking water supplies in several eastern Twin Cities suburbs were traced
to legal disposal of 3M manufacturing wastes, which occurred in the 1950s and later at four different
locations. The Minnesota Pollution Control Agency (MPCA) and the Minnesota Department of
Health (MDH) have since identified contaminated wells and provided clean drinking water to
affected consumers. Most of the drinking-water problems have been characterized and brought
under control. However, PFCs have been detected in all other environmental settings tested to date
in Minnesota.

"Please refer to the acronym glossary at the beginning of this document for a complete list of acronyms used.
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The May 2007 Consent Order with 3M paid for additional monitoring of PFCs around Minnesota as
well as intense remediation efforts at the 3M manufacturing and waste disposal sites. From this

work, the MPCA has learned that:

e The use of PFCs in industrial, commercial and Consent Order with 3M
consumer product applications continues even
though 3M ceased production of PFOA and In 2007, the MPCA negotiated a Consent Order
PFOS in 2002. Manufacturers in other | (Iegally binding agreement) with 3M on the
countries continue to produce PFOA and PFC contamination in Minnesota. The issues

. addressed in the Consent Order are as follows:
PFOS for use in products that are legally .
exported and used for beneficial purposes in * Rigorous, robust cleanup plan
the U.S. and around the globe. ® Recognition of MPCA jurisdiction

®  Municipal and private drinking water
supplies

® Future actions on PFBA

® Additional studies on health and
environmental effects

e Past and present PFC usage provides pathways
for release into the environment that cannot
be solely attributed to 3M, which developed

the original PFC chemistry.
8 & e Cooperation from 3M on sharing

research and information

® Preservation of MPCA’s right to take
action in the future

The MPCA is therefore pursuing a broader approach
to addressing PFCs effectively, both in the short and
long term:

e Investigations — ongoing studies to understand the presence, extent, sources, movement and
fate of PFCs in the environment

¢ Remediation— vigorous and effective completion of cleanups at the 3M PFC waste disposal
areas in Woodbury, Oakdale, Cottage Grove, and the Washington County Landfill

e Regulation — monitoring at wastewater treatment plants (WWTPs) and operating solid waste
facilities; establishment of water quality criteria (site-specific standards) to protect fish for
human consumption; permit requirements for facilities discharging into impaired waters

e Partnerships — with MDH, Minnesota Department of Natural Resources (MDNR), United
States Environmental Protection Agency (EPA) and others to better characterize the risks of
exposure to PFCs in the environment

e Data Management — efficient tracking, storage, retrieval and usage of all data including
environmental samples; remedial investigations

e Communications — regular meetings with affected local officials and legislators; extensive
web pages detailing agency actions and findings

The MPCA’s investigation of PFCs in the ambient environment, along with supporting information
8 8 pp 8

gleaned from the scientific literature, is presented in this interim report. Several studies are still in

progress, and more studies will likely be proposed in the future.



Investigation of PFCs in the Ambient Environment

A number of PFC projects have been completed or are underway. Brief descriptions of projects
underway or completed by the MPCA and its partners are provided below, alphabetically.

Air and Precipitation Monitoring
Ambient air and precipitation samples are being collected to screen for PFC concentrations in urban
and rural environments.

Aqueous Film-Forming Foam (AFFF) Use

Two AFFF projects are underway. One is a survey of PFC-containing AFFF users in Minnesota
regarding their use of AFFF in fire fighting training. The other is a case study of PFC concentrations
in sediment and shallow ground water at a site of known AFFF discharge during fire fighting
training.

Fish Tissue and Surface Water Monitoring

Fish tissue and surface water samples are being collected in selected urban and rural lakes for two
purposes. The first is to better understand the extent and magnitude of PFC contamination in
commonly harvested fish species in lakes and rivers with high fishing pressure. Second, results will
be used to evaluate bioaccumulation of PFCs in fish fillet tissue.

Food Web Studies

Two studies are underway at Lake Johanna to help develop better understanding about how PFCs
move through the aquatic food web. Water, sediment, and aquatic organisms from Lake Johanna are
being analyzed for PFC content as part of an aquatic food web study. Additionally, swallow eggs,
chicks, and their food insects are being analyzed to determine differences in PFC concentrations in
different locations and environmental media, identify which PFCs contribute to the differences, and
to calculate accumulation rates.

Ground Water Monitoring

Samples of ground water were collected from wells in vulnerable, shallow aquifers in urban and
agricultural areas. Sample results provided information about PFC impacts to ground water from
potentially many different sources: industrial and municipal stormwater infiltration, land use,
precipitation infiltration, sutface water infiltration, pesticides, land application of biosolids, and/or
atmospheric deposition.

Lake Calhoun PFOS Source Investigation

Elevated concentrations of PFOS in fish tissue from Lake Calhoun were a surprise. Storm water and
rain water samples from the Lake Calhoun storm watershed will be collected to identify major
sources of PFCs to Lake Calhoun, if major sources exist. This study is still in progress.

Land Use Influence of PFOS Concentrations in Fish Tissue

This project will utilize GIS, statistical analysis, and other information to analyze watershed
characteristics and other factors that may influence PFOS concentrations in fish tissue.



Literature Reviews

On an ongoing basis, science indices, journals, reports, and regulatory news about PFC research
results or policy development are searched. Review of the current literature keeps the MPCA and
MDH up-to-date on research being conducted worldwide on PFC fate and transport, toxicology,
risk assessment, and standard setting.

Mississippi River Sampling

The EPA is coordinating an effort to evaluate the range of concentrations of PFCs in water of the
Mississippi River from the headwaters in Minnesota to the confluence with the Ohio River in Cairo,
Illinois. In conjunction with the Water Quality Task Force members of the Upper Mississippi River
Basin Association, approximately 200 surface water samples are being collected from key locations
in the Mississippi River between Lake Itasca, Minnesota, and Cairo, Illinois.

Soil Microcosm Studies with EPA Labs

In cooperation with EPA, soil microcosms are being used to evaluate the potential for particular
PFC compounds to break down in ground water and to measure the adsorption characteristics and
mobility of PFCs in the ground water environment. Microcosms have been constructed using
aquifer sediment spiked with PFC compounds. Periodic analysis of the microcosms will provide data
on PFC fate and transport in ground water.

Urban Watershed Study

Stormwater inputs to PFC-impaired lakes will be sampled to develop better understanding about
how PFCs move through an urban watershed to a lake.

Wastewater Treatment Plant PFC Release Assessment

Influent, effluent and sludge from WWTPs were sampled to assess the contribution of these
facilities as potential sources of PFCs in Minnesota’s environment. Facilities were selected to
represent a variety of treatment technologies and influent sources (i.e. residential, commercial,
industrial). Sources, environmental fate, and potential exposure pathways of PFCs detected at
wastewater treatment facilities will be evaluated.

Water Quality Criteria Development

Water quality criteria were developed for PFOS and PFOA; PFBA is still in process. The process
involves literature reviews of toxicity data, including 3M aquatic toxicity tests. Site-specific criteria
are in place for PFOS and PFOA in Lake Calhoun and the Mississippi River. In Lake Calhoun, the
chronic criteria (protective of both human health and aquatic life) are 12 ng/L for PFOS and 1.62
pg/L for PFOA. In the Mississippi River, the chronic criteria are 6 ng/L for PFOS and 2.7 pg/L
for PFOA. Go to http://www.pca.state.mn.us/cleanup/pfc/index.html#pfos for more
information.

Wildlife/Ecological Risk Assessment

To assess ecological risks from PFCs, MPCA filled a gap in National Park Service sampling, and
expanded the study area for assessing targeted “persistent, bioaccumulative, toxicants” (PBTs),
including PFCs, in bald eagles that nest along portions of the Mississippi and St. Croix Rivers. The
sampling will allow monitoring of trends in PFC concentration and bald eagle nesting success over


http://www.pca.state.mn.us/cleanup/pfc/index.html#pfos

time. The number and development of young in nests are assessed in the study area, and eagle
nestling blood samples were collected for analysis of PFCs.

The purpose of these studies is to determine the distribution and extent of PFC contamination in
Minnesota’s ambient environment. However, these studies can only assess concentrations of PFCs
in various media. In order to give context and meaning to the data, it is critical to first understand
the fate and transport of PFCs in the environment. The following section provides a brief discussion
of direct and indirect sources of PFCs, as well as fate and transport in relevant environmental media.

Sources, Fate and Transport of PFCs in the Ambient Environment’

*Please refer to Appendix B for a more detailed discussion of the fate and transport of PFCs.

The variety and number of fluorinated compounds currently in production comprise an enormous
number of chemicals. Drugs, anesthetics, chemotherapeutic agents, pesticides, refrigerants, such as
chlorofluorocarbons (CFCs), as well polymers such as Teflon and Goretex, are a few of the
thousands of products made from fluorinated carbon compounds [2].

PFOA and PFOS are examples of perfluorinated
surfactants. They are often found in surface water samples
and are almost always found in wildlife and humans.
While it is clear that these are not naturally occurring
compounds — they are entirely human-made — how these
compounds have become so widely distributed in our environment in often very remote locations is
less understood. Studies have shown that PFOA, for example, is likely “ubiquitous in the northern
hemisphere” [3].

Perfluorinated compound - a
compound in which all available
carbon atoms are bound to fluorine
atomes.

The direct release of these compounds to the environment through manufacturing processes
represents one way chemicals like PFOA or PFOS get into the environment. However, several
recent studies show that PFOA and PFOS can be generated as byproducts when other fluorinated
compounds break down. This means that the fate of other fluorinated compounds is important to
understanding how chemicals like PFOA and PFOS are released to and persist in the environment.

Perfluorinated surfactants are made either through electrochemical fluorination (ECF) or through a
telomerization manufacturing process [2, 4]. ECF is the process that 3M used to produce fluorinated
compounds. ECF was used to produce the fluorinated surfactants PFOA and PFOS that are used in
fire-fighting foams (AFFTF), paints, polishes, films, and lubricants. ECF is the only process used to
directly produce PFOA and PFOS, with over 6 million pounds produced in 2000 [4]. The major
contributors to environmental loads appear to be through the use of PFOA and perfluorononanoic
acid (PFNA) [5]. Other chemicals produced through ECF include the compounds used to make
fabric stain repellents, carpet treatments, and paper coating materials [2, 4].

DuPont uses the telomerization process to make fluorinated compounds [2]. Unlike the PFCs made
through 3M’s ECF process, Dupont’s method is often used to make fluorotelomer alcohols (FTOHs)[2].
FTOHs are not used directly in products. Instead, FTOHs are used as intermediates in the
manufacture of other products, where they are often present in residual amounts of up to 4% by
weight [0]. There are many types of fluorinated compounds that are used in a wide variety of
products.



Chemicals like PFOA and PFOS are resistant to degradation which makes them persistent in the
surface water, soil, and ground water. Moody e/ a/. [7] studied a creek into which fire-fighting foam
(AFFF) was spilled. PFOA, perfluorohexanoic acid (PFHxA, a chemical similar to PFOA), and
PFOS were present in the surface water and in fish tissue for several years after the spill. They were
also detected in ground water underneath a site where AFFF fire-fighting foam was used [8]. These
studies focused on surface water or ground water contamination where there was a clear source or a
spill. The widespread, low-level contamination of soil, ground water, and surface water in remote
locations is difficult to explain, however, because it is unlikely that PFOA and similar chemicals that
are non-volatile could be transported to areas far from a likely source.

Unlike PFOA, the FTOHs produced by DuPont are volatile and can be found in the air. FTOH will
break down into PFOA (Fig. 1) and related chemicals in the atmosphere [3, 9] such as
perfluorodecanoic acid (PFDA, a compound similar to PFOA). With over 10 million pounds of
FTOH produced per year, enough FTOH is manufactured yearly to maintain the current observed
concentrations of PFOA and related compounds in the environment [9]. FTOHs also break down
in wastewater treatment plants, where up to 10% of FTOH can be converted to PFOA and similar
compounds [10, 11].

CF; - CF, - CF, - CF,- CF, - CF, - CF, - CF, - CH, - CH, — OH (8:2 FTOH)

Degradation process in
sewage treatment plant or atmosphere

|

CF; - CF, - CF, - CF,- CF, - CF, - CF, — COOH (PFOA)

Figure 1. Conversion of 8:2 fluorotelomer alcohol into PFOA.

The degradation of FTOHs to PFOA and related chemicals can explain other observations:

e The appearance of PFDA in fish samples in Minnesota is consistent with the breakdown of
FTOH to PFDA, because PFDA has no significant history of intentional industrial
production [12].

e According to DeSilva and Mabury (2006), 89% of PFOA in human blood samples from the
Midwest is attributable to PFOA that originated from telomerization production methods [12].

e Recent MPCA studies show that various perfluorinated surfactants — including PFOA and
PFOS — were present in air samples in 2008 [13]. The presence of these compounds in the
air can be partially explained by the breakdown of FTOH molecules in the atmosphere. 3M
discontinued manufacture of these PFCs in 2002.

e Minnesota ground water monitoring shows PFOA, perfluoropentanoic acid (PFPeA),
perfluorohexanoic acid (PFHxA), perfluoroheptanoic acid (PFHpA), and perfluorononoic
acid (PFNA) at trace or low concentrations that are widespread under ambient conditions,
with no known or likely sources of these compounds [14]. The degradation of FTOH



compounds in the air or in the soil is a plausible source of these detections in the ambient
environment.

Polymers made from fluorinated chemicals are produced in far greater volumes than the fluorinated
surfactants discussed above. Very little information, however, has been published regarding their
fate in the environment [4].

Polymers typically resist breaking down. The breakdown of polymers made from fluorinated
chemicals is expected to add only a very slight amount of PFOA and similar chemicals to the
environment [15]. However, the polymers used widely for oil and water-resistant coatings on food-
contact paper products have been found to degrade into FTOH and subsequently to PFOA [16].
The degradation of this water-resistant coating chemical was found to occur in the intestinal tract
and the blood of laboratory animals, representing a significant source of exposure to PFCs [16].

Indoor air concentrations of fluorinated chemicals used to make fabric and carpet coatings are
roughly 10-20 times greater than outdoor concentrations of the same chemicals [17]. These
compounds may, in turn, break down into PFOS [18]. This could expose people to PFOS through
ingestion and inhalation inside of homes that contain fabric coating products.

In soil, PFOS has been found to adsorb to various minerals, with adsorption increasing with PFOS
concentration[19]. However, PFOS apparently adsorbs to soil less than other pollutants [19]. Some
research shows that the mobility of PFOS and PFOA in ground water can change depending on the
ground water conditions [20]. Adsorption variability might be important in how far and how fast
these contaminants spread in aquifers away from spills or disposal sites.

Distribution of PFCs in Minnesota’s Environment

In Minnesota, it has been apparent since 2006 that PFCs may be present at concentrations of
potential concern beyond the disposal sites and the groundwater contamination associated with
them. Since then, the MPCA has made a number of important discoveries regarding PFCs in
Minnesota’s ambient environment. The following section provides a brief discussion of the results
to date of several completed and on-going studies at the MPCA. For more detailed analytical results,
please refer to Appendix A.

Twin Cities Metro Area Lakes - Fish and Water

In April 2007, the MPCA found elevated concentrations of PFOS in fish taken from Lake Calhoun
in Minneapolis. PFOS is the most bioaccumulative PFC in fish, and this finding was of concern to
the city of Minneapolis and people who fish in this popular lake. MDH issued new fish
consumption advisories for the lake. Sampling was expanded to other metro-area fishing lakes, and
additional findings were announced later in 2007 and early 2008. In addition to Calhoun, Lake
Johanna and Lake Elmo received one meal per month fish-consumption advisories. For the most
part these lakes have no groundwater connection with the waste sites, and the source(s) of
contamination are still not identified [21]. Figure 2 illustrates the 2006-2008 Twin Cities metro area
fish sampling results. MPCA has ongoing projects underway, including an aquatic food web study
and a stormwater runoff study, to better understand the distribution of PFCs in Minnesota’s aquatic
environment.
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Mississippi River Sampling

Fish have been collected from various reaches of the Mississippi River and analyzed for PFCs since
2005. Elevated concentrations of PFOS in fish tissue have resulted in MDH fish consumption
advisories for at least one species in Pool 2, Pool 3, Pool 4, and Pools 5, 5a, and 6 (Fig. 2). Fish
were sampled in the Mississippi River near Brainerd, and the PFOS concentrations in the Brainerd-
area fish were low.

Ground Water

Ambient shallow ground water was sampled for PFCs in urban and agricultural areas of Minnesota
during 2006 and 2007. Sampling was conducted by MPCA in cooperation with the Minnesota
Department of Agriculture (MDA). Wells were selected in vulnerable aquifers. PFCs were detected
in ambient shallow ground water at concentrations below MDH health guidelines. PFBA was the
most commonly detected PFC, and it was the PFC detected at the highest concentration. Most of
the PFC detections above the reporting limit were in the Twin Cities Metro Area. Land uses
associated with the wells that had detected PFC concentrations were Industrial, Commercial,
Sewered Residential, and Agricultural [22].

Air Monitoring

Air samples have been collected at two Minnesota sites, one urban and one rural. PFOS, PFOA, and
PFBA were detected in air at both locations. Total concentrations were approximately 50% higher in
the urban location. Additionally, 7 PFCs not detected in the rural location were detected at the urban
location. Very few studies have measured and reported air concentrations of PFOS and PFOA.
Minnesota’s air results are within the range of PFOS and PFOA concentrations in air reported by
others [23, 24]. A suburban location is currently being monitored for PFCs in air, but results are not
yet available.

AFFF Fire-Fighting Foam

In 2008, MPCA hired a contractor to survey likely users of PFC-containing fire-fighting foam
regarding their use of foam in both fire suppression training and in fire fighting. Survey questions
were related to frequency of foam use, volume of foam used, location of foam used, and
brands/types of foam used. Approximately 67% of municipal fire departments (522 of 785), all 16
fire training school, all three airports with fire departments, and both refineries with fire departments
responded to the survey. Identified fire training locations were screened and ranked for relative risk
based on type of foam used and proximity to potential human or environmental receptors: drinking
water wells, well head protection areas and source water protection areas, surface water, wetlands,
and karst geology.

Approximately 20 current or former fire training areas were identified as having a high potential for
PFC contamination to drinking water, ground watet, soil, and/or surface water. MDH and MPCA
are conducting follow-up sampling and investigations of high-risk sites. The first round of sampling
will focus on drinking water wells in proximity to fire training activities.
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Wastewater Treatment Plants

The MPCA conducted a survey for PFCs in wastewater effluent at 28 municipal and industrial
WWTPs across the state in 2007. A number of sample locations showed low concentrations of
PFCs. The city of Brainerd’s plant had elevated concentrations (see box). The Brainerd finding,
traced to a chrome-plating facility, raised questions about the potential for PFCs to enter surface
waters through permitted WWTP discharges to surface water. More facilities were sampled in 2008,
and results were consistent with 2007 findings [21].

Permitted Landfills

Through monitoring conducted in 2006-7, the MPCA found PFCs in ground water, leachate, landfill
gas, and gas condensate at a number of landfills. These findings suggest that PFCs may be released
from consumer, commercial and demolition wastes. However, the concentrations were very low in
ground water, and in most cases, results suggested that landfills were not acting as sources of PFC
impacts to ground water. No drinking-water wells were affected [21].

Soil Microcosms

In collaboration with EPA’s National Exposure Research Laboratory, MPCA is investigating the
fate of PFCs in ground water. Soil collected from beneath the ground water table at the Washington
County Landfill was brought to the laboratory.

Microcosms were prepared using this soil under anaerobic conditions, and PFOS and PFOA were
added to the microcosms at known concentrations. Samples of these microcosms on a quarterly
basis showed that, while these compounds resist degradation, the adsorption of these compounds to
the soil changes with time. This is possibly due to changing oxidation/reduction conditions within
the microcosms. These results have important implications to the fate of PFC in the vicinity of
landfills where oxidation/reduction status changes spatially.

Brainerd WWTP Case Study

The PFOS concentrations in the Brainerd wastewater treatment plant influent, effluent and
sludge were significantly higher than other WWTPs sampled around the state. In response to
the noteworthy result, Brainerd Public Utilities (BPU), operator of the WWTP, hired a consultant
to collect wastewater samples from locations around the city to try to determine the source of
the PFOS. PFOS was detected in samples from five locations. Four concentrations ranged
from 0.08 - 1.18 pg/L. The fifth sample concentration, collected at a manhole in an industrial
park, had a PFOS concentration of 49.8 ug/L. [1].

Keystone Automotive, a chrome plating operation specializing in automobile bumpers, is
located in the industrial park adjacent to the manhole with the highest PFOS concentration
sample. Keystone used a PFOS-containing surfactant product in its chrome plating bath. The
PFOS-containing surfactant product reduces surface tension, which in turn helps reduce
emissions of hexavalent chromium from the plating solution - an important worker-safety
issue. In September 2007, Keystone switched to a different mist suppressant that does not
contain PFCs. Ongoing monitoring is being conducted to monitor the effectiveness of the new
mist suppressant. Monitoring will continue to document the effect that the product change
has over time on PFOS discharge concentrations [1].
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PFCs in Humans and Wildlife: Exposure and Effects

That PFCs are found throughout the world is not surprising due to their presence in a wide variety
of industrial, commercial, and consumer products. The world-wide presence of PFCs in humans and
animals provides strong evidence that exposure to this group of chemicals is through general
environmental exposure and is not limited to known point sources or areas of contamination. The
exact sources and routes of all exposures are unknown, although efforts are underway to evaluate
the primary sources.

Several studies of human blood samples from around the world have found that nearly all people
tested have some PFCs in their blood [25, 26]. A number of studies have also tried to assess
potential routes of exposure [27-30]. Although all routes of exposure have yet to be clearly defined,
exposure likely occurs through a variety of pathways, including drinking water, food and food
packaging, and use of consumer products containing PFCs. Once people are exposed to PFCs, they
are very slowly eliminated and stay in the body for many years [31].

PFCs have also been shown to bioaccumulate in wildlife, including top predators such as polar
bears, bald eagles, mink, and seals; PFCs also bioaccumulate in fish. However, unlike other
persistent organic pollutants, PFCs bind to protein rather than fatty tissues making it difficult to
predict tissue concentrations using typical bioaccumulation models.

Human Exposure via Drinking Water

As a result of the manufacturing activities in Minnesota and the accompanying waste disposal, some
eastern Twin Cities suburbs were found to have higher concentrations of PFCs in ground water
when compared to the general environment. Several studies suggest that PFCs readily move through
the soil and enter the ground water. Through investigations conducted by MDH and MPCA, it was
discovered that some area residents were being exposed to PFCs through their drinking water (Table
1). Over 1,300 wells in the eastern Twin Cities suburbs have been tested, and MDH, MPCA, and 3M
have worked with affected parties to provide safe drinking water by supplying alternative sources of
water or assisting with water filtration to remove PFCs.

Testing of ground water in the eastern Twin Cities suburbs over the past several years suggests
concentrations of PFCs have remained stable and have not increased. MDH and MPCA staff
continues to test wells in the area to monitor any changes in concentrations or movement of the
PFC ground water plume.

To date, most of the drinking water supplies located away from the eastern Twin Cities suburbs that
have been tested have no detectable PFCs. Although PFBA was detected in several wells, the
concentrations found were below levels of health concern established by the MDH. Testing of
additional drinking water sources throughout Minnesota will continue to evaluate potential exposure
to PFCs through drinking water.
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Table 1. PFCs detected in Minnesota Drinking Water

PFOS* PFOA" PFBA"
East Metro Area

Municipal wells ND" - 0.9 ND -0.9 ND -2.2
Private wells ND-35 ND-2.2 ND - 12
Other Areas

Municipal wells ND ND ND -0.4
Private wells ND ND ND -0.5

Criteria set by MDH
Health Risk Limit (HRL) 0.3 0.5¢
Health Based Value (HBV) - - 7

2Concentrations are in pug/L (ppb, parts per billion)
®ND = not detected
‘In September 2008, MDH proposed lowering the HRL for PFOA to 0.3 pg/L.

Human Exposure via Fish Consumption

There are numerous reports documenting the presence of PFCs in fish and animals throughout the
wortld [32-36]. In cooperation with the DNR and MDH, the MPCA has been testing fish in Twin
Cities metro area lakes and rivers as well as selected outstate water bodies for the presence of PFCs
to evaluate the potential for human exposure through the consumption of fish.

Fish from 56 different lakes as well as several reaches of the Mississippi and St. Croix Rivers have
been tested for PFCs. PFOS, the primary PFC found to accumulate in fish fillet tissue, has been
found in various fish species from several different lakes and river reaches at concentrations such
that the MDH has issued site specific consumption guidelines for fish for the affected waters. Other
PFCs detected in Minnesota fish include PFPeA, PFHxA, PFHxS, PFOSA, PFNA, PFDA, and
PFUnA (Appendix A).

Human Health Risk

Although there are only a few studies investigating the effects of PFCs on human health, it is an area
of active scientific research. The majority of studies evaluating the human health effects of PFCs
have been conducted using animal models. While most studies have focused on PFOS and PFOA,
information is growing for other PFCs such as PFBA and PFHxS.

In studies evaluating the health of 3M workers exposed to PFCs during manufacturing processes, no
clear associations between adverse health effects and exposure were found [37]. It should be noted
that the people evaluated in these studies were healthy workers who may not represent the average
population. Three recent studies evaluated the health effects of PFCs on newborn babies associated
with concentrations of PFCs in the blood of their mothers [38-40]. Each study found PFC
concentrations in the mother’s blood correlated to decreases in measures of growth in the
newborns. Participants in these studies were exposed to PFCs through typical life activities, not as a
result of known point sources of contamination.

As part of an agreement in a class action lawsuit against DuPont, a health study (The C8 Health
Project) of 70,000 people in West Virginia and Ohio exposed to PFOA in drinking water is being
undertaken to determine if there are any health effects related to PFOA exposure. Participants in
this project live in areas of known drinking water contamination due to industrial activities.
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Preliminary reports suggest a relationship between PFOA exposure and elevated cholesterol levels.
Additional reports are pending [41].

In animal studies, PFCs have been associated with adverse effects including, but not limited to,
altered cholesterol and thyroid hormone levels, suppression of the immune system, and
developmental effects such as increased neonatal mortality, decreased body weight and weight gain
in newborns and delayed eye opening. Animal studies generally form the basis of establishing human
health criteria.

Human Health Criteria

Minnesota Department of Health

Following the discovery of PFCs in ground water in the Fast Metro Area, the MDH developed
drinking water criteria for PFOS, PFOA and PFBA. Under emergency rule making authority
enacted by the Minnesota Legislature, the MDH promulgated in rule Health Risk Limits (HRLs) of
0.3 pg/L" for PFOS and 0.5 pg/L for PEOA in August 2007. In September 2008, MDH proposed
lowering the HRL for PFOA from 0.5 pg/L to 0.3 pg/L. In February 2008, MDH established a
health based value (HBV) of 7 ng/L for PEBA. PFBA is thought to be less toxic than PFOS and
PFOA because of its shorter half-life in rodents. HRLs and HBVs are concentrations of chemical-
specific ground water contaminants that MDH has determined would result in little or no
appreciable harm to people drinking the water daily over a lifetime. The process of determining
HRLs and HBVs are the same; however, HBVs have not been promulgated in rule.

Due to limited toxicity information available for other PFCs, such as PFBS, PFHxS, and PFHxA,
which have been found at very low concentrations in some wells, drinking water criteria cannot be
developed for these chemicals at this time. The MDH continues to monitor PFC research activities
and will re-evaluate criteria as new information becomes available.

In addition to the health criteria for PFOA, PFOS and PFBA established by the MDH for drinking
water, values for the protection of human health have also been developed by other regulatory and
health agencies in the U.S as well as in Europe. As described below, drinking water values developed
by other agencies range from 0.04 - 9 ug/L for PFOA and 0.1 - 0.9 ug/L for PFOS.

New Jersey

In 2007, the New Jersey Department of Environmental Protection (NJDEP) provided preliminary
guidance to the Pennsgrove Water Supply Company to assess public health implications due to
PFOA in the system’s drinking water [42]. The NJDEP recommended a preliminary health-based
guidance in drinking water of 0.04 pg/L PFOA, which is the lower end of the range of several
values derived from non-cancer and cancer endpoints in different species.

The drinking water value the NJDEP developed is based on comparisons between target blood
levels of humans and actual or predicted blood levels of experimental animals. The difference
between the New Jersey and the Minnesota values for PFOA is primarily due to use of a larger
uncertainty factor and different water intake rates.

MDH had several concerns regarding the New Jersey approach, including the ability to accurately
estimate a serum concentration associated with observed effects, the potential for episodic serum

*lg/L (micrograms per liter) = ppb (parts pet billion)



concentrations given the short half-life of PFOA in the female rat, and the uncertainty regarding the
serum to water ratio. In developing its HBVs for PFOA and PFOS, MDH has chosen to utilize an
animal model that it believes is more relevant to humans and a more traditional risk assessment
methodology.

EPA

In 2006, the EPA set a site-specific drinking water action level of 0.5 pg/L for PFOA for the
communities surrounding the DuPont Washington Works Facility in West Virginia [43]. Based on
the scientific information available regarding the toxicity and the toxicokinetics of PFOA, EPA
recommends that steps be taken to eliminate or reduce exposure to PFOA in the vicinity of the
Washington Works Facility. Through a Consent Order, the EPA determined, “As required by
Section 1431 of the SDWA (Safe Drinking Water Act) and for purposes of this Order, EPA has
determined that C-8 [PFOA and its salts| is a contaminant present in or likely to enter a PWA
[public water system] or a USDW [under ground source of drinking water| which may present an
imminent and substantial endangerment to human health at concentrations at or above 0.50 pg/L in
drinking water”’[44]. In 2009, the EPA established provisional health advisories for PFOS and
PFOA of 0.2 pg/L and 0.4 pg/L, respectively.

North Carolina

In 2007, the North Carolina Division of Water Quality in the Department of Environment and
Natural Resources established a Public Health Goal of 0.63 pg/L for PFOA [45, 46] based on the
same studies used by MDH. The difference between the North Carolina and the Minnesota values
for PFOA is primarily due to use of a different water intake rate.

United Kingdom

The Food Standards Agency issued Tolerable Daily Intakes (TDIs) that are equivalent to drinking
water concentrations of 9 ug/L for PFOA and 0.9 pg/L for PFOS. The evaluation conducted by
the Food Standards Agency was based on the same experimental studies used by MDH; however, a
dose-metric (a measurable physical/chemical property that corresponds to a compound’s ability to
cause a biological effect, such as toxicity) adjustment to account for species differences in half-life
was not included [47-49].

Germany

In 2006, the German Ministry of Health established maximum tolerable concentrations for
combined total exposure to PFOA and PFOS in drinking water and recommended that
concentrations of PFOA and PFOS be combined in evaluations as they are considered to have
comparable toxicity[50]. The Ministry issued a “strictly health-based guide value” for combined total
exposure to PFOA and PFOS in drinking water of 0.3 pg/L. As a “health-based precautionary
value”, the Ministry established a drinking water value of 0.1 pg/L to account for exposure to other
perfluorinated chemicals in addition to PFOA and PFOS due to the possibility of toxic risks which
have yet to be identified and which may be attributed to additional perfluorinated chemicals with
shorter or longer carbon chains than PFOA and PFOS. The Ministry recommends that efforts are
to be made to reduce levels of total perfluorinated chemicals to less than the health-based
precautionary value.
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Ecotoxicity of PFCs

Several laboratory studies have demonstrated the toxicity of PFOS to aquatic organisms such as
algae, invertebrates, fish, and ducks; PFOS toxicity in bobwhite quail has also been determined[51].
Mysid shrimp and chironomids, aquatic invertebrates that are important components in fresh water
food webs, appear to be the most sensitive aquatic organisms tested to date. PFOS exhibits
moderately acute toxicity in fathead minnows (Pizephales promelas). See Appendix C for a more
detailed description of the available toxicity data.

A recent study of the effects of PFCs on marine mussels indicated that some PFCs (PFOA, PFNA,
PFDA, and PFHxS) act as chemosensitizers (compounds that increase sensitivity to other chemicals) by
interfering with a cell’s ability to rid itself of toxic chemicals [52]. This interference could allow toxic
substances that would normally be excreted to accumulate in the cell where they may have an
adverse effect. Humans and other animals have cellular defense mechanisms similar to marine
mussels.

PFCs as Potential Endocrine Disruptors

Several studies have shown that various PFCs have the potential to disrupt the endocrine systems of
animals [53-59]. Laboratory studies of rats indicate that exposure to PFDA interfered with
cholesterol transport and the production of steroid hormones, which resulted in reduced serum
testosterone [56]. Exposure of rodents to PFOA has been associated with adverse effects on the
testes [54]. PFOS has been shown to disrupt circulating levels of thyroid hormones in rats [57]. In
cell cultures, FTOHs increased the number of estrogen receptors and induced MCF-7 breast cancer
cell proliferation [55]. FTOHs were shown to be estrogenic iz vivo in the male medaka (Oryzias latipes)
as indicated by the induction of vitellogenin (a protein typically produced only in females) [58].
PFOS, PFOA, and certain FTOHs were also shown to be estrogenic zz vitro [59].

Summary and Outlook

PFCs have a number of beneficial uses in myriad industrial, commercial, and consumer products due
to their unique ability to repel both water and oil, and to resist breakdown. However, these same
properties also contribute to their persistence, toxicity, ability to travel long distances to remote
areas, and propensity to bioaccumulate in animals and humans. It is now known that PFCs are
ubiquitous environmental contaminants that have been detected in a variety of settings, including
humans and biota, worldwide.

There are many potential sources of PFC release to the environment, and humans and wildlife are
exposed to PFCs through a variety of pathways. Several effects of exposure to PFCs have been
documented in laboratory studies, including decreased growth and altered development in
newborns, immune suppression, endocrine disruption, and increased sensitivity to other chemicals.
Drinking water criteria and fish consumption advisories have been established to protect human
health in Minnesota.

MPCA has conducted a number of studies of PFCs in the ambient environment, and several studies
are still in progress. The goal of these studies is to determine the extent and distribution of PFC
contamination in MN, and to determine likely sources of contamination. To date, PFCs have been

detected in variety of environmental settings in Minnesota including surface water, ground water, air,
soil, and fish.
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The current PFC investigations are providing important clues to the origins, fate and consequences
of PFCs in Minnesota’s ambient environment, and will guide follow-up studies in the coming year.
There is still much to learn, however. What do detections in fish, water, blood and other settings
mean to people and the environment? How do PFCs move to remote parts of the planet? What are
the ongoing sources of PFC release to the environment?

Despite having few human health studies, enough concerns are raised from existing human- and
animal-based PFC toxicity studies to suggest that further environmental monitoring and health risk
assessments are appropriate and necessary to answer questions of human and ecological risk. There
are few established benchmarks against which to compare concentrations found in sampling work.
Fortunately, the MPCA and MDH are not alone researching these challenging questions.

As is fitting for a global problem, scientists in government, academia and industry around the world
are regularly adding to the scientific knowledge about environmental fate, movement, degradation,
exposure and risks to humans and animals. The EPA is also becoming more active in the analytical
and regulatory aspects of PFCs.

Minnesota agencies are in frequent contact with researchers worldwide and are partnering in some
projects to represent Minnesota’s interests. These complementary efforts at the state, national and
international levels are key to solving the complex scientific questions about PFCs, and providing
reliable information that citizens, government and industry are counting on to make good decisions.
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Table A1. Perfluorinated Compounds in Rural Ambient Shallow Ground Water, October 2007

Location ID Type PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFBS PFHxS PFOS PFOSA
FINE Spring < 2.51 <2.51 <2.51 <2.51 <2.51 <2.51 <2.51 <2.51 <2.51 <5.01 <5.01 <5.01 <2.51
BURR Spring <246 <246 <246 <246 <246 <246 <246 <246 <246 <4.92 <4.92 <4.92 <246
RAINY Spring 2.43 <243 <243 <243 <243 <243 <243 <243 <243 <4.86 <4.86 <4.86 <243
747009 Monitoring Well 22 <254 <254 <254 <254 <254 <254 <254 <254 <5.07 <5.07 <5.07 <254
492127 Monitoring Well <255 <255 <2.55 <2.55 <2.55 <2.55 <2.55 <2.55 <2.55 <5.09 <5.09 <5.09 <255
747010 Monitoring Well <247 <247 <247 <247 <247 <247 <247 <247 <247 <4.95 <4.95 <4.95 <247
244529 Monitoring Well <247 <247 <247 <247 <247 <247 <247 <247 <247 <4.94 <4.94 <4.94 <247
431151 Monitoring Well <2.46 <2.46 <246 <246 <246 <246 <246 <246 <246 <4.91 <4.91 <4.91 <246
244492 Monitoring Well <2.50 <250 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50 <5.00 <5.00 <5.00 <2.50
747014 Monitoring Well 32.2 <250 <2.50 <2.50 <2.50 <2.50 <250 <2.50 <2.50 <4.99 <4.99 <4.99 <2.50
747011 Monitoring Well 6.38 <254 < 2.54 <254 < 2.54 < 2.54 < 2.54 < 2.54 < 2.54 <5.08 <5.08 <5.08 < 2.54
747012 Monitoring Well 3.14 <245 <245 <245 <245 <245 <245 <245 <245 <4.89 <4.89 <4.89 <245
747014 Monitoring Well 20.4 <245 <245 <245 <245 <245 <245 <245 <245 <4.89 <4.89 <4.89 <245
747015 Monitoring Well 3.37 <2.38 <2.38 <2.38 <2.38 <2.38 < 2.38 <2.38 <2.38 <476 <476 <476 <2.38
747016 Monitoring Well 63 <249 <249 <249 <249 <249 <249 <249 <249 <4.98 <4.98 <4.98 <249
747018 Monitoring Well <2.51 <2.51 <2.51 <2.51 <2.51 <2.51 <2.51 <2.51 <2.51 <5.01 <5.01 <5.01 <2.51
747019 Monitoring Well <2.61 < 2.61 <2.61 <2.61 <2.61 <2.61 <2.61 <2.61 <2.61 <5.22 <5.22 <5.22 <2.61
639515 ® Monitoring Well 23.3 <11.6 <3.88 <249 <249 <249 <249 <249 <249 <4.98 <4.98 <4.98 <249
639515 " Monitoring Well 22 <9.04 <4.26 <245 <245 <245 <245 <245 <245 <4.89 <4.89 <4.89 <245
623617 ° Monitoring Well 6.65 <249 <249 <249 <249 <249 <249 <249 <249 <4.98 <4.98 <4.98 <249
623617 *° Monitoring Well 4.21 <2.50 <2.50 <2.50 <2.50 <250 <2.50 <2.50 <250 <5.01 <5.01 <5.01 <2.50
623617 " Monitoring Well 3.97 <255 <2.55 <255 <2.55 <2.55 <2.55 <2.55 <2.55 <5.10 <5.10 <5.10 <2.55
equipment blank ° N/A <249 <249 <249 <249 <249 <249 <249 <249 <249 <4.99 <4.99 <4.99 <249

All units are nanograms per liter (parts per trillion)

@ sample collected early in the purge
b sample collected late in the purge

¢ dedicated teflon tubing used for this sample

< indicates less than the detection limit. Number following the symbol represents the detection limit
Grayed detected values indicate that the detected concentration is below the Reporting Level of 25 ng/L




PFBA in Shallow Ground Water in Rural Areas

October 2007

I:] County boundary

Z N E—
639515
@)
74701 J
623617
O
O
747018 W —
~
747011 Legend
244492 _gfy
747016 .
o 747012 Sample locations
431151 PFBA
O O  Not detected
244529
O <25ng/L
25 - 63 ng/L
747010 © 9
L
747009
492127
@)
O Fine
Burr Oa
&D Rainy
0 25 50 100

Miles

&

N

A

Minnesota Pollution
Control Agency



Table A2. Perfluorinated Compounds in Urban Ambient Shallow Ground Water, 2006 - 2007

Ambient ID Sample Date * Land Use City County PFBA PFOA PFOS | PFPeA | PFHxA | PFHpA | PFBS | PFHxS PFNA
2495 November 2006 Sewered residential Anoka Anoka 43.4
2495 December 2006 Sewered residential Anoka Anoka
2495 November 2007 Sewered residential Anoka Anoka
1071 November 2006 Industrial Minneapolis Hennepin 61.3
1071 December 2006 Industrial Minneapolis Hennepin 59.5
1071 November 2007 Industrial Minneapolis Hennepin 61.8
1070 November 2006 Industrial Arden Hills Ramsey 279
1070 December 2006 Industrial Arden Hills Ramsey 266
8180 November 2006 Sewered residential Vadnais Heights Ramsey 347
8180 December 2006 Sewered residential Vadnais Heights Ramsey 468
8180 November 2007 Sewered residential Vadnais Heights Ramsey 230
1069 November 2006 Industrial Newport Washington 716 27.5 37 38.8 77.8
1069 December 2006 Industrial Newport Washington 922 55.8 311 39.9 69.6
1069 November 2007 Industrial Newport Washington 51.1
1060 November 2006 Commercial Burnsville Dakota
1021 November 2006 Industrial Minneapolis Hennepin 43.6
1021 November 2007 Industrial Minneapolis Hennepin 30.5
2505 November 2006 Sewered residential Minneapolis Hennepin 43.9
2505 November 2007 Sewered residential Minneapolis Hennepin 49.7
2522 November 2006 Sewered residential Minneapolis Hennepin 31
2522 November 2007 Sewered residential Minneapolis Hennepin
12702 November 2006 Sewered residential Bemidiji Beltrami
8192 November 2006 Transitional Rice Benton
12731 November 2006 Non-sewered residential Garrison Mille Lacs
1097 November 2006 Undeveloped St. Cloud Stearns
1099 November 2006 Commercial St. Cloud Stearns
8177 November 2006 Commercial Long Praire Todd 45.7
1107 November 2006 Undeveloped Bemidji Wadena
8176 November 2006 Sewered residential Park Rapids Wadena

All units are nanograms per liter (parts per trillion)
PFDA, PFUnA, PFDoA, and PFOSA were also analyzed, but were not detected in any sample

< indicates less than the detection limit. Number following the symbol represents the detection limit
Grayed detected values indicate that the detected concentration is below the Reporting Level of 25 ng/L
QA/QC of these results are in-process

@ November 2006 samples were collected using a minimum purge protocol; Other samples were collected using a standard purge protocol
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Table A3. 2006 Surface Water Samples

ng/L (ppt
location date depth PFBA PFPeA | PFHxA | PFHpA PFOA PFNA PFDA PFUnA | PFDoA PFBS PFHxS PFOS PFOSA
St. Croix River #1 _‘Irr_lile North of 11/8/2006 surface 3.37 <254 <2.62 <2.62 <242 <2.86 <277 <3.24 <248 <5.54 <5.60 <5.60 <2.26
St. Croix River #2 Wildriver State Park | 11/g/2006 surface <482 | <422 | <435 | <435 | <402 | <475 | <460 | <538 | <412 | <920 | <930 | <930 | <375
access (Nevers Dam)
and 4 miles South of
Wildriver State Park
St. Croix River #3 access 11/8/2006 surface 5.77 <2.52 <2.60 <2.60 <241 <2.84 <275 <3.22 <247 <5.51 <5.57 <5.57 <225
Mississippi River Pool 3 #1 dock 5 11/9/2006 surface 547 31.3 16.4 4.14 32.5 <294 <2.85 <3.33 <2.55 47.3 26.5 19 <2.33
Kings Cove - mid
Mississippi River Pool 3 #2 channel 11/9/2006 surface 412 29.5 15.8 4.76 314 <2.94 <284 <3.33 <2.55 55.2 27.1 23.1 <2.32
Mississippi River Pool 3 #3 Kings Cove - lower 11/9/2006 surface 192 24 14.7 3.3 27.3 <2.95 <2.86 <3.35 < 2.56 67.1 17.7 37.8 <2.33
Calhoun (Hennepin) #1 north 11/15/2006 surface 254 5.07 4.35 3.3 18.1 < 2.81 <2.72 <3.18 <244 <5.44 <5.50 105 <222
Calhoun (Hennepin) #2 middle 11/15/2006 surface 24.2 443 4.41 3.72 20.5 <2.86 <277 <3.24 <248 <5.54 <5.60 115 2.57
Calhoun (Hennepin) #3 south 11/15/2006 surface 26.7 <4.59 5.25 3.57 20.7 <284 <2.75 <3.22 <247 <5.51 <5.57 104 <225
Lake ID
Tettegouche (Lake) A 38-0231 11/9/2006 surface <11.2 <149 <1.08 <1.08 1.42 1.32 <1.14 <1.34 <1.02 <2.28 <2.31 < 2.31 <0.932
Tettegouche (Lake) B 38-0231 11/9/2006 12" <6.48 <1.02 <1.24 <1.16 1.19 <1.15 <1.11 <1.30 <0.994 <222 <224 <224 <0.906
Dyers (Cook) 16-0634 11/9/2006 surface <4.88 <1.36 <1.02 <1.76 <0.947 <1.12 <1.08 <1.26 <0.967 <2.16 <2.18 <2.18 <0.881
Long Lake (Kandiyohi) 34-0066 11/8/2006 surface 10.3 <1.04 <1.07 <1.07 <0.992 <1.17 <1.13 <1.32 <1.01 <2.26 <2.29 <2.29 <0.922
Sagatagan (Sterns) A 73-0092 11/8/2006 surface 11.7 <1.70 <1.10 1.34 1.85 <1.20 <1.17 <1.36 <1.04 <2.33 <2.36 <2.36 <0.952
Sagatagan (Sterns) B 73-0092 11/8/2006 12" 15.2 <1.04 <1.07 <1.07 1.39 <117 <1.14 <1.33 <1.02 <227 <2.30 <2.30 <0.926
Long Lake (ltasca) 31-0570 11/9/2006 surface 11.3 <1.02 <1.05 <1.05 0.988 <1.15 <1.1 <1.30 < 0.998 <2.23 <2.25 <2.25 <0.909
Table A4. 2007 Brainerd Area Mississippi River Surface Water Samples
Collection Collection
Sample ID Date Time Site Description Lat Lon PFOS PFOA PFBA PFBS PFPeA PFHxA PFHpA PFNA PFDA PFUnA PFDoA PFHxS PFOSA
BR101707-
01 10/17/2007 14:12 above paper plant 46.38189 94.17927 <9.87 <494 6.29 <9.87 <4.94 <494 <5.36 <494 <4.94 <4.94 <4.94 <9.87 <494
BR101707-
02 10/17/2007 14.14 above paper plant (dup) 46.38189 94.17927 <5.04 <252 5.37 <5.04 <252 <252 <4.41 <252 <2.52 <252 <252 <5.04 <252
BR101707-
03 10/17/2007 16:15 monitoring station S002-640 46.34826 94.20765 <4.97 <249 5.43 <497 <475 <276 <287 <249 <249 <249 <249 <497 <249
BR101707- monitoring station S002-640
04 10/17/2007 16:16 (dup) 46.34826 94.20765 <4.94 <247 4.45 <494 <247 <2.68 <3.07 <247 <247 <247 <247 <4.94 <247
BR101707-
05 10/17/2007 16:00 at WWTP discharge 46.33363 94.23067 93.6 5.67 4.35 20.2 <4.15 3.56 <2.61 2.58 <2.51 <2.51 <251 <5.02 <2.51
BR101707-
06 10/17/2007 16:01 at WWTP discharge (dup) 46.33363 94.23067 102 4.99 5.55 26 <3.53 4.49 <2.95 3.07 <254 <254 <2.54 <5.09 <254
BR101707-
07 10/17/2007 15:53 below WWTP discharge 46.33114 94.23488 <5.06 <253 3.9 <5.06 <2.88 <253 <340 <253 <253 <253 <253 <5.06 <253
BR101707-
08 10/17/2007 15:55 below WWTP discharge (dup) 46.33114 94.23488 <5.10 <2.55 6.97 <5.10 <273 <255 <255 <255 <2.55 <255 <255 <5.10 <2.55
BR101707-
09 Trip Blank <497 <249 <249 <497 <249 <249 <249 <249 <249 <249 <249 <497 <249



Table A5. Mississippi River Surface Water Samples, June 2008
all samples collected at approximately 12 inches below surface

ng/L (ppt)
PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFBS PFHxS PFOS PFOSA
Pool 3 23.1 3.99 3.6 3.56 5.95 <2.53 <2.53 <2.53 <2.53 <5.06 <5.06 5.32 <2.53
Pool 3 24.1 <4.06 5.22 <2.96 6.34 <2.66 <2.56 <2.56 <2.56 <511 6.6 6.44 <2.56
Pool 3 26.1 <3.17 4.22 3.47 11 <2.45 <245 <245 <2.45 <4.89 5.31 5.82 <245
Pool 3 33.5 <4.03 4.82 3.37 8.62 <292 <2.51 <2.51 <2.51 <5.01 6.52 6.95 <2.51
Pool 3 36.1 7.18 5.43 <4.80 8.96 <4.80 <4.80 <4.80 <4.80 <9.61 <9.61 <9.61 <4.80
Pool 3 35.4 5.97 4.26 <2.81 8.79 <2.41 <2.41 <2.41 <2.41 <4.82 <4.82 5.98 <2.41
Pool 3 31.6 <2.51 4.18 <2.51 10.1 <2.51 <2.51 <251 <2.51 <5.02 5.55 5.66 <2.51
Pool 3 15.2 <3.65 3.79 <2.60 3 <2.49 <249 <2.49 <2.49 <4.98 <4.98 <4.98 <2.49
Pool 3 14.7 <3.77 <2.62 <2.68 5.18 <2.50 <2.50 <2.50 <2.50 <5.01 <5.01 6.11 <2.50
Pool 3 12.4 <247 <247 <2.58 3.93 <247 <247 <247 <247 <4.94 5.04 4.95 <247
Pool 3 9.7 <2.50 3.11 <2.50 3.19 <2.50 <2.50 <2.50 <2.50 <5.00 <5.00 6.75 <2.50
Pool 2 8.06 <276 3 <2.50 4.24 <3.50 <2.50 <2.50 <2.50 <4.99 <4.99 <4.99 <2.50
Pool 2 8.44 <5.84 <247 3.58 3.96 <3.10 <247 <247 <247 <4.94 <4.94 <4.94 <247
Pool 2 6.38 <247 3.09 <3.03 <247 <247 <247 <247 <247 <4.94 <4.94 <4.94 <247
Pool 2 14.7 <244 4.72 <244 5.86 <244 <244 <244 <244 <4.88 <4.88 <4.88 <244
Pool 2 11.2 <4.90 5.62 <4.90 <4.90 <4.90 <4.90 <4.90 <4.90 <9.79 <9.79 <9.79 <4.90
Pool 2 12.3 <247 4.12 <247 3.2 <247 <247 <247 <247 <4.95 <4.95 <4.95 <247
Pool 2 12.3 <2.88 4.5 <272 3.73 <2.52 <2.52 <2.52 <2.52 <5.05 <5.05 <5.05 <2.52
Pool 2 10 <2.55 <2.55 <2.55 3.44 <2.55 <255 <255 <2.55 <5.10 <5.10 <5.10 <2.55
Pool 2 16.7 <247 2.53 <247 5.11 <247 <247 <247 <247 <4.94 <4.94 <4.94 <247
Pool 2 14.5 <2.48 2.59 <248 3.68 <248 <2.48 <248 <2.48 <4.96 <4.96 <4.96 <2.48
Pool 2 14.6 <242 5.23 <242 4.18 <242 <242 <242 <242 <4.83 <4.83 <4.83 <242
Table A6. 2008 Surface Water
Cty Rd 9 Drainage Ditch Rice Lake Fish Lake
ng/L (ppt) ng/L (ppt) ng/L (ppt

1 2 3 avg | median | min max 1 2 3 avg median | min max 1 2 3 avg | median | min max
PFBA 18.6 15.3 14.1 16.0 15.3 14.1 18.6 12.9 121 10.9 12.0 12.1 10.9 12.9 3.46 3.81 3.74 3.7 3.7 3.5 3.8
PFPeA 24 25.7 26.9 25.5 25.7 24 26.9 16.5 18.5 18.3 17.8 18.3 16.5 185 | <4.20 | <253 | <255 <dl <dl <dl <dl
PFHxA 81.6 80.5 76.3 79.5 80.5 76.3 81.6 43.2 56.6 54 51.3 54.0 43.2 56.6 5.2 4.82 4.56 4.9 4.8 4.6 5.2
PFHpA 18.7 19.7 19 19.1 19 18.7 19.7 15 17.9 15.2 16.0 15.2 15.0 179 | <596 | <7.60 | <6.09 <dl <dl <dl <dl
PFOA 59 56.5 48.1 54.5 56.5 48.1 59 38.2 38.8 42 39.7 38.8 38.2 42.0 4.6 3.67 4.23 4.2 4.2 3.7 4.6
PFNA <254 | 3.06 | <5.04 3.1 3.06 3.06 3.06 | <254 | <249 | <253 <dl <dl <dl <dl <253 | <253 | <255 <dl <dl <dl <dl
PFDA <254 | <249 | <5.04 <dl <dl <dl <dl <254 | <249 | <253 <dl <dl <d <dl <253 | <253 | <2.55 <dl <dl <dl <dl
PFUnRA [ <254 | <249 | <5.04 <dl <dl <dl <dl <254 | <249 | <253 <dlI <dl <dl <dl <253 | <253 | <255 <dl <dl <dl <dl
PFDoA | <254 | <249 | <5.04 <dl <dl <dl <d| <254 | <249 | <253 <dl <dl <dl <dl <253 | <253 | <255 <dl <dl <dl <dl
PFBS 37 42.9 48.4 42.8 42.9 37 48.4 28.6 27.5 27.3 27.8 27.5 27.3 286 | <5.06 | <5.06 | <5.10 <dl <dl <dl <dl
PFHxS 353 384 363 367 363 353 384 236 255 253 248 253 236 255 15.1 17.6 17.3 16.7 17.3 15.1 17.6
PFOS 132 140 102 125 132 102 140 110 108 122 113 110 108 122 19.7 9.78 8.84 12.8 9.8 8.8 19.7
PFOSA [ <254 | <249 | <5.04 <dl <d| <d| <dl <254 | <249 | <253 <dl <dl <dl <d| <253 | <253 | <255 <d| <d| <d| <dl




Table A7. Mississippi and Minnesota River water samples collected for PFC analysis, April

2008

Note: data from other rivers (Elk and Snake rivers are tributaries of the Mississippi; MN-16 is removed from the watersheds)

Site Description estimated value ng/L (ppt)
Collection Collection

Minnesota Date Time PFBA | PFPeA | PFHxA | PFHpA | PFOA PFNA PFDA | PFUnA | PFDoA | PFBS PFHxS | PFOS | PFOSA
<

Mississippi River: County Road 7 near Bemidji, MN 4/29/2008 7:38 2.58 <3.69 <2.58 <2.58 <2.58 <2.58 <2.58 <2.58 <2.58 <5.15 <5.15 <5.15 <2.58
<

Mississippi River: State Hwy 197 in Bemidji, MN 4/29/2008 8:25 3.39 <4.66 <257 <257 <257 <257 <2.57 <257 <2.57 <5.13 <5.13 <5.13 <257

Mississippi River: Grand Rapids, MN 4/29/2008 10:45 6.57 < 3.58 <2.52 <2.52 <2.52 3.18 <2.52 <2.52 <2.52 <5.03 <5.03 <5.03 <2.52
<

Mississippi River: Grand Rapids, MN (dup) 4/29/2008 10:46 3.80 <3.73 <255 <255 <255 <2.55 <255 <255 <255 <5.10 <5.10 <5.10 <255
<

Mississippi River: County Hwy 1 in Aitkin, MN 4/29/2008 12:58 3.77 <3.32 <247 <3.52 <247 <247 <247 <247 <247 <4.94 <4.94 <4.94 <247

Mississippi River: above paper plant in Brainerd, MN 4/29/2008 15:05 542 <3.43 <2.58 <4.99 <2.58 <2.58 <2.58 <2.58 <2.58 <5.15 <5.15 <5.15 <2.58
<

Mississippi River: boat landing below paper plant in Brainerd, MN 4/29/2008 16:05 3.35 < 3.51 <2.53 <2.53 <2.53 <2.53 <2.53 <2.53 <2.53 <5.06 <5.06 <5.06 <2.53

Mississippi River: park dock near monitoring station S002-640 in Brainerd, MN 4/29/2008 16:45 6.7 <4.63 <2.54 <273 <2.54 <2.54 <2.54 <2.54 <2.54 <5.09 <5.09 <5.09 <2.54

Mississippi River: near Fort Ripley, MN 4/30/2008 7:37 5.34 <5.68 <5.07 <4.84 <497 <2.50 <250 <250 <250 <5.01 <5.01 <5.01 <250

Mississippi River: downstream of Platte River near Rice, MN 4/30/2008 8:48 3.95 <3.04 < 2.56 <4.85 <497 < 2.56 < 2.56 < 2.56 < 2.56 <512 <512 <512 < 2.56

Mississippi River: at Sauk Rapids, MN 4/30/2008 9:34 6.87 <5.36 <6.37 <5.15 <7.13 <7.80 <254 <254 <254 <5.08 <5.08 <5.08 <254

Mississippi River: near Clearwater, MN, downstream of St. Cloud WWTP 4/30/2008 10:20 4.23 <3.90 <3.84 <577 <2.80 <259 <259 <259 <259 <5.18 <5.18 <5.18 <2.59

Mississippi River: near Clearwater, MN, downstream of St. Cloud WWTP (dup) 4/30/2008 10:21 7.07 <6.88 <254 <3.38 <2.54 <6.72 <254 <254 <254 <5.07 <5.07 <5.07 <2.54

Elk River: north of Clear Lake — junction cty #20 & #16 4/30/2008 11:15 6.57 <5.11 <7.54 <5.06 <4.11 <7.38 <2.50 <2.50 <250 <4.99 <4.99 <4.99 <250

Snake River: near Mora, MN — boat landing on cty #6 4/30/2008 12:50 4.1 <3.20 <5.90 <5.82 <2.52 <2.52 <252 <2.52 <2.52 <5.04 <5.04 <5.04 <252
<

Creek to Rice Lake: near Duluth, MN — cty #9 crossing 4/30/2008 16:05 5.16 11.9 31.3 16.2 36.4 <5.51 <5.16 <5.16 <5.16 16.2 168 58.2 <5.16

Rum River: just above the confluence with Miss. River 5/9/2008 17:30 8.31 < 3.56 <253 <4.26 <2.53 <2.53 <253 <253 <253 <5.06 <5.06 <5.06 <253

Mississippi River: Elk River 5/9/2008 18:00 6.14 <249 <2.58 <3.49 <249 <5.65 <249 <249 <249 <4.98 <4.98 <4.98 <249
<

Mississippi River: Brooklyn Park 5/9/2008 4:30 4.83 <6.61 <4.83 <6.39 <4.83 <4.83 <4.83 <4.83 <4.83 <9.66 < 9.66 <9.66 <4.83

Mississippi River: Hidden Falls, above Minn River 5/9/2008 1:30 5.51 < 3.51 <2.46 <4.03 <2.46 <2.46 < 2.46 <2.46 <2.46 <493 <4.93 <4.93 < 2.46

Minnesota River: at Fort Snelling before confluence 5/9/2008 12:30 3.41 < 2.51 < 2.51 <4.33 < 2.51 < 2.51 <2.51 <2.51 <2.51 <5.03 <5.03 <5.03 <2.51
<

Minnesota River: at Fort Snelling before confluence (dup) 5/9/2008 12:30 2.57 <2.57 <257 <257 <257 <2.57 <257 <257 <257 <5.14 <5.14 <5.14 <2.57

Mississippi River: St. Paul, 494 Bridge below WWTP 5/9/2008 11:30 6.89 <6.91 < 2.51 <6.85 < 2.51 <3.92 <2.51 <2.51 <2.51 <5.02 <5.02 <5.02 <2.51

Mississippi River: St. Paul, 494 Bridge below WWTP (dup) 5/9/2008 11:30 3.64 <2.52 <2.52 <2.92 <2.52 < 3.60 <252 <252 <252 <5.05 <5.05 <5.05 <252

Mississippi River: Nininger, above 3M 5/9/2008 10:30 9.64 <6.98 <249 <5.16 2.79 <249 <249 <249 <249 <4.98 <4.98 <4.98 <249

Mississippi River: Nininger, above 3M (dup) 5/9/2008 10:30 6.11 <3.09 <254 <5.16 <2.54 <3.28 <254 <254 <254 <5.07 <5.07 <5.07 <254

Mississippi River: Hastings below 3M 5/9/2008 9:30 13.5 <2.92 <257 <4.87 2.8 <257 <257 <257 <257 <5.13 <5.13 5.23 <257

Mississippi River: Hastings below 3M (dup) 5/9/2008 9:30 11.3 <249 <249 <4.83 3.75 <3.45 <249 <249 <249 <4.98 <4.98 <4.98 <249

Minnesota River: Ortonville 5/7/2008 13:30 5.47 <2.69 <2.54 <2.89 <2.54 <3.08 <2.54 <2.54 <2.54 <5.07 <5.07 5.16 <2.54

Minnesota River: Granite Falls 5/7/2008 10:00 4.4 <2.84 <248 <3.30 <248 <5.04 <248 <248 <248 <4.97 <4.97 <4.97 <248

Minnesota River: Mankato, above Blue Earth 5/6/2008 4:30 2.72 <3.40 <252 <3.24 <252 <3.15 <252 <252 <252 <5.05 <5.05 <5.05 <252
<

Minnesota River: Mankato, downriver of Blue Earth 5/6/2008 3:30 2.48 <248 <248 <3.82 <248 <248 <248 <248 <248 <4.96 <4.96 <4.96 <248

Minnesota River: Mankato, downriver of Blue Earth (dup) 5/6/2008 3:30 3.05 <6.85 <2.53 <3.43 <2.53 <2.53 <2.53 <2.53 <2.53 <5.06 <5.06 <5.06 <2.53

Minnesota River: Downriver of Seven Mile Creek 5/6/2008 2:30 3.39 <249 <249 <2.92 <249 <249 <249 <249 <249 <4.98 <4.98 <4.98 <249




Table A8. Mississippi and Minnesota River water samples collected for PFC analysis,
August 2008

estimated value

. Collection Collection
Minnesota Date Time PFBA | PFPeA | PFHxA | PFHpA | PFOA PFNA PFDA | PFUnA | PFDoA | PFBS PFHxS PFOS | PFOSA
Site Description
Mississippi River: County Road 7 near Bemidji, MN 8/18/2008 17:02 2.62 <248 <248 <3.29 <248 3.01 <248 <248 <248 <4.96 <4.96 <4.96 <248
Mississippi River: State Hwy 197 in Bemidji, MN 8/18/2008 17:30 3.29 <251 <251 <251 2.62 <251 <251 <251 <251 <5.03 <5.03 <5.03 <251
Mississippi River: Grand Rapids, MN 8/19/2008 8:45 3.94 <2.53 <2.53 <2.53 <2.53 <2.53 <2.53 <2.53 <2.53 <5.06 <5.06 <5.06 <2.53
Mississippi River: Grand Rapids, MN (dup) 8/19/2008 8:46 3.56 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50 <5.01 <5.01 <5.01 <2.50
Mississippi River: County Hwy 1 in Aitkin, MN 8/19/2008 11:15 4.83 <249 <249 <249 <249 <249 <249 <249 <249 <497 <497 <4.97 <249
Mississippi River: above paper plant in Brainerd, MN 8/19/2008 12:40 3.52 < 2.56 < 2.56 < 2.56 < 2.56 4.24 < 2.56 < 2.56 < 2.56 <512 <5.12 <5.12 < 2.56
Mississippi River: near paper plant in Brainerd, MN 8/19/2008 14:15 4.73 <247 <247 <247 <247 <247 <247 <247 <247 <4.94 <4.94 <4.94 <247
Mississippi River: monitoring station S002-640 in Brainerd, MN 8/19/2008 15:02 4.36 <249 <249 <249 <249 <249 <249 <249 <249 <497 <497 <497 <249
Mississippi River: at WWTP discharge in Brainerd, MN 8/19/2008 15:47 5.28 <4.92 <4.92 <4.92 9.5 7.19 <4.92 <4.92 <4.92 83 <9.84 151 <4.92
Mississippi River: at WWTP discharge in Brainerd, MN (dup) 8/19/2008 15:48 6.07 <247 3.35 <247 4.42 5.88 <247 <247 <247 87.8 <4.94 170 <247
Mississippi River: below WWTP discharge in Brainerd, MN 8/19/2008 15:58 4.96 <2.50 <2.50 <2.50 <2.50 3.01 <2.50 <2.50 <2.50 <4.99 <4.99 <4.99 <2.50
Mississippi River: below WWTP discharge in Brainerd, MN (dup) 8/19/2008 15:59 4.4 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50 <250 <250 <5.01 <5.01 <5.01 <2.50
Mississippi River: near Fort Ripley, MN 8/19/2008 18:00 3.51 <2.50 <2.50 <2.50 <2.50 4.19 <2.50 <2.50 <2.50 <5.00 <5.00 <5.00 <2.50
Mississippi River: downstream of Platte River near Rice, MN 8/20/2008 8:06 3.65 <248 <248 <248 <248 2.65 <248 <248 <248 <4.96 <4.96 <4.96 <248
Mississippi River: at Sauk Rapids, MN 8/20/2008 9:15 5.48 <2.50 <2.50 <2.50 <2.50 3.92 <2.50 <2.50 <2.50 <4.99 <4.99 <4.99 <2.50
Mississippi River near Clearwater, downstream of St. Cloud WWTP 8/20/2008 10:40 3.9 <248 <248 <248 2.5 <248 <248 <248 <248 <4.96 <4.96 <4.96 <248
Mississippi River near Clearwater, downstream of St. Cloud WWTP (dup) 8/20/2008 10:41 5.1 <248 <248 <248 <248 2.79 <248 <248 <248 <4.96 <4.96 <4.96 <248
Mississippi River: EIk River 8/19/2008 11.1 <250 <250 <250 2.97 <250 <250 <2.50 <2.50 <5.01 <5.01 <5.01 <2.50
Rum River: just above the confluence with Miss. River 8/19/2008 16:43 7.2 <252 <252 <252 <252 <252 <252 <252 <252 <5.04 <5.04 <5.04 <252
Mississippi River: Brooklyn Park 8/19/2008 10:04 8.15 <2.52 <2.52 3.98 2.54 <2.52 <2.52 <2.52 <2.52 <5.03 <5.03 <5.03 <2.52
Mississippi River: Hidden Falls, above Minn River 8/19/2008 14:36 10.2 <2.50 2.58 3.87 7.66 <2.50 <2.50 <2.50 <2.50 <4.99 <4.99 <4.99 <2.50
Minnesota River: at Fort Snelling before confluence 8/19/2008 13:57 6.64 <2.54 3.18 <2.54 4.5 <2.54 <2.54 <2.54 <254 <5.08 <5.08 <5.08 <2.54
Minnesota River: at Fort Snelling before confluence (dup) 8/19/2008 13:57 5.94 2.84 2.72 <2.58 4.02 <2.58 <2.58 <2.58 <2.58 <5.15 <5.15 <5.15 <2.58
Mississippi River: St. Paul, 494 Bridge below WWTP 8/19/2008 11:56 14.2 <253 4.96 3.81 7.19 <2.53 <2.53 <2.53 <2.53 <5.06 <5.06 6.02 <2.53
Mississippi River: St. Paul, 494 Bridge below WWTP (dup) 8/19/2008 11:56 15.3 3 6.03 2.72 7.25 < 2.61 < 2.61 < 2.61 < 2.61 <5.22 <5.22 6.2 < 2.61
Mississippi River: Nininger, above 3M 8/19/2008 10:48 23.2 3.69 6.29 4.42 8.55 <257 <257 <257 <257 <5.15 <5.15 7.95 <257
Mississippi River: Nininger, above 3M (dup) 8/19/2008 10:48 211 3.41 4.87 3.18 8 <2.54 <2.54 <2.54 <254 5.61 <5.07 8.13 <2.54
Mississippi River: Hastings below 3M 8/19/2008 10:00 69.9 4.68 8.12 4.15 19.3 <255 <255 <255 <255 13.4 9.36 17.7 <255
Mississippi River: Hastings below 3M (dup) 8/19/2008 10:00 63.9 7.1 8.44 3.19 19.6 <2.58 <2.58 <2.58 <2.58 13.6 9.87 16.7 <2.58
Minnesota River: Ortonville 8/22/2008 10:50 3.01 <2.54 <2.54 <2.54 <2.54 <2.54 <2.54 <2.54 <2.54 <5.08 <5.08 <5.08 <2.54
Minnesota River: Granite Falls 8/22/2008 9:00 3.37 <2.55 <2.55 <255 <2.55 <2.55 <255 <2.55 <2.55 <5.10 <5.10 <5.10 <2.55
Minnesota River: Mankato, above Blue Earth 8/21/2008 12:00 2.82 <249 <249 <249 <249 <249 <249 <249 <249 <4.98 <4.98 <4.98 <249
<
Minnesota River: Mankato, downriver of Blue Earth 8/21/2008 12:05 2.55 <2.55 <255 <255 <255 <255 <255 <255 <2.55 <5.10 <5.10 <5.10 <2.55
<
Minnesota River: Downriver of Blue Earth (dup) 8/21/2008 11:20 2.54 <254 <254 <254 <254 <254 <254 <2.54 <254 <5.09 <5.09 <5.09 <254
<
Minnesota River: Downriver of Seven Mile Creek 8/21/2008 11:20 5.17 <517 <517 <517 <517 <517 <517 <517 <517 <10.3 <10.3 <10.3 <517




2005 MPCA PFC Fish Data

Mississippi River Pool 2 Fish PFC analysis

MPCA Samp]e Analyzed as Wt Ln Age/ | PFOA PFOS PFOSA | PFPeA PFDA PFUnA | PFDoA
Species & | Date Fillet or Whole sex
Sample ID Fish (@ (cm) g_rS/ ?g/ﬁ ng/% ng/i ng/% ng/gb ng/gb ng/gb
4 ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Walleye
WE-1 10/3/05 Fillet 3275 | 70 7/m <0.581 13.1 1.35 <1.42 <0.644 <0.572 <0.682
WE-2 10/3/05 Fillet 1079 | 54 3/f <0.614 75.5 3.61 <1.79 0.789 <0.604 1.21
WE-3 10/3/05 Fillet 1230 | 49 2/f <0.591 180 26.4 <1.44 1.67 <0.581 1.03
WE-4 10/3/05 Fillet 3125 | 70 7/t <0.538 455 3.35 <1.31 1.43 <0.529 <0.631
Carp
Carp-l 10/3/05 Fillet 1771 | 53 4/m 1.24 347 21.4 <5.96 3.85 2.19 3.01
Carp-Z 10/3/05 Fillet 2532 | 55 5/t <0.602 73.5 <0.572 <5.87 1.26 <0.592 <0.706
Carp-3 10/3/05 Fillet 2416 | 57 5/m <0.590 175 2.02 5.76 2.16 0.992 <0.693
Carp-4 10/3/05 Fillet 4675 | 61 6/f <0.608 420 7.67 <5.93 4.06 1.36 0.957
Carp-S 10/3/05 Fillet 5175 | 62 6/f <0.605 66.4 0.908 <5.90 1.68 0.803 <0.710
SM Bass
SMB-1 10/3/05 | Fillet 285 |26 | 5/m | <0.619 269 341 <151 | 44 338 835
SMB-2 10/3/05 | Fillet 252 | 26 | 4/m | <0596 336 227 <145 | 5.05 3.36 6.03
SMB-3 10/3/05 | Fillet 165 |22 | #f | <0.607 167 6.77 <148 | 433 35 4
SMB-4 10/3/05 | Fillet 303 |28 | 5/m | <0.615 158 20.4 <150 | 34 247 3.81
SMB-5 10/3/05 | Fillet 135 |22 | #f | <0591 122 6.16 <144 | 275 233 371
SMB-6 10/3/05 | Fillet 215 [ 26 | 4f | <0578 156 8.43 <141 | 379 3.17 5.17
White Bass
WB-1 10/3/05 Fillet 416 31 2/f <0.609 510 8.43 <1.48 6.55 3.08 2.31
WB-2 10/3/05 Fillet 780 37 4/f <0.600 102 2.75 <1.83 2.6 <0.591 <0.705
WB-3 10/3/05 Fillet 441 32 2/f <0.605 240 3.28 <1.48 3.88 1.71 1.27
WB-4 10/3/05 Fillet 219 24 1/f 1.17 1860 166 <1.53 17.5 9.07 11.1
WB-5 10/3/05 | Fillet 665 | 38 | 4f | <0.602 83.6 235 <147 | 188 0.93 1.02
Other
SMBuffalo 10/3/05 fillet 2633 | 49 2t <0.605 374 32.7 <5.90 2.79 2.65 4.17
Emerald 10/3/05 Composite of 28 3to na <0.603 93.5 8.63 <5.87 1.76 0.734 <0.706
Shiner 16 whole fish 5 em
Gizzard 10/3/05 Composites of 29 149 8 to na A<0.618 52.7 10.7 19.1 <0.684 <0.608 <0.725
Shad whole fish from 166 15 B<0.605 71.5 11.1 15.3 <0.670 <0.595 <0.710
L8616-13 157 cm C<0.598 120 18.5 13.7 0.841 <0.588 0.861
< =

less than the detection limit; number following this symbol represents the detection limit




2005 MPCA PFC Fish Data

Mississippi River Lake Pepin Fish PFC analysis

MPCA Sample Analyzed as Wt Ln Age/ | PFOA PFOS PFOSA | PFPeA PFDA PFUnA | PFDoA
Species & | Date Fillet or Whole sex

Sample ID Fish (2 | (m g’rfs)/ ?g/;;; ng/gb ng/gb ng/% ng/gb ng/gb ng/%

4 ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Walleye

WE-1 10/4/05 Fillet 741 42 1/£? <0.603 47 1.52 <5.88 <0.668 | <0.593 <0.708
WE-2 10/4/05 Fillet 861 47 2/f <0.574 63.1 2.34 <5.60 1.53 <0.565 | <0.674
WE-3 10/5/05 Fillet 2483 | 55 3/f <0.605 49.4 1.77 <5.90 <0.670 | <0.595 | <0.710
WE-4 10/5/05 Fillet 1079 | 47 2/f <0.579 83.4 2.14 <5.65 1.2 <0.569 | <0.679
WE-5 10/5/05 Fillet 2252 | 60 5/f <0.907 393 1.38 <1.86 <0.670 | <0.595 | <0.710
WE-6 10/5/05 Fillet 1180 | 47 3/m <0.581 47.4 1.83 <1.50 1.07 <0.572 | <0.682
Carp

Carp-1 9/27/05 | Whole Fish 3011 | 52 | 4f | <0.587 65.5 29 <572 | 12 112 <0.688
Carp-2 9/27/05 | Whole Fish 2626 | 53 | 4/m | <0.585 90.7 1.6 <571 | 2 121 <0.687
Carp-3 9/27/05 | Whole Fish 3019 | 54 | 4/m | <0.594 99.6 1.64 <579 | 3.07 1.6 0.876
Carp-4 9/27/05 | Fillet 4975 | 59 | 6/f | <0.603 463 <0573 | <588 | <0.668 | <0.593 | <0.708
Carp-5 9/27/05 | Fillet 2730 | 56 | 6/m | <0.598 59.9 0724 | <583 | L.17 0.662 | <0.701
Carp-5 (dup) | 9/27/05 Fillet(duplicate) 2730 | 56 6/m | <0.607 511 0.581 <5.92 0.926 0.602 <0.712
SM Bass

SMB-1 9/27/05 Fillet 792 35 3/m <0.583 103 2.69 <1.42 1.92 1.07 0.82
SMB-1(dup) | 9/27/05 | Fillet (duplicate) | 792 | 35 3/m | <0.647 116 2.56 <2.05 231 1.21 0.928
SMB-2 9/27/05 Fillet 553 35 4/f <0.592 66.2 1.19 <1.45 1.04 <0.582 | <0.694
SMB-3 9/27/05 Fillet 729 36 4/f <0.673 95.6 1.79 <2.56 1.85 0.692 1.06
SMB-4 9/27/05 Whole Fish 303 27 3/m <0.584 175 3.98 <2.52 3.57 1.28 0.924
SMB-5 9/27/05 Whole Fish 1205 | 39 5/f <0.611 172 3.28 <1.49 3.2 1.25 1.35
White Bass

WB-1 10/4/05 Fillet 640 33 4/m <0.603 114 3.37 <2.78 1.06 <0.594 | <0.708
WB-2 10/4/05 Fillet 812 36 4/f <0.605 100 2.08 <1.80 1.45 <0.595 | <0.710
WB-3 10/4/05 Whole Fish 692 33 3/m <0.604 223 5.71 <1.77 4.26 1.89 1.61
WB-4 10/5/05 Whole Fish 446 28 1/f <0.599 194 4.45 <1.46 33 1.1 1.12
WB-4(dupl) 10/5/05 Whole fish(dup) 446 28 1/f <0.585 165 4.24 <1.43 3.11 1.52 1.14
WB-5 10/5/05 Whole Fish 664 33 4/m <0.576 248 4.92 <1.40 3.37 1.47 1.26
Other

Gizzard 9/23/05 Composites of 1436 | ~15 na A<0.672 37.9 2.27 18.5 0.694 <0.594 <0.709
o |2d i e o | s |2
Emerald 9/27/05 | Composites of | 117 | ~8 [na | A<0.579 [ 105 2.15 2.17 2.57 0.877 | <0.679
Shiner 40 whole fish Coosor |00 |14 |2 |3s oo | <o
< = less than the detection limit; number following this symbol represents the detection limit




2006 MPCA PFC Fish Data

Average PFOS Concentration

[ng/g; ppb]
Bluesill Smallmouth | Largemouth | White Walleve Northern White | Channel
g Bass Bass Bass y Pike Sucker Catfish
Mississippi
River pool 3 170 (5) ns ns 132 (5) ns ns ns ns
Mississippi
River pool 4 85(5) ns ns ns ns ns ns ns
Mississippi
River pool 5 65 (5) 96 (5) 85(5) ns 54 (4) 111 (5) ns 10 (2)
Mississippi
River pool 5a 61 (5) 73 (5) ns ns 65 (5) ns ns 14 (4)
St. Croix River:
Taylors Falls to | <dl (5) <dl (5) ns ns <dl (5) <dl (5) <dl (5) ns
Danbury
Lake Calhoun | 319 (5) ns ns ns ns ns 49 (5) ns

numbers listed are: average PFOS concentration (# of fish)

<dl — less than the detection limit = 5 ng/g
ns — not sampled

Samples were analyzed for the 13 different perfluorochemicals listed.

CAS #
PFBA C-4 perfluorobutanoic acid 375-22-4
PFBS C-4 perfluorobutane sulfonate 375-73-5
PFPeA C-5 perfluoropentanoic acid 2706-90-3
PFHxA C-6 perfluorohexanoic acid 307-24-4
PFHxS C-6 perfluorohexane sulfonate 355-46-4
PFHpA C-7 perfluoroheptanoic acid 375-85-9
PFOA C-8 perfluorooctanoic acid 335-67-1
PFOS C-8 perfluorooctane sulfonate 1763-23-1
PFOSA C-8 perfluorooctane sulfonamide 754-91-6
PFNA C-9 perfluorononanoic acid 375-95-1
PFDA C-10 perfluorodecanoic acid 335-76-2
PFUnA C-11 perfluoroundecanoic acid 2058-94-8
PFDoA C-12 perfluorododecanoic acid 307-55-1




2006 MPCA PFC Fish Data

Mississippi River Pool 3 Fish PFC analysis

MPCA Sample | Fillet or Wt | Ln | Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Date Whole Fish sex
Sarnple D () (cm) gfs/ (ng/{;g ng/g ng/g ng/g ng/g ng/g ng/g
ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BG-1 11/9/06 Fillet 102 17 3/M 440 <1.52 <6.70 1.42 8.05 5.09 4.41
BG-1 11/9/06 Whole Fish 102 17 3/M 815 <1.46 <1.75 6.5 12.3 6.13 4.70
BG-2 11/9/06 Fillet 135 17 3/M 108 <1.46 <8.68 3.62 5.36 5.79 14.6
BG-2 11/9/06 | Whole Fish 135 17 | 3M 187 <1.48 <1.76 10.2 7.6 6.46 14.2
BG-3 11/9/06 | Fillet 152 18 | 3M 123 <151 <181 <141 3.17 <2.01 1.55
BG-3 11/9/06 Whole Fish 152 18 3/M 186 <1.28 0.91 1.03 5.59 2.17 2.34
BG-4 5/2006 | Fillet 177 | 185 | 3/F 87.5 <1.48 <1.77 <1.38 2.36 <1.98 <1.51
BG-5 5/2006 | Fillet 160 18 | 3M 92.1 <1.47 <1.75 <1.37 <1.67 <1.96 <1.50
White Bass
WB-1 11/9/06 | Fillet 33 [ 125 | I 122 <148 | <8.00 115 488 <1.98 228
WB-1 11/9/06 | Whole Fish 33 [ 125 | I 134 <179 | <1.70 145 6.11 1.73 3.09
WB-2 11/9/06 | Fillet 34 13 177 154 <149 | <3.14 8.75 59 2.83 223
WB-2 11/9/06 | Whole Fish 34 13 /] 161 <151 <286 103 95 253 273
WB-3 11/9/06 | Fillet 34 13 1] 150 <251 <1.80 10.9 528 2.09 2.92
WB-3 11/9/06 | Whole Fish 34 13 1] 148 <151 <6.58 15.1 73 2.75 4.06
WB-4 11/9/06 | Fillet 44 13 1] 148 <148 | <2.65 10.6 455 <1.90 271
WB-4 11/9/06 | Whole Fish 44 13 1] 153 <148 | <4.99 17 7 2.06 413
WB-5 11/9/06 | Fillet 41 | 145 | 11 86.7 <151 <6.24 6.58 414 <2.01 <1.54
WB-5 11/9/06 Whole Fish 41 14.5 1/ 114 <2.10 1.3 7.9 6.33 1.34 1.18
Other
Emerald 11/9/06 Composite of ~4.5 84.2 <143 <1.71 5.21 4.33 <1.91 2.17
Shiner 38 whole fish
Gizzard 11/9/06 Composite of ~9 17.9 <1.25 <1.94 1.53 <1.42 <1.66 <1.27
Shad 33 whole fish
Mississippi River Pool 4 Fish PFC analysis
MPCA Sample | Fillet or Wt | Ln | Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Date Whole Fish sex
Sample ID (@ | (cm) gr%/ (ng/f ng/g ng/g ng/g ng/g ng/g ng/g
ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BG-1 5/2006 Fillet 262 20 4/F 98.3 <1.43 <1.70 <1.33 2.51 <1.90 <1.46
BG-2 5/2006 Fillet 152 17.5 3/M 28.1 <1.47 <1.75 <1.37 <1.67 <1.96 <1.50
BG-3 5/2006 Fillet 158 18 3/F 45.5 <1.52 <1.82 <1.42 <1.73 <2.03 <1.55
BG-4 5/2006 Fillet 125 16 3/M 152 <1.48 <1.76 <1.37 3.26 2.76 2.7
BG-5 5/2006 Fillet 146 18 3/M 101 <1.39 <1.66 <1.29 2.04 2.46 2.13




2006 MPCA PFC Fish Data

Mississippi River Pool 5 Fish PFC analysis

MPCA Sample | Fillet or Wt | Ln | Age/ | PFOS | PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Date Whole Fish Sex
Samole ID (@ | (cm) (yrs/ | ng/g ng/g ng/g ng/g ng/g ng/g ng/g
ample m- (epb) | (pb) | (pb) | (ppb) | (ppb) | (PPb) | (Ppb)
Bluegill
BG-1 11/6/06 Fillet 172 19 4/F 40.3 <1.51 <1.81 <1.41 <1.72 <2.01 <1.54
BG-2 11/6/06 Fillet 252 20 4/7 94.7 <1.38 <1.64 <1.28 2.17 <1.83 <1.40
BG-3 11/6/06 Fillet 199 21 4/M 42.7 <1.43 <1.71 <1.33 1.74 <1.91 <1.46
BG-4 11/6/06 Fillet 189 19 4/F 69.6 <1.54 <1.84 <1.44 1.97 <2.06 <1.57
BG-5 11/6/06 Fillet 114 17 3/F 77.2 <1.51 <1.81 <1.41 2.4 <2.01 <1.54
Smallmouth Bass
SMB-1 5/2006 Fillet 1512 45 8/F 150 <1.48 <1.76 1.63 3.27 <1.97 <1.50
SMB-2 5/2006 Fillet 131 19 2/7 83.5 <1.45 <1.73 <1.35 2.49 <1.93 <1.48
SMB-3 5/2006 Fillet 449 29 4/M 47.7 <1.50 <1.80 1.86 2.13 <2.00 <1.53
SMB-4 5/2006 Fillet 262 26.5 3/F 93.5 <1.48 <1.77 <1.38 2.59 <1.98 <l.51
SMB-5 5/2006 Fillet 565 33 5/M 104 <1.45 <1.74 1.35 2.25 <1.94 <1.48
Largemouth Bass
LMB-1 52006 | Fillet 456 | 30 | 6F | 829 <143 | <170 | <133 2.59 <190 | <146
LMB-2 52006 | Fillet 1043 | 39 | 7/M | 743 <145 | <173 | <135 1.66 <193 | <148
LMB-3 52006 | Fillet 680 | 34 | 6F | 858 <138 | <164 | <128 2.48 <183 | <140
LMB-3 52006 | Fillet 680 | 34 | 6F | 965 <136 | <256 | <127 2.74 <182 | <139
(dup)
LMB-4 5/2006 Fillet 455 29 4/M 107 <1.41 <1.69 <1.32 3.74 <1.88 <1.44
LMB-5 5/2006 Fillet 502 31 5/M 74.6 <1.50 <1.80 <1.40 2.57 <2.00 <1.53
Walleye
WAE-1 5/2006 | Fillet 1000 | 47 | 77M | 343 <154 | <183 | <143 | <175 | <205 | <L57
WAE-1 5/2006 1000 | 47 | 7/M | 265 <154 | <184 | <144 | <176 | <206 | <157
(dup)
WAE-2 5/2006 Fillet 339 31 3/ 60.6 <1.48 <1.76 1.94 1.73 <1.97 <1.50
WAE-3 5/2006 Fillet 362 33 3/ 93.2 <1.47 <1.75 1.49 <1.67 <1.96 <1.50
WAE-4 5/2006 Fillet 965 43 5/M 27.1 <1.48 <1.77 1.97 <1.69 <1.98 <1.51
Northern Pike
NOP-1 5/2006 Fillet 1457 58 8/F 91.2 <1.45 <1.74 3.43 1.79 <1.94 <1.48
NOP-2 5/2006 Fillet 2568 64 8/F 224 <1.47 <1.75 5.54 2.34 <1.96 <1.50
NOP-2 5/2006 Fillet 2568 64 8/F 235 <1.37 <1.64 498 2.39 <1.82 <1.40
(dup)
NOP-3 52006 | Fillet 214 | 28 | 27 130 <147 | <175 2.87 2.63 <196 | <1.50
NOP-4 52006 | Fillet 700 | 45 | 64 122 <142 | <1.70 252 <162 | <189 | <145
NOP-5 52006 | Fillet 1498 | 42 | &F | 975 <15 <1.80 2.86 193 <200 | <153
Channel Catfish
CCF-1 5/2006 Fillet 485 31 2/J 9.59 <1.51 <1.81 <1.41 <1.72 <2.01 <1.54
CCF-2 5/2006 Fillet 1956 52 5/M <3.32 <1.44 <1.72 <1.34 <1.64 <1.92 <1.47
Other
Gizzard 11/6/06 Composites Of ~13 20.1 <1.48 <1.76 <1.37 <1.68 <1.97 <1.50
Shad 40 whole fish




2006 MPCA PFC Fish Data

Mississippi River Pool 5a Fish PFC analysis

MPCA Sample | Fillet or Wt | Ln | Age/ [ PFOS | PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA

Species & | Date Whole Fish sex

Sample D () (cm) gfs/ (ng/{;g ng/g ng/g ng/g ng/g ng/g ng/g
ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)

Bluegill

BG-1 5/2006 Fillet 164 17 3/M 34.6 <1.32 <1.58 <1.23 <1.50 <1.76 <1.35

BG-2 5/2006 | Fillet 168 | 18 | 3/M | 992 <150 | <218 | <139 | <170 | <200 | <1.53

BG-3 5/2006 | Fillet 284 | 20 | 4M | 829 <126 | <155 | <1.17 1.65 <1.68 | <129

BG-4 5/2006 | Fillet 199 | 20 | 4M 34 <1.60 <191 <149 | <182 213 <1.63

BG-5 5/2006 Fillet 188 19 4/F 55.5 <1.36 <1.63 <1.27 <1.55 <1.82 <1.39

Smallmouth Bass

SMB-1 5/2006 Fillet 813 36 7™ 52.3 <1.50 <1.79 <1.39 <1.70 <2.00 <1.53
SMB-2 5/2006 Fillet 819 36 7™ 116 <1.41 <1.68 1.39 2.89 <1.88 <1.44
SMB-3 5/2006 Fillet 746 35 6/F 67.1 <1.50 <1.79 1.43 <1.70 <2.00 <1.53
SMB-4 5/2006 Fillet 377 28 4/M 84.6 <1.48 <1.77 <1.38 2.74 <1.98 <1.51
SMB-5 5/2006 Fillet 672 34 6/M 45 <1.45 <2.38 <1.35 <1.65 <1.93 <1.48
Walleye

WAE-1 5/2006 Fillet 740 41 5/F 56.4 <1.48 <1.76 1.83 <1.68 <1.97 <1.50
WAE-2 5/2006 Fillet 1454 49 6/F 49.3 <1.49 <1.78 2.15 <1.70 <1.99 <1.52
WAE-3 5/2006 Fillet 1125 47 6/F 41 <1.54 <1.84 1.53 <1.76 <2.06 <1.57
WAE-4 5/2006 Fillet 195 | 255 2/] 75.4 <1.41 <2.14 <1.32 <1.61 <1.88 <1.44
WAE-5 5/2006 Fillet 2158 55 9/F 103 <1.47 <1.75 1.66 2.74 <1.96 <1.50
Channel Catfish

CCF-1 5/2006 Fillet 2086 57 6/M <3.26 <1.41 <1.69 <1.32 <1.61 <1.88 <1.44
CCF-2 5/2006 Fillet 1489 46 4/F 18.3 <1.38 <1.64 <1.28 2.34 <1.83 <1.40
CCF-3 5/2006 Fillet 1147 41 3/F 9.55 <1.55 <1.85 <1.44 <1.77 <2.07 <1.58
CCF-4 5/2006 Fillet 738 39 2/F 134 <1.46 <1.99 <1.36 <1.66 <1.95 <1.49




2006 MPCA PFC Fish Data

St. Croix River Fish PFC analysis

MPCA Sample Fillet or Wt Ln Age/ PFOS PFOA PFBA PFOSA PFDA PFUnA | PFDoA
Species & | Date Whole Fish sex
Sarnple D () (cm) gfs/ (ng/{;g ng/g ng/g ng/g ng/g ng/g ng/g
ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BG-1 8/11/06 Fillet 94 16.5 3/F <3.57 <1.93 <3.85 <1.44 <1.77 <2.07 <1.58
BG-1(Dup) | 8/11/06 | Fillet 94 16.5 3/F <3.48 <1.51 <1.81 <1.41 <1.72 <2.01 <1.54
BG-1 8/11/06 Whole Fish 94 16.5 3/F <3.38 <1.47 <1.75 <1.37 <1.67 <1.96 <1.50
BG-2 8/11/06 Fillet 60 13 2/M <4.21 <1.54 <4.56 <1.44 <1.76 <2.06 <1.57
BG-2 8/11/06 Whole Fish 60 13 2/M 4.22 <1.46 <1.75 <1.36 <1.66 <1.95 <1.49
BG-3 8/11/06 Fillet 78 14.5 2/F <3.38 <1.47 <1.88 <1.37 <1.67 <1.96 <1.50
BG-3 8/11/06 Whole Fish 78 14.5 2/F 3.40 <1.53 <1.82 <1.42 <1.74 <2.04 <1.56
BG-4 8/11/06 Fillet 76 14 2/M <3.37 <1.46 <2.49 <1.36 <1.66 <1.95 <1.49
BG-4 8/11/06 Whole Fish 76 14 2/M 4.07 <1.41 <1.69 <1.32 <1.61 <1.88 <1.44
BG-5 8/11/06 Fillet 73 15 2/7 <3.48 <1.51 <4.78 <1.41 <1.72 <2.01 <1.54
BG-5 8/11/06 Whole Fish 73 15 2/7 <3.54 <1.54 <1.83 <1.43 <1.75 <2.05 <1.57
Smallmouth Bass
SMB-1 8/11/06 Fillet 926 37 6/M <3.41 <1.51 <8.80 <1.38 <1.69 <1.98 <1.51
SMB-1 8/11/06 Whole Fish 926 37 6/M 1.52 <1.50 <1.80 <1.40 <1.71 <2.00 <1.53
SMB-2 8/11/06 Fillet 435 29 4/M <3.50 <1.52 <1.82 <1.42 <1.73 <2.03 <1.55
SMB-2 8/11/06 Whole Fish 435 29 4/M 1.16 <1.45 <1.74 <1.35 <1.66 <1.94 <1.48
SMB-3 8/11/06 Fillet 428 30 4/F <3.41 <1.48 <1.77 <1.38 <1.69 <1.98 <1.51
SMB-3 8/11/06 Whole Fish 428 30 4/F <3.32 <1.44 <2.80 <1.34 <1.64 <1.92 <1.47
SMB-4 8/7/06 Fillet 419 27 4/F <3.48 <1.51 <1.81 <1.41 <1.72 <2.01 <1.54
SMB-5 8/7/06 Fillet 440 28 4/M <3.52 <1.53 <1.82 <1.42 <1.74 <2.04 <1.56
Walleye
WE-1 8/15/06 Fillet 796 40 5/M <3.48 <1.51 <1.81 <1.41 <1.72 <2.01 <1.54
WE-2 8/4/06 Fillet 1124 46 6/F <3.57 <1.55 <1.85 <1.44 <1.77 <2.07 <1.58
WE-3 8/4/06 Fillet 401 33 3/] <3.37 <1.46 <1.75 <1.36 <1.66 <1.95 <1.49
WE-4 8/4/06 Fillet 287 28 3/] <3.40 <1.48 <2.38 <1.37 <1.68 <1.97 <1.50
WE-5 8/7/06 Fillet 405 32 3/] <3.29 <1.43 <1.70 <1.33 <1.62 <1.90 <1.46
Northern Pike
NOP-1 2/16/06 | Fillet 629 | 43 | 61 | <333 | <145 | <173 | <135 | <165 | <193 | <148
NOP-2 8/15/06 | Fillet 476 | 42 | 6F | <317 | <138 | <164 | <128 | <157 | <183 | <140
NOP-3 2/16/06 | Fillet 1068 | 48 | 7% | <330 | <143 | <L71 <133 | <163 | <1091 <1.46
M
NOP-3 8/16/06 Fillet 1068 48 72/ <3.27 <1.42 <1.70 <1.32 <1.62 <1.89 <1.45
(dup) M
NOP-4 8/7/06 Fillet 1365 58 8/M <3.27 <1.42 <1.70 <1.32 <1.62 <1.89 <1.45
NOP-5 8/16/06 Fillet 526 43 6/F <3.48 <1.51 <1.81 <1.41 <1.72 <2.01 <1.54
White Sucker
WTS-1 8/15/06 Fillet 358 31 3/ <3.33 <1.45 <1.73 <1.35 <1.65 <1.93 <1.48
WTS-2 8/15/06 Fillet 572 36 3/F <3.21 <1.39 <1.67 <1.30 <1.59 <1.86 <1.42
WTS-3 8/15/06 Fillet 519 33 3/F <3.33 <1.45 <1.73 <1.35 <1.65 <1.93 <1.48




2006 MPCA PFC Fish Data

Lake Calhoun Fish PFC analysis

MPCA Samp]e Fillet or Wt Ln Age/ PFOS PFOA PFBA PFOSA PFDA PFUnA | PFDoA
Species & | Date Whole Fish sex

(cm) | (yrs/ | nglg ng/g ng/g ng/g ng/g ng/g ng/g
Sample ID ® mf) | @pb) | opb) | (pb) | (pb) | (pb) | (pb) | (ppb)
Bluegill
BG-1 11/15/06 | Fillet 59 | 155 | 3/F 373 <140 | <1.88 1.63 713 292 423
BG-1 11/15/06 | Whole Fish 59 | 155 | 3/F 493 <1.43 138 2.60 149 492 553
BG-2 11/15/06 | Fillet 62 13 | 2/F 356 <142 | <170 346 7 41 6.18
BG-2 11/15/06 | Whole Fish 62 | 13 | 2F 438 <143 | <274 427 13.34 6.82 9.19
BG3 11/15/06 | Fillet 65 15 | 3/F 181 <150 | <1.80 195 328 2.79 449
BG3 11/15/06 | Whole Fish 65 | 15 | 3/F 280 <139 | <2.09 551 6.9 463 5.92
BG-4 11/15/06 | Fillet 60 | 16 | 3/F 311 <146 | <175 4.69 5.64 334 472
BG-4 11/15/06 | Whole Fish 60 16 | 3/F 590 <150 | <279 6.43 12.0 5.67 8.10
BG-5 11/15/06 | Fillet 68 | 16 | 3/F 373 <151 | <18l 392 8.02 401 59
BG-5 11/15/06 | Whole Fish 68 16 | 3/F 528 <145 | <197 3.47 13.9 773 9.96
White Sucker
WTS-1 11/15/06 Fillet 250 29 2/M <3.52 <1.53 <1.82 <1.42 <1.74 <2.04 <1.56
WTS-1 11/15/06 | Whole Fish 250 | 29 | 2M | 291 <150 | <179 | <139 092 <2.00 | <1.53
WTS-1 11/15/06 | Whole Fish 250 | 29 | 2/M | 1.96 <152 | <182 | <142 | <173 | <203 | <155
(dup)
WTS-2 11/15/06 | Fillet 309 | 31 | 2/ | <340 | <148 | <176 | <137 | <168 | <197 | <1.50
WTS-2 11/15/06 | Fillet 309 | 31 | 2 | <337 | <146 | <175 | <136 | <166 | <195 | <149
(dup)
WTS-2 11/15/06 | Whole Fish 300 | 31 | 20 | <323 | <229 | <167 | <130 | <159 | <187 | <143
WTS-3 11/15/06 | Fillet 179 | 27 | 2/1 | <354 | <154 | <183 | <143 | <175 | <2.05 | <I.57
WTS-3 11/15/06 | Whole Fish 179 | 27 | 2/1 | <324 | <141 | <168 | <160 | <I1.60 | <188 | <l.44
WTS-4 11/15/06 | Fillet 660 | 35 | 3/ 491 2.39 <182 | <142 439 <2.04 198
WTS-4 11/15/06 | Whole Fish 660 | 35 | 3/ 77 2.28 <1.82 372 5.44 1.76 2.65
WTS-5 11/15/06 | Fillet 335 | 29 | 2] | <326 | <14l | <1.69 | <132 | <161 | <188 | <144
WTS-5 11/15/06 | Whole Fish 335 | 29 | 2] | <340 | <148 | <633 | <147 | <168 | <197 | <1.50
< = less than the detection limit; number following this symbol represents the detection limit




2007 MPCA PFC Fish Data

Twin Cities Metro Lakes

Average PFOS Concentration

[ng/g; ppb]
. Black White Yellow
Bluegill Bluegill Black. Crappie Largemouth Nor?hern Walleye | Sucker Perch
(comp) | Crappie Bass Pike

(comp) (comp)
Bald Eagle | <dl (5) | <dl (5) 8 (5) ns 6 (5) ns ns ns ns
(Henfee[:lizl‘l; 28 (5) 34 (5) ns ns 72 (4) ns ns ns ns
Cedar (Scott) | <dl (5) | <dl(5) ns ns 6 (5) ns <dl (1) ns ns
Centerville | 9 (5) 95 ns ns Ns 9(7) ns ns ns
Colby | 22 (5) 23 (5) 14 (5) 14( 5) Ns ns ns ns ns
Como | 26(5) | 28(5) 66 (5) ns 30 (1) 42 (4) ns ns ns
Demontreville | 12 (5) 8 (5 ns ns 46 (5) ns ns ns ns
Elmo | 242 (5) | 302 (5) | 495(5) ns 544 (5) ns ns ns ns
Gervais | 93 (5) | 100(5) | 157(5) ns 184 (5) ns ns ns ns
Moﬁ:::: <dl (5) | <dl(5) ns ns ns ns ns ns ns
Harriet | 114 (5) 89 (5) ns ns 148 (5) ns ns ns ns
Hiawatha | 26 (5) 27 (5) 40 (5) ns ns 28 (6) ns ns ns
Hydes | <dI(5) | <dI(5) | <dl(6) ns ns 5(5) ns ns ns
Independence | 5 (5) <dl (5) | <dl(5) ns ns <dl (2) ns ns ns
Jane | 22 (5) 8 (5) 25 (8) ns 47 (5) ns ns ns ns
Johanna | 212 (6) | 250 (5) | 222 (3) ns ns ns ns ns ns
Josephine | 87 (6) 93 (6) ns ns ns ns ns ns ns
Keller | 69 (5) 70 (5) ns ns ns ns ns ns ns
Minnetonka | <dI (5) 7(5) 8 (5) ns ns 9(3) ns ns ns
Nokomis | 10(7) ns 10 (5) ns ns ns ns ns ns
Olson | 17 (5) 15 (5) ns ns 42 (5) ns ns ns ns
Peltier | 12 (5) ns ns ns ns 14 (5) ns ns ns
Phalen | 69 (5) 50 (5) 104 (3) ns 142 (5) ns ns ns ns

Powers | 40 (5) 65 (5) 51 (5) ns ns 69 (3) ns ns 42 (5)
Prior (Upper) | 5(5) <dl (5) ns ns 6 (5) ns ns ns ns
Ravine | 23 (5) 19 (5) 60 (5) ns 63 (5) ns ns ns ns
Red Rock | 41 (5) 35(5) 103 (5) ns 69 (5) ns ns ns ns
Sarah | 7(5) <dl (4) | <dl(5) ns ns 10 (5) ns ns ns
Silver | 24 (5) | 34 (5) 33 (5) 35(5) ns ns 17 (4) ns ns
Square | <dl (5) | <dl (5) 5(5 ns <dl (5) ns ns ns ns
Tanners | 76 (5) 55(5) 118 (5) ns 80 (5) ns ns ns ns
White Bear | 5 (5) 6 (5) 25 (2) ns 9(5) ns ns ns ns




2007 MPCA PFC Fish Data

River Reaches

Average PFOS Concentration

[ng/g; ppb]
Bluesill Bluegill | Smallmouth | Largemouth | White Walleve Northern | White | Channel
g (comp) Bass Bass Bass M Pike Sucker | Catfish
Mississippi River
Brainerd
area 10 (2) ns 13 (5) ns ns 9(5) 7(3) ns ns
St. Croix River
Washington
County Bluff | 23 (5) | 12(5) 15 (5) ns 82 (1) | 17(5) ns ns ns
Park area

numbers listed are: average PFOS concentration (# of fish)
<dl — less than the detection limit = 5 ng/g
ns — not sampled
comp — composite; tissue from several fish is combined then PFCs are measured

Samples were analyzed for the 13 different perfluorochemicals listed.

CAS #
PFBA C-4 perfluorobutanoic acid 375-22-4
PFBS C-4 perfluorobutane sulfonate 375-73-5
PFPeA C-5 perfluoropentanoic acid 2706-90-3
PFHxA C-6 perfluorohexanoic acid 307-24-4
PFHxS C-6 perfluorohexane sulfonate 355-46-4
PFHpA C-7 perfluoroheptanoic acid 375-85-9
PFOA C-8 perfluorooctanoic acid 335-67-1
PFOS C-8 perfluorooctane sulfonate 1763-23-1
PFOSA C-8 perfluorooctane sulfonamide 754-91-6
PFNA C-9 perfluorononanoic acid 375-95-1
PFDA C-10 perfluorodecanoic acid 335-76-2
PFUnA C-11 perfluoroundecanoic acid 2058-94-8
PFDoA C-12 perfluorododecanoic acid 307-55-1




2007 MPCA PFC Fish Data

Bald Eagle Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA

Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 5/2/07 Fillet 22 9.5 2/1 <4.98 <2.49 <2.49% <2.49 <2.49 <2.49 <2.49
BGS-4 5/2/07 Fillet 11 8 1/J <439 <219 | <2.19% | <2.19 <2.19 <2.19 <2.19
BGS-5 5/2/07 Fillet 25 11 2/M <493 <2.46 <2.46* <2.46 <2.46 <2.46 <2.46
BGS-6 5/2/07 Fillet 79 | 155 | 5/M | <476 <238 | <238* | <2.38 <238 <238 <238
BGS-9 5/2/07 Fillet 88 16 | 5/M | <4.61 <230 | <230% | <230 <2.30 <230 <2.30
BGS-comp 5/2/07 Fillet 50a | 12a <4.78 <2.39 <2.39 <2.39 <2.39 <2.39 <2.39
Black Crappie
BKS-1 5/2/07 Fillet 95 17.5 | 4F 10.5 <2.50 <2.50% <2.50 <2.50 <2.50 <2.50
BKS-2 5/2/07 Fillet 98 17 4/F 7.24 <2.39 <2.39% <2.39 <2.39 <2.39 <2.39
BKS-3 5/2/07 Fillet 236 24 7/F 7.89 <235 <235 <235 <2.35 <235 <2.35
BKS-4 5/2/07 Fillet 104 19 5/] 4.69 <230 <2.30 <230 <2.30 <2.30 <2.30
BKS-5 5/2/07 Fillet 97 18 5/F 7.54 <2.58 <2.58 <2.58 <2.58 <2.58 <2.58
Largemouth Bass
LMB-1 5/2/07 Fillet 992 38 7/F <5.00 <2.50 <2.50% <2.50 <2.50 <2.50 <2.50
LMB-2 5/2/07 Fillet 684 34 6/F <4.69 <235 <2.35% <235 <2.35 <235 <2.35
LMB-3 5/2/07 Fillet 764 34 6/F 6.18 <235 <2.35% <235 <2.35 <235 <2.35
LMB-4 5/2/07 Fillet 452 31 5/F <4.81 <2.40 <2.40% <2.40 <2.40 <2.40 <2.40
LMB-5 5/2/07 Fillet 560 | 31.5 | 5/M | <5.03 <2.51 <251*% | <251 <251 <251 <251
Cedar Lake Fish PFC analysis (Hennepin County)

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 2007 Fillet 24 12 3/F 335 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50
BGS-5 2007 Fillet 56 155 | 5/ 31 <2.39 <2.39 <2.39 2.46 <2.39 <2.39
BGS-6 2007 Fillet 25 115 | 2/F 17.9 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50
BGS-8 2007 Fillet 47 145 | 4F 30.9 <237 <2.37 <2.37 3.11 <2.37 <2.37
BGS-10 2007 Fillet 24 12 2/] 27.8 <251 <2.51 <2.51 525 3.77 <2.51
BGS-comp 2007 Fillet 3la | 12a 34 <2.42 <2.42 <2.42 2.99 <2.42 2.56
Largemouth Bass
LMB-1 2007 Fillet 531 33 5/M 53.8 <2.46 <2.46 <2.46 488 3.54 2.58
LMB-2 2007 Fillet 488 31 5/F 70.8 <2.40 <2.40 <2.40 6.7 3.49 3.394
LMB-3 2007 Fillet 1166 | 43 10/F 56.3 <2.48 <2.48 <2.48 8.27 4.61 3.25#
LMB-4 2007 Fillet 1592 | 46 | 11/F 108 <2.42 <2.42 <2.42 522 3.67 5274
LMB-4(dup) Fillet 103 <2.45 <2.45 <2.45 6.37 4.05 5.024




2007 MPCA PFC Fish Data

Cedar Lake Fish PFC analysis (Scott County)

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA

Species & | Sample . We Lo
Tissue

Sample ID | Date @ | (em) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 8/24/07 Fillet 16 9 1/7 <4.81 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
BGS-4 8/24/07 Fillet 19 10 2/J <6.76 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
BGS-5 8/24/07 Fillet 97 17 | 6M | <4.81 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
BGS-6 8/24/07 Fillet 31 NA | 4M | <4.95 <2.48 <6.43 <2.48 <2.48 <2.48 <2.48
BGS-9 8/24/07 Fillet 82 16 | 5M | <481 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
BGS-comp | 8/24/07 Fillet 59a | 12a <4.85 <2.43 <2.43 <2.43 <2.43 <2.43 <2.43
Largemouth Bass
LMB-1 8/24/07 Fillet 1292 | 41 9/M 6.24 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
LMB-2 8/24/07 Fillet 1528 | NA | 9/F <4.90 <245 <245 <2.45% <245 <2.45 <2.45
LMB-3 8/24/07 Fillet 1264 | 40 8/F <4.67 <2.34 <2.34 <2.34% <2.34 <2.34 <2.34
LMB-4 8/24/07 Fillet 857 40 | 8/M | <4.88 <2.44 <2.44 <2.44%* <2.44 <2.44 <2.44
LMB-5 8/24/07 Fillet 1110 | 42 | 9/M | <4.74 <3.85 <2.37 <2.37* <2.37 <2.37 <2.37
LMB-5(dup) Fillet <5.03 <251 <2.51 <«251*% | <251 <251 <2.51
Walleye
WE-1 | 8/24/07 Fillet 714 | 43 | M | <495 | <248 | <4.04 | <248* | <248 | <248 | <248
Centerville Lake Fish PFC analysis

Age/ | PFOS PFOA PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo

Tissue

Sample ID | Date @ | (em) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 2007 Fillet 69 15 4/F 12.8 <2.43 <2.43 <2.43 <243 <243 <2.43
BGS-2 2007 Fillet 62 145 | 4M 6.24 <2.45 <2.45 <2.45 <2.45 <245 <2.45
BGS-4 2007 Fillet 42 125 | 34 9.94 <2.45 <2.45 <2.45 <2.45 <245 <2.45
BGS-8 2007 Fillet 61 15 4/F <4.95 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-9 2007 Fillet 74 15 | 4M 6.74 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-comp 2007 Fillet 72a | 15a 8.71 <2.23 <2.23 <2.23 <2.23 <2.23 <2.23
Northern Pike
NP-1 2007 Fillet 1609 | 58 4/F 9.01 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
NP-2 2007 Fillet 878 49 4/] 10.2 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
NP-3 2007 Fillet 793 46 4/] 9.03 <2.43 <2.43 <2.43 <243 <243 <2.43
NP-4 2007 Fillet 1067 | 56.5 | 4/ 6.3 <2.74 <2.50 <2.50 <2.50 <2.50 <2.50
NP-5 2007 Fillet 1183 | 54 4/M 7.84 <2.51 <2.51 <251 <2.51 <2.51 <2.51
NP-6 2007 Fillet 1546 | 65 5/M 11.4 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
NP-7 2007 Fillet 896 51 4/M 10.6 <2.44 <2.44 <2.44 <2.44 <2.44 <2.44




2007 MPCA PFC Fish Data

Colby Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA

Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-4 6/6/07 Fillet 21 95 | IM 21.7 <244 | <2.44% | <2.44 3.01 <2.44 <2.44
BGS-5 6/6/07 Fillet 31 12 2/F 23.9# <246 | <4.03* | <246 <2.46 <2.46 <2.46
BGS-7 6/6/07 Fillet 34 | 125 | 24 32.8 <249 | <3.10* | <249 <2.49 <2.49 <2.49
BGS-9 6/6/07 Fillet 35 12 2/F 13# <250 | <2.50% | <2.50 <2.50 <2.50 <2.50
BGS-10 6/6/07 Fillet 29 11 2/F 18.9%# <249 | <249*% | <249 <2.49 <2.49 <2.49
BGS-comp 6/6/07 Fillet 23a | NA 234 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
Black Crappie
BKS-2 6/6/07 Fillet 42 14 3/F 16.6 <250 | <2.50% | <2.50 2.84 <2.50 <2.50
BKS-4 6/6/07 Fillet 47 | 145 | 3/M | 13.2# <2.45 <2.45 <245 <2.45 <2.45 <245
BKS-5 6/6/07 Fillet 47 | 145 | 3/M | 12.6# <2.35 <235 <235 <235 <235 <235
BKS-7 6/6/07 Fillet 46 15 3/M 14.6 <2.44 <2.44 <2.44 <2.44 <2.44 <2.44
BKS-8 6/6/07 Fillet 34 13.8 | 3/F 12 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BKS-comp 6/6/07 Fillet 37a | 13a 143 <2.43 <243 <2.43 <2.43 <243 <2.43
Como Lake Fish PFC analysis

Age/ | PFOS | PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo

Tissue

Sample ID | Date @ | (em) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-3 5/1/07 Fillet 31 11 2/F 394 <234 | <2.34% 3.54 3.71 4.66 5.99
BGS-4 5/1/07 Fillet 29 11 2/1 32.6# <250 | <2.50% 3.8 3.88 3.84 521
BGS-6 5/1/07 Fillet 99 16 | 5M 34.2 <250 | <2.50* 42 <2.50 <2.50 4.03
BGS-8 5/1/07 Fillet 61 145 | 4M 20.6 <243 <2.43% 2.84 <243 2.75 3.72
BGS-10 5/1/07 Fillet 93 16 5/F 23.1 <249 | <249*% | <249 <2.49 2.65 3.08
BGS-comp 5/1/07 Fillet 47a | 13a 28.1 <2.49 <2.49 2.98 <249 | <249 4.45
Black Crappie
BKS-1 5/1/07 Fillet 141 17 | 4M 59.7 <42 | <2.42%* 3.09 10.6 6.52 7.93
BKS-2 5/1/07 Fillet 69 16 | 4M 44.9 <2.53 <2.53*% | <2.53 6.69 3.16 6.07
BKS-3 5/1/07 Fillet 408 28 8/F 104 <2.36 <2.36%* 3.14 152 9.09 10.5
BKS-4 5/1/07 Fillet 158 | 205 | 5M 57.6 <230 | <230*% | <230 10.6 5.96 6.95
BKS-5 5/1/07 Fillet 817 | 32 | 10/F 63.4 <250 | <2.50*% | <2.50 103 497 5.88
Largemouth Bass
LMB-1 5/1/07 Fillet 867 | 37 7/F 29.5 <240 | <2.40% 242 4.04 435 6.68
Northern Pike
NP-1 5/1/07 Fillet 2129 | 66 | 5M 54.4 <248 | <2.48* 20 7.7 3.93 5.08
NP-1(dup) 5/1/07 Fillet 452 <2.36 <2.36* 18.6 7.69 5.03 6.22
NP-2 5/1/07 Fillet 838 | 49 | 4M 34.6 <2.45 <2.45% 15.8 5.92 4.83 8.47
NP-3 5/1/07 Fillet 858 | 48 | 4/M 44.7 <248 | <2.48* 15.6 55 5.12 6.45
NP-4 5/1/07 Fillet 746 | 49 | 4M 473 <2.43 <2.43% 19.1 7.51 523 7.42




2007 MPCA PFC Fish Data

Demontreville Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo
Tissue

Sample ID | Date @ | (em) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 4/30/07 Fillet 26 11 2/F 27.1# <249 | <249% | <249 3.04 <2.49 <2.49
BGS-5 4/30/07 Fillet 20 11 2/F 35.3# <242 | <242*% | <298 <2.42 <2.42 <2.42
BGS-6 4/30/07 Fillet 75 14 | 4M | <5.00 <250 | <2.50% <2.50 <2.50 <2.50 <2.50
BGS-8 4/30/07 Fillet 137 | 17.5 | 6M 11.9 <242 | <2.42*% | <242 <242 <2.42 <42
BGS-10 4/30/07 Fillet 134 | 185 | 7M | <5.00 <250 | <2.50* | <2.50 <2.50 <2.50 <2.50
BGS-comp | 4/30/07 Fillet 64a | 13a 8.46 <242 <2.42 <2.42 <2.42 <2.42 <2.42
Largemouth Bass
LMB-1 4/30/07 Fillet 686 33 5/M 41.8 <2.42 <2.42% <2.42 <2.42 <242 <2.42
LMB-2 4/30/07 Fillet 1012 | 39 7/F 329 <2.50 <2.5% <2.50 <2.50 <2.50 <2.50
LMB-2(dup) | 4/30/07 Fillet 25.8 <243 | <2.43% | <243 <2.43 <2.43 <243
LMB-3 4/30/07 Fillet 612 33 5/F 27 <240 | <2.40* | <2.40 <2.40 <2.40 <2.40
LMB-4 4/30/07 Fillet 1023 | 39 | 7™M 44.9 <2.48 <2.48% <2.48 <2.48 <2.48 <2.48
LMB-5 4/30/07 Fillet 877 | 375 | 1M 84.4 <230 | <2.30* | <2.30 <2.30 2.88 <2.30
Elmo Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-2 5/2/07 Fillet 16 10 2/] 201# <2.48 <2.48% <2.48 <2.48 <2.48 <2.48
BGS-4 5/2/07 Fillet 19 10 | 2/M 2174 <2.49 <2.49% <2.49 <2.49 <2.49 <2.49
BGS-8 5/2/07 Fillet 42 13 3/ 149 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-9 5/2/07 Fillet 30 | 125 | 3/ 233 20.1 <424 <4.24 <4.24 <4.24 <4.24
BGS-10 5/2/07 Fillet 35 13 3/F 345 <3.11 <3.11 <3.11 <3.11 <3.11 <3.11
BGS-comp 5/2/07 Fillet 25a | lla 302 <2.43 <243 <2.43 <2.43 <2.43 <2.43
Black Crappi
BKS-1 5/2/07 Fillet 228 | 24 7/F 374 <236 <236 <2.36 3.13 <236 <2.36
BKS-2 5/2/07 Fillet 369 | 28 8/F 574 <242 <242 <242 6.38 <242 <242
BKS-3 5/2/07 Fillet 292 | 25.5 | 7/F 550 <2.34 <2.34 <2.34 3.42 <2.34 <2.34
BKS-4 5/2/07 Fillet 209 | 22 6/F 534 <2.63 <236 <2.36 3.82 <236 <2.36
BKS-5 5/2/07 Fillet 189 23 6/F 443 <2.56 <2.56 <2.56 3.14 <2.56 <2.56
Largemouth Bass
LMB-1 5/2/07 Fillet 470 31 5/M 643 <2.54 <2.54 <2.54 4.44 <2.54 <2.54
LMB-2 5/2/07 Fillet 672 35 6/F 431 <243 <2.43% <243 <2.43 <2.43 <2.43
LMB-3 5/2/07 Fillet 894 37 7/F 653 <250 | <2.50*% | <2.50 3.94 <2.50 <2.50
LMB-3(dup) | 5/2/07 Fillet 660 <251 <2.51%* <251 4.06 <2.51 <251
LMB-4 5/2/07 Fillet 1062 | 39 7/F 711 <2.40 <2.40%* <2.40 432 <2.40 <2.40
LMB-5 5/2/07 Fillet 698 33 5/M 281 <2.55 <2.55 <2.55 <2.55 <2.55 <2.55




2007 MPCA PFC Fish Data

Gervais Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample Tissue Wt I ek
Sample ID | Date @ | (em) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-2 5/1/07 Fillet 6 7.5 1] 1754 <2.69 <2.69% <2.69 573 2.7 <2.69
BGS-5 5/1/07 Fillet 6 7 /3 107# <3.50 <3.50% <3.50 5.43 3.57 <3.50
BGS-7 5/1/07 Fillet 75 16 5/F 148 <231 <2.31 <2.31 6.44# <231 <2.31
BGS-9 5/1/07 Fillet 90 17 6/F 90.5 <2.46 <2.46 <2.46 2.57# <2.46 <2.46
BGS-10 5/1/07 Fillet 68 15 4/F 39.9 <230 <2.30 <2.30 <2.30 <2.30 <2.30
BGS-comp 5/1/07 Fillet 34a | 10a 100 <2.45 <245 <7.35 3.8 <245 <2.45
Black Crappie
BKS-1 5/1/07 Fillet 171 23 6/F 132 <236 <2.36 <2.36 433 <2.36 <2.36
BKS-2 5/1/07 Fillet 86 16 | 4M 166 <231 <2.31* <2.31 9.5 3.37 <2.31
BKS-3 5/1/07 Fillet 122 19 5M 206 <235 <2.35 <2.35 11.4 4.08 2.78
BKS-4 5/1/07 Fillet 180 22 | oM 170 <2.29 <2.29% <2.29 10.9 5.09 8.41
BKS-5 5/1/07 Fillet 65 16 4/F 112 <2.38 <2.38* <2.38 4.65 <2.38 <238
Largemouth Bass
LMB-1 5/1/07 Fillet 2268 | 47 | 11/F 159 <2.49 <2.49% <2.49 6.23 2.97 <2.49
LMB-2 5/1/07 Fillet 488 31 5M 153 <231 <2.31 <2.31 6.24 3.95 <2.31
LMB-3 5/1/07 Fillet 385 29 | 4M 227 <2.36 <2.36% <2.36 10.7 5.79 2.38
LMB-4 5/1/07 Fillet 661 33 5/M 221 <2.13 <2.13 <2.13 8.67 6.23 5.87
LMB-5 5/1/07 Fillet 311 28 4/F 158 <2.19 <2.19 <2.19 7.42 3.85 <2.19
Green Mountain Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo

Tissue

Sample ID | Date @ | (em) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 5/9/07 Fillet 50 | 135 | 3/ <4.85 <2.43 <243 <243 <243 <243 <243
BGS-3 5/9/07 Fillet 118 | 175 | 6M | <4.98 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
BGS-5 5/9/07 Fillet 133 19 | 7™M | <4.90 <2.45 <2.45 <2.45 <2.45 <245 <245
BGS-6 5/9/07 Fillet 85 16 5/F <4.85 <243 <243 <243 <243 <243 <243
BGS-8 5/9/07 Fillet 50 | 135 | 3/M | <4.85 <2.43 <243 <243 <243 <243 <243
BGS-comp 5/9/07 Fillet 65a | 14a <4.88 <2.44 <2.46 <2.44 <2.44 <2.44 <2.44
Harriet Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample : We Lo

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-5 8/17/07 Fillet 17 9 177 108 <2.40 <2.40 <2.40 491 <2.40 <2.40
BGS-6 8/17/07 Fillet 42 10 2/F 78.1 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-7 8/17/07 Fillet 12 7 /1 124 <243 <2.43 <243 6.98 <2.43 <2.43
BGS-9 8/17/07 Fillet 30 11 2/M 95.9 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
BGS-10 8/17/07 Fillet 73 NA | 4/M 163 <2.40 <2.40 <2.40 498 5.27# 4.12
BGS-comp | 8/17/07 Fillet 4la | 13a 89.3 <2.44 <2.44 <2.44 2.59 <2.44 <2.44
Largemouth Bass
LMB-1 8/17/07 Fillet 373 30 4/F 146 <5.38 <249 | <2.49% 8.74 4.59 278
LMB-2 8/17/07 Fillet 554 | 34 6/F 20.5 <3.66 <246 | <2.46* 5.4 <2.46 <2.46
LMB-3 8/17/07 Fillet 355 29 4/7 150 <2.39 <2.39 <2.39% 9.25 3.71 3.64
LMB-4 8/17/07 Fillet 963 39 | M 254 <4.20 <243 | <2.43% 10 5.28 7.1
LMB-5 8/17/07 Fillet 866 | 40 8/F 170 <2.42 <242 <242 10.1 4.65 3.66




2007 MPCA PFC Fish Data

Hiawatha Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample Tissue We Lo
Sample ID | Date @ | (em) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-2 2007 Fillet 73 16 5/M 35 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-6 2007 Fillet 94 18 | M 15.7 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-7 2007 Fillet 36 13 3/F 155 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-9 2007 Fillet 8 8 /] 31.8 <2.43 <2.43 <2.43 <2.43 <2.43 <2.43
BGS-10 2007 Fillet 5 7.8 /] 31.9 <3.55 <3.55 <3.55 <3.55 <3.55 <3.55
BGS-comp 2007 Fillet 42a | 12a 273 <2.42 <2.42 <2.42 <2.42 <2.42 <2.42
Black Crappie
BKS-1 2007 Fillet 73 19 5/F 36.6 <2.50 <2.50 <2.50 2.7 <2.50 <2.50
BKS-2 2007 Fillet 103 | 21.5 | 6/M 71.7 <2.35 <2.35 <2.35 3.94 <235 475
BKS-3 2007 Fillet 71 18 4/F 35.1 <2.30 <2.30 <2.30 232 <2.30 <2.30
BKS-4 2007 Fillet 33 18 4/F 335 <2.45 <2.45 <2.45 <2.45 <2.45 <2.45
BKS-5 2007 Fillet 64 17 4/F 21 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50
Northern Pike
NP-1 6/19/07 Fillet 1140 | 56 | 4M 17.1 <249 | <249 3.65 <2.49 <2.49 <2.49
NP-2 6/19/07 Fillet 738 46 4/F 36.7 <460 | <249 2.64 <2.49 2.98 2.58
NP-3 6/19/07 Fillet 927 51 4/M 16.7 <251 <251 2.95 <2.51 <2.51 <2.51
NP-4 6/19/07 Fillet 1192 | NA | 4F 59.5 <246 <246 6.2 433 3.6 4.99
NP-4(dup) 65.4 <246 | <246 5.25 4.86 3.06 5.58
NP-5 6/19/07 Fillet 2530 | 74 6/F 14.5 <246 | <246 4.17 <2.46 <2.46 <2.46
NP-6 6/19/07 Fillet 3700 | 77 6/F 25.6 <249 | <249 3.86 <2.49 2.72 <2.49




2007 MPCA PFC Fish Data

Hydes Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 7/24/07 Fillet 9 7 /] <5.05 <2.53 <2.53 <2.53 <2.53 <2.53 <2.53
BGS-5 7/24/07 Fillet 9 9 17 <5.08 <2.54 <2.54 <2.54 <2.54 <2.54 <2.54
BGS-6 7/24/07 Fillet 130 17 6/F <4.85 <2.43 <243 <2.43 <2.43 <243 <2.43
BGS-7 7/124/07 Fillet 127 17 | 6/M | <483 <242 <242 <2.42 <242 <242 <242
BGS-10 7/124/07 Fillet 123 | 17.5 | 6/F <4.95 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS- Fillet <490 | <245 | <245 | <245 | <245 | <245 | <245
10(dup)
BGS-comp | 7/24/07 Fillet 62a | 12a <441 <2.20 <2.20 <2.20 <2.20 <2.20 <2.20
Black Crappie
BKS-1 7/124/07 Fillet 124 20 5/F <4.88 <2.44 <245 <2.44%* <2.44 <2.44 <2.44
BKS-1(dup) Fillet <4.93 <2.46 <246 | <2.46% | <246 <2.46 <2.46
BKS-2 7/124/07 Fillet 178 23 6/F <4.90 <2.95 <245 <2.45% <2.45 <2.45 <2.45
BKS-3 7/124/07 Fillet 167 | 22.5 | 6/F <4.78 <4.24 <2.39 <2.39% <2.39 <2.39 <2.39
BKS-4 7/124/07 Fillet 206 24 7/F <4.88 <2.44 <2.44 <2.44%* <2.44 <2.44 <2.44
BKS-5 7/24/07 Fillet 224 25 | IM | <4.90 <245 <245 <2.45% <2.45 <2.45 <2.45
BKS-6 7/24/07 Fillet 220 25 7/F <4.90 <2.87 <245 <2.45% <2.45 <2.45 <2.45
Northern Pike
NP-1 7/124/07 Fillet 2170 | 68 5M | <4.93 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
NP-2 7/124/07 Fillet 631 48 | 4M | <441 <2.20 <2.20 <2.20 <2.20 <2.20 <2.20
NP-3 7/124/07 Fillet 741 46 4/F <4.52 <2.26 <2.26 <2.26 <2.26 <2.26 <2.26
NP-4 7/124/07 Fillet 2342 | 68 6/] <4.69 <235 <235 <235 <2.35 <235 <2.35
NP-4(dup) <4.65 <2.33 <233 <233 <233 <233 <233
NP-5 7/124/07 Fillet 3445 | 74 6/F 476 <2.37 <2.37 <2.37 <2.37 <2.37 <2.37
Independence Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . Wt I ek

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-4 7/124/07 Fillet 13 10 2/] 5.1 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50
BGS-6 7/124/07 Fillet 14 10 2/] <4.88 <2.44 <2.44 <2.44 <2.44 <2.44 <2.44
BGS-7 7/124/07 Fillet 14 9.5 1/] 5.41 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50
BGS-8 7/124/07 Fillet 45 14 4/F <4.83 <242 <2.42 <242 <2.42 <242 <2.42
BGS-9 7/124/07 Fillet 55 15 4M | <4.85 <243 <2.43 <243 <2.43 <2.43 <2.43
BGS-comp | 7/24/07 Fillet 45a | 13a <4.88 <2.44 <2.44 <2.44 <2.44 <2.44 <2.44
Black Crappie
BKS-1 7/124/07 Fillet 70 18 4/F <4.95 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BKS-2 7/124/07 Fillet 78 19 5/F <4.65 <233 <233 <233 <2.33 <233 <2.33
BKS-3 7/124/07 Fillet 81 18 | 4M | <5.00 <2.50 <3.22 <2.50 <2.50 <2.50 <2.50
BKS-4 7/24/07 Fillet 81 19 | 5/M | <493 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
BKS-5 7/24/07 Fillet 139 22 6/F <4.93 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
Northern Pike
NP-1 7/24/07 Fillet 2000 | 57 4/F <5.54 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
NP-2 7/24/07 Fillet 3700 | 76 | 6/M | <4.90 <2.45 <2.45 <2.45 <2.45 <2.45 <2.45
NP-2(dup) <4.95 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48




2007 MPCA PFC Fish Data

Jane Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-4 6/07 Fillet 16 | 105 | 2/ 20.7 <246 | <246* | <246 <2.46 <2.46 <2.46
BGS-6 6/07 Fillet 99 18 6/F 8.62# <250 | <2.50%* <2.50 <2.50 <2.50 <2.50
BGS-7 6/07 Fillet 73 172 | 6M 46.3 <244 | <244% | <244 <2.44 <2.44 <2.44
BGS- 36.5# <248 | <2.48*% | <248 <2.48 <2.48 <2.48
7(dup)
BGS-8 6/07 Fillet 18 10.6 | 2/ 12.2# <250 | <2.50% <2.50 <2.50 <2.50 <2.50
BGS-10 6/07 Fillet 95 NA | 4M | <495 <248 | <2.48% <2.48 <2.48 <2.48 <2.48
BGS-comp 6/07 Fillet 43a | 13a 7.76 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
Black Crappie
BKS-1 6/07 Fillet 65 15 3/M 13.6# <240 | <2.40% <2.40 <2.40 <2.40 <2.40
BKS-2 6/07 Fillet 109 | 182 | 5M 26.2 <240 | <2.40% <2.40 <2.40 <2.40 <2.40
BKS-3 6/07 Fillet 78 178 | 4/F 10.2# <248 | <2.48% <2.48 <2.48 <2.48 <2.48
BKS-4 6/07 Fillet 63 16.5 | 4M 39.7 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BKS-5 6/07 Fillet 96 19.5 | M 34.2 <245 <2.45 <2.45 <245 <2.45 <2.45
BKS-6 6/07 Fillet 99 21 6/F 19.5 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
BKS-7 6/07 Fillet 115 20 | S/M | 34.8# <2.43 <2.43 <2.43 <2.43 <2.43 <243
BKS-7(dup) 21.9# <2.42 <2.42 <2.42 <2.42 <2.42 <2.42
BKS-8 6/07 Fillet 108 19 5/M 21.7 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
Largemouth Bass
LMB-1 6/07 Fillet 507 33 5/M 35.1 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
LMB-2 6/07 Fillet 535 36 | 7/M 38.1 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
LMB-3 6/07 Fillet 599 33 5/M 83.4 <3.65 <5.00 <2.49 3.32 2.82 <2.49
LMB-4 6/07 Fillet 525 36 | 7/M 25.8 <243 <2.43 <2.43 <243 <2.43 <2.43
LMB-5 6/07 Fillet 809 | NA | 6/F 53.6 <2.44 <2.97 <2.44 <2.44 <2.44 <2.44
Johanna Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . Wt I ek

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 6/19/07 Fillet 71 16 | sM 183 <244 | <244% | <244 <2.44 <2.44 <2.44
BGS-2 6/19/07 Fillet 56 | 145 | 4M 184# <243 | <243% | <243 4.02 <243 <243
BGS-3 6/19/07 Fillet 94 18 | oM 176# <240 | <2.40% | <240 3.85 3.86 7.34
BGS-6 6/19/07 Fillet 42 13 | 3M | 207# <246 | <2.46% | <246 5.69 43 3.58
BGS-7 6/19/07 Fillet 55 16 | 4M 230 <249 | <2.52% | <249 3.73 <2.49 <2.49
BGS-8 6/19/07 Fillet 57 | 155 | 4M 292 <244 | <244% | <244 <2.44 <2.44 <2.44
BGS-comp | 6/19/07 Fillet 55a | l4a 250 <2.45 <2.45 <2.45 3.24 <2.45 2.65
Black Crappie
BKS-1 6/19/07 Fillet 89 NA | 4M 384 <2.34 <2.34 <2.34 8.92 3.94 3.31
BKS-2 6/19/07 Fillet 83 20 5/F 213 <2.44 <3.06 <2.44 451 <2.44 <2.44
BKS-3 6/19/07 Fillet 94 20 5/F 70.3 <2.48 <2.48 <2.48 2.66 <2.48 <2.48

10




2007 MPCA PFC Fish Data

Josephine Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample Tissue We | Lo
Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g
(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 5/24/06 Fillet 37 11 oM 73.4 <243 | <243 | <243 <243 | <243 <243
BGS-2 5/24/06 Fillet 58 14 4/F 52.5 <249 | <249 | <249 | <249 | <249 | <249
BGS-4 5/24/06 Fillet 68 16 | 5M 50.2 <246 | <246 | <246 | <246 | <246 | <246
BGS-5 5/24/06 Fillet 44 | 13.1 | 3/F 102 <251 <2.51 <2.51 <2.51 <2.51 <251
BGS-10 5/24/06 Fillet 38 | 132 | 3M 55.6 <246 | <246 | <246 | <246 | <246 | <246#
BGS-12 5/24/06 Fillet 36 13 | 3M 188 <250 | <250 | <250 3.07 <250 | <250
BGS-comp | 5/24/06 Fillet 42a | l4a 92.6 <248 | <248 | <249 | <248 2.98 <248
Keller Lake Fish PFC analysis
Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample Tissue We Lo
Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g
(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 7/07 Fillet 50 | 135 | 3M 26.2 <2.45 <245 <2.45 <2.45 <2.45 <245
BGS-2 7/07 Fillet 54 145 | 4/ 64.6 <235 <2.35 <235 2.5 <235 <2.35
BGS-5 7/07 Fillet 56 14 | 4M 97.1 <2.46 <2.46 <2.46 4.88 431 <2.46
BGS-7 7/07 Fillet 58 15 4/F 50.1 <2.46 <2.46 <2.46 447 2.99 <2.46
BGS-10 7/07 Fillet 58 15 | 4M 106 <2.49 <2.49 <2.49 4.81 3.77 2.73
BGS-comp 7/07 Fillet 53a | 15a 70 <2.10 <2.10 <2.10 2.67 <2.10 <2.10
Minnetonka Fish PFC analysis
Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample Tissue We | Lo
Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g
(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 6/21/07 Fillet 72 | 155 | 5/F | <490 | <245 | <245 | <245 <245 | <245 | <245
BGS-4 6/21/07 Fillet 69 | 132 | 3/F | <493 <246 | <246 | <246 | <246 | <246 | <246
BGS-5 6/21/07 Fillet 54 12 2/F | <498 | <249 | <249 | <249 | <249 | <249 | <249
BGS-9 6/21/07 Fillet 16 10 2/) <5.03 <251 <2.51 <2.51 <2.51 <2.51 <2.51
BGS-10 6/21/07 Fillet 15 10 2/) <498 | <249 | <249 | <249 | <249 | <249 | <249
BGS-comp Fillet 49a | 13a 7.47 <250 | <250 | <250 | <250 | <250 | <2.50
Black Crappie
BKS-1 6/22/07 Fillet 464 34 | 11/F 7.16 <2.51 <2.51 <2.51 <251 <251 <2.51
BKS-1(dup) 8.04 <237 | <237 | <237 | <237 | <237 | <237
BKS-2 6/22/07 Fillet 300 | 28 8/F 6.22 <249 | <249 | <249 | <249 | <249 | <249
BKS-3 6/22/07 Fillet 192 | 24 | 1M 10.9 <246 | <246 | <246 | <246 | <246 | <246
BKS-4 6/22/07 Fillet 121 21 6/F | <492 | <246 | <246 | <246 | <246 | <246 | <246
BKS-5 6/22/07 Fillet 90 19 5/F | <5.03 <251 <418 | <251 <2.51 <2.51 <2.51
Northern Pike
NP-1 6/15/07 Fillet 2987 | 71 5/F 103 <248 | <248 | <248 | <248 | <248 | <248
NP-2 6/15/07 Fillet 3700 | 80 | 6/M 7.83 <250 | <250 | <250 | <250 | <250 | <250
NP-3 6/15/07 Fillet 1830 | 62 4/F 7.61 <249 | <249 | <249 | <249 | <249 | <249
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2007 MPCA PFC Fish Data

Nokomis Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA

Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 7/17/07 Fillet 25 11 | 2™ 10.8 <2.44 <2.44 <2.44 <2.44 <2.44 <2.44
BGS-2 7/17/07 Fillet 73 16 | 5M 9.21 <2.38 <238 <2.38 <2.38 <238 <2.38
BGS-3 7/17/07 Fillet 58 15 | 4M 13.4 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50
BGS-4 7/17/07 Fillet 31 11 2/M 771 <2.49 <3.00 <2.49 <2.49 <2.49 <2.49
BGS-5 7/17/07 Fillet 55 14 4/F 6.45 <2.45 <245 <2.45 <245 <2.45 <2.45
BGS-6 7/17/07 Fillet 49 | 145 | 4/F 7.23 <243 <243 <243 <243 <243 <243
BGS-7 7/17/07 Fillet 69 15 | 4M 11.4 <2.45 <2.45 <2.45 <245 <245 <245

Black Crappie

BKS-1 7/17/07 Fillet 84 185 | 5/M 11.7 <2.49 <249 | <2.49* <2.49 <2.49 <2.49
BKS-2 7/17/07 Fillet 74 17.8 | 4M 10.1 <2.46 <246 | <2.46* <2.46 <2.46 <2.46
BKS-3 7/17/07 Fillet 72 | 175 | 4F 12.3 <2.45 <245 | <2.45% | <245 <2.45 <245
BKS-4 7/17/07 Fillet 67 | 162 | 4/M 7.66 <2.45 <434 | <245% | <245 <245 <245
BKS-5 7/17/07 Fillet 91 19 | 5M 8.18 <2.79 <244 | <244*% | <244 <2.44 <2.44
Olson Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 4/30/07 Fillet 19 10 2/F 7.8# <2.34 <2.34% <2.34 <2.34 <2.34 <2.34
BGS-2 4/30/07 Fillet 21 10 2/] 21.1# <2.50 <2.50% <2.50 <2.50 <2.50 <2.50
BGS-5 4/30/07 Fillet 33 13 3/ 24.7 <3.97 <3.97 <3.97 <3.97 <3.97 <3.97
BGS-8 4/30/07 Fillet 51 15 4/] 9.28 <2.44 <2.44 <2.44 <2.44 <2.44 <2.44
BGS-9 4/30/07 Fillet 85 15 4/F <4.85 <243 <2.43 <243 <2.43 <2.43 <2.43
BGS-comp | 4/30/07 Fillet 40a | 13a 14.5 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
Largemouth Bass
LMB-1 4/30/07 Fillet 1148 | 41 9/M 45.7 <2.40 <2.40% <2.40 2.84 2.87 <2.40
LMB-2 4/30/07 Fillet 1170 | 39 | 7™M 43.6 <2.44 <2.44%* <2.44 251 2.85 <2.44
LMB-3 4/30/07 Fillet 1159 | 39 | 7™M 19.7 <245 | <245% | <245% | <245 3.04 <245
LMB-4 4/30/07 Fillet 1379 | 42 | 9M 71.5 <2.40 <2.40% | <2.40* 2.87 <2.40 <2.40
LMB-5 4/30/07 Fillet 1024 | 37 7/F 24.9 <240 | <240% | <240 <2.40 <2.40 <2.40
LMB-5(dup) | 4/30/07 Fillet 24.5 <249 | <249% | <249 <2.49 <2.49 <2.49
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2007 MPCA PFC Fish Data

Peltier Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA

Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 2007 Fillet 58 15 | 4M 17.6 <2.44 <244 | <244 | <244 <2.44 <2.44
BGS-2 2007 Fillet 87 15.8 5/F 9.52 <2.48 <2.48 <2.48% <2.48 <2.48 <2.48
BGS-3 2007 Fillet 50 13 3/F 15.1 <4.27 <245 | <245*% | <245 <2.45 <2.45
BGS-4 2007 Fillet 34 123 | 31 10.9 <2.50 <2.50 | <2.50% <2.50 <2.50 <2.50
BGS-5 2007 Fillet 30 115 | 2/F 7.53 <3.43 <2.50 | <2.50% <2.50 <2.50 <2.50
Northern Pike
NP-1 2007 Fillet 607 45 4/] 20.7 <2.78 <2.65 <2.49 <2.49 <2.49 <2.49
NP-2 2007 Fillet 658 43 4/] 14.5 <243 <243 <2.43 <243 <243 <2.43
NP-3 2007 Fillet 764 51 4/] 8.2 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
NP-4 2007 Fillet 883 50 4/F 13.6 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
NP-5 2007 Fillet 1161 | 54 4/] 13.1 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
Lake Phalen Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-2 5/1/07 Fillet 19 10 2/] 156# <249 | <249*% | <249 5.23 2.99 <2.49
BGS-4 5/1/07 Fillet 25 115 | 241 82.7# <2.50 <2.50% <2.50 3.14 <2.50 <2.50
BGS-6 5/1/07 Fillet 55 | 115 | 2/F 60.6 <2.36 <2.36 <2.36 <236 <236 <2.36
BGS-9 5/1/07 Fillet 101 16 | 5M 93.4 <2.48 <2.48 <2.48 2.48# <2.48 <2.48
BGS-10 5/1/07 Fillet 73 15 4/F 53.8 <2.38 <2.38 <238 2.61# <2.38 <2.38
BGS-comp 5/1/07 Fillet 53a | 12a 453 <242 <2.42 <2.42 <2.42 <2.42 <2.42
BGS- 5/1/07 Fillet 55 <224 | <224 | <224 | <224 | <224 | <224
comp(dup)
Black Crappie
BKS-1 5/1/07 Fillet 26 12 2/J 4214 <239 | <239*% | <239 <2.39 <2.39 <2.39
BKS-2 5/1/07 Fillet 58 14 | 3M 104 <242 | <242*% | <242 5.29 <2.42 <2.42
BKS-3 5/1/07 Fillet 67 17 | 4M | 67.7# <236 | <236% | <236 3.05 <236 <236
Largemouth Bass
LMB-1 5/1/07 Fillet 1212 | 41 9/F 183 <249 | <249*% | <249 9.46 3.99 2.66
LMB-2 5/1/07 Fillet 596 | 33.5 | 5M 136 <2.45 <2.45 <2.45 7.64 4.67 <2.45
LMB-2(dup) | 5/1/07 Fillet 129 <2.48 <2.48 <2.48 6.14 3.88 <2.48
LMB-3 5/1/07 Fillet 1279 | 43 | 10/F 128 <234 | <234* | <234 5.38 3.08 <2.34
LMB-4 5/1/07 Fillet 1415 | 42 9/F 147# <235 | <235% | <235 496 <235 <235
LMB-4(dup) | 5/1/07 Fillet 147# <244 | <244% | <244 5.28 3.61 <2.44
LMB-5 5/1/07 Fillet 1872 | 43 | 10/F 120 <234 | <234* | <234 3.63 <2.34 <2.34
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2007 MPCA PFC Fish Data

Powers Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA

Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 7/07 Fillet 31 13 3/F 485 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-2 7/07 Fillet 66 15 | 4M 45 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50
BGS-6 7/07 Fillet 59 | 165 | 6/M 44.8 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-9 7/07 Fillet 58 17 | M 26.6 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
BGS-10 7/07 Fillet 40 NA | S/F 32.7 <245 <2.45 <245 <2.45 <2.45 <2.45
BGS-comp 7/07 Fillet 43a | 13a 65.3 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
Black Crappie
BKS-1 7/07 Fillet 99 20 | 5/M 63.9 <2.39 <239 | <2.39* <2.39 <2.39 <2.39
BKS-2 7/07 Fillet 100 20 5/F 59.9 <235 <235 <2.35% 2.49 <235 <2.35
BKS-3 7/07 Fillet 109 19 5/F 53.3 <4.84 <2.45 <2.45% 247 <2.45 <2.45
BKS-4 7/07 Fillet 108 20 5/F 33.6 <2.49 <4.64 <2.49 <2.49 <2.49 <2.49
BKS-5 7/07 Fillet 105 19 5/F 429 <2.34 <2.34 <2.34 <2.34 <2.34 <2.34
Northern Pike
NP-1 7/07 Fillet 2233 | 70 | 6/M 71.1 <2.49 <2.49 <2.49 3.08 2.64 <2.49
NP-2 7/07 Fillet 1680 | 64 | 5/M 71.9 <2.50 <2.50 <2.50 3.04 <2.50 <2.50
NP-3 7/07 Fillet NA 70 6/J 62.8 <2.48 <2.48 <2.48 273 2.56 <2.48
Yellow Perch
YP-comp | 7/07 Fillet 34a | 15a 41.6 <236 | <236 | <236 | <236 | <236 | <236
Prior (Upper) Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-2 8/23/07 Fillet 29 12 | 3M 5.25 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
BGS-4 8/23/07 Fillet 27 11 2/F <4.95 <2.48 <2.48 <2.48 <248 <2.48 <2.48
BGS-6 8/23/07 Fillet 41 13 3/F <481 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
BGS-8 8/23/07 Fillet 438 13 3/F <5.00 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50
BGS-10 8/23/07 Fillet 85 16 | 5/M | <4.98 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
BGS-comp | 8/23/07 Fillet 38a | 12a <4.98 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
Largemouth Bass
LMB-1 8/23/07 Fillet 576 33 5M | <4.90 2.8 <245 <2.45% <2.45 <2.45 <2.45
LMB-2 8/23/07 Fillet 653 35 6/F 6.14 <2.49 <19.6 | <2.49* 2.62 <2.49 <2.49
LMB-3 8/23/07 Fillet 503 32 5M | <4.93 <2.46 <246 | <2.46* <2.46 <2.46 <2.46
LMB-4 8/23/07 Fillet 370 31 5/F <4.76 <2.38 <2.38 <2.38% <2.38 <2.38 <2.38
LMB-5 8/23/07 Fillet 744 37 7/F <4.95 <2.48 <248 | <248* | <248 <2.48 <2.48
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2007 MPCA PFC Fish Data

Ravine Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA

Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 4/30/07 Fillet 30 10 | 2M 103 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
BGS-4 4/30/07 Fillet 35 12 3/1 10.8 <4.67 <4.67 <4.67 <4.67 <4.67 <4.67
BGS-5 4/30/07 Fillet 23 10 | 2M 45.1 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
BGS-9 4/30/07 Fillet 206 | 19.5 | 7™M 29.3 <229 <2.29 <2.29 <229 <229 <2.29
BGS-9(dup) | 4/30/07 Fillet 30.3 <245 <2.45 <245 <245 <245 <245
BGS-10 4/30/07 Fillet 97 16 | 5M 19.3 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-comp | 4/30/07 Fillet 60a | 13a 19.4 <2.43 <243 <2.43 <2.43 <243 <2.43
Black Crappie
BKS-1 4/30/07 Fillet 52 15 3/F 55.9 <2.48 <2.48% | <2.48* <2.48 <2.48 <2.48
BKS-2 4/30/07 Fillet 43 15 3/] 64.5 <242 <42% | <2.42% <2.42 <2.42 <242
BKS-3 4/30/07 Fillet 42 14 3/] 77.8 2.69 <2.56% <2.56 <2.56 <2.56 <2.56
BKS-4 4/30/07 Fillet 50 15 3/] 60.4 <231 <2.31%* <231 <2.31 <2.31 <231
BKS-5 4/30/07 Fillet 45 14 3/F 413 <235 | <235% | <2.35% | <235 <235 <235
Largemouth Bass
LMB-1 4/30/07 Fillet 725 | 325 | 5/M 50.6 <2.40 <2.40*% | <2.40% <2.40 <2.40 <2.40
LMB-2 4/30/07 Fillet 890 35 6/M 36 <2.13 <2.13% | <2.13* <2.13 <2.13 <2.13
LMB-3 4/30/07 Fillet 911 | 345 | 6/F 65.2 <2.38 <2.38% | <2.38* <2.38 <2.38 <2.38
LMB-4 4/30/07 Fillet 1084 | 36.5 | 7™M 107 <240 | <2.40*% | <2.40%* <2.40 <2.40 <2.40
LMB-5 4/30/07 Fillet 1011 | 33 5/M 53.8 <231 <231% | <2.31%* <2.31 <231 <2.31
Red Rock Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-6 8/17/07 Fillet 5 10 2/] 42 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
BGS-7 8/17/07 Fillet 43 13.9 | 4/ 32.7 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-8 8/17/07 Fillet 61 152 | 5/M 422 <243 <243 <243 <243 <243 <243
BGS-9 8/17/07 Fillet 130 | 182 | 7™M 58.3 <2.45 <245 <2.45 <2.45 <2.45 <245
BGS-10 8/17/07 Fillet 57 14 4/F 29.2 <2.44 <2.44 <2.44 <2.44 <2.44 <2.44
BGS-comp | 8/17/07 Fillet 27a | 1la 352 <2.38 <3.02 <2.38 <2.38 <2.38 <2.38
Black Crappie
BKS-1 8/17/07 Fillet 81 17 4/F 79.9 <2.48 <2.48 <2.48 2.73 <2.48 <2.48
BKS-2 8/17/07 Fillet 102 | 20 5/F 97.1 <2.48 <2.48 <2.48 3.07 <2.48 <2.48
BKS-3 8/17/07 Fillet 149 21 6/M 153 <2.49 <2.49 <2.49 3.69 <2.49 <2.49
BKS-4 8/17/07 Fillet 283 27 8/F 115 <243 <243 <243 3.62 <243 <243
BKS-5 8/17/07 Fillet 122 19 5/F 68.6 <2.49 <2.49 <2.49 2.95 <2.49 <2.49
Largemouth Bass
LMB-1 8/17/07 Fillet 666 38 | 7™M 85.7 <2.76 <2.42 <2.42% 2.67 <42 <2.42
LMB-2 8/17/07 Fillet 527 33 5/F 60.6 <2.60 <244 | <2.44* 2.69 <2.44 <2.44
LMB-3 8/17/07 Fillet 566 33 5/] 64.5 <2.46 <246 | <2.46* 3.22 <2.46 <2.46
LMB-4 8/17/07 Fillet 591 33 5/F 57.4 <2.48 <2.48 <2.48% <2.48 <2.48 <2.48
LMB-5 8/17/07 Fillet 716 36 | 7™M 74.4 <3.99 <233 <2.33% 3.07 <233 <2.33
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2007 MPCA PFC Fish Data

Sarah Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA

Species & | Sample . We L)
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-3 7/16/07 Fillet 70 17 6/F 6.12 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-4 7/16/07 Fillet 86 18 | 7™M | 621# <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
BGS-6 7/16/07 Fillet 74 17 6/F 7.97 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
BGS-7 7/16/07 Fillet 10 7 1/] 8.51 <243 <2.43 <243 <243 <2.43 <243
BGS-9 7/16/07 Fillet 15 9.2 1/] <5.00 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50
BGS-comp | 7/16/07 Fillet 52a | 13a <4.90 <2.45 <2.45 <2.45 <2.45 <2.45 <2.45
Black Crappie
BKS-1 7/16/07 Fillet NA 21 6/F <4.95 <2.48 <2.48 <248 <2.48 <2.48 <2.48
BKS-2 7/16/07 Fillet NA 20 | 5S/M | <5.00 <2.50 <2.50 <2.50 <2.50 <2.50 <2.50
BKS-3 7/16/07 Fillet NA 24 7/F <4.83 <2.42 <42 <242 <2.42 <242 <242
BKS-4 7/16/07 Fillet NA 20 | S/M | <4.76 <2.38 <9.45 <2.38 <2.38 <2.38 <2.38
BKS-5 7/16/07 Fillet NA 21 6/M | <4.93 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
Northern Pike
NP-1 7/16/07 Fillet 3440 | 70.7 | 6/F 7.88 <2.64 <245 <2.45 <2.45 <2.45 <2.45
NP -2 7/16/07 Fillet 4052 | 85 7/F 10.8 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
NP -2(dup) Fillet 14.4 <243 <2.43 <243 <243 <243 <243
NP -3 7/16/07 Fillet 3821 | 85 8/F 13.6 <2.45 <2.45 <2.45 <245 <245 <245
NP -4 7/16/07 Fillet 3229 | 81.5 | 7/F 7.45 <2.42 <2.42 <242 <242 <2.42 <242
NP -5 7/16/07 Fillet 1757 | 66 | 5M 9.6 <239 <239 <239 <2.39 <239 <2.39
Silver Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We | Lo

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-3 5/4/07 Fillet 64 16 | 5sM 24 <2.40 <2.40 <2.40 <2.40 3.38 <2.40
BGS-4 5/4/07 Fillet 38 13 3/F 19.6 <243 <243 <243 <243 2.53 <243
BGS-5 5/4/07 Fillet 36 13 3/F 24.4% <2.42 <2.42 <2.42 <2.42 <2.42 <2.42
BGS-7 5/4/07 Fillet 43 14 4/F 313 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-9 5/4/07 Fillet 32 13 3/F 21.4 <2.42 <2.42 <2.42 <2.42 <2.42 <2.42
BGS-comp 5/4/07 Fillet 59a | l4a 33.7 <2.44 <2.44 <2.44 <2.44 <2.44 2.89
Black Crappie
BKS-1 5/4/07 Fillet 69 16 5/F 26.6# <2.46 <2.46 <2.46 2.92 <2.46 <2.46
BKS-4 5/4/07 Fillet 63 17 | 4M 36.6 <2.48 <2.48 <2.48 3.39 <2.48 3.38
BKS-6 5/4/07 Fillet 67 18 | 5sM 45 <2.49 <2.49 <2.49 452 <2.49 2.89
BKS-7 5/4/07 Fillet 67 18 | ™M 28.6 <2.50 <2.50 <2.50 3.88 3.11 3.05
BKS-10 5/4/07 Fillet 296 27 8/F 29.3# <2.43 <2.43 <2.43 3.77 3.08 <2.43
BKS-10(dup) 26.2 <2.44 <2.44 2.65 <2.44 <2.44 <2.44
BKS-comp 5/4/07 Fillet 110 19 34.9 <2.45 <2.45 <2.45 <2.45 <2.45 <2.45
E)I;S(;mp) 33.5 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
Walleye
WE-1 5/4/07 Fillet 453 50 9/M 10.2 <2.40 <4.84 2.71 <2.40 <2.40 <2.40
WE-1(dup) 10.8 <242 <2.42 42 <242 <42 <242
WE-2 5/4/07 Fillet 486 | 52 | 1oM 18.8 <2.44 <2.44 4.65 2.8 2.85 <2.44
WE-3 5/4/07 Fillet 371 27 | 4M 10.5 <2.49 <2.49 5.31 <2.49 <2.49 <2.49
WE-4 5/4/07 Fillet 1200 | 46 | 8/M 26.6 <233 <2.33 4.82 2.99 2.49 2.96
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2007 MPCA PFC Fish Data

Square Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-2 5/2/07 Fillet 15 | 185 | 7/F <457 <228 | <2.28% | <228 <2.28 <2.28 <2.28
BGS-4 5/2/07 Fillet 21 10 2/F <4.69 <235 | <235% | <235 <235 <235 <235
BGS-8 5/2/07 Fillet 44 12.5 3/F <4.72 <2.36 <2.36% <2.36 <2.36 <2.36 <2.36
BGS-9 5/2/07 Fillet 84 16 | 5M | <4.88 <044 | <244* | <244 <2.44 <2.44 <2.44
BGS-10 5/2/07 Fillet 111 | 17.5 | 6/M | <495 <2.48 <2.48% <2.48 <2.48 <2.48 <2.48
BGS-comp 5/2/07 Fillet 53a | 13a <4.72 <2.36 <2.36 <2.36 <2.36 <2.36 <2.36
Black Crappie
BKS-1 5/2/07 Fillet 74 165 | 4M | <4.93 <2.46 <2.46* <2.46 <2.46 <2.46 <2.46
BKS-2 5/2/07 Fillet 125 | 185 | 5/M 52 <244 | <244% | <244 <2.44 <2.44 <2.44
BKS-3 5/2/07 Fillet 94 18 5M | <4.76 <2.38 <2.38% <238 <2.38 <2.38 <2.38
BKS-4 5/2/07 Fillet 80 17 4/F <4.90 <2.45 <245 <2.45 <2.45 <2.45 <245
BKS-5 5/2/07 Fillet 126 20 | 5/M | <4.98 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
Largemouth Bass
LMB-1 5/2/07 Fillet 309 | 265 | 3/M | <4.67 <2.34 <2.34* <2.34 <2.34 <2.34 <2.34
LMB-2 5/2/07 Fillet 301 28 | 3/M | <4.88 <2.44 <2.44% <2.44 <2.44 <2.44 <2.44
LMB-3 5/2/07 Fillet 284 | 27.5 | 3/F <4.81 <240 | <240% | <240 <2.40 2.88 <2.40
LMB-4 5/2/07 Fillet 383 | 295 | 4F <5.00 <2.50 <2.50% <2.50 <2.50 <2.50 <2.50
LMB-5 5/2/07 Fillet 316 28 | 3/M | <5.03 <251 <2.51% <251 <2.51 <2.51 <2.51
Tanners Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We Lo

Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 6/12/07 Fillet 89 17 | 6M | 6l.1# <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
BGS-2 6/12/07 Fillet 32 | 125 | 3/F 87# <230 <2.30 <230 <2.30 <230 <230
BGS-5 6/12/07 Fillet 93 18 7/F 56.6 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-7 6/12/07 Fillet 89 | 165 | 6/F 70.4 <2.44 <2.44 <2.44 <2.44 <2.44 <2.44
BGS-10 6/12/07 Fillet 12 10 2/] 105 <2.49 <2.49 <2.49 436 <2.49 <2.49
BGS-comp | 6/12/07 Fillet 50a | 13a 55 <2.44 <2.59 <2.44 <2.44 <2.44 <2.44
Black Crappie
BKS-1 6/12/07 Fillet 69 18 | 4M 265 <245 <245 | <2.45% 6.3 <2.45 <245
BKS-2 6/12/07 Fillet 63 15 3/M 75.9 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
BKS-3 6/12/07 Fillet 56 18 4/F 91.2 <2.38 <3.96 <2.38 2.82 <2.38 <2.38
BKS-4 6/12/07 Fillet 80 185 | 4M 94.6 <2.39 <2.39 <2.39 <2.39 <2.39 <2.39
BKS-5 6/12/07 Fillet 56 17 4/F 64 <2.81 <2.40 <2.40 <2.40 <2.40 <2.40
Largemouth Bass
LMB-1 6/12/07 Fillet 378 | NA | 4/F 96.5 <2.43 <3.18 <2.43 6.05 4.62 4.11
LMB-2 6/12/07 Fillet 619 | NA | 5/F 75.7 <2.44 <2.44 <2.44 4.86 4.42 8.37
LMB-3 6/12/07 Fillet 576 35 6/F 76.6 <2.39 <2.39 <239 3.56 473 3.4
LMB-4 6/12/07 Fillet 823 37 | ™M 74.9 <2.44 <2.44 <2.44 3.44 <2.44 42
LMB-5 6/12/07 Fillet 1570 | 50 | 12/F 74.1 <2.56 <256 | <2.56* 3.33 <256 <2.56
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2007 MPCA PFC Fish Data

White Bear Lake Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-2 5/2/07 Fillet 26 10 2/F <4.88 <244 | <244 | <244 <2.44 <2.44 <2.44
BGS-3 5/2/07 Fillet 8 7 1/J <8.13 <407 | <4.07% | <4.07 <4.07 <4.07 <4.07
BGS-5 5/2/07 Fillet 32 12 3/) <4.81 <2.40 <2.40%* <2.40 <2.40 <2.40 <2.40
BGS-7 5/2/07 Fillet 171 19 | 7™M 477 <228 | <2.28*% | <228 <2.28 <228 <2.28
BGS-8 5/2/07 Fillet 111 | 255 | S/F 5.08 <234 | <234*% | <234 <234 <234 <2.34
BGS-comp 5/2/07 Fillet 64a | 13a 6.06 <231 <231 <231 <231 <231 <231
Black Crappie
BKS-1 5/2/07 Fillet 172 | 21 6/F 18.4 <244 | <244% | <244 <2.44 <2.44 <2.44
BKS-2 5/2/07 Fillet 525 30 | 10/F 30.8 <2.54 <2.54% <2.54 3.51 <2.54 <2.54
Largemouth Bass
LMB-1 5/2/07 Fillet 811 35 6/M | <481 <2.40 <2.40% <2.40 <2.40 <2.40 <2.40
LMB-2 5/2/07 Fillet 845 | 36.5 | 7/F 9.07 <2.49 <2.49% <2.49 <2.49 <2.49 <2.49
LMB-3 5/2/07 Fillet 638 34 | 6/M | <476 <2.38 <2.38% <238 <2.38 <2.38 <2.38
LMB-4 5/2/07 Fillet 515 31 5M | <4.85 <243 <2.43% <2.43 <2.43 <243 <2.43
LMB-5 5/2/07 Fillet 503 31 5M | <4.85 <243 | <243*% | <243 <243 <2.43 <243
St. Croix River Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA
Species & | Sample Tissue We Lo
Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-3 7/19/07 Fillet 86 | 155 | 5/F <4.83 <242 <242 <242 <242 <242 <242
BGS-5 7/19/07 Fillet 83 145 | 4/F 33.1 <245 <2.45 <2.45 <2.45 <2.45 <2.45
BGS-7 7/19/07 Fillet 122 | 185 | 7/M | <4.95 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
BGS-8 7/19/07 Fillet 76 15 | 4M 223 <2.40 <2.40 <2.40 <2.40 <2.40 <2.40
BGS-10 7/19/07 Fillet 80 15 | 4M 13.1 <2.44 <2.65 <2.44 <2.44 <2.44 <2.44
BGS-comp | 7/19/07 Fillet 82a | 15a 12 <2.42 <2.42 <242 <2.42 <2.42 <242
E)g}i:iup) 16.4 <2.46 <2.46 <2.46 <2.46 <2.46 <2.46
Walleye
WE-1 7/19/07 Fillet 670 | 45 | 8M 8.34 <245 <3.85 | <245% | <245 <2.45 <2.45
WE-2 7/19/07 Fillet 695 | 44 | IM 13.8 <235 <235 | <2.35% | <235 <235 <235
WE-3 7/19/07 Fillet 641 42 | M 12 <242 <242 | <2.42% | <242 <242 <242
WE-4 7/19/07 Fillet 919 | 48 | M 40.2 <242 <42 | <2.42% | <242 <2.42 <2.42
WE-5 7/19/07 Fillet 890 48 9/M 12.7 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49
White Bass
WHB-1 7/19/07 Fillet 403 34 5/F 81.8 <2.50 <2.50 <2.50 2.63 <2.50 <2.50
Smallmouth Bass
SMB-1 7/19/07 Fillet 573 35 | 3M 123 <2.29 <2.29 <2.29 <2.29 <2.29 <2.29
SMB-2 7/19/07 Fillet 730 38 | 4M 29.1 <245 <2.45 <245 <245 <245 <245
SMB-2(dup) 31.4 <222 <222 <222 <222 <222 <222
SMB-3 7/19/07 Fillet 425 30 | M | <4.90 <2.45 <2.45 <2.45 <2.45 <2.45 <2.45
SMB-4 7/19/07 Fillet 286 29 /M 5.44 <2.33 <2.33 <2.33 <2.33 <2.33 <2.33
SMB-5 7/19/07 Fillet 252 | 27 | M 11.2 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48
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2007 MPCA PFC Fish Data

Mississippi River Brainerd area Fish PFC analysis

Age/ | PFOS PFOA | PFBA | PFOSA | PFDA | PFUnA | PFDoA

Species & | Sample . We | Lo
Tissue

Sample ID | Date @ | (cm) ng/g ng/g ng/g ng/g ng/g ng/g ng/g

(yrs) | (ppb) (ppb) (ppb) (ppb) (ppb) (ppb) (ppb)
Bluegill
BGS-1 8/13/07 Fillet 50 14 4/J 7.38 <2.44 <247 | <2.44*% | <244 <2.44 <2.44
BGS-2 8/13/07 Fillet 59 | 133 | 3/F 12.3 <2.45 <245 | <245*% | <245 <2.45 <2.45
Walleye
WE-1 8/13/07 Fillet 225 31 5/ 9.42 <235 <235 | <235% | <235 <235 <235
WE-2 8/13/07 Fillet 625 43 7/F 8 <2.48 <248 | <2.48*% | <248 <2.48 <2.48
WE-3 8/13/07 Fillet 325 32 5/F 7.69 <2.46 <246 | <246* | <246 <2.46 <2.46
WE-4 8/13/07 Fillet 1425 | 49 | 9M 10.4 <242 <42 | <242% | <242 <2.42 <242
WE-5 8/13/07 Fillet 1850 | 54 11\2/ 8.75 <2.35 <235 | <235*% | <235 <2.35 <2.35
WE-5(dup) 8.99 <243 <825 | <243*% | <243 <2.43 <243
Northern Pike
NP-1 8/13/07 Fillet 301 33 3/] 7.15 <2.35 <235 | <2.35% <2.35 <2.35 <2.35
NP-2 8/13/07 Fillet 1050 | 51 4/F 6.29 <2.46 <2.46 | <2.46* <2.46 <2.46 <2.46
NP-3 8/13/07 Fillet 1450 | 54 4/F 7.62 <2.27 <227 | <2.27% <2.27 <2.27 <2.27
Smallmouth Bass
SMB-1 8/13/07 Fillet 1275 | 44 6/F 12.5 <2.44 <329 | <2.44%* <2.44 <2.44 <2.44
SMB-2 8/13/07 Fillet 1300 | 39 | 4M 12.1 <2.27 <227 | <227% <2.27 <2.27 <2.27
SMB-3 8/13/07 Fillet 900 36 | 3M 11.3 <2.33 <2.33 <2.33% <2.33 <2.33 <2.33
SMB-4 8/13/07 Fillet 1850 | 41 5/M 8.82 <2.43 <2.43 <2.43% <2.43 <2.43 <2.43
SMB-5 8/13/07 Fillet 225 23 2/1 18 <2.40 <11.8 | <2.92% <2.40 <2.40 <2.40
< = less than the detection limit; number following this symbol represents the detection limit

* estimated values with a negative bias
# estimated values with a positive bias
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2008 MPCA Metro Lakes Fish PFC Data

Twin Cities Metro Lakes

Average PFOS Concentration [ng/g; ppb]
Black
Bluegill Black Crappie | Largemouth | Northern Pumpkinseed
Bluegill | (comp) | Crappie | (comp) Bass Pike Pumpkinseed (comp)
Alimagnet | 24.27 (6) | 24.7(6) | 31.38 (6) | 31.60 (6) ns ns ns ns
Bennett 40.12 (6) | 36.8(6) | 46.52 (5) | 58.50 (4) ns 51.38 (5) ns ns
203.80 267.17
Calhoun (5 267 (4) (6) ns 425.60 (5) ns ns ns
Casey ns ns 12.45 (5) | 14.50 (5) ns ns ns ns
Cedar
(Hennepin) | 50.09 (8) ns 68.15 (2) ns 136.74 (5) ns ns ns
73.70 101.68
Fish 76.08 (6) (6) (5 98.60 (6) ns 134.60 (5) 17.48 (5) 15.70 (6)
137.00 138.40
Harriet (5 ns (5 ns 227.40 (5) ns ns ns
Hyland 12.44 (5) ns 23.92 (5) ns 43.06 (5) ns ns ns
166.97
Isles 68.40 (3) ns (6) ns 197.00 (5) ns ns ns
20.80
Lee 22.47 (6) (6) 38.24 (5) | 29.30 (4) ns ns ns ns
Pelican <dl (5) ns <dl (5) ns <dl (5) ns ns ns
Starring
(5/30/08) 22.27(3) ns ns ns 26.40 (4) ns ns ns
Starring
(6/24/08) 10.07 (2) ns 15.86 (5) ns 32.50 (1) ns ns ns
Steiger 5.75(3) ns 5.69 (1) ns 9.55 (5) ns ns ns
Sweeney 26.20 (5) ns 28.47 (3) ns 49.52 (5) ns ns ns
396.80 419.00
Twin (6) ns (5 ns 480.40 (5) ns ns ns

Numbers listed are: average PFOS concentration (# of fish)

<dl — less than detection limit (approx. 2.5 ng/g)

ns — not sampled

comp — composite; tissue from several fish is combined prior to analysis




2008 MPCA Metro Lakes Fish PFC Data

Note: This summary table is only for concentrations of PFDA in fish from lakes listed below.

Twin Cities Metro Lakes

Average PFDA Concentration [ng/g; ppb]

Black
Bluegill | Black | Crappie | Largemouth | Northern Pumpkinseed
Bluegill | (comp) | Crappie | (comp) Bass Pike Pumpkinseed (comp)
Alimagnet | 3.69 (1) | <dl (5) | 3.93(5) | 5.57 (6) ns ns ns ns
Bennett | 4.74 (4) | 3.38(6) | 6.67(5) | 6.66 (4) ns 5.92 (5) ns ns
Calhoun | 4.60(5) | 5.12(4) | 7.28 (6) ns 11.00 (5) ns ns ns
Casey ns ns <dl (5) | <dl(5) ns ns ns ns
Cedar
(Hennepin) | 4.15 (6) ns 5.23 (2) ns 9.03 (5) ns ns ns
Fish 291 (4) | 4.16(6) | 5.48(5) | 6.17(6) ns 7.24 (5) <dl (5) <dl (5)
Harriet 4.03 (5) ns 4.8 (5) ns 8.03 (5) ns ns ns
Hyland 2.55(1) ns 3.96 (4) ns 4.83 (5) ns ns ns
Isles 4.14 (3) ns 8.87 (6) ns 8.85 (5) ns ns ns
Lee 3.03(3) | <dl(6) | 4.70(5) | 3.82(4) ns ns ns ns
Pelican <dl (5) ns <dl (5) ns <dl (5) ns ns ns
Starring
(5/30/08) | <dl (3) ns ns ns 2.59 (1) ns ns ns
Starring
(6/24/08) | <dl (2) ns <dl (5) ns <dl (1) ns ns ns
Steiger <dl (4) ns <dl (2) ns <dI (5) ns ns ns
Sweeney | 3.17 (4) ns 5.00 (3) ns 5.66 (5) ns ns ns
Twin 3.04 (6) ns 5.04 (5) ns 5.02 (5) ns ns ns

Numbers listed are: average PFDA concentration (# of fish)
<dl — less than detection limit (approx. 2.5 ng/g)

ns — not sampled

comp — composite; tissue from several fish is combined prior to analysis




2008 MPCA Metro Lakes Fish PFC Data

Note: This summary table is only for concentrations of PFUnA in fish from lakes listed below.

Twin Cities Metro Lakes

Average PFUnAConcentration [ng/g; ppb]

Black
Bluegill | Black | Crappie | Largemouth | Northern Pumpkinseed
Bluegill | (comp) | Crappie | (comp) Bass Pike Pumpkinseed (comp)
Alimagnet | 3.65(2) | <dl(5) | <dI(5) | 2.65(6) ns ns ns ns
Bennett | 3.06 (6) | 3.09(6) | <dI(5) | 3.01 (4) ns 4.51 (3) ns ns
Calhoun | 2.71(2)|2.93(4) | 3.28(3) ns 6.21 (5) ns ns ns
Casey ns ns <dl (5) | <dl(5) ns ns ns ns
Cedar
(Hennepin) | 2.66 (2) ns 3.05 (1) ns 5.75 (5) ns ns ns
Fish 274 (3) | <dl(6) | <dI(5) | <dl(6) ns 5.11(5) <dl (5) <dl (5)
Harriet | 2.84 (3) ns <dl (5) ns 3.85(5) ns ns ns
Hyland <dl (5) ns <dl (5) ns 3.80 (3) ns ns ns
Isles 2.62 (2) ns 5.49 (4) ns 6.67 (5) ns ns ns
Lee <dl(6) | <dl(6) | 3.61 (1) | <dl(4) ns ns ns ns
Pelican <dl (5) ns <dl (5) ns <dl (5) ns ns ns
Starring
(5/30/08) | <dl (3) ns ns ns <dl (4) ns ns ns
Starring
(6/24/08) | <dl (2) ns <dl (5) ns <dl (1) ns ns ns
Steiger <dl (4) ns <dl (2) ns <dl (5) ns ns ns
Sweeney | 4.44 (3) ns 4.87 (1) ns 4.73 (5) ns ns ns
Twin 4.58 (6) ns 4.58 (4) ns 6.07 (5) ns ns ns

Numbers listed are: average PFUnA concentration (# of fish)
<dl — less than detection limit (approx. 2.5 ng/g)

ns — not sampled

comp — composite; tissue from several fish is combined prior to analysis




2008 MPCA Metro Lakes Fish PFC Data

Note: This summary table is only for concentrations of PFDoA in fish from lakes listed below.

Twin Cities Metro Lakes

Average PFDoA Concentration [ng/g; ppb]
Black
Bluegill | Black | Crappie | Largemouth | Northern Pumpkinseed
Bluegill | (comp) | Crappie | (comp) Bass Pike Pumpkinseed (comp)
Alimagnet | 2.57 (1) | <dI(5) | <dI(5) | <dl(6) ns ns ns ns
Bennett | 3.02 (1) | <dl(6) | <dI(5) | <dl(4) ns 3.26 (4) ns ns
Calhoun | 3.68(2) | 4.15(4) | 2.90 (2) ns 6.32 (5) ns ns ns
Casey ns ns <dl (5) | <dl(5) ns ns ns ns
Cedar
(Hennepin) | 2.76 (1) ns 2.68 (1) ns 5.51 (5) ns ns ns
Fish 321 (1) | <dl(6) | <dl(5) | <dl(6) ns 3.84 (5) <dl (5) <dl (5)
Harriet | 2.80 (1) ns <dl (5) ns 3.38(3) ns ns ns
Hyland <dI (5) ns <dl (5) ns <dI (5) ns ns ns
Isles <dl (3) ns 6.24 (5) ns 7.27 (5) ns ns ns
Lee <dl(6) | <dl(6) | <dl(5) | <dl(4) ns ns ns ns
Pelican <dl (5) ns <dl (5) ns <dl (5) ns ns ns
Starring
(5/30/08) | <dl (3) ns ns ns <dl (4) ns ns ns
Starring
(6/24/08) | <dl(2) ns <dl (5) ns <dI (1) ns ns ns
Steiger <dl (4) ns <dl (2) ns <dl (5) ns ns ns
Sweeney | 3.66 (5) ns 4.49 (1) ns 5.90 (5) ns ns ns
Twin 2.84 (1) ns 2.88 (3) ns 346 (4) ns ns ns

Numbers listed are: average PFDoA concentration (# of fish)
<dl — less than detection limit (approx. 2.5 ng/g)

ns — not sampled

comp — composite; tissue from several fish is combined prior to analysis




Table A9. 2007 Wastewater Treatment Plant Influent (ng/L)

AREA PLANT NAME Sample ID PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFBS PFHxS PFOS PFOSA
North ALSSD ALS 12 <4.39 8.98 4.59 30.4 <495 <4.79 <5.60 <4.29 15.6 32.2 21.9 <39
South Austin AUS-D 221 2.63 3.35 <2.68 6.46 <2.92 <2.83 < 3.31 <2.53 <5.66 8.03 6.52 <2.31
South Austin AUS-I 19.6 3.51 2.95 <242 4.39 <2.52 <244 <3.62 <219 <4.89 <494 <9.39 <1.99
North BoiseCascade BOI 362 <4.28 <4.41 <4.41 <4.08 <4.82 <4.67 <5.46 <4.18 <4.67 <943 <943 < 3.81
North Brainerd BRA <11.6 <4.39 8.47 4.88 9.93 <4.94 <478 <5.60 <4.28 109 45.9 811 <3.90
Central DodgeCenter DOD 83.3 <276 <2.85 <2.85 6.27 < 3.11 < 3.01 <3.52 <2.70 <6.02 7.14 19 <2.46
Central Eagle Point EAG 656 31.3 22.9 5.59 171 <413 <413 <413 <413 67.1 19.9 <8.28 <413
North Fergus Falls FER 33 <4.19 <4.32 <4.32 5.08 <472 <457 <534 <4.09 <145 <9.24 14.7 <3.73
Central Flint Hills FLI 40.2 <176 17.2 <16.7 9.08 <6.19 <6.19 <6.19 <6.19 31.6 27.5 54.6 <6.19
North Hibbing HIB 20.2 <415 <428 <428 61.1 9.44 <452 <5.29 <4.05 <13.3 16.4 <17.9 < 3.69
Central Hutchinson HUT 37 <3.90 <4.02 <4.02 4.95 <4.39 <4.25 <497 < 3.81 75.8 11.5 80.8 <3.47
Central Marathon-Ashland MAR 1020 62.6 44.8 15 20 4.21 <4.07 <4.07 <4.07 180 131 256 <4.07
Central Maynard MAY 26 4.13 4.99 <270 8.51 <295 <2.86 <3.34 <2.56 <572 <578 <578 4.43
Central Melrose MEL <12.0 <4.38 <452 <452 5.18 <4.93 <478 <5.59 <4.28 <9.56 <9.66 <9.66 <3.90
Central Metro Plant MET-1 58.1 8.58 12.9 6.52 21 <4.38 <4.38 <4.38 <4.38 38.8 124 35.3 <4.38
Central Metro Plant MET-2 86.8 9.09 14.1 6.64 21.8 <414 <414 <414 <414 32.7 14.1 34.9 <414
Central Montivedeo MON 329 <3.17 <3.27 <3.27 9.47 6.82 7.74 <4.04 <3.10 <6.91 <8.28 <6.99 <282
South Morton MOR-1 <4.03 <4.03 <4.03 <4.03 <4.03 <4.03 <4.03 <4.03 <4.03 21.2 < 8.06 < 8.06 <4.03
South Morton MOR-2 <4.05 <4.05 <4.05 <4.05 <4.05 <4.05 <4.05 <4.05 <4.05 9.38 <8.11 <8.11 <4.05
South Owatonna OWA 35.2 9.29 15.4 <3.85 19.5 <4.20 <4.07 <4.76 <3.65 <8.14 <8.23 <8.23 <3.32
North Paynesville PAY 38 <4.39 <453 <453 <4.18 <4.95 <4.79 <5.60 <4.29 <9.58 <9.68 <9.68 < 3.91
South Pipestone PIP 18.9 52.4 <257 <257 3.32 3.4 <272 <3.18 <244 <544 <5.50 <5.50 <222
South Red Wing RED 97.7 <3.79 9.59 < 3.91 13.5 6.65 <414 <4.84 <3.70 <13.2 <8.36 <8.36 <3.37
South Rochester ROC 36.8 <4.04 5.06 <417 17.7 <455 <4.41 <5.15 <3.94 < 8.81 104 <10.7 <3.59
Central Me.CoSeneca SEN 110 <3.38 9.31 <3.48 28.7 8.53 < 3.68 <4.31 <3.30 118 187 171 < 3.01
Central St. Cloud STC <12.0 <4.41 6.81 6.81 16.5 <4.96 <4.80 <5.62 <4.30 <11.2 21.5 <9.71 <3.92
North Thief River F THI <13.8 <4.23 <437 <557 43.6 5.36 <4.62 <5.40 <413 <12.9 <9.33 <9.33 <3.77
Central Willmar WIL 457 <3.70 < 3.81 < 3.81 7.25 4.87 <4.03 <472 < 3.61 <8.07 <8.15 <8.15 <3.29
North WLSSD WLS 71.8 <9.21 5.84 7.3 14 <4.80 <4.65 <544 <4.16 <14.8 <9.39 <9.39 <3.79
South Worthington WOR 61.9 <3.90 <4.02 <4.02 4.28 <4.39 <4.25 <497 <3.80 <8.50 < 8.59 <8.59 <3.47

Estimated values based on QA review
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Figure A1. PFCs in WWTP Influent, 2007.



Table A10. 2007 Wastewater Treatment Plant Effluent in (ng/L)

AREA PLANT NAME Sample ID PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUnA PFDoA PFBS PFHxS PFOS PFOSA
North ALSSD ALS 32.4 4.9 11.5 2.78 13.2 5.31 <2.87 <3.36 <2.57 17.3 40.8 18.4 <2.35
South Austin AUS 21.5 5.12 5.27 <2.65 5.99 <2.90 <2.81 <3.28 < 2.51 <5.61 <5.67 <6.54 <2.29
North BoiseCascade BOI 68.3 <4.26 <4.39 <4.39 4.99 <4.80 <4.64 <5.43 <4.16 <9.29 <9.39 <9.39 <3.79
North Brainerd BRA 50.3 <2.49 12.3 6.25 19 14.1 <2.71 <3.17 <243 107 10.6 1510 <2.21
Central DodgeCenter DOD 234 9.88 4.8 <257 7.56 <2.81 <272 <3.18 <244 <544 <5.50 <5.50 <222
Central Eagle Point EAG 565 21.2 27.6 6.57 22.5 4.38 3.53 <257 <257 29.6 21.9 <5.14 <2.57
North Fergus Falls FER 18.2 2.73 10.5 3.07 9.03 10.3 <2.81 <3.29 <252 8.1 < 5.68 < 5.68 <2.29
Central Flint Hills FLI 148 <9.91 23.6 6.86 10 <2.59 <259 <259 <2.59 <5.17 45 57.5 5.21
North Hibbing HIB 22 48.1 30.7 8.24 63.5 31.4 7.33 <3.29 <252 7.2 8.57 12.8 <2.29
Central Hutchinson HUT 35 40.5 40.2 4.87 31.8 <2.93 3.7 <3.32 <2.54 26.6 12.9 42.6 <2.32
Central Marathon-Ashland MAR 79.3 <6.26 <6.26 <6.26 <6.26 <6.26 <6.26 <6.26 <6.26 <125 <125 <125 <6.26
Central Maynard MAY 27 4.55 7.82 3.37 15 <3.10 <3.00 <3.51 <2.69 <6.01 <6.07 <6.07 2.57
Central Melrose MEL 13.6 <2.60 <2.68 <2.68 3.54 4.22 <2.83 <3.31 <254 <5.67 <5.73 <5.73 <2.31
Central Metro Plant MET-1 120 16 27.4 15 50.5 15.2 7.56 <2.64 <2.64 25.7 26.5 110 <2.64
Central Metro Plant MET-2 75.2 12.5 25.9 15 50.4 12.1 6.68 < 2.56 < 2.56 22 25.7 87.4 < 2.56
Central MSP Airport MSP-1 235 18.8 53.9 31.3 120 18.1 82.8 6.61 8.02 717 28.5 23.8 5.82
Central MSP Airport MSP-2 411 63.2 108 51.8 148 30.4 115 12.5 13 18 74.9 393 <2.53
Central Montivedeo MON 17.8 36.5 14.7 2.86 26.5 3.78 3.29 <3.30 <2.52 <5.64 9.55 <5.70 <2.30
South Morton MOR-1 <2.60 <2.60 <2.60 <2.60 3.38 <2.60 <2.60 <2.60 <2.60 <5.20 <5.20 <5.20 <2.60
South Morton MOR-2 <4.45 <445 <4.45 <4.45 <4.45 <445 <4.45 <445 <4.45 < 8.91 < 8.91 < 8.91 <4.45
South Owatonna OWA 17.9 39.8 20.9 3.73 32.1 <2.88 4.33 <3.27 <250 <5.58 <5.64 <6.79 <2.28
North Paynesville PAY 75.6 14.9 19.6 10.6 33.5 9.3 <453 <5.30 <4.06 <9.06 10.8 <9.16 <3.70
South Pipestone PIP 50.3 6.05 8.16 4.15 18.7 4.41 <2.93 <3.42 <2.62 <5.85 <5.92 10.1 2.95
South Red Wing RED 53.6 8.79 30.2 4.97 22.7 <476 <4.61 <5.39 <4.13 13.9 20.2 <121 <3.76
South Rochester ROC 31.3 79.2 28.8 45.6 39.9 8.01 5.44 <3.30 <2.52 <5.64 10.9 15.3 3.03
Central Me.CoSeneca SEN 42.4 40.1 39.3 13.3 64.1 7.92 4 <3.28 < 2.51 39.8 53.1 58.5 <2.29
Central St. Cloud STC 43.7 5.66 23.9 4.32 271 10.2 <2.81 <3.28 <2.51 12.4 27.7 6.84 <2.29
Central Willmar WIL 36.8 < 2.57 4.99 2.74 5.86 <2.90 <2.81 <3.28 <2.51 <5.61 < 5.67 <114 <2.29
North WLSSD WLS 31.1 3.18 6.53 3.48 14.2 8.48 <2.76 <3.23 <247 16.2 <5.58 16 <225
South Worthington WOR 14.9 7.36 3.44 < 2.66 6.04 <2.90 <2.81 <3.29 <2.52 <5.63 <5.69 <5.69 <2.30

Estimated values based on QA review




WWTP Effluent B PFBA
m PFOA
200 O PFHXA
1510 565
175 OPFHXS | |
B PFOS
150
__125 -
—
I
£ 100
s
75 - )
50
] L
) | i
\%’% §% Q)O\ Q}Qy S <<<g~ @(é\,\ @‘é\ﬂ, &Q:\ &Q, @V% $0Q‘

Figure A2. PFCs in WWTP Effluent, 2007.




Table A11. 2007 Wastewater Treatment Plant Sludge (ng/g dry weight)

AREA PLANT NAME Sample ID PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUNnA PFDoA PFBS PFHxS PFOS PFOSA % Moisture
North ALSSD ALS <459 <459 <459 <459 17.3 18.7 13.8 9.76 <459 <9.18 <9.18 99 14.2 90.1
South Austin AUS - <0.770 <0.817 <0.794 1.06 3.89 1.92 <0.982 <0.752 <5.05 <5.09 <5.09 <2.05 96.8
North BoiseCascade BOI-A <0.194 <0.194 <0.194 <0.194 <0.194 <0.194 <0.194 <0.194 <0.194 <0.389 <0.389 <0.389 <0.194 17.2
North BoiseCascade BOI-P 0.254 <0.191 <0.191 <0.191 <0.191 <0.191 <0.191 <0.191 <0.191 <0.382 <0.382 <0.382 <0.191 50.6
North BoiseCascade BOI-S < 0.401 <1.15 <0.849 <0.299 < 0.266 0.45 < 0.201 <0.201 <0.201 <0.818 <0.703 <0.713 <0.201 0.37
North Brainerd BRA <0.869 <0.677 3.47 0.877 3.68 201 3.99 5.9 2.22 <11.3 2.77 861 2.98 95
Central DodgeCenter DOD - 1.33 <0.624 <0.624 5.6 7.6 18.8 5.16 3.91 <1.32 2.46 24.6 6.87 95.8
Central Eagle Point EAG 2.47 0.617 2.7 <0.590 6.02 2.21 20.7 4.65 4.65 <1.25 <258 224 4 95.3
North Fergus Falls FER 2.74 <1.33 3.15 <0.727 4.04 62.7 6.16 11.8 1.43 <1.45 <1.45 21.4 3.52 98.1
North Hibbing HIB <1.80 <0.799 <0.778 <0.752 2.48 2.67 1.72 2.04 217 <2.04 <1.50 8.18 <0.752 93.9
Central Hutchinson HUT - 29.4 13 473 54.6 10.1 57.2 6.16 11.6 5.6 3.99 304 10.8 97.9
Central Melrose MEL 1.56 < 0.595 < 0.676 <0.532 217 6.69 2.82 3.29 0.976 <1.09 <1.38 3.94 3.28 94 .4
Central Metro Plant MET-1 7.27 4.52 6.58 <273 24.5 23.3 36.9 19.2 19.2 <5.46 <8.33 267 16.3 98.7
Central Metro Plant MET-2 10.6 3.72 9.8 <3.31 229 14.3 29.7 15.3 13.6 <6.62 <15.0 261 12.3 98.7
Central Montivedeo MON - 417 2.88 1.03 19 22.4 73.5 15.6 13 <2.39 3.45 39.7 28 96.7
South Owatonna OWA 4.48 17 3.05 321 413 89.1 3.55 11.7 <4.23 <3.95 30.8 17.4 96.1
South Red Wing RED - < 0.941 2.97 <0.970 3.14 2.86 2.93 <1.20 <0.919 <6.17 <6.22 <6.22 < 2.51 97.4
South Rochester ROC 1.65 <0.633 0.952 <0.633 3.76 3.31 6.29 2.64 2.06 <3.21 4.83 21.2 3.88 93
Central Me.CoSeneca SEN - <0.493 1.12 0.548 6.8 3.59 10.7 3.81 2.19 <3.23 <3.26 141 4.53 94.9
Central St. Cloud STC <0.792 <1.03 4.55 <0.792 7.32 4.89 15.7 3.86 1.39 <5.32 3.59 20.4 2.4 96.6
Central Willmar WIL - <0.958 1.85 1.29 3.1 5.87 2.24 1.93 <0.936 <6.28 <6.34 <6.34 <2.56 97.5
North WLSSD WLS 6.75 <1.85 <1.85 <1.85 4.43 412 4.72 4.24 <1.85 <414 <3.69 18.7 11.5 98
South Worthington WOR - 4.46 <2.38 <2.38 3.24 <2.60 3.86 <2.95 <225 <5.05 <5.09 8.88 3.72 98.9

Estimated values based on QA review
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Figure A3. PFCs in WWTP Sludge, 2007.




Table A12. 2008 Wastewater Treatment Plant Influent in (ng/L)

CLIENT ID PFBA PFPeA PFHxA PFHpA PFOA PFNA PFDA PFUNnA PFDoA PFBS PFHxS PFOS PFOSA

ALL | Albert Lea PF-ALL-IN <6.10 <3.90 14.7 <3.90 <3.90 <3.90 <3.90 <3.90 <3.90 <7.80 <7.80 <7.80 <3.90
ALX | Alexandria Lakes Area PF-ALX-IN <4.63 <6.47 22.5 6.65 10.8 4.09 <3.33 <3.33 <3.33 <6.66 15.9 < 6.66 <3.33
AUS | Austin PF-AUS-IN <5.07 <5.07 <5.07 <5.07 <5.07 <5.07 <5.07 <5.07 <5.07 <10.1 <10.1 33.5 <5.07
BIG | Big Lake PF-BIG-IN 14.2 <3.05 10.6 16 422 <259 <2.59 <2.59 <2.59 <5.18 <5.18 <5.18 <2.59
BRD | Brainerd PF-BRD-IN <6.62 <11.8 8.75 <573 6.9 <7.81 <573 <573 <5.73 <11.5 <11.5 29.5 <5.73
CNF | Cannon Falls PF-CNF-IN 717 <6.94 <3.42 <3.42 38.4 <342 <3.42 <342 <3.42 <6.84 <6.84 <6.84 <342
CRK | Crookston PF-CRK-IN <2.52 <279 34.2 10.4 25 25.4 6.51 <252 <252 <5.04 <5.04 11.7 3.03
DDC | Dodge Center PF-DDC-IN 9.17 <6.81 8.36 <2.58 3.23 <2.58 <2.58 <2.58 <2.58 <5.16 <5.16 32.2 <2.58
EVL | Eveleth PF-EVL-IN 4.93 <7.92 <3.57 <3.57 6.84 <3.57 <3.57 <3.57 <3.57 <713 <7.13 <7.13 <3.57
FAR | Faribault PF-FAR-IN 9.92 < 2.56 < 2.56 < 2.56 7.19 < 2.56 < 2.56 < 2.56 < 2.56 <5.11 <5.11 <5.11 < 2.56
FHR | Flint Hills Resources LP PF-FHR-IN NQ 487 <147 <7.91 <2.80 <2.80 <2.80 <2.80 <2.80 130 18.1 43.5 <2.80
GRR | Grand Rapids PF-GRR-IN <3.88 <12.1 <6.19 <19.8 <6.19 <6.19 <6.19 <6.19 <6.19 <12.4 <124 <12.4 <6.19
HIB | Hibbing PF-HIB-IN 3.26 <4.13 6.99 <4.18 26.7 < 2.61 <2.61 <2.61 <2.61 <5.23 <5.23 <5.23 <2.61
HUT | Hutchinson PF-HUT-IN 24.6 <8.18 11.5 <5.48 <5.48 <5.48 <5.48 <5.48 <5.48 <11.0 11.2 19.8 <5.48
ISL Isle PF-ISL-IN 7.86 <3.30 5.11 <3.30 3.95 <3.30 <3.30 <3.30 <3.30 <6.59 <6.59 <6.59 <3.30
LES | Le Sueur/Henderson PF-LES-IN <6.02 <6.02 <6.02 <6.02 98.9 <6.02 <6.02 <6.02 <6.02 <12.0 <12.0 <12.0 <6.02
MSP | MAC — Minneapolis/St. Paul Intl Airport

MAN | Mankato PF-MAN-IN <5.31 <5.38 121 <5.31 31.6 7.77 <5.31 <5.31 < 5.31 <10.6 <10.6 <10.6 <5.31
MPL | Maple Lake PF-MPL-IN 8.03 <2.54 4.93 <2.54 <4.05 <2.54 <2.54 <2.54 <2.54 <5.08 <8.59 <5.08 <2.54
EAP | Met Council — Eagles Point PF-EAP-IN 401 18.8 13.8 <5.36 14 <5.36 <5.36 <5.36 <5.36 <10.7 <10.7 34 <5.36
MWP | Met Council — Metropolitan PF-MWP-IN 58.3 <8.70 10.8 <6.05 16.1 <6.05 <6.05 <6.05 <6.05 <121 <121 16.4 <6.05
RMT | Met Council — Rosemount PF-RMT-IN 25.2 6.05 7.37 <578 10.2 <578 <5.78 <5.78 <5.78 <11.6 <11.6 <11.6 <5.78
SEN | Met Council — Seneca PF-SEN-IN 10.3 <7.30 13.4 11.3 40.5 <7.30 <7.30 <7.30 <7.30 <14.6 23.7 <14.6 <7.30
MON | Montevideo PF-MON-IN <473 <5.08 7.62 <4.73 12 5.57 <473 <473 <4.73 19.2 <9.46 <9.46 <473
MOR | Moorhead PF-MOR-IN <6.02 <134 <6.02 <6.02 6.4 <6.02 <6.02 <6.02 <6.02 <12.0 <12.0 <12.0 <6.02
NUM | New Ulm PF-NUM-IN <5.10 <5.10 6.29 <5.10 <5.10 <5.10 <5.10 <5.10 <5.10 <10.2 <10.2 <10.2 <5.10
OWA | Owatonna PF-OWA-IN 4.98 <3.18 7.6 4.97 9.61 <3.18 <3.18 <3.18 <3.18 <6.37 <6.37 <6.37 <3.18
PAY | Paynesville PF-PAY-IN 9.92 <5.65 <5.10 7.82 6.8 5.88 <5.10 <5.10 <5.10 <10.2 <10.2 <10.2 <5.10
PNI Pine Island PF-PNI-IN 7.49 <5.32 2.93 < 2.56 7.38 < 2.56 < 2.56 < 2.56 < 2.56 <512 <5.12 176 <2.56
PRN | Princeton PF-PRN-IN 21.4 <6.63 3.67 <2.79 4.17 <3.36 <279 <279 <2.79 <5.58 <5.58 <5.58 <279
ROC | Rochester (dups) PF-ROC-INA 3.48 <6.25 6.11 3.44 4.59 <2.56 < 2.56 <2.56 < 2.56 <5.13 <5.13 <5.13 < 2.56
ROY | Royalton

SIL Silver Lake PF-SIL-IN <4.78 <6.13 <4.78 <4.78 5.18 <5.64 <4.78 <4.78 <4.78 <9.57 <9.57 36.4 <4.78
STC | St. Cloud PF-STC-IN 7.38 <4.27 9.63 6.58 6.98 3.06 < 2.61 <2.61 <2.61 <522 <5.22 12.2 <2.61
STJ | St. James PF-STJ-IN <4.86 <5.87 <6.04 <4.86 <4.86 <4.86 <4.86 <4.86 <4.86 21.8 <9.73 27.4 <4.86
WAB | Wabasha PF-WAB-IN 20.3 <8.92 6.16 <2.72 8.85 <272 <272 <272 <2.72 <544 <5.44 15.9 <272
WAR | Warroad PF-WAR-IN <3.47 <2.60 21.7 5.2 16.3 5.51 <2.60 <2.60 <2.60 <5.21 <5.21 <5.21 <2.60
WIN | Winona PF-WIN-IN 12.7 4.18 10 5.04 13.5 <272 <272 <272 <272 <543 12.2 8.63 <272
WLS | WLSSD PF-WLS-IN <16.8 <12.0 <12.0 <12.0 <12.0 <12.0 <12.0 <12.0 <12.0 <24.0 <24.0 <24.0 <12.0
XCL | Xcel Energy - Prairie Island Nuclear PF-XCL-IN 20.3 <3.38 5.47 <2.50 5.53 <2.50 <2.50 <2.50 <2.50 <4.99 <4.99 <4.99 <2.50

not sampled
*Estimated value
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Figure A4. PFCs in WWTP Influent, 2008.




Table A13. 2008 Wastewater Treatment Plant Effluent in (ng/L)

CLIENT ID PFBA PFPeA | PFHxA | PFHpA | PFOA PFNA PFDA | PFUnA | PFDoA | PFBS PFHxS PFOS | PFOSA
ALL | Albert Lea PF-ALL-EF 4.06 5.79 10.1 3.96 8.48 2.77 <245 <245 <245 <49 <4.91 <49 <245
ALX | Alexandria Lakes Area PF-ALX-EF 5.4 12.6 37.7 7.31 30.5 7.36 <257 <257 <257 <5.15 23.8 9.46 <257
AUS | Austin PF-AUS-EF 3.51 7.28 6.04 2.92 5.72 <2.46 <246 <246 <2.46 <49 <4.91 <49 <246
BIG | Big Lake PF-BIG-EF 18.1 45.4 41.1 6.44 49 <5.02 <5.02 <5.02 <5.02 17.6 <10.0 <10.0 5.98
BRD | Brainerd PF-BRD-EF <7.56 <4.86 7.41 <5.72 8.82 6.45 <4.86 <4.86 <4.86 <9.72 <9.72 45 <4.86
CNF | Cannon Falls PF-CNF-EF 4.1 9.16 243 17.5 17.1 7.13 <2.58 <2.58 <2.58 <517 <5.17 <5.17 <2.58
CRK' | Crookston PF-CRK-EF <10.5 <103 45.8 10.6 33.3 33.3 5.25 <2.67 <2.67 <5.34 21.1 8.02 2.89
DDC | Dodge Center PF-DDC-EF 7.79 <2.62 7.07 4.9 12.2 <2.62 <2.62 <262 <2.62 <5.25 <5.25 <5.25 <2.62
EVL | Eveleth PF-EVL-EF 3.94 <4.25 3.05 2.6 9.48 <248 <248 <248 <248 <4.95 <4.95 <4.95 <248
FAR | Faribault PF-FAR-EF <6.14 2.83 5.02 <2.61 5.66 < 2.61 <2.61 < 2.61 <2.61 <5.22 <5.22 <5.22 < 2.61
FHR | Flint Hills Resources LP PF-FHR-EF 128 <5.50 12.2 5.87 5.48 <2.63 <249 <249 <249 18.5 42.9 32.5 3.06
GRR | Grand Rapids PF-GRR-EF 7.38 <11 <3.48 <16.7 6.52 <2.58 <2.58 <2.58 <2.58 <5.16 <5.16 <5.16 <2.58
HIB | Hibbing PF-HIB-EF 4.38 <248 11.4 5.91 18.6 5.66 3.72 <248 <248 10.1 <4.95 <4.95 <248
HUT | Hutchinson PF-HUT-EF 7.19 9.52 22.7 4.5 20.4 <2.55 <2.55 <2.55 <2.55 5.39 11 52.3 <2.55
ISL | Isle PF-ISL-EF 15.7 15.7 69.1 19.2 43.8 20.2 9.51 <4.95 <4.95 <9.91 <9.91 13.8 <4.95
LES | Le Sueur/Henderson PF-LES-EF 31.1 <4.84 6.34 <5.53 11.9 4.18 <252 <252 <252 <5.04 <5.04 <5.04 <252
MSP | MAC — Minneapolis/St. Paul Intl Airport PF-MSP-P1 19.2 38.1 79.2 34.1 91.1 20.1 50.4 5.63 3.01 <5.03 19.2 40.9 <2.51
MSP | MAC — Minneapolis/St. Paul Intl Airport PF-MSP-P2 9.78 11.6 25.9 9.89 33 50.3 12.2 204 2.84 5.62 27.2 60.3 2.84
MAN | Mankato PF-MAN-EF 9.17 34 56 11.2 63.3 4.89 2.63 <2.54 <2.54 16.6 <5.08 <5.08 <2.54
MPL | Maple Lake PF-MPL-EF 7.23 <2.78 6.72 3.42 3.98 <2.58 <2.58 <2.58 <2.58 204 <5.15 <5.15 <2.58
EAP | Met Council — Eagles Point PF-EAP-EF 541 18 34 13.1 34.5 3.8 <2.60 <2.60 <2.60 53.2 105 489 <2.60
MWP | Met Council — Metropolitan PF-MWP-EF 61.1 11.1 28.7 17.8 43.5 60.6 4.8 9.38 <257 19.8 13 80.2 <257
RMT | Met Council — Rosemount PF-RMT-EF 130 17.8 36.9 19.3 99.5 8.28 <5.39 <5.39 <5.39 21 15.1 18.3 <5.39
SEN | Met Council — Seneca PF-SEN-EF 13.1 10.9 32.3 12.5 28.3 9.42 3.18 <2.54 <2.54 211 20.5 32.9 <2.54
MON | Montevideo PF-MON-EF 5.23 14.5 21.6 3.46 21.1 4.38 <257 <257 <257 26.2 <5.14 <5.14 <257
MOR | Moorhead PF-MOR-EF <3.84 8.71 26 6.53 26.4 5.7 <248 <248 <248 <4.95 11.9 15.8 <248
NUM | New Ulm PF-NUM-EF 27.7 48.2 714 25.7 53 <259 <259 <259 <2.59 <5.19 <5.19 <5.19 <259
OWA | Owatonna PF-OWA-EF 10.4 34.7 59.5 9.35 84.5 2.58 7 <251 <251 7.24 <5.03 <5.03 <2.51
PAY | Paynesville PF-PAY-EF <11.8 <5.82 27.7 8.62 33.9 9.45 4 <2.52 <2.52 <5.03 <5.03 7.84 <2.52
PNI | Pine Island PF-PNI-EF 6 5.21 7.18 <5.05 11.6 <5.05 <5.05 <5.05 <5.05 267 <10.1 545 <5.05
PRN | Princeton PF-PRN-EF 9.19 26.5 34 6.02 34.1 <257 3.83 <257 <257 5.44 <5.15 <5.15 <257
ROC | Rochester PF-ROC-EFA 12.8 31.7 40.7 30.2 37 7.9 4.1 <249 <249 13.8 <4.97 <4.97 <249
ROY | Royalton PF-ROY-EF 6.77 <4.94 <4.94 <4.94 <4.94 <4.94 <4.94 <4.94 <4.94 <9.87 <9.87 <9.87 <4.94
SIL | Silver Lake PF-SIL-EF <4.65 <5.30 10.6 4.84 17.8 4.88 <3.27 <3.27 <3.27 <6.55 8.83 20.5 <3.27
STC | St. Cloud PF-STC-EF 16.5 <4.73 42.5 <5.01 26.7 6.14 2.75 <2.53 <253 <5.06 11 11 <2.53
STJ | St. James PF-STJ-EF 7.33 16.2 11.8 4.63 10.3 <2.53 <253 <253 <2.53 47.3 <5.06 91.5 <253
WAB | Wabasha PF-WAB-EF 18.4 18.3 18.2 5.15 254 <254 <254 <254 <2.54 5.93 <5.09 5.24 2.76
WAR | Warroad PF-WAR-EF 4.41 <4.42 47.6 13 21 8.13 <248 <248 <248 <4.96 <4.96 6 4.32
WIN | Winona PF-WIN-EF 10.8 5.79 221 3.64 20.9 2.98 <2.64 <2.64 <2.64 <5.28 14.5 16.4 <2.64
WLS | WLSSD PF-WLS-EF 29.6 <5.88 11.5 10.5 21.7 6.1 4.37 <248 <248 39.1 <4.97 15.2 <248
XCL | Xcel Energy - Prairie Island Nuclear PE-XCL-OUT 20.1 5.21 3.9 <250 4.95 <3.02 <250 <250 <2.50 <4.99 <4.99 <4.99 <250

*Estimated value
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Table A14. 2008 Wastewater Treatment Plant Sludge in (ng/g)

CLIENT ID

PFBA

PFPeA

PFHxA

PFHpA

PFOA

PFNA

PFDA

PFUnA

PFDoA

PFBS

PFHxS

PFOS

PFOSA

% Moisture

ALL

Albert Lea

PF-ALL-SL

<3.36

<3.36

<3.36

< 3.36

5.9

6.78

14.7

4.95

3.45

<6.7

<6.71

18.5

14

99.3

ALX

Alexandria Lakes Area

AUS

Austin

PF-AUS-SL

<0.748

<0.748

<0.748

<0.748

<0.748

1.45

0.955

<0.932

<1.96

<1.50

<1.51

4.15

<0.748

96.7

BIG

Big Lake

BRD

Brainerd

PF-BRD-SL

<56.17

<56.17

10.6

<5.17

<5.17

5.89

10

5.19

<10.3

<10.3

442

<5.17

98.1

CNF

Cannon Falls

CRK

Crookston

DDC

Dodge Center

EVL

Eveleth

FAR

Faribault

FHR

Flint Hills Resources LP

GRR

Grand Rapids

HIB

Hibbing

HUT

Hutchinson

PF-HUT-SL

<9.37

15.3

21.1

<9.37

35.4

<9.37

<9.37

<9.37

<9.37

<18.7

<18.7

<18.7

<9.37

analyzed as aqueous

sample

ISL

Isle

LES

Le Sueur/Henderson

MSP

MAC — Minneapolis/St. Paul Intl
Airport

MAN

Mankato

PF-MAN-SL

3.31

<1.85

15.9

1.95

17.4

4.38

13.1

3.61

9.95

<224

13.1

88.4

24.8

97.8

MPL

Maple Lake

EAP

Met Council — Eagles Point

MWP

Met Council — Metropolitan

PF-MWP-SL

9.2

<2.31

8.27

3.87

14.2

49.7

17.3

297

<4.61

4.98

253

19.4

98.9

RMT

Met Council — Rosemount

SEN

Met Council — Seneca

PF-SEN-SL

<0.512

< 0.551

5.5

1.26

9.15

9.86

26.3

13.5

10.2

<1.02

11.4

350

6.04

95.1

MON

Montevideo

PF-MON-SL

<1.67

<1.67

3.18

<1.67

15.9

31.7

51

41.5

16

<3.35

<3.35

36.4

234

98.5

MOR

Moorhead

NUM

New Ulm

PF-NUM-SL

4.42

<4.46

19.2

6.82

27.7

4.09

241

6.42

7.3

<2.63

3.42

18.5

6.96

98.1

OWA

Owatonna

PAY

Paynesville

PNI

Pine Island

PRN

Princeton

ROC

Rochester

PF-ROC-SLA

0.43

< 0.321

1.82

< 0.321

3.75

4.92

13.6

4.73

6.16

< 0.641

<5.23

7.42

242

92.2

ROY

Royalton

SIL

Silver Lake

STC

St. Cloud

PF-STC-SL

<0.760

<0.760

11.3

<1.25

6.91

6.84

11

4.08

5.1

<1.52

<5.08

11.6

1.35

96.8

STJ

St. James

PF-STJ-SL

<0.674

<0.674

1.45

<0.674

1.8

0.814

5.88

3.09

5.85

<1.35

1.7

252

8.53

96.3

WAB

Wabasha

WAR

Warroad

WIN

Winona

PF-WIN-SL

<4.48

<3.46

12.3

<1.79

14

26.3

234

12.7

154

<3.58

6.6

91.1

6.94

98.6

WLS

WLSSD

PF-WLS-SL

<0.848

<0.848

1.94

<0.848

3.2

3.3

5.14

4.48

2.14

<1.70

<1.70

16

1.31

70.7

XCL

Xcel Energy - Prairie Island Nuclear

not sampled
*Estimated value
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Figure A6. PFCs in WWTP Sludge, 2008.



Table A15. Draft Results from Red Rock Road Air Sampling Site

Sample 96hrs 96hrs 96hrs Particulate | Gaseous Total Air Sample 96hrs 96hrs 96hrs 96hrs 96hrs Total Particulate | Gaseous Total Air
Front puf/xad | Back puf Front puf/xad Front puf/xad Back puf air

4 Filter * > b Concentration 5 Filter * raw > i Total volume Concentration
UNITS | ng/sample | ng/sample | ng/sample | pg/m® pg/m® pg/m® UNITS | ng/sample ng/sample ng/sample | ng/sample | ng/sample | m® Air pg/m® pg/m® pg/m®
PFBA 13.06 1.32 11.4 11.4 PFBA 19.9 18.56 1.04 19.60 1252.1 15.7 15.7
PFPeA 0.542 0.4 0.4 PFPeA 0.627 0.627 0.63 1252.1 0.5 0.5
PFHxA 1.95 1.6 1.6 PFHxA 1.01 1.01 1.01 1252.1 0.8 0.8
PFHpA 0.542 0.4 0.4 PFHpA 0.554 0.554 0.55 1252.1 0.4 0.4
PFOA 2.77 20.2 2.2 16.1 18.3 PFOA 2.84 2.92 2.92 5.76 1252.1 2.3 2.3 4.6
PENA 0.526 11.4 9.5 9.5 PFENA 5.43 5.43 5.71 11.14 1252.1 8.9 8.9
PFDA PFDA <0.500 <05 1252.1
PFURA PFUNA <0.500 <0.5 1252.1
PFDoA PFDoA < 0.500 <0.5 1252.1
PFBS PFBS <1.00 <1.00 1252.1
PFHxS PFHxS 5.49 5.49 5.49 1252.1 4.4 4.4
PFOS 2.63 2.29 2.1 1.8 3.9 PFOS 3.22 2.72 2.72 5.94 1252.1 2.6 2.2 4.7
PFOSA 1.7 1.4 1.4 PFOSA <0.5 1252.1
Total sample air volume was 1257.9 m?® air Total sample air volume was 1252.1 m?® air
Sample 72hrs 72hrs 72hrs Particulate | Gaseous Total Air Sample 72hrs 72hrs 72hrs 72hrs 72hrs Total Particulate | Gaseous Total Air

Front puf/xad | Back puf Front puf/xad Front puf/xad | Back puf air

6 Filter * > bl Concentration 7 Filter * raw > el Total volume Concentration
UNITS | ng/sample | ng/sample | ng/sample | pg/m® pg/m® pg/m® UNITS | ng/sample ng/sample ng/sample | ng/sample | ng/sample | m® Air pg/m® pg/m® pg/m®
PFBA 10.66 1.07 12.4 12.4 PFBA 13.1 11.76 1.96 13.72 937.8 14.6 14.6
PFPeA 0.653 0.7 0.7 PFPeA <0.500 <0.500 937.8
PFHxA 1.06 1.1 1.1 PFHxA 2.13 2.13 2.13 937.8 2.3 2.3
PFHpA 0.636 0.7 0.7 PFHpA <0.500 0.515 < 0.500 937.8
PFOA 1.82 6.21 1.9 6.6 8.5 PFOA 4.78 13.4 13.4 18.18 937.8 5.1 14.3 19.4
PENA 6.56 5.49 12.7 12.7 PFNA 6.46 6.46 7.12 13.58 937.8 14.5 14.5
PFDA PFDA <0.500 1.1 <05 937.8 1.2 1.2
PFURA PFUNA <0.500 <0.5 937.8
PFDoA PFDoA <0.500 <0.5 937.8
PFBS PFBS <1.00 <1.00 937.8
PFHxS PFHxS <1.98 <1.00 937.8
PFOS 6.46 2.19 6.8 2.3 9.1 PFOS 6.31 2.21 2.21 8.52 937.8 6.7 2.4 9.1
PFOSA 0.926 1.0 1.0 PFOSA 0.745 0.745 0.75 937.8 0.8 0.8

Total sample air volume was 945.8 m? air

* Filter: Front end fiberglass filter captures most particulates and aerosols

** Front puf/xad: This section of sampling train will capture all PFCs in gaseous form

and any ultra fine particles that may escape capture on filter. Blank-corrected.

*** Back puf: Secondary polyurethane packing designed to capture any breakthough of gaseous PFCs

from front puf/xad. May also be used as a QC indicator of overall collection efficiency

Total sample air volume was 937.8 m? air




Table A15. Continued

Sample 72hrs 72hrs 72hrs Particulate | Gaseous Total Air
Front puf/xad Back puf

8 Filter * ** e Concentration
UNITS ng/sample ng/sample ng/sample pg/m® pg/m® pg/m®
PFBA 7.46 1.07 8.6 8.6
PFPeA
PFHxA 0.955 1.0 1.0
PFHpA 0.636 0.6 0.6
PFOA 1.62 1.67 1.6 1.7 3.3
PFNA 8.7 5.49 14.3 14.3
PFDA 1.87 1.9
PFUNnA
PFDoA
PFBS
PFHxS
PFOS 7.83 4.96 7.9 5.0 12.9
PFOSA

Total sample air volume was 991.8 m? air

* Filter: Front end fiberglass filter captures most particulates and aerosols

** Front puf/xad: This section of sampling train will capture all PFCs in gaseous form
and any ultra fine particles that may escape capture on filter. Blank-corrected.

*** Back puf: Secondary polyurethane packing designed to capture any breakthough of gaseous PFCs
from front puf/xad. May also be used as a QC indicator of overall collection efficiency



Appendix B

Sources, Fate, and Transport of PFCs in the
Environment



Direct Sources of Perfluorinated Chemicals to the Environment

The variety and number of fluorinated compounds currently in production comprise an
enormous group of chemicals including drugs, anesthetics, chemotherapeutic agents, many
pesticides, and refrigerants, as well polymers such as Teflon” and Goretex” [1]. The
environmental fate of most of these compounds is unknown.

This summary is focused primarily on perfluorinated surfactants which include
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS) and related
compounds that have been the focus of intense environmental study. Perfluorinated
surfactants are consistently detected in almost every surface and ground water sample and
are almost always found in wildlife and humans. While it is clear that these are not naturally
occurring compounds — they are entirely human-made — how these compounds have
become so widely distributed in our environment in often very remote locations is less
understood. Studies have shown that PFOA, for example, is likely “ubiquitous in the
northern hemisphere” without a clear source of that widespread contamination [2]

The direct release of these compounds to the environment through manufacturing processes
represents one route of exposure to chemicals like PFOA or PFOS. However, several recent
studies show that they can also be generated through the degradation of other fluorinated
compounds or products that are not of serious environmental concern.

Fluorinated surfactants are synthesized via two primary methods: through electrochemical
fluorination (ECF) or through a telomerization manufacturing process|1, 3]. ECF is the
process that 3M uses to produce fluorinated compounds. This process begins with sulfonyl
fluorides, fluoroalkyl iodides, or carbonyl fluorides, and results in numerous perfluorinated
carbon (PFC) compound isomers and byproducts. It results in isomeric mixtures of PFC that
are typically 30% branched isomers and 70% straight carbon chain isomers [1, 3]. ECF was
used to produce the fluorinated surfactants PFOA and PFOS, non-volatile perfluorinated
surfactants that are used in fire-fighting foams (aqueous film-forming foams, or AFFF),
paints, polishes, films, and lubricants. ECF is the only process used to directly produce
PFOA and PFOS, with over 6 million pounds produced in 2000 [3].

The major contributors to environmental loads appear to be direct sources from the use of
PFOA and the ammonia salts of perfluorononanoic acid (PFNA) in fluoropolymer
manufacturing [4]. The chemicals produced through ECF from sulfonyl fluorides include
PFOS, N-methylperfluorooctanesulfonamidoethanol (N-MeFOSE), and N-
ethylperfluorooctanesulfonamidoethanol (N-EtFOSE)[1, 3]. The latter two volatile
sulfonamide alcohols are themselves building blocks for a variety of polymers, chemical
intermediates, and other perfluoroalkyl substances, and were used to produce carpet
treatments and paper coating materials[3]. Due to their volatility, N-MeFOSE, and N-
EtFOSE have been found in atmospheric samples.

A primary use of fluorinated chemicals is in the synthesis of fluorinated polymers.
Polyfluoroalkylphosphate surfactants (PAPs), for example, are produced from N-EtFOSE
and have been used in food contact paper products since 1974. N-MeFOSE was the
primary ingredient in the production of polymers used for coating fabrics and carpets, such



as 3M’s ScotchGard® products [5]. sOf the compounds produced through the ECF process,
3% were used in fire-fighting foams, 10% were used as industrial surfactants and coatings,
37% were used in textile, leather, and carpet coatings, and 41% of fluorinated alkyl
substances were used for paper and packaging.

Telomerization, is DuPont’s process of manufacturing fluorinated alkyl compounds[1]. In
this process, only chemicals that consist of straight-carbon chains are produced (as opposed
to straight or branched perfluorinated chains produced by ECF process). This is the now the
major fluorotelomer manufacturing process since 3M phased out production of PFOA and
PFOS in 2000.

Unlike the ECF process, telomerization is often used to make fluorotelomer alcohols
(FTOHs)[1], which are characterized by the presence of a terminal ethanol group. FTOHs
vary in the number of fluorinated carbons that are attached to the alcohol group. Due to the
feedstock and the chemical manufacturing method, they always contain an even number of
carbons. FTOHs are not used directly in commercial applications. Rather, they are used as
reactive intermediates in the manufacture of other fluorosurfactants and PFC polymer
products, where they are often present in residual amounts of up to 4% by weight [6].

Indirect Sources of Fluorinated Chemicals to the Environment

Fluorotelomer Alcohols

The fate of fluorinated and perfluorinated compounds is dependent on the particular
chemical in question and the surrounding environment. Due to the high strength of the
fluorine-carbon bond, fluorinated chemicals are typically very stable and highly resistant to
biological and abiotic degradation. However, some carbon-fluorine bonds are biodegradable
under aerobic conditions [7], and recent studies have demonstrated that some fluorinated
chemicals can degrade in ways that partially explain patterns of PFC contamination observed
in the environment.

Several studies have demonstrated that perfluorocarboxylic acids (PFCAs, which include
PFOA and PFBA, perfluorobutanoic acid) and perfluoroalkanesulfonates (such as PFOS
and PFBS, perfluorobutane sulfonate) are extremely persistent in surface water, soil, and
ground water, and are unlikely to break down. Moody, et al. [8] reported that the PFCAs
PFOA and perfluorohexanoic acid (PFHxA) as well as PFOS, were very persistent in surface
water into which fire-fighting foam was spilled, and were detected in fish liver tissue over
years of sampling after the spill. PFCAs were also persistent in ground water where AFFF
fire-fighting foam was used for training[9]. These studies focused on surface water or ground
water contamination that was attributable to an identifiable source or spill. The reasons for
widespread, low-level contamination of soil, ground water, and surface water in the ambient
environment, however, are not clear, because it is difficult to explain how non-volatile PFCA
salts such as PFOA could be transported to areas far from a likely source of these chemicals.

FTOHs are usually precursors to the production of fluoropolymers used in paper and carpet
treatments, paints, adhesives, waxes, and polishes. They are considered semi-volatile, but
their environmental fate is dictated by their partitioning behavior [10]. They have a vapor
pressure of 140 — 990 Pa and partition into the atmosphere, where they have been detected



at concentrations of 17 - 135 picograms m™ [11]. FTOH is known to break down abiotically
in the atmosphere with roughly a 20 day half-life, yielding the corresponding PFCAs such as
perfluorodecanoic acid (PFDA) [2, 11]. With over 10 million pounds of FTOH produced
per year, Ellis et al. [11] concluded that enough FTOH is manufactured yearly to maintain
currently observed concentrations of PFCAs in the environment. The process of FTOH
degrading to PFCAs may account for the estimated 0.4 tons of PFOA deposited in the arctic
annually [2]. FTOHs can also undergo biological breakdown to PFCAs (e.g. PFOA), during
aerobic treatment of wastewater treatment plant (WWTP) sludge via beta-oxidation.
Between 1 — 10% of FTOH is converted to PFOA in this treatment process [7, 10].

The degradation of FTOHs to PFCAs is consistent with the observations made of the
distribution of PFC in other studies:

e The appearance of PFDA in fish samples in Minnesota is consistent with the
breakdown of 10:2 FTOH to PFDA. The longer chain PFCAs have no significant
history of intentional industrial production [12], and there is no known natural
source of long-chain PFCAs [11].

e DeSilva and Mabury [12] report that 98% of human blood samples from the
Midwest in 2004-2005 consist of straight-chain, telomere-based PFOA, implying that
only 11% of the PFOA exposure was to ECF-derived PFOA. They attributed 89% of
the PFOA to fluorotelomer-based production methods.

e Recent MPCA studies show that various perfluorinated surfactants — including
PFOA and PFOS — were present in the atmosphere in 2008. The presence of these
compounds in the air can be explained by the photodecomposition of FTOH
molecules in the atmosphere. 3M discontinued manufacture of these PFCs in 2000.

e Minnesota ground water monitoring shows PFOA, PFPeA (perfluoropentanoic
acid), PFHxA, PFHpA (perfluoroheptanoic acid), and PFNA at low concentrations
that are widespread under ambient conditions, with no known or likely sources of
these compounds. The degradation of FTOH compounds to these corresponding
PFCAs is a plausible source of these PFCA detections in the ambient environment.

Fluorinated Polymers

Fluorinated polymers are produced in far greater volumes than the fluorinated surfactants.
However, very little has been published regarding the fate and behavior of fluorinated
polymers in the environment [3]

Synthetic polymers in general are typically very resistant to biological or non-biological
degradation. Studies on fluoroacrylate polymers indicate that these compounds have a 1200
year half-life and the biodegradation of fluoroacrylate polymers is expected to add only a
very slight amount of PFCA to the global pool of PFCAs [13]. However, PAPs — polymers
used extensively for oil and water-resistant coatings on food contact paper products —
degrade into FTOHs and subsequently to a toxic fluorotelomer aldehyde intermediate,
which, in turn, degrades to fluorotelomer carboxylic acids such as PFOA [5]. The
degradation of PAPs was found to occur in the gastrointestinal tract and bloodstream of



laboratory animals. With PAPs representing 20% of all PECs produced for paper coatings, this
represents a significant source of exposure to PECAs like PEFOAL[5].

PAPs are typically generated from monomers of N-EtFOSE, which are produced through
the ECF process described above. Studies conducted by 3M indicated that N-EtFOSE can
aerobically degrade to PFOS in wastewater in 35 days. Another study found that
biodegradation of N-EtFOSE in wastewater did not generate PFOS in wastewater [14],
although it did anaerobically degrade to related compounds. This work suggested that the
transformation of N-EtFOSE to PFOS may not occur within the typical hydraulic residence
time of a WWTP, and implied that any PFOS in WWTP effluent is likely due to PFOS
present in the in influent. It appears that much of the PFOS in a WWTP is removed. Shultz
et al [3] estimated that 98% of PFOS was removed in WWTPs.

N-MeFOSE was typically used to manufacture fluorinated-polymer coatings for fabric and
carpet. Shoeib et al [15] found that indoor air concentrations of N-MeFOSE and N-
EtFOSE were roughly 10-20 times greater than outdoor concentrations. It has been
suggested that these compounds can break down into PFOS directly in the atmosphere [16]
thereby providing a route of human exposure to PFOS ingestion and inhalation inside the
home where these products have been used. The breakdown of N-MeFOSE and N-
EtFOSE to PFOS may also explain in part the presence of PFOS in remote environments,
since N-MeFOSE and N-EtFOSE volatilize and can be transported through the
atmosphere, eventually breaking down to PFOS [17]. However, it may also be possible for
PFOS to condense onto atmospherically mobile aerosol particles that are then transported
over long distances and eventually deposited in remote locations [17].

In soil, PFOS has been found to adsorb to various iron minerals, with adsorption increasing
with PFOS concentration [18]. However, PFOS apparently adsorbs to soil less than
hydrocarbons of similar size [18]. Other studies with PFC surfactants show that the organic
carbon concentrations in the soil and PFC size are the most important factors influencing
sorption to soil [19]. In addition, low pH and high Ca*” in soil solution increases the
adsorption of these compounds, suggesting that electrostatic interactions are important in
the sorption of PFOS and other PFC surfactants to soil and sediment [19]. Microcosm
studies conducted on ground-water sediment collected from the Washington County landfill
[20] indicated that adsorption of PFOS and PFOA may be dependent on the
oxidation/reduction status of the ground water, implying that these compounds may
become more mobile in highly reduced ground water aquifers.
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Appendix C

Summary of PFC Toxicity Studies

*Please note: This is not an exhaustive list and other studies may exist that the author was not
aware of at the time of printing.



Species or Compound and Endpoint Effect Reference
Type of Assay Exposure Concentration
Concentrations (mg/kg bw/day
(mg/kg bw/day unless unless otherwise
otherwise noted) noted)
Rat PFOS potassium salt Death LCso =100 Goldenthal et al.,
90 day oral 0, 30, 100, 300, 1000, 1978
3000 Changes in organ and | LOAEL = 30
exposure body weight
Rat PFOS potassium salt Significant reduction | LOAEL = 0.4 Christian et al., 1999
2 generation 0.1, 0.4, 1.6, 3.2 by pup weight gain in F1
. gavage generation
reproductive NOAEL = 0.1
toxicity
Rat PFOS Histopathological LOAEL (both sexes) | Covance
2-year dietary 0.06 — 0.23 (males) changes in liver =40.08 ug/gin liver | Laboratories, Inc.
study 0.07 — 0.21 (females) And 13.9 mg/L in 2002
serum
Rhesus rnonkeys PFOS potassium salt 100% Death 4.5 Goldenthal et al.,
90 day gavage 0,0.5,1.5,4.5 1978
Gastrointestinal LOAEL = 0.5
toxicity
Cynomolgus PFOS Thymic atrophy LOEL =0.03 Covance
monkeys (females) Corresponding to Laboratoties, Inc.
26 weeks mean concentrations | 2002
Reduced HDL, in female and male

cholesterol, triiodo-
thyronine, total
bilirubin (males)

sera and liver of 19.8
pg/mL and 14.5
pg/g, respectively

Fathead minnow | PFOS lithium salt Death LCso (96h) = 4.7 OECD, 2002
(Pimephales mg/L
promelas) NOEC (42d) = 0.3
96 h and 42 d /L.
Mysid shrimp PFOS lithium salt Death LCso (96h) = 3.6 OECD, 2002
(Mysis bahia) mg/L
NOEC = 0.25 mg/L
Aquatic mjdge PFOS Growth and survival | NOEC (10d) = Macdonald et al.,
(C/ﬂz'mﬂowom 0.0491 mg/L 2004
tentans)
Green Algae PFOS Cell density 1Cs0 (96h) = 48.2 Boudreau et al., 2003
(Psendokirchnerilla mg/L.
Subcapitata) NOEC = 5.3 mg/L.
Mallard duck PFOS Reduced testes size 10 mg/kg diet 3M, 2003
(Anas and decreased corresponding to
spermatogenesis serum and liver
2 /&@/I’@/ﬁ[ﬂ) concentrations of

21 weeks in feed

87.3 ng/mlL and 60.9
ng/g, respectively




Species or Type | Compound and Endpoint Effect Reference
of Assay Exposure Concentration
Concentrations (mg/kg bw/day
(mg/kg bw/day unless otherwise
unless otherwise noted)
noted)
Bobwhite quaﬂ PFOS Increase in liver 10 mg/kg diet 3M, 2003
(Colinus virginianus) weight (female)
21 weeks in feed Increased 1nc1d§nce
of small testes size
(male)
Reduced chick
survivability as a
percentage of eggs set
Marine Mussel PFNA Inhibition of p- I1C50 (PFNA) = 4.8 Stevenson et al., 2006
(Mytilus PFDA glycoprotein cellular uM
californianns) efflux transporter
resulting in 1C50 (PFDA) = 7.1
chemosensitization uM
Male Rats PFDoA Decreased absolute 10 Shi et al., 2007
14 day oral 1,5,10 testes weight
Increased total sertum | 10
cholesterol
Increased luteinizing | 10
hormone
Decreased 5and 10
testosterone
Reduced mRNA 5and 10
expression of genes
involved in
cholesterol transport
and steroid synthesis
Medaka (Oryzias
latipes)
MCEF-7 Breast 6:2 and 8:2 FTOH Breast cancer cell 10 pM Maras et al., 2006
Cancer Cells proliferation
In vitro
Tilapia PFOS Estrogenicity 31x10"M Liu et al., 2007
Hepatocytes PFOA determined by 51x10"M
In vitro 6:2 FTOH vitellogenin induction | 1.1 x 10-¢ M
8:2 FTOH 7.5x 107 M

Other useful toxicity studies:

3M, 2008. Ecotoxicity of and Derivation of Preliminary Safe Water Concentrations for Perfluorobutyric Acid
(PFBA). Presented at North American SETAC, Tampa, Florida, 2008.

Jensen, A and H. Leffers, 2008. Review Article: Emerging endocrine disrupters: perfluoroalfylated substances,
International Journal of Andrology, 31, 161-169.
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PFCs and Class B Firefighting Foam

hat do doughnut bags, outdoor
clothing, stain-resistant carpet, non-
stick frying pans, aircraft hydraulic

oils, and certain firefighting foams have in
common? They contain man-made chemicals
called perflurochemicals (PFCs). Many kinds
of PFCs have been used for several decades to
make products stain resistant, water repellant,
slippery, and long lasting. Without PFCs, the
cooking grease would seep through our fast-
food bags, our car seats and carpets would be
more stained, and fighting a petroleum fire
might be more difficult.

In recent years, scientists have found that PFCs
may cause long-lasting environmental
contamination, including uptake into humans’
bodies. Of particular concern is the possibility
that PFCs in Class B firefighting foam may be
able to travel from a fire training area to a
city’s municipal or private wells. Sampling will
be done in 2009 to investigate that possibility.

PFC Background

The Minnesota- based 3M Company in Cottage
Grove developed PFCs in the late 1940’s. PFCs
have properties that make them great
surfactants. Their chemical structure makes
them extremely resistant to change or
breakdown. Once released to the environment,
they remain there for a very long time. They
also travel long distances through soil and into
the ground water in a relatively short time. As a
result, PFCs have been found in soil,
sediments, water, wildlife and humans
throughout the world. The way PFCs have
become so widespread is not well understood.

Because of the unexpected worldwide spread
of PFCs, 3M discontinued manufacture of
products containing PFOS and PFOA (two of
the PFC chemicals) in 2002. 3M’s Class B
firefighting foam was included. PFC chemicals
continue to be produced by other methods and
in different forms by 3M and other companies
across the world. Some of these products may
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travel through air and breakdown to
problematic PFCs.

Wastes from 3M’s manufacturing processes
were placed at several disposal sites in
Washington County. PFCs have been found in
the ground water in areas of Washington and
Dakota Counties, and in surface water and
wastewater effluent in other parts of the state.
PFCs have also been found in some fish in the
greater metropolitan area. Filters containing
activated carbon or reverse 0osmosis units are
now filtering PFCs from wells with PFC levels
that exceed the Minnesota Department of
Health’s (MDH) health-based exposure limits.
Fish consumption advisories have been issued
for some lakes.

Health Concerns

The potential health significance of PFCs in
drinking water is under study at both the state
and federal levels. Much of this research
consists of toxicological studies in laboratory
animals. At high concentrations, two types of
PFCs, perfluorooctane sulfonic acid (PFOA)
and perfluorooctonate sulfonate (PFOS), have
been shown to cause harmful changes in the
liver and developmental problems (e.g., delays
in growth and maturation) in the offspring of
rats and mice exposed during pregnancy. A
limited number of other PFC chemicals are also
being studied.

There are few studies of health effects in
people. As part of its worker health and safety
program, 3M routinely monitored the health of
its workers. No significant or consistent health
effects have been identified in these workers.
Three studies of newborn babies and PFC
levels in the mother’s blood found a very small
decrease in birth weight or other measures of
growth with increasing PFC levels in the
mother. A large health study of 70,000 people
exposed to the type of PFC called PFOA in
drinking water in Ohio and West Virginia is
currently underway but it will be some time
before results are available. In general, the

Minnesota Pollution Control Agency ¢ 520 Lafayette Rd. N., St. Paul, MN 55155-4194 « www.pca.state.mn.us
651-296-6300 + 800-657-3864 « TTY 651-282-5332 or 800-657-3864 + Available in alternative formats



studies in people have shown that the levels of PFCs in
the environment may be linked to changes in the body,
but the studies have not shown specific illness in people.

Firefighting Foam

There are many kinds of firefighting foam. The use of
foam has saved many lives and prevented huge property
losses. Many manufacturers have made firefighting
foams, but the exact content of those foams is often not
disclosed.

Class A foam has come into widespread use in recent
years for wildfire, structure and other fires. A detergent-
like “surfactant” in the Class A foam makes the
firefighting water “wetter” and more able to penetrate
combustible material. Class A foams typically do not
contain PFC chemicals.

PFCs and Class B foam training near wells

In the early 1960’s, 3M and the U.S. Navy developed
Class B “aqueous film forming foam” (AFFF) type
foams. Class B foams are used on flammable petroleum
fires and spills. Some or most Class B foams have had
PFCs as part of their formulation, in particular PFOS.

Some foam manufacturers have changed processes and
materials to eliminate or minimize PFC content in foam.
However many foam manufacturers may not know or
reveal PFC content of current or past formulations.

As part of the overall investigation of PFCs in
Minnesota, the Minnesota Pollution Control Agency
(MPCA) and MDH have started looking at the pattern of
firefighting foam training.

Most Minnesota cities use ground water as a drinking
water source. Many municipal wells are near a fire
station or fire training locations. There is a possibility
that fire training sites where Class B foams were
repeatedly used may have allowed PFCs to enter
municipal or private drinking water wells.

In 2008 an MPCA contractor, Delta Environmental,
surveyed Minnesota’s fire service on past foam use —
two-thirds of fire departments provided information.
Many departments have used and trained with Class B
foam. The foam was usually used in small amounts;
however, it may only take a small amount of chemical to
affect ground water. MDH has taken the survey data and
compared it to municipal well locations and
characteristics. Most cities that use wells have wellhead
protection plans that map the areas where spills and

pollution may reach a well. Fire chiefs should become
familiar with these plans. Cities with wells that are
vulnerable because of their shallow depth or coarse soils
or their proximity to foam training locations have been
identified. MDH will be sampling wells in many of those
cities in spring of 2009. If PFCs are found, MDH will
notify the water utility.

MPCA will be sampling soil near 25 or so Class B foam
training sites in the spring of 2009 to see if PFCs remain
in the soil and ground water. Fire chiefs will be notified
before sampling to request site access and permission.
Results will be provided back to the cities.

Next Steps

Results from the first round of sampling are expected in
summer 2009. In the meantime, the State Chiefs’
Association and the State Fire Marshal will be asked to
help suggest guidance to Minnesota’s fire service on
Class B foam. Likely, that guidance will include:
¢ using Class B foam on flammable liquids like
gasoline, but not routinely using on other
combustible liquids such as diesel or fuel oil
e using non-PFC training foams or detergents
during training
e investigating PFC content of the currently sold
Class B foams

Additional information about PFCs is available on the
MPCA and MDH web pages at:
www.pca.state.mn.us/cleanup/pfc/index.html or
www.health.state.mn.us/divs/eh/hazardous/topics/pfcs/in
dex.html.

Contact Information

If you need help or have a question, your MPCA contact
can be reached at 651-296-6300 or 800-657-3864.

PFC technical information and MPCA’s sampling:
Nile Fellows, nile.fellows@pca.state.mn.us
Doug Wetzstein, doug.wetzstein@pca.stat.mn.us

Pollution issues related to firefighting:
Steve Lee, steve.lee@pca.state.mn.us
Jim Stockinger, jim.stockinger@pca.state.mn.us
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Minnesota Pollution
‘@:—_ Control Agency


http://www.pca.state.mn.us/cleanup/pfc/index.html
http://www.health.state.mn.us/divs/eh/hazardous/topics/pfcs/index.html
http://www.health.state.mn.us/divs/eh/hazardous/topics/pfcs/index.html

PERFLUOROCARBON (PFC)-CONTAINING FIREFIGHTING FOAMS
AND THEIR USE IN MINNESOTA

DELTA PROJECT NO. 19382DEL08

Prepared for:
Minnesota Pollution Control Agency

520 Lafayette Road
St. Paul, MN 55155

Prepared by:
Delta Consultants
5910 Rice Creek Parkway, Suite 100

Shoreview, MN 55126
(651) 639-9449

June 30, 2010

c-pfcl-20


canders2
Typewritten Text
c-pfc1-20


TABLE OF CONTENTS

1.0 INTRODUGCTION. .. .ettii ittt ittt ettt ettt ettt e ettt e e sttt e e e s bbe e e e s bbeeeesabbeeeesanbeeeesanbbeeeeanteeeesnsaeeeesnnnneeas 1
R R e VT o0 PP PPPPPPPTPR 1

B = - Vo 2o | {01 [ o PR 1

2.0 PFCs iN FIREFIGHTING FOAM ...ttt ettt ettt sttt e e s et e e s snbe e e e s be e e s nneees 2
8 I O 1= 0 1S3 {0 SRR 2

2.1.1 ECF PrOCESS ..ciiiiiiiiitetittt e ettt ettt e e e e s et e e e e e s s bbb e et e e e e e s e bbb rreeeeaeeeaan 3

2.1.2 TelomMEeriZation PrOCESS .....c.ueiiiiiiiiee ittt ettt et e e e st e e e e neeas 4

2.2 PFCs in Firefighting FOAM .......coiiiiiiiii ettt st e et e e e sbee e e 4

2.3 The USEPA and PFOA and PFOS .........uiiiiiiee ettt s 5

3.0 USE OF FIREFIGHTING FOAMS IN MINNESOTA ...coiiititie ittt s 6
3.1 Interviews with Minnesota Firefighting Organizations ...........cccocccvviiiiieei i 6

3.2 Survey Mailing to Minnesota Firefighting Organizations ............cccccceveeiiniiciieeece e 6

3.3 SUNVEY RESUILS ...ceiiii ittt e e e e e e s e e e e e e e e s e e et eeeeeeesanssnbeeeeeeeeennnrnnenaaeeas 7

3.3.1 Survey Results - Municipal Fire Departments .........ccccccveeeviicivieeeeee e ceinieeeeeee e 7

3.3.2 SUIVEY RESUILS — AITPOIS .....ueeiiiiiieie e i et s s e e e e e s s e e e e e e e snnnnrereraaeeeennns 7

3.3.3 Survey Results - Firefighting Training SChOOIS..........ccovvviiiiiieee e 8

3.3.4 Survey Results - Petroleum RefiNeri€S.......cvivviiiiiciiiiiiie s 8

3.3.5 Survey ResuUlts - Camp RIPIEY ....ciiii i r e e e 8

4.0 RANKING OF FIREFIGHTING FOAM TRAINING SITES ..ot 9
N R = - 1 0] (] o KO 1 =1 - USSP 9

4.2 RANKING RESUILS ....uiiiiieii ittt e e e e s e e e e s e s s e e e e e e s s e s st a e e e aeeeseanssaneeeeesannrnneees 9

4.3 Additional Foam DiSCharge SItES.........uuuiiviiiiiiiiiiiii s e s e e e e ennnees 11

5.0 SITE RECONNAISSANCE AND SAMPLE COLLECTION.......coiiiiiiiiiiiiiiee i 12
5.1 Sample Collection at the Kandiyohi County Landfill ..............ccooviiiiiiireeiiiieee e, 12

5.2 Sample ColleCtion @t WAFTA .. ..o e s e e e e e s s e e e e e e s s st eee e e e e e e annnnnnnes 13

5.3 Sample Collection at the Kings COVE MariNas...........cccuuriririeeiiiiiiiiiieee e s e ssireeeeeee e s s s snnsneeees 13

5.4 Sample Collection at Duluth International AirPOrt............eeeeieeeiiiiiiiieee e 13

5.5 Sample Collection at Up NOIrth PIAStiCS .........uuuiiiieeiiiiiieiiie e 13

6.0 SAMPLING RESULTS ... .ottt ettt e et e e e sttt e e s sttt e e e s abe e e e s anbb e e e e anbbeeesnbbeeeeennees 13
6.1 Laboratory Analytical Results, Soil and Sediment Sampling.........ccccccveeiiiiiciie e, 14

6.2 Soil Laboratory Results versus State PFC Soil Reference Values ...........ccccccvvveeveeeee i, 15

6.3 Groundwater and Surface Water Sampling RESUIS ..........coeveeiiiiiiiiiieiiee e 16

6.4 Groundwater PFC Concentrations Versus Minnesota HRLS .........ccccccvviieiiiiiiiee e, 16

6.5 State Surface Water Criteria fOr PFCS........ooiiiiiii e 17

6.6 Ambient Groundwater Concentrations in MiNNESOLa..........ccoviveiieiiiiiee i 17

7.0 RECEPTOR SURVEYS AND ASSESSMENT OF RISK ....ccoiiiiiiiiiiiie it 18
7.1 MDH Municipal Well SAmMPliNG........uuuiiiiieiiiiiiiiiice st e e e e e s s s e e e e e e e e snnnnnnees 19

7.2 Well Receptor Survey, RIChTIEId .........ooooiiiic e 19

7.3 Well ReCeptor SUINVEY, WAFTA . ... ittt e e e e e e e e e s e st r e e e e e s e e nnnnrnaeees 19

7.4 Well Information, Duluth International AirPOrt............oocuvieiiie e e 19

8.0 FINDINGS AND RECOMMENDATIONS ..o itiiie ettt ettt ettt e e st e e s anbe e e e e 19
8.1 PFCS N ClasS B FOAIM.......ciiiiiiiiiiiiiiiiie ittt ettt e ettt e e s sttt e e sbbe e e e sbbeeeesnneeees 19

8.2 Class B FOAmM USE iN MINNESOLA ......ciiiiiiiiiiiiiiiii ettt e s sneeeas 20

TR IS T T o] o] 1o 1 T T L1 o =SS 20

8.4 State Recommendations on the Use of Class B Firefighting Foam ............cccccvvveeeei i, 21

8.5 Recommendations for FUrther ASSESSMENT .........coiuiiiiiiiiiie et 22

9.0 REMARKS ... ittt ettt ekt e e e ottt e e o b bt e e e ek bt e e e e R bt e e e e aR b et e e e anEee e e e anbae e abbe e e e annbeeeeenres 23

10.0 REFERENCGES....... .ottt ettt s et s et e e et e e e e e e e en e e e e e e e e e nnes 24



PFC-Containing Firefighting Foam and Their Use in Minnesota

June 2010
Page ii
List of Tables
Table 1 Class B Foam Use Ranking Summary, Minnesota Municipal Fire Departments
Table 2 Class B Foam Use Ranking Summary, Minnesota Airport and Refinery Fire Departments
and Training Schools
Table 3 PFC Sample Collection Summary, Minnesota Firefighting Foam Training and Discharge
Sites
Table 4 Soil and Sediment Analytical Results, PFCs
Table 5 Groundwater and Surface Water Analytical Results, PFCs.
List of Graphs
Graph 1 Soil and Sediment PFC Concentrations
Graph 2 Groundwater and Surface Water PFC Concentrations

Appendix A

List of Appendices

Best Practices Today for Class B Firefighting Foam



PERFLUOROCARBONS IN FIREFIGHTING FOAM
AND THEIR USE IN MINNESOTA

1.0 INTRODUCTION

1.1 Purpose
Delta Consultants (Delta) has worked under contract with the Minnesota Pollution Control Agency (MPCA)

investigating perfluorochemicals in Class B firefighting foams and their use in Minnesota. Previous

information regarding this investigation was presented in the following reports:

= Perfluorocarbon (PFC)-Containing Firefighting Foams and Their Use In Firefighting Training
in Minnesota, dated June 30, 2008 (the June 2008 Report); and,

=  Addendum to PFC-Containing Firefighting Foams and Their Use In Firefighting Training in
Minnesota, dated October 22, 2008 (the October 2008 Addendum Report);

=  Firefighting Training Area Site Reconnaissance, Pine Bend Flint Hills Refinery, Marathon
Refinery, Burnsville Fire Training Center, and Site Access for 21 Fire Departments, dated
April 3, 2009 (the April 2009 Report);

= Report of Site Reconnaissance and Sampling at Select Firefighting Foam Training Areas in
Minnesota, dated June 30, 2009 (the June 2009 Report); and,

= Report of Investigation Activities at Select Firefighting Foam Training Areas and Foam
Discharge Sites in Minnesota, dated February 10, 2010 (the February 2010 Report).

This report condenses the previous reports and includes PFC sampling conducted by others at the following
fire foam training and fire sites:

= Duluth Air National Guard Base at the Duluth International Airport;

= Western Area Fire Training Academy (WAFTA) in St. Bonifacius;

=  Up North Plastics in Cottage Grove; and,

= Kings Cover Marina in Hastings.

1.2 Background

As a part of an overall investigation of PFCs in Minnesota, the MPCA and Minnesota Department of Health
(MDH) started looking at firefighting foams as a possible source of PFCs in the environment. In 2008 PFCs
were researched as a constituent of firefighting foams. Municipal fire departments, fire departments at major
oil refineries and airports, and fire training schools in the State were surveyed regarding their use of Class B
firefighting foams. Additionally, various persons in the State with fire fighting knowledge and experience
were interviewed. A survey questionnaire mailed out to the fire departments concentrated on the use of
firefighting foams in training based on the assumption that training areas where firefighting foams were
discharged repeatedly at the same location would be at greater risk for the introduction of PFCs into the

environment via the breakdown of the foam. The firefighting training sites were then ranked for their potential
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to release PFCs to sensitive environments based on a number of criteria: the types and amounts of foam
used in training, the frequency of the training events, the environmental setting of the firefighting training site,
and the presence of nearby water supply wells. The results of the research, survey and training site ranking

were presented in the June 2008 and October 2008 Addendum Reports. Both reports are available on the

MPCA website at www.pca.state.mn.us/cleanup/pfc/index.html. A brief summary of the research and survey

findings are presented in Sections 6.0 and 7.0 of this report.

Based on the site ranking, twenty-one firefighting training sites were chosen for further investigation. The
additional investigation included site reconnaissance, sampling of the groundwater and/or soil, and/or
additional interviews. Information and data collected at these “priority” sites were documented in the April

2009, June 2009 and February 2010 Reports. These reports are also available on the MPCA website.

During the course of the PFC-Firefighting Foam investigation it was decided that the locations of several
fires where large quantities of PFC-containing foams were utilized would also be investigated for the
possible release of PFCs to the environment. Information and data collected at the River Grove Matrina in
Inver Grove Heights, and the Kandiyohi County Landfill in New London, were included in the above-
referenced reports. Reports of PFC sampling related to firefighting foam conducted by the MPCA and other
consultants at the Duluth Air National Guard Base in Duluth, the WAFTA site in St. Bonifacius, the Up North
Plastics facility in Cottage Grove, and the Kings Cove Marina in Hastings, are available at the MPCA. The

investigation activities and results for all of these sites are discussed in Sections 6.0 and 7.0 of this report.

2.0 PFCs in FIREFIGHTING FOAM

Perflourocarbons or perfluorochemicals (PFCs) are a class of man-made chemicals derived from
hydrocarbons, where the hydrogen atoms have been replaced by fluorine atoms. PFCs are characterized by
chains of carbon atoms of varying lengths to which fluorine atoms are strongly bonded, making PFCs
durable and hard to break down (1). PFCs have been used since the 1950s to produce industrial and
consumer products that are heat and stain resistant, water repellant, and film-forming (2). PFCs have been
used in a variety of products including stain-resistant fabrics and carpet, coatings for food packaging, non-
stick cookware, and firefighting foams (2)(3)(4).

2.1 Chemistry of PFCs

The PFC class of chemicals includes three groups of PFCs pertinent to the discussion of PFCs in firefighting

foam: perfluorocarboxylates, perfluorinated sulfonates, and fluorotelomer sulfonates (5).


http://www.pca.state.mn.us/cleanup/pfc/index.html
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Perfluorocarboxylates are fully fluorinated carbon molecules with a carboxylate group on the end of the
chain. Perfluorinated sulfonates are fully fluorinated carbon molecules with a sulfonate group on the end of
the chain. Fluorotelomer sulfonates are partially fluorinated molecules. Examples of the PFC chemicals

within each group are described in Table A, below.

TABLE A - PFC CHEMICALS
No. of
CAS Fluorinated
Chemical Registry Carbon
Chemical Group Acronym Chemical Name No. Chains
PFBA perfluorobutanoic acid 375-22-4 4
PFPeA perfluoro-n-pentanoic acid 2706-90-3 5
PFHxA perfluorohexanoic acid 307-24-4 6
PFHpA perfluoroheptanoic acid 375-85-9 7
PFOA perfluorooctanoic acid 335-67-1 8
Perfluorinated carboxylic acids PFNA perfluorononanoic acid 375-95-1 9
PFDA perfluorodecanoic acid 335-76-2 10
PFUNA perfluoroundecanoic acid 2058-94-8 11
PFDoA perfluorododecanoic acid 307-55-1 12
. . . not not
PFTA perfluorotridecanoic acid determined determined
PFBS perfluorobutane sulfonate 29420-49-3 4
Perfluorinated sulfonates PFHxS perfluorohexane sulfonate 355-46-4 6
PFOS perfluorooctane sulfonate 1763-23-1 8
1-octanesulfonic
6:2 FtS acid, 3,3,4,4,5,5,6,6,7,7,8,8,8- | 6
Fluorotelomer sulfonates ) !
tridecafluoro-, ammonium salt
8:2 FtS -- - 8

PFCs are made using one of two methods: the Simons electro-chemical fluorination (ECF) developed by

3M; or, a telomerization process (6).

2.1.1 ECF Process
The ECF process used by 3M generates fully fluorinated compounds in branched- and straight-chains with

both even and odd numbers of perfluorocarbons (6)(7). The chemical of interest in the ECF process is
perfluorooctanesulfonyl fluoride (POSF), CgF1;SO,F. The final degradation product of POSF and its derived
products include perfluorinated sulfonates and perfluorinated carboxylic acids (8). While perfluorinated
carboxyl acids are associated with both the ECF process and the telomerization process (see Section 2.1.2),

perfluorinated sulfonates only result from the ECF process (9).
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2.1.2 Telomerization Process

The telomerization process creates fluorinated telomers that are different from ECF-made fluorinated
molecules in that they only have an even number of fluorinated carbon atoms and the molecule is
predominantly straight-chained (6)(7). In addition, the fluorotelomerization process inserts an ethyl group
between the fluoroalkyl chain and the functional group on the end, which differentiates the atom from an
ECF-process fluorinated molecule. Fluorotelomer sulfonates are made using a telomerization process, and
perfluorinated carboxylic acids may be present in the final product as a result of unreacted or partially

reacted starting materials or intermediate (10).

2.2 PFCs in Firefighting Foam

There are several classes of fires, depending on the material that is burning. Class B fires involve the

burning of flammable liquids such as gasoline, fuel oil, cleaning fluids and solvents. Aqueous film-forming
foam (AFFF) was developed in the 1960s for use on Class B fires. AFFF has a fluorochemical-based
surfactant that rapidly forms a film across the fire surface, which prevents the release of flammable fuel

vapors and excludes oxygen from the fuel surface (11).

3M was the original manufacturer of fluorochemical-based AFFF in the 1960s, using the ECF process. As
indicated in Section 2.1.1, PFCs made using the ECF process can contain or degrade to perfluorinated
sulfonates and perfluorinated carboxylic acids. As part of 3M’s voluntary production phase out of PFOS

chemicals, they stopped manufacturing PFOS-based AFFF in 2002.

DuPont, Ansul, Chemguard and other firefighting foam manufacturers use telomer-based fluorochemical
surfactants in their AFFF. The telomer-based foams are not made with, and do not break down to, PFOS.
According to the Fire Fighting Foam Coalition (www.fffc.org), telomer-based firefighting foams contain
predominantly (75 to 80%) six-chain carbon fluorosurfactants (6:2 FtS), with varying percentages of eight-
chain or higher homologues (8:2 FtS). While telomer-based surfactants are not made with PFOA, low levels

of PFOA may be present as a byproduct (13).

Class B AFFF is typically purchased in five-gallon buckets. These foam concentrates are mixed into the
water using an in-line eductor or other proportioning/mixing device. The foam concentrate/water solution can
then be fed through one of two types of discharge devices, either a nozzle-aspirated foam system (NAFS) or
a compressed air foam system (CAFS). Both systems produce a finished foam that is a combination of
water, air and foam concentrate. Class B AFFF concentrates may or may not have expiration dates included
on the product container, but foam manufacturers Chemguard and Ansul indicate that Class B foam should

have a shelf life of 20 to 25 years if stored properly.
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Class A firefighting foams, used to extinguish wood and grass fires, are detergent-based foams with a
hydrocarbon-based surfactant, not a fluorochemical-based surfactant (14). Class A foams are not known to

contain PFCs and are not considered a source of PFCs.

Training foams are similar to Class A and Class B foams but are made specifically for fire training exercises
and do not contain chemical components for firefighting performance. Training foams are available from
most manufacturers and are generally less expensive because they do not contain (costly) fluorinated

surfactant components. Training foams are not made with PFCs.

2.3 The USEPA and PFOA and PFOS
In 1999 the U.S. Environmental Protection Agency (USEPA) began an investigation into PFOS after

receiving data from 3M that PFOS was persistent, bioaccumulative and unexpectedly toxic (15). Ultimately
3M ceased production of PFOS-based chemistry in 2002, including the production of PFOS-based
firefighting foams.. 3M also identified PFOA in human blood as part of their PFOS studies (15), and in June
2000 the USEPA expanded their investigation to include other PFCs, including PFOA.

In 2002 and 2007 the USEPA published significant new use rules (SNURS) under the Toxic Substances
Control Act (TSCA) to limit the manufacture or import of perfluoroalkyl sulfonate chemicals, including PFOS
and PFHxS. According to the initial 2002 SNUR, 3M was the only manufacturer in the U.S. of PFOS-based
chemicals included in the SNUR.

In January 2006, USEPA and eight major PFC manufacturing companies (3M/Dyneon, Arkema, Inc., AGC
Chemicals/Asahi Glass, Ciba Specialty Chemicals, Clariant Corporation, Daikin, E.l. duPont de Nemours
and Company, and Solvay Solex) created the 2010/15 PFOA Stewardship Program. The companies
committed to reduce facility emissions and product content of PFOA, PFOA precursor chemical, or PFOA-
related homologues by 95 percent by 2010, and to work toward eliminating emissions and product content
by 2015. As part of the program the companies submit annual reports on their progress toward reaching the
goals. Information regarding the 2010/15 PFOA Stewardship Program is available at www.regulations.gov in
docket EPA-HQ-OPPT-2006-0621.

Members of the Fire Fighting Foam Coalition that make telomer-based AFFF agents are in position to meet
the goals of the PFOA Stewardship Program before 2015 by using C6-based fluorosurfactants that provide
the same fire protection characteristics as C8-based foams. Incorporating these new fluorosurfactants in
AFFF will require some reformulation and perhaps re-approval of most Class B foams between 2010 and
2015 (16).


http://www.regulations.gov/
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3.0 USE OF FIREFIGHTING FOAMS IN MINNESOTA

In order to gain an understanding of the organizations in Minnesota that utilize firefighting foam, the types
and quantities of firefighting foam being used, and the locations where the foams are being used in training
exercises, the websites of firefighting organizations were reviewed, individuals commonly known to be
involved in or associated with firefighting in Minnesota were interviewed, and the users of firefighting foams

in Minnesota were surveyed regarding their foam use.

3.1 Interviews with Minnesota Firefighting Organizations

Several individuals commonly known to be involved in or associated with firefighting in Minnesota were
interviewed regarding the use of firefighting foams in Minnesota. The interviews were presented in the June
2008 Report. Key findings of these interviews are as follows: the two oil refineries in Minnesota—the
Marathon Oil refinery in St. Paul Park and the Flint Hills Resources Pine Bend refinery in Rosemount—have
their own dedicated fire departments; that the Minnesota Department of Natural Resources (MDNR) trains
firefighters at the Minnesota Interagency Fire Center in Grand Rapids using training foam; the Minnesota
State Colleges and Universities (MNSCU) system has sixteen schools with firefighting training programs,
and they switched from the use of AFFF to soap-based foams for training in approximately 2004; and that

generally AFFF is not used for training exercises because its too expensive.

3.2 Survey Mailing to Minnesota Firefighting Organizations

Questionnaires regarding the use of firefighting foam were mailed to 785 fire departments in Minnesota in
April and May 2008. The questionnaire surveyed the departments on current and historical types and
amounts of firefighting foam used in firefighting and fire training, the locations of the fire training areas, and
the fate of the spent training foam. In addition to municipal fire departments, questionnaires were mailed to
the following potential firefighting foam users in Minnesota:

e All of the airports with dedicated fire departments: Minneapolis-St. Paul International Airport
(MSP); Rochester International Airport; and, the Duluth International Airport.

e The following 16 colleges with firefighter training programs: Itasca Community College in Grand
Rapids; Alexandria Technical College; St. Cloud Technical College; Minnesota West Community
College in Marshall; Ridgewater College in Willmar; South Central College in North Mankato;
Riverland Community College in Austin; Pine Technical College in Pine City; Hennepin Technical
Colleges in Plymouth and Eden Prairie; Northland Community Colleges in Thief River Falls and
East Grand Forks; Central Lakes College in Brainerd; Minnesota State Community College in
Moorhead; Mesabi Range Community College in Virginia; and, Lake Superior Technical College
in Duluth. Southwest State University in Marshall, Minnesota indicated that they do not offer a
firefighting training program and that their program is only a business administration program for
fire chiefs and captains.

e 2 petroleum refineries; and,

e Camp Ripley in Little Falls.
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Completed questionnaire surveys were presented in the June 2008 Report and October 2008 Addendum

Report.

3.3 Survey Results

Results of the completed surveys received from the municipal fire departments, airports, firefighting training

schools, refineries, and Camp Ripley are presented in Sections 3.3.1 through 3.3.5.

3.3.1 Survey Results - Municipal Fire Departments

A total of 522 completed questionnaires were received from the 785 municipal fire departments that were
surveyed, a response rate of 66%. Copies of the completed questionnaires were included in the June 2008
Report and October 2008 Addendum Report. The following general findings and statistics were ascertained
from the questionnaires:

o Fifty-two (or 10%) of the responding municipal fire departments do not use firefighting foam at all.

e Of the responding municipal fire departments that utilize firefighting foam, 243 (or 52%) use only
Class A foams.

e Of the remaining 227 responding municipal fire departments that utilize Class B firefighting
foams, approximately 50% do not train with Class B foam but only use Class B foam for fire
response.

e Of the municipal fire departments that train with Class B foam, 28% of the departments train at
multiple or different locations for every training session, or at live burns only. Thus there is not
one specific training location.

e The remaining municipal fire departments that train with Class B foam repeatedly at the same
location were ranked based on the potential for PFCs to enter sensitive environments. The
ranking criteria are discussed in Section 5.0.

3.3.2 Survey Results — Airports

Of the seven airports operated by the Metropolitan Airports Commission, (Crystal, Lake EImo, Flying Cloud,
Anoka County-Blaine, St. Paul, Lakeville and Minneapolis-St. Paul International (MSP), only MSP has its
own fire department. Other MAC airports are served by the municipal fire departments in which they are
located. Currently the MSP fire department trains with foam at the Lake Superior College Emergency
Response Training Center (ERTC) in Duluth. Prior to 2001 training with 3M-brand Class B foam was

conducted at two different locations on the northwest portion of the airport.

The Rochester Airport Fire Department also trains with foam at the ERTC facility in Duluth. However, the
Federal Aviation Administration (FAA) requires annual testing of fire equipment. The foam equipment tests
require a short burst of foam to show that the fire trucks are functioning properly. Less than 5 gallons of

Chemguard-brand Class B foam is used annually for equipment testing.
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The City of St. Cloud Fire Department is responsible for fire response at the St. Cloud Airport. The St. Cloud
Fire Department trains with Chemguard-brand Class B foam at two locations, including the fire station near

the airport.
The 148" Fighter Wing of the Minnesota Air National Guard is responsible for fire and emergency services
at the Duluth International Airport. The unit no longer trains at the airport with firefighting foam. The MPCA is

investigating two former fire training areas at the Duluth Airport for PFCs.

3.3.3 Survey Results - Firefighting Training Schools

Survey guestionnaires were returned by all sixteen MNSCU firefighting training schools. Only two of the
schools hold training exercises on campus with Class B foam: Lake Superior College in Duluth; and,
Northland College in East Grand Forks.

3.3.4 Survey Results - Petroleum Refineries

Both the Marathon Refinery in St. Paul Park and the Flint Hills Resources Pine Bend Refinery in Rosemount
have their own in-house fire departments, and both refineries have on-site fire fighting training facilities
where spent Class B foam is collected and routed through their in-house wastewater treatment plants. The
fire department at the Marathon Refinery uses approximately 50 to 100 gallons of Ansul-brand
ThunderStorm Class B foam per semi-annual training event; prior to 2000 they used 3M-brand foam. Other
municipal departments train at the Marathon Refinery fire training area, using foam provided by the
Marathon Refinery fire department. Fire foam training at the Pine Bend Refinery in Rosemount takes place
approximately 20 to 25 times during the training season from April through November, and approximately 5
to 10 gallons of Ansul —brand ThunderStorm Class B foam is used per training event. The Pine Pend
Refinery fire department used 3M-brand Class B foam historically, and has a stockpile of approximately
50,000 gallons of 3M-brand foam on hand. Other area municipal departments train at the refinery training

grounds with foam provided by the refinery.

The former Conoco-Phillips oil refinery in Wrenshall, Minnesota ceased operation in the early 1980s. The
City of Wrenshall Volunteer Fire Department indicated that the refinery had their own fire fighting equipment,
but that the Wrenshall Fire Department responded to any fire calls. The department trained at the Wrenshall

refinery with Class B foam when it was in operation.

3.3.5 Survey Results - Camp Ripley

The Fire and Emergency Services Coordinator for Camp Ripley indicated that his position at Camp Ripley
had been created in approximately 2007, and he was not familiar with historical firefighting practices at

Camp Ripley. No firefighting training with foam is currently being conducted at Camp Ripley.
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4.0 RANKING OF FIREFIGHTING FOAM TRAINING SITES

The training sites where Class B firefighting foam is or was used on more than one occasion were ranked in
order to identify those with the highest potential to release PFCs to sensitive environments. The sites were
ranked according to the criteria listed in Section 4.1. A relative numerical score was assigned for each
criterion that was meant to reflect the relative importance of each parameter with respect to its potential to

release PFCs to the environment, and the sensitivity of the environmental receptors.

4.1 Ranking Criteria

The criteria are listed below in brief; a more detailed description of the ranking criteria were presented in the
June 2008 Report. The following criteria were considered in ranking training sites on their potential to
release PFCs to sensitive environments:

1) Brand of foam used for training. Due to the known content of PFOS and PFOA in firefighting
foams manufactured by 3M, training sites where 3M foams were currently or formerly used in
training were ranked higher.

2) Amount of foam used in training.

3) Proximity to nearby surface waters.

4) Proximity to nearby wetlands.

5) Proximity to karst geological areas.

6) Proximity to wellhead protection areas (WPA) and/or source water assessment areas (SWAA).

7) The presence of water supply wells nearby.

Since spent training foam are released to the ground or go to a storm sewer at most training sites, the final

destination of the spent foam was not considered as a ranking criteria.

4.2 Ranking Results

A total of 80 municipal fire departments’ training sites, 3 airport fire departments, 2 firefighting training
schools, and 3 petroleum refineries were ranked. Rankings for the municipal fire departments are presented
in Table 1, Class B Foam Use Ranking Summary, Minnesota Municipal Fire Departments, and
rankings for the training schools, airports, and refineries are presented in Table 2, Class B Foam Use
Ranking Summary, Minnesota Airport and Refinery Fire Departments and Training Schools.
Individual profiles for each of the ranked sites were included in the June 2008 Report and October 2008

Addendum Report.

Total scores assigned to the firefighting foam training sites ranged from 7 to 33. The highest scores were

assigned to sites generally located in a wellhead protection or source water protection area and/or a karst
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area, had water supply wells located within ¥-mile, a wetland and/or surface water body located within %z-

mile of the training site, and 3M foams are or were used for training. A total of 21 sites were considered for

follow-up investigations, as listed below:

Minneapolis/St. Paul International Airport former training areas: MSP Airport is located in a WPA
and an active karst area, with up to 40 gallons of foam used annually for training. From 1983
through 2001, fire foam training with 3M-brand Class B foam was conducted east of Cargo Road
near the present location of the glycol management facility. Foam training prior to 1983 took
place at an area located northeast of the current FedEx facility. Both the pre- and post-1983
former fire foam training areas were re-worked and excavated to some extent during construction
associated with the addition of a new airport runway in 2001. Storm water from this area of the
airport drains to a holding pond near the southwest corner of the MSP Airport.

Marathon Refinery, St. Paul Park: Marathon Refinery is located in an active karst area near the
Mississippi River, with approximately 250 gallons of Ansul-brand foam used annually for training.
The Marathon Refinery historically used 3M-brand Class B foams through approximately 2000.
Fire foam training is conducted at fire training grounds located near the southwest corner of the
refinery. Spent foam and water is routed to an on-site waste water treatment plant.

Flint Hills Pine Bend Refinery, Rosemount: Pine Bend refinery is located in a transition karst
area, with approximately 300 gallons of Ansul-brand foam used annually for training. Foams
manufactured by 3M were historically used in training. Fire foam training is conducted at fire
training grounds near the southwest corner of the refinery. Spent foam is collected into a lined
holding area from which it is pumped out and disposed through an on-site waste water treatment
plant.

Kenyon Fire Department foam training area: Bi-annual training with 3M-brand foam is conducted
on Slee Street, between Cross and Pine Streets at the east end of town. The training area is
located in a SWAA and an active karst area.

Claremont Fire Department training and foam demonstration areas: Annual to bi-annual training
with 3M-brand foam is conducted on a paved surface in front of the fire station on Front Street,
where spent foam and water drain to a storm sewer. In the fall of 2008 a fire foam demonstration
was held behind the station. The fire station is located in a SWAA and a transition karst area.

Harmony Fire Department foam training areas: Foam training has occurred at two locations:
historically in front of the fire station on Main Avenue South, and more recently at the municipal
tree/brush dump south of the fire station. Foam training with Ansul-brand foam takes place
annually or less. Both areas are located in a SWAA and an active karst area.

Bemidji Fire Department foam training site: Annual training is conducted with five gallons or less
3M-brand foam at the Bemidji Regional Airport. The airport is located in a WPA with surface
waters and wetlands adjacent to the airport and shallow municipal wells located nearby.

Fridley Fire Department training site: Historically, training with 3M-brand firefighting foam took
place at the North Metro Fire Training Center on 71% Avenue in Fridley. A training structure was
built in 1994/1995 over a burn pit that had been used for foam training. The training center is
located in a WPA and a transition or covered karst area.

Burnsville Fire Department training site: The Burnsville Fire Department has trained three times
with Ansul-brand foam at the ABLE Fire Training Center since it was built in 1989, and the last
training exercise was in 2004. The fire training center is located at the southeast corner of the
intersection of Cliff Road and River Ridge Boulevard in Burnsville. The training center is located
in a WPA and appears to be situated in an active karst area. Municipal wells are located nearby.

Goodview Fire Department training area: Occasional training (approximately six times in the last
twenty years) is conducted on a paved area in front of the fire station located at 4140 W. 5"
Street. Spent foam and water drain to a storm sewer which discharges into the backwaters of the
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Mississippi River. The fire station and the discharge area are located in a WPA and an active
karst area.

e North St. Paul Fire Department training site: Semi-annual training with 3M-brand foam takes
place at the North St. Paul Public Works facility on 1* Street North. The site is located in a WPA
and covered karst area.

e Richfield Fire Department: The Richfield Fire Department historically trained occasionally with
3M foam behind the Richfield Ice Arena, located at 636 East 66 Street. The ice arena is located
in a WPA and covered karst area, with municipal wells nearby. Surface runoff from the training
area would drain to nearby Legion Lake.

e Rochester Fire Department: Historically, annual training with 3M-brand foam took place in a
parking lot near the northwest corner of the Olmsted County Fairgrounds in Rochester. The site
is located in a WPA and active karst area.

e Luverne Fire Department: A one-time fire foam demonstration took place in approximately 2005
at the Luverne municipal tree/brush dump. A burn pan was used, and the soils around the burn
pan were cleaned up with a payloader afterwards. The site is located in a WPA, and a shallow
municipal water supply well located nearby.

e Lake Superior College Emergency Response Training Center (ERTC): The potential exists for
historical use of 3M or other brand foams at the ERTC from approximately 1994 through 1996.
Training foam has been used at the facility since 1996. An on-site wetland is located adjacent to
the foam training area, and the St. Louis River nearby. This site was selected for sampling after
inquiries received by the MPCA regarding this facility.

Although originally identified as priority sites, additional information collected during follow-up activities that
clarified foam use precluded the following sites from sampling: Pierz Fire Department; Cottage Grove Fire
Department; Alexandria Fire Department; Myrtle Fire Department; Preston Fire Department; two training
sites used by the Brooklyn Center Fire Department; and South Central College in Mankato. Since the MPCA
conducted a PFC investigation at the former fire training area at the Duluth International Airport, no further
investigation was conducted for this project. Additional inquiries regarding the fire training areas utilized by
the Maynard and Hutchinson Fire Departments found that the Maynard Fire Department only uses Class A
foam, and the Hutchinson Fire Department did not train with Class B foam at the former training location on

the Crow River.

4.3 Additional Foam Discharge Sites

During the course of the PFC/Firefighting Foam project, additional incidents of firefighting foam discharge
were brought to the attention of the MPCA. Further investigation was made into foam use at the following
sites:

e Kings Cove Marina, Hastings(a): In October 2002 a fire at the Kings Cove Marina destroyed
several boats which were dry-docked at the west end of the marina. Several fire departments
responded to the fire with various brands of Class B foam, apparently including approximately
305 gallons of 3M foam. This firefighting event may have released firefighting foam directly to the
Mississippi River. Fish tissue sampling by the MPCA has identified PFCs in fish collected from
the Mississippi River in the Hastings area.

¢ River Grove Marina, Inver Grove Heights: A fire occurred on a docked boat at the River Grove
Marina on September 26, 2009. The Inver Grove Fire Department responded to the fire with, in
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part, Ansul-brand Class B foam, which was discharged onto the burning boat and docks on the
Mississippi River.

¢ Kandiyohi County Landfill, New London: A fire occurred at the Kandiyohi County Landfill over
several days at the end of October 2009. Several fire departments responded to the fire, and
approximately 545 gallons of 3M Class B foam was used on the fire.

e Crystal Airport: The Brooklyn Center Fire Chief related that several fire departments responded
to a large hangar fire at the Crystal Airport in 2006. Interviews with responding departments
found that Class B foam was not used at the hangar fire, but had been used at several plane
crash sites at the airport.

e Up North Plastics, Cottage Grove®: A fire occurred at the business of Up North Plastics in
December 2002. Its been estimated that upwards of 4,000 gallons of foam were used to
extinguish the fire. Spent foam migrated into ditches and wetlands north of the facility, and to a
storm sewer outlet south of the facility across Jamaica Road. Up North Plastics property is
located within an area being investigated to identify sources of PFCs found in private wells in the
Langdon and River Acres neighborhoods of Cottage Grove.

e Western Area Fire Training Academy (WAFTA), St. Bonifacius®: The WAFTA training facility was
operated from 1974 through 1990, at the site of a former Nike Missile launch facility. The site was
being investigated by the MPCA for other contaminants when, in May 2006, fourteen monitoring
wells were sampled for PFCs. PFCs were detected in several of the wells.

e Duluth International Airport®: The Duluth Air National Guard Base and the Duluth Air Force Base
both historically used two fire training areas located on the northeast side of the Duluth
International Airport for Class B foam training.

(&) Further investigation and subsequent sampling at these sites was conducted by consultants other than
Delta on behalf of the MPCA. Since firefighting foams were discharged at these sites, they are being

included in this report.

5.0 SITE RECONNAISSANCE AND SAMPLE COLLECTION

Generally, the same or similar procedures were followed for site reconnaissance and sampling at the
municipal fire department foam training areas. These procedures were presented in previous reports that
detail specific site investigations. The sites where sampling was not conducted by Delta, or were not

included in previous reports, are discussed in sections 5.1 through 5.5.

5.1 Sample Collection at the Kandiyohi County Landfill

Groundwater samples were collected for PFC analysis from two existing wells at the Kandiyohi County
Landfill. Monitoring well DMW-1A is located upgradient of the C&D portion of the landfill where the fire
occurred, and DMW-3 is located approximately 300 to 350 feet away in a roughly downgradient direction.
The wells at Kandiyohi County Landfill were sampled on two occasions, in January and May 2010. Soil

borings were not advanced at the landfill and soil samples were not collected.
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5.2 Sample Collection at WAFTA

Groundwater samples were collected for PFC analysis from fourteen existing wells at the WAFTA site. The

groundwater sampling was conducted in May 2006 by ENSR Corporation and is summarized in their report,
Phase Il Site Investigation at Former Nike Missile Base MSP-70/Western Area Fire Training Academy,
dated October 2006. Monitoring well MW-4 was situated within the former fire training area, and the other
wells were located side-gradient and downgradient of the training area. Monitoring well BG-4 was situated
furthest downgradient of the training area, near the southeast corner of the WAFTA site. Soil samples were
not collected for PFC analysis at WAFTA. The MPCA followed-up in 2008 and 2009 with sampling of nearby
residential water wells for PFCs.

5.3 Sample Collection at the Kings Cove Marinas

At site of the fire at Kings Cove Marina in Hastings, two surface water and two sediment samples were
collected from the adjacent Mississippi River where spent foam accumulated. One surficial soil sample was
collected where foam was discharged on land. Sampling at Kings Cove Marina was conducted by West
Central Environmental Consultants (WCEC). A data report detailing the sampling at Kings Cove Marina was
submitted to the MPCA by WCEC on March 8, 2010.

5.4 Sample Collection at Duluth International Airport

Six soil borings were advanced within two former fire foam training areas at the Duluth International Airport
for the purpose of collecting groundwater samples only. The sampling was conducted in October 2007 by
BB&E, LLC, as presented in their Groundwater Sampling Report, Duluth Air National Guard Base dated
December 19, 2007. Soil samples were not collected for PFC analysis at the fire training areas. The MPCA

is following up with sampling of residential water wells in the area for PFCs.

5.5 Sample Collection at Up North Plastics

Five surficial soil samples were collected from the storm water ditch to which spent foam and water from the
Up North Plastics fire reportedly drained. Four sediment and two surface water samples were also collected
from a pond at the end of the storm water ditch. Groundwater samples were collected from three irrigation
wells which are located at distances up to 1.5 miles away from the Up North Plastics facility. Sampling
associated with the Up North Plastics fire was conducted by WCEC in July 2009. WCEC submitted a data
report dated September 22, 2009, to the MPCA detailing this sampling.

6.0 SAMPLING RESULTS

Soil and sampling results are summarized in Table 4, Soil and Sediment Analytical Results, PFCs.
Groundwater and surface water sampling results are summarized in Table 5, Groundwater and Surface

Water Analytical Results, PFCs. The amount of foam used in training or at a fire response, and the foam
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brands and the last known approximate date of training or date of foam discharge at a fire, are included on
the tables.

Samples were submitted to either Axys Analytical Services LTD (Axys) or MPI Research for analysis of
PFCs. Duplicate samples were collected at select sites and submitted to both laboratories for comparison
purposes. Samples collected at the WAFTA site were analyzed by the MDH and by Exygen Research,

which later became Axys. The laboratories used for analysis are noted in Tables 4 and 5.

According to research, one important factor for the transport of anionic perfluorinated surfactants in soil is
the organic content of the soil; soil partition coefficients were found to be linearly related to organic
carbon content, and sorption of the anionic perfluorinated surfactants to soil particles increased with
increasing perfluorinated chain length (17). Therefore, soil samples collected for PFC analysis at select
sites were also submitted to Pace Analytical Services for laboratory analysis of total organic carbon
(TOC) via EPA Method SW9060.

6.1 Laboratory Analytical Results, Soil and Sediment Sampling

Laboratory analysis detected PFCs in 52 of the 80 soil and sediment samples analyzed for this project (see
Table 4). The highest PFC concentrations detected in soil or sediment samples were found in the soil
samples collected at the Bemidji Airport and the Richfield Ice Arena, and the sediment sample collected
from the on-site wetland at the Lake Superior College ERTC. The Bemidji Fire Department trains annually
with foam at the Bemidji Airport. Training with Class B foam ceased at the ERTC in 1996, and Class B foam
training by the Richfield Fire Department stopped in 1999. 3M-brand Class B foam was used, or was likely

used, at all three sites.

Class B foam manufactured by 3M was used, or was likely used (based on the date of foam use and the
popularity of the foam) at all of the sites sampled as part of this project, except for the following: the ABLE
fire training center in Burnsville; the fire foam training areas in Luverne and Harmony; the River Grove
Marina fire; and, the storm sewer associated with the Goodview Fire Station. While PFOS is associated with
3M-brand foam, PFOS was detected in the soil at the sites in Burnsville, Luverne and Goodview. However,
the PFOS detected in the storm water sediment sample collected in Goodview may or may not be
associated with foam use at the Goodview Fire Station since storm water runoff is collected from numerous
points along the storm sewer. Ansul-brand foam was used for training at the Burnsville site, however, the
Burnsville Assistant Fire Chief indicated that the use of 3M-brand foam cannot be absolutely ruled out. The
Harmony Fire Department indicated they train with Ansul-brand foam. The brand of foam used at the

Luverne site for demonstration is unknown.

Analytical data for all of the soil and sediment samples indicates that perfluorinated sulfonates, especially

PFOS, are present at higher concentrations than perfluorinated carboxylic acids. PFOS was the PFC



PFC-Containing Firefighting Foams and Their Use in Minnesota
June 2010

Page 15

compound detected most often in the soil/sediment samples, with PFOS detected in 45 of the 80 samples
analyzed. The next most-detected compounds were PFHxS and PFOA, which were detected in 36 of the

soil/sediment samples. These trends are illustrated in Graph 1, Soil and Sediment PFC Concentrations.

For the purpose of analyzing PFC concentrations trends with depth and with elapsed time between the last
foam use and sampling date, PFOS soil concentration data were compared from the fire foam training sites
where 3M-brand foam was used. This included PFOS data from foam training sites in Bemidji, Claremont,
Rochester, Richfield, and Fridley. No trends were apparent in analyzing PFOS concentrations at shallow (0
to 4 feet bgs) and deep (4 to 8 feet bgs) depths, and no trends were apparent in comparing PFOS
concentrations, and PFOS concentration increases/decreases with depth, to the length of elapsed time
between the sampling and the last foam training. This lack of data trend may be due to the varying amounts
of foam and water used, and different types of soils, and bare soil or grassy training sites versus paved

training areas.

No trends are apparent between PFC compound concentrations and TOC concentrations. As expected,

TOC concentrations are higher in the shallower soil samples.

6.2 Soil Laboratory Results versus State PFC Soil Reference Values

The MDH has defined soil reference values (SRVs) for a number of chemical compounds, which are soil
contaminant concentrations above which an unacceptable risk to human health is predicted, dependent
upon different exposure scenarios. The SRVs may or may not apply to the foam training areas or the fire

sites; they are presented in this report for comparison purposes only.

Tier 1 SRVs assume that human exposure to contaminants is chronic and occurs in a residential site setting.
Tier 2 SRVs assume contaminant exposures for industrial and recreational property uses. The MPCA has
defined soil Tier 1 Residential SRVs, Tier 2 Recreational SRVs, and Tier 2 Industrial SRVs for only the
following PFC compounds:

Tier 1 Residential SRV~ Tier 2 Recreational SRV Tier 2 Industrial SRV

PFOS 2,100 ng/g 2,600 ng/g 14,000 ng/g
PFOA 2,100 ng/g 2,500 ng/g 13,000 ng/g
PFBA 77,000 ng/g 94,000 ng/g 500,000 ng/g

ng/g: nanograms per gram, which is equivalent to parts-per-billion.

None of the PFC concentrations detected in soil or sediment samples collected for this project met or
exceeded any of the MPCA SRVs.
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6.3 Groundwater and Surface Water Sampling Results

Laboratory analysis detected PFCs in 68 of the 72 groundwater and surface water samples analyzed for this
project (see Table 5). Groundwater or surface water samples with the highest PFOS concentrations were
found in samples collected at the WAFTA site. Water samples with the highest PFOA concentrations were
collected at MSP Airport, WAFTA, and Duluth International Airport. Class B foams made by 3M were used,

or were likely used based on the date of foam use, at all of these sites in the past.

The PFC compounds most often detected in groundwater and surface water samples were perfluorinated
carboxylic acids. PFOA was detected in 59 of the 72 water samples collected during this project, and PFBA
was detected in 58 water samples. PFHxA and PFPeA were detected in 55 and 53 of the water samples,

respectively. This trend is illustrated in Graph 2, Groundwater and Surface Water PFC Concentrations.

PFCs were detected in surface waters near the following fire foam training areas or fire sites where Class B
foam was used: Richfield; MSP Airport; Goodview; River Grove Marina; Lake Superior College ERTC; Kings
Cove Marina; and Up North Plastics. With the exception of Lake Superior College ERTC, the sampled
bodies of water receive storm water runoff from areas other than the foam training or foam discharge sites.
The PFCs detected in the surface waters may be attributed to the firefighting foam, or they may be from an
unidentified source. At the ERTC in Duluth, it appears that only runoff from the fire training area enters that

wetland.

At sites where 3M-brand foam were not used (the ABLE fire training center in Burnsville; the fire foam
training areas in Luverne and Harmony; and, the storm sewer associated with the Goodview Fire Station),
PFOS was detected in the groundwater or surface water. As discussed in Section 2.2, PFOS is associated
with firefighting foams made by 3M. The source of PFOS at the ABLE fire training center in Burnsville, and at
the training areas in Luverne and Harmony, is not known. The storm sewer outlet sampled in Goodview

collects storm water from a large area where other sources of PFOS may exist.

6.4 Groundwater PFC Concentrations Versus Minnesota HRLsS

The MDH has defined drinking water standards or values for the following PFC compounds: PFOS, PFOA,
PFBA, and PFBS. The State drinking water Health Risk Limit (HRL) for both PFOS and PFOA in drinking
water is 300 nanograms per liter (ng/L), which is equivalent to parts-per-trillion. The chronic exposure Health
Based Value (HBV) for both PFBA and PFBS is 7,000 ng/L. The HBVs are developed by the MDH as
interim guidance until a HRL can be established. A Risk Assessment Advice (RAA) for perfluorohexane

sulfonate (PFHxS) does not specify numerical health-based limits or values.

The PFOS HRL was exceeded in at least one groundwater sample collected from the following sites:

=  WAFTA
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= Marathon Refinery
= Bemidji Airport
= ABLE fire training center in Burnsville

= MSP Airport

The PFOA HRL was exceeded in at least one groundwater sample collected from the following sites:
=  MSP Airport
= WAFTA
®=  Duluth Airport
= ABLE fire training center in Burnsville

= Richfield Ice Arena

The surface water sample collected from the on-site wetland at the Lake Superior College ERTC had PFOS
and PFOA concentrations that exceeded the drinking water HRLs. The HBVs for PFBA and PFBS were not

exceeded in any of the water samples collected during this project.

6.5 State Surface Water Criteria for PFCs
The MPCA has developed site-specific ambient surface water quality criteria for only two PFC compounds,
PFOA and PFOS. PFOA and PFOS criteria haven been developed for the surface waters of Lake Calhoun

and for a portion of the Mississippi River, in accordance with Minnesota Rules, Chapter 7050.0218, Methods

for Determination of Criteria for Toxic Pollutants, for which Numerical Standards Not Promulgated. Ambient
surface water quality criteria have not been developed for any of the surface water bodies sampled as part

of this project.

6.6 Ambient Groundwater Concentrations in Minnesota

In October 2007, ambient groundwater samples were collected by the MPCA from springs and monitoring
wells in rural Minnesota for analysis of thirteen PFC compounds, including PFOA and PFOS. Sampling data
is presented in the MPCA document PFCs in Minnesota’s Ambient Environment; 2008 Progress Report.
Twenty-two groundwater samples were analyzed for PFCs. The only PFC compound detected was PFBA,

which was detected in thirteen samples at concentrations ranging from 2.43 ng/l to 63 ng/l.

In November-December 2006 and November 2007, the MPCA collected twenty-six ambient groundwater
samples in urban areas of Minnesota, excluding those in Washington County where PFCs in groundwater
are linked releases at historic 3M dumps. The samples were analyzed for nine PFC compounds, including
PFOA and PFOS. Every PFC analyte was detected in at least one groundwater sample. Detected PFBA
concentrations ranged from 1.34 ng/l to 468 ng/l. PFOA concentrations ranged from 1.1 ng/l to 24.8 ng/l.
PFOS concentrations ranged from 2.39 ng/l to 31 ng/I.
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In comparing groundwater sampling results from those sites sampled during this project in the rural areas of
Minnesota (Harmony, Luverne, Bemidji, and Kandiyohi County) the PFBA concentrations as well as the
number of other PFC analytes detected were considered. The PFC concentrations detected in groundwater
at the firefighting foam training sites in Harmony, Luverne and Bemidji cannot be attributed to ambient
concentrations. At the Kandiyohi County Landfill, where only low levels of PFBA have been detected in the
well sample collected downgradient of the site of the fire, the PFBA concentrations may or may not be due to
ambient levels.

Ambient concentrations of PFBA, PFOA and PFOS in groundwater found at urban locations were compared
to the data collected at the remaining firefighting training sites or fire sites. The PFC concentrations detected
in groundwater at the sites in Richfield, Fridley, Burnsville, and at MSP Airport, Duluth Airport, WAFTA,
Marathon Refinery, and MW-3 at the Flint Hills Resources Pine Bend Refinery cannot be attributed to
ambient concentrations. The PFBA, PFOA and PFOS concentrations detected in groundwater samples
collected at the North St. Paul training area and the Crystal Airport, and in the upgradient groundwater
samples (B-5, B-6 and B-7) at MSP Airport and the upgradient sample (MW-1) at the Pine Bend Refinery

may or may not be due to ambient levels.

7.0 RECEPTOR SURVEYS AND ASSESSMENT OF RISK

The execution of receptor surveys and an evaluation of potential risks associated with PFC impacts
identified during this project was not part of the scope of work, with one exception: a water well receptor
survey was conducted around the former firefighting foam training area in Richfield due to the known
presence of private wells in the area (see Section 7.2). The MPCA is not aware of anyone drinking water
that has been impacted with PFCs above drinking water criteria due to the use of firefighting foam. The
chemicals associated with firefighting foams of most concern at this time are PFOS and PFOA. According
to the Minnesota Department of Health, nearly all people have some amount of PFCs in their blood.
Studies by the Center for Disease Control and Prevention (CDC) published in 2007 found that PFOS,
PFOA and PFHxS were detected in approximately 98% of the population (18). Research relied upon by
the MDH in setting HRLs for drinking water indicates the health concerns associated with exposure to
PFOS are effects on the liver and thyroid; health concerns related to PFOA are effects on the liver,
slowed development in fetuses, reduced number of red blood cells, and changes to the immune system
(19). While less is known about the potential health effects of telomerized compounds, the fact that they
are showing up in more locations where firefighting foams are being used may mean that more study is
warranted.
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7.1 MDH Municipal Well Sampling

One of the risks associated with PFCs in groundwater is to human health should a potable water well be

drawing water from impacted groundwater. There are municipal supply wells located near several of the
“priority” sites where groundwater impacted by PFCs have been identified, including Bemidji, Luverne,
Burnsville, and Richfield. The MPCA and MDH have worked together to identify public supply wells that may
be at risk due to their proximity to firefighting foam training areas or large fire sites where Class B foam was
discharged. The MDH has sampled supply wells near several fire foam training areas in the “priority” cities
and elsewhere, and while low levels of some PFC compounds were detected in municipal well water

samples, none of the concentrations have exceeded the HRLs or HBVSs.

7.2 Well Receptor Survey, Richfield

As presented in the February 2010 Report, a water well survey was conducted in the area adjacent to or

within one-quarter mile to the east, south and southeast of, the former Richfield fire foam training area at
the Richfield Ice Arena, in reference to the easterly or potential southeasterly groundwater flow direction.
The survey included a search of the MDH County Well Index (CWI), and walking and mailing surveys to
identify private water wells. The survey identified several sealed and abandoned water supply wells and
groundwater monitoring wells in the survey area. No active wells, other than the municipal wells which

were being sampled by MDH, were identified within ¥-mile downgradient of the former fire training area.

7.3 Well Receptor Survey, WAFTA

A groundwater receptor survey conducted by ENSR Corporation identified several water supply wells within
one-half mile of the WAFTA site. Sampling of the nearby water wells by the MPCA in 2008 and 2009 did not
identify PFCs in any of the wells.

7.4 Well Information, Duluth International Airport

According to the Groundwater Sampling Report by BB&E, LLC, there are no drinking water wells in the
immediate area of the former firefighting foam training areas, and there are no plans to install water supply
wells on airport property. The nearest residential water supply wells identified in a groundwater receptor
survey conducted in association with this site are located approximately 1.25 miles away. The residential

wells are currently being sampled for PFCs under the oversight of the MPCA.

8.0 FINDINGS AND RECOMMENDATIONS

8.1 PFCs in Class B Foam

Based on the literature review, interviews with knowledgeable persons, and survey of firefighting foam

manufactures, the surfactant in Class B firefighting foams contain PFCs. The Class B foams manufactured

by 3M prior to 2002 using the ECF manufacturing process contain, or break down to, perfluorinated
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sulfonates. Class B foams made by other manufacturers using a telomerization process contain, or break

down to, fluorotelomer sulfonates and perfluorinated carboxylic acids.

8.2 Class B Foam Use in Minnesota

Based on the survey of Minnesota firefighting organizations, and assuming that the 66% response rate by
municipal fire departments is representative of the entire State, approximately 10% of the municipal fire
departments do not use firefighting foam at all, approximately 58% of the municipal fire departments use
only Class A foams, approximately 15% of the municipal fire departments use Class B foam for fire
response but do not train with Class B foam, and approximately 15% of the municipal fire departments

use and train with Class B foam.

The two active oil refineries in the State have their own fire departments and their own on-site fire training

areas where Class B foam is used in training and as needed for extinguishing fires.

Of the sixteen MNSCU firefighting training schools, only two of the schools hold training exercises or held
training exercises on campus with Class B foam: Lake Superior College ERTC in Duluth; and, Northland

College in East Grand Forks.

Firefighting training with Class B foam is no longer conducted at MSP Airport or the Duluth International

Airport. Training at these airports with 3M-brand Class B foam was conducted in the past.

Firefighting training with Class B foam at the WAFTA site in St. Bonifacius ceased in 1990. Firefighting foam
is not used in training exercises at the SCALE Regional Public Safety Training Facility in Jordan, which

opened in 2008. Firefighting foam training is not conducted at Camp Ripley.
Class B foams have been used, and will continue to be used on Class B fires across the State in order to
protect public safety, the safety of firefighters, and property. Class B foams are not classified as a hazardous

substance, nor has the MPCA or other regulatory entity placed any restrictions on the use of Class B foams.

8.3 Sampling Findings

This project has identified PFCs in soil, sediments, surface water and groundwater at locations where
various brands of Class B firefighting foams were used. PFCs were found in soils and groundwater at sites
where several years have passed since the last training event or since foam was discharged at a fire. PFC
compounds associated with 3M’s ECF manufacturing process (i.e. perfluorinated sulfonates) were detected

at training sites where 3M-brand foams were not used.

Groundwater is impacted with PFOA and/or PFOS at concentrations exceeding the State drinking water

HRLs at the following sites:
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=  WAFTA site in St. Bonifacius

=  Marathon Refinery in St. Paul Park

=  Bemidji Regional Airport

= ABLE fire training center in Burnsville
=  MSP Airport

®=  Duluth International Airport

=  Richfield Ice Arena

While these locations have PFOA and/or PFOS concentrations in groundwater that exceed the State
drinking water Criteria, at this time the MPCA is not aware of anyone drinking water contaminated with PFCs
due to the use of firefighting foams that exceed drinking water criteria. Sampling of private water wells in the
area of the WAFTA and Duluth International Airport firefighting foam training sites did not detect PFCs in any
of the wells. A groundwater receptor survey conducted in the area of the Richfield Ice Arena did not identify

any active private water wells.

The PFC concentrations in soils at all sites where samples were collected are all well below the current

clean-up criteria.

Firefighting foam training sites with minimal use of Class B foams exhibited low levels of PFCs in
groundwater, but concentrations are not exceeding current standards. Therefore, those training sites ranked
lower than the 21 “priority” sites do not appear to be a risk to human health or the environment and will not
be subject to further action at this time, unless additional information is obtained that would change the
ranking of a site.

8.4 State Recommendations on the Use of Class B Firefighting Foam

The MPCA, in conjunction with the Minnesota Department of Public Safety and the Minnesota State
Colleges and Universities, has prepared a “Best Practices Today for Class B Firefighting Foam” document, a
copy of which is included in Appendix A. The Best Practices document recognizes the importance of the
use of Class B firefighting foam to fight Class B fires-- it protects the public, it protects the firefighters working
to protect us, and it protects property. The Best Practice document presents information and
recommendations on the use of foam on fires and spills, foam training, foam types, firefighters’ health, and
foam disposal, and includes the following recommendations:

= Use Class B foams as necessary on Class B fires, but use Class A foams for Class A fires.

=  Use training foam, and not Class B foam, in training exercises if possible. Training foams do not
appear to contain PFCs.

®=  Training with Class B foams in wellhead protection areas or near public or private water supply
wells should be avoided whenever possible.
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8.5 Recommendations for Further Assessment

While the MPCA is not aware of anyone drinking water contaminated with PFCs above drinking water
criteria associated with firefighting foam use, several sites still warrant some additional investigation. Based
on the information presented in this report and previous reports, following are recommendations for further
assessment with regards to PFCs at firefighting foam training sites or fire sites where Class B foam was

used:

1. Conduct groundwater receptor surveys to evaluate risk at the following sites where PFOA and/or

PFOS concentrations in groundwater exceeded the State HRLs:

= Marathon Refinery in St. Paul Park
=  Bemidji Regional Airport
= ABLE fire training center in Burnsville
=  MSP Airport
2. Conduct a groundwater receptor survey to evaluate risk in the area of the Lake Superior College

ERTC due to elevated PFOS and PFOA concentrations in the wetland adjacent to the training area.

3. Continue to monitor groundwater for PFCs at the existing monitoring well located downgradient of
the fire site at the Kandiyohi County Landfill. Since the foam discharge occurred less than one year
ago, it may take time for potential PFC impacts to migrate through the soil to the water table, and to
migrate with groundwater to the location of well DMW-3. Consider installing a monitoring well closer
to the site of the fire if site activities and land use nearer the fire site are conducive to the presence

of a monitoring well.

4. At the time of sampling at Crystal Airport, there was no water in Shingle Creek. Since PFCs were
detected in a sediment sample collected on the down stream side of Crystal Airport, but none were
detected upstream, water samples should be collected at or near the locations of the previous

sediment samples to test for PFCs in Shingle Creek adjacent to Crystal Airport.

5. Follow up with inquiries, and sampling if warranted, at any large fires that occur or have occurred

where Class B foams are used extensively.
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9.0 REMARKS
The recommendations contained in this report represent Delta’s professional opinions based upon the
currently available information and are arrived at in accordance with currently accepted professional
standards. This report is based upon a specific scope of work requested by the client. The contract between
Delta and its client outlines the scope of work, and only those tasks specifically authorized by that contract or
outlined in this report were performed. This report is intended only for the use of Delta’s client and anyone
else specifically identified in writing by Delta as a user of this report. Delta will not and cannot be liable for
unauthorized reliance by any other third party. Other than as contained in this paragraph, Delta makes no

express or implied warranty as to the contents of this report.

Nancy Rbdning L
Project Geologist

Date: June 30, 2010

Reviewed by:

gf‘#

Date: June 30, 2010

“John Estes
Project Manager
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TABLE 1

CLASS B FOAM USE RANKING SUMMARY
MINNESOTA MUNICIPAL FIRE DEPARTMENTS
Delta Project No. 19382DEL08

SITE RANKING CRITERIA

Annual 0]
Class B Surface Water 5
Foam Water Wells z
Usagein |Nearby: |Wetlands Nearby: [ WPA/SWAA: é
Training: [within [Nearby: within site in WPA E
Foam Type:|(5 gal or 1/4 within 1/4 |Karst Area: 1/4 and/or )
3M current |less=2; mile=3; [mile=3; Active=5; mile=3; SWAA-=5; -
or former 6to 10 within 1 |within 1 |Transition=4; [within 1 within 1/4 é
usein gal=4; mile=1; [mile=1; Covered=2; mile=1; [ mile=4; within g
Department Training Location training =8 | >10 gal=6 [No=0 No=0 No=0 No=0 1 mile=2; No=0 O |Notes
sampled soil, groundwater, surface water,
Richfield Richfield ice arena, 636 E. 66th St. 8 6 3 3 2 3 5 30 |upgradient groundwater
300 71st Av., Fridley (North Metro Fire
Fridley Training Center) 8 2 3 3 4 3 5 28 |sampled soil, groundwater, sediment
Tree dump 1/2 mile south of city on
Luverne Hwy 75, east side of road. 8 6 3 3 0 3 5 28 |sampled soil, groundwater
No. St. Paul Public Works, 2303 1st St.
North St. Paul N. 8 6 3 1 2 3 5 28 |sampled soil, groundwater, surface water
Fire station #1 follow-up site visit indicated no Class B
Brooklyn Center 6250 Brooklyn Blvd. 8® 6 1 1 4 3 5 28 |foam training.
Fire station #2 follow-up site visit indicated no Class B
6500 Dupont Av. N. 8® 6 1 1 4 3 5 28 |foam training.
Fillmore County Fairgrounds follow-up interview indicated one-time
Preston Fillmore St. & Cty. Hwy. 12, Preston 8 2 3 3 5 3 4 28 |training at specified location only.
Kenyon Fire station, 714 2nd St. 8 2 3 1 5 3 5 27 |sampled soil
follow-up interview indicated training with
Cottage Grove Fire Station 2, 8641 80th St. S. 8 2 3 3 5 1 5 27 |[Class A foam only.
follow-up interview indicated foam brand
Bemidji Bemidji Airport (Class B) 8 4 3 3 0 3 5 26 |unknown; sampled soil, groundwater
haven't trained with foam in 10-15 years,
and only trained when new equipment
Northfield City street shop, 1710 Riverview Drive. 8 2 3 3 5 3 1 25 |purchased.
Rochester 2021 41st St. NW 8 2 1 1 5 3 5 25 [sampled soil
ABLE Fire Training Center
Burnsville Cliff Rd & River Ridge Blvd. 0 4 3 3 5 3 5 23 |sampled soil, groundwater
Claremont Front of fire hall on Front St. 8 2 1 0 4 3 5 23 |sampled soil
Fire Chief wasn't sure the type of foam
used. Spent foam caught on floating lids at
Clearbrook Tank farm on south edge of town. 8@ 4 3 3 0 3 2 23 [tank farm.
Behind fire station, 22870 Typo Creek
Linwood Twp Dr., Stacy 8 4 3 3 0 3 2 23
Littlefork Fire hall, McPherson & 3rd Av 8@ 2 3 3 0 3 4 23 [follow-up attempts unsuccessful
St. Clair City of St. Clair 8@ 6 3 1 2 3 0 23 [follow-up attempts unsuccessful
Various, including VoTech, Magellan historical training with Class B foam at
Alexandria tank farm, live burns. 8% 2 3 1 0 3 5 22 |Magellen tank farm only.
Golden Valley 7800 Golden Valley Road 0 6 3 1 4 3 5 22
no on-site foam training, historically trained
Hutchinson 205 3rd Av. SE 8 4 1 1 0 3 5 22 |with foam at 3M facility in town.
1300 Adams St. SE 8 4 3 1 0 3 2 21
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TABLE 1

CLASS B FOAM USE RANKING SUMMARY
MINNESOTA MUNICIPAL FIRE DEPARTMENTS

Delta Project No. 19382DEL08

SITE RANKING CRITERIA

Annual 0]
Class B Surface Water 5
Foam Water Wells z
Usagein |Nearby: |Wetlands Nearby: [ WPA/SWAA: é
Training: [within [Nearby: within site in WPA E
Foam Type:|(5 gal or 1/4 within 1/4 |Karst Area: 1/4 and/or )
3M current |less=2; mile=3; [mile=3; Active=5; mile=3; SWAA-=5; -
or former 6to 10 within 1 |within 1 |Transition=4; [within 1 within 1/4 é
usein gal=4; mile=1; [mile=1; Covered=2; mile=1; [ mile=4; within g
Department Training Location training =8 | >10 gal=6 [No=0 No=0 No=0 No=0 1 mile=2; No=0 O |Notes
follow-up interview indicated use of Class A
Myrtle Myrtle ballfield 8® 2 1 0 5 1 5 22 |foam only.
various brands Class B foam, more training
Near parking entrance of Prairie Winds with class A than Class B. Switched to POK
Perham Middle School 8@ 4 1 1 0 3 5 22 |stick last year.
follow-up interview indicated one-time
Pierz Intersection of 25 and 27, Pierz 8 2 3 3 0 1 5 22 |training at specified location only.
St. Paul 1683 Energy Park Dr., St. Paul 8 4 1 1 5 3 0 22
Joint City/County maintenance facility, training location confirmed with City, could
Crosslake 13870 Whipple. 8® 2 3 3 0 3 2 21 |not confirm type of foam used.
Fairmont City shop park lot, 417 E. Margaret St. 8 6 3 3 0 1 0 21
Across street from fire station, 4140 W.
Goodview 5th St. 0 2 3 3 5 3 5 21 |sampled surface water, sediment
Mankato Fire Sta. #1, 300 Madison Av. 8 4 1 0 5 1 2 21
Marshall Merit Center, Cty Rd 33 (1001
Marshall W. Erie Rd.) 8@ 6 3 3 0 1 0 21
Fire hall, Main Av. S. and Brush dump,
east of intersection of 139 & Gordon
Harmony Rd. 0 2 3 3 5 1 5 19 |sampled soil and groundwater
Hugo 5223 140th St. N. 0 2 3 3 4 3 4 19
4630 Fable Rd. Ct. N. 0 2 3 3 4 3 5 20
Minneapolis 25 37th Ave. NE 8 2 3 1 4 1 0 19
Rosemount 14700 Shannon Pkwy 8 2 1 1 2 3 2 19
Winona Central Fire Sta., 451 E. 3rd. 0 2 3 1 5 3 5 19
Technical College, 1250 Homer Rd. 0 2 3 3 5 3 0 16
Cannon Valley fair grounds, Cannon
Cannon Falls Falls 0 2 3 3 5 1 4 18
Lanesboro ball park parking lot, County
Lanesbhoro Road 8 0 2 3 3 5 1 4 18
Loretto 259 Medina St. N. 8 2 1 1 0 1 5 18
Plymouth Fire Station, 13250 Co. Rd. 6 0 2 1 1 2 1 5 12
Fire Station, 3300 Dunkirk Ln. 0 2 3 3 2 3 5 18
Fire Station, Old Rockford Rd. 0 2 3 3 2 3 5 18
Waconia 7550 Airport Rd. 0 4 3 3 0 3 0 13
26 Maple St. S. 0 4 3 1 0 3 5 16
8075 Paradise Lane 0 4 3 3 0 3 5 18
Montevideo Fire station, 103 Canton Av. 8 2 3 3 0 1 0 17
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TABLE 1

CLASS B FOAM USE RANKING SUMMARY
MINNESOTA MUNICIPAL FIRE DEPARTMENTS

Delta Project No. 19382DEL08

SITE RANKING CRITERIA
Annual 0]
Class B Surface Water 5
Foam Water Wells z
Usagein |Nearby: |Wetlands Nearby: [ WPA/SWAA: é
Training: [within [Nearby: within site in WPA E
Foam Type:|(5 gal or 1/4 within 1/4 |Karst Area: 1/4 and/or )
3M current |less=2; mile=3; [mile=3; Active=5; mile=3; SWAA-=5; -
or former 6to 10 within 1 |within 1 |Transition=4; [within 1 within 1/4 é
usein gal=4; mile=1; [mile=1; Covered=2; mile=1; [ mile=4; within g
Department Training Location training =8 | >10 gal=6 [No=0 No=0 No=0 No=0 1 mile=2; No=0 O |Notes
Apple Valley Fire Sta. #1, 15000 Hayes Rd. 0 2 1 3 2 3 5 16
Apple Valley central maintenance
facility, 6442 140th St. W. 0 2 1 3 2 3 4 15
Elysian Fire hall, 212 E. Main 0 2 3 3 2 1 5 16
Norwood City vacant lot at South & Rush Streets 0 2 1 3 2 3 5 16
Paynesville City airport 0 2 3 3 0 3 5 16
Pelican Rapids 2nd Av. NW & 4th St. 0 2 3 3 0 3 5 16
Open field near Sta. 2
St. Cloud 700 41st Av N. 0 6 3 1 0 1 5 16
Sta. 4, 1550 45th Av SE 0 6 1 3 0 1 4 15
Waldorf Main Street 0 6 1 1 2 1 5 16
Buffalo Lake 315 N. Main St., at Main & Church Sts. 8 2 1 1 0 1 2 15
Hamburg 181 Broadway 0 2 3 3 2 3 2 15
Varies, mostly at Station 3, 5545
Lake Johanna Lexington Ave. 0 4 3 3 2 3 0 15
Industrial lot, 3 lots west of Main &
Richmond 191st Av, on the north side of Main. 0 2 3 3 0 3 4 15
Sartell-LeSauk Fire hall, 220 4th Ave. S. 0 2 3 3 0 3 4 15
Public Works storage area, 305 E. Main
Silver Lake St. 0 2 3 3 0 3 4 15
Upsala 110 W. EIm Av., Upsala 0 4 3 3 0 3 2 15
Welcome NE corner of Dugan St. S. and Mill St. 0 2 1 3 0 3 5 14
Albert Lea Frank Av., near dog pound 0 2 1 1 2 3 4 13
Railroad ROW by 8 Railroad St. NW,
Cass Lake Cass Lake 0 4 1 1 0 3 4 13
Glenville High school football field 0 2 3 1 4 3 0 13
City utility gravel parking lot, west side
of town, between Centennial Dr. W. and
New York Mills Hwy. 10. 0 2 3 3 0 3 2 13
Pine River Fair grounds 0 2 1 1 0 1 5 10
School grounds on 1st Street 0 2 3 3 0 1 4 13
Waseca Cty Fairground, area of grand
Waseca stand. 0 4 1 1 2 1 4 13
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TABLE 1
CLASS B FOAM USE RANKING SUMMARY
MINNESOTA MUNICIPAL FIRE DEPARTMENTS
Delta Project No. 19382DEL08

SITE RANKING CRITERIA
Annual 0]
Class B Surface Water 5
Foam Water Wells z
Usagein |Nearby: |Wetlands Nearby: [ WPA/SWAA: é
Training: [within [Nearby: within site in WPA E
Foam Type:|(5 gal or 1/4 within 1/4 |Karst Area: 1/4 and/or )
3M current |less=2; mile=3; [mile=3; Active=5; mile=3; SWAA-=5; -
or former 6to 10 within 1 |within 1 |Transition=4; [within 1 within 1/4 é
usein gal=4; mile=1; [mile=1; Covered=2; mile=1; [ mile=4; within g
Department Training Location training =8 | >10 gal=6 [No=0 No=0 No=0 No=0 1 mile=2; No=0 O |Notes
Gravel pit next to city garage at 410
Cloquet Armory Road 0 2 1 3 0 1 5 12
follow-up interview indicated use of Class A
Maynard Mable St. & Sherman 0 2 1 1 0 3 5 12 |foam only.
Newfolden Fire hall 0 2 3 1 0 1 5 12
At lot across the street from the fire
Randall station. 0 2 0 3 0 3 4 12
Albrook School, 7427 Seville Rd.,
Alborn Saginaw (demonstration) 0 2 1 3 0 1 0 7
Alborn Fire Hall, 6390 Hwy. 7, Alborn
(training & demo). 0 2 3 3 0 3 0 11
Appleton Public Works bldg.
Appleton 427 S. Munsterman St. 0 4 1 3 0 3 0 11
Dilworth Fire hall, 709 1st Av NW 0 2 3 1 0 3 2 11
Evansville East end of town, (new) Council Circle. 0 2 1 3 0 1 4 11
Hibbing 2320 Brooklyn Dr. 0 2 1 1 0 3 4 11
Triple ballfields or near
Hoyt Lakes fire hall, 123-1/2 Kennedy
Hoyt Lakes Memorial Dr. 0 2 3 3 0 3 0 11
Mapleton Street in front of fire hall, 103 3rd Av NE 0 2 1 0 2 1 5 11
Northrop Behind fire hall, 211 N. Bridgeman 0 2 0 1 0 3 5 11
Old ball diamond, N. Seeley Av.,
Dunnell-Lake Fremont  |Dunnell 0 2 1 1 0 1 4 9
Fire hall, 1763 Melrude Rd., Melrude,
Ellsburg MN 0 2 3 3 0 1 0 9
Porter Fire hall, 301 Lone Tree Street 0 4 3 1 0 1 0 9
Tyler Corner of Bradley & Applebee 0 6 1 1 0 1 0 9
Blackhoof 3148 Cty. Rd. 5, Barnum 0 2 1 1 0 3 0 7
Breckenridge 1312 Minnesot Av. 0 4 1 1 0 1 0 7
Gravel road in front of fire hall, 301 Hwy
Wolverton 75, Wolverton 0 2 3 1 0 1 0 7
Notes:

(a) Foam type or training use not specified, 3M foam use for training assumed.
WPA: Wellhead Protection Area

SWAA: Source Water Assessment Area

DELTA
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TABLE 2
CLASS B FOAM USE RANKING SUMMARY
MINNESOTA AIRPORT AND REFINERY FIRE DEPARTMENTS AND TRAINING SCHOOLS
Delta Project No. 19382DEL08

Site Ranking Criteria

Annual
Class B
Foam Surface
Usage in Water Wetlands Water Wells| WPA/SWAA:
Training: Nearby: Nearby: Nearby: site in WPA
Foam Type:|5 gal or within 1/4  [within 1/4 [Karst Area: within 1/4 and/or b=
3M current [less=2; mile=3; mile=3; Active=5; mile=3; SWAA=5; %
or former 6to 10 within 1 within 1 Transition=4; |within 1 within 1/4 g
usein gal=4; mile=1; mile=1; Covered=2; mile=1; mile=4; within o
Entity Location Training Location Notes training=8 [ >10gal=6 [No=0 No=0 No=0 No=0 1 mile=2; No=0 5
Alexandria Technical 1601 Jefferson St. Foam provided by various
College Alexandria Various locations fire departments. Foam training at various locations, foam provided by other fire departments. Site not ranked.
501 W. College
Central Lakes College |[Drive, Brainerd Various fire departments Multiple training locations, site not ranked.
13100 Collegeview
Hennepin Technical Dr.
College Eden Prairie Parking lots of school Use of Class A and training foam only; no Class B foam use. Site not ranked.
Hennepin Technical
Hennepin Technical 1820 Xenium Ln. N. [College, 13100 College
College Plymouth View Dr., Eden Prairie Class A foam use only, site not ranked.
Itasca Community 1831 E. Hwy. 169
College Grand Rapids Not applicable Foam not used in training, site not ranked.
Training foam type Kidde
11501 Hwy 23 Trainol. Other departments
Lake Superior College |Duluth On-site train with Trainol. 8 2 3 3 0 1 0 17
1001 Chestnut St. Various fire departments
Mesabi Range College |Virginia and on-site. Class A foam use only, site not ranked.
Minnesota State Various fire departments;
Community & Technical (2900 28th Av. S. no training with foam on [Foams supplied by local fire
College Moorhead campus. departments. Multiple training locations, site not ranked.
Various fire departments:
Granite Falls, Luverne,
607 W. Main St., Jackson, Lake Wilson,
Minnesota West Comm |#100 and Training foam type
& Tech College Marshall Merit Center in Marshall |unknown. Multiple training locations, site not ranked.
Foam training done at off-
1101 Hwy 1 East site locations using other
Northland College Thief River Falls Various fire departments |departments' foam. Class A foam use only, multiple training locations; site not ranked.
Stopped using Class B
2022 Central Av. NE [Two grassy areas and a |protein foam more than 5
Northland College East Grand Forks parking lot on campus. [years ago. 0 6 1 1 0 0 0 8

Pine Technical College

900 4th St. SE
Pine City

Various house burns,
training as requested.

Foam supplied by other fire
departments.

Class A foam use only, multiple training locations; site not ranked.
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TABLE 2
CLASS B FOAM USE RANKING SUMMARY
MINNESOTA AIRPORT AND REFINERY FIRE DEPARTMENTS AND TRAINING SCHOOLS
Delta Project No. 19382DEL08

Site Ranking Criteria

Annual
Class B
Foam Surface
Usage in Water Wetlands Water Wells| WPA/SWAA:
Training: Nearby: Nearby: Nearby: site in WPA
Foam Type:|5 gal or within 1/4  [within 1/4 [Karst Area: within 1/4 and/or b=
3M current [less=2; mile=3; mile=3; Active=5; mile=3; SWAA=5; %
or former 6to 10 within 1 within 1 Transition=4; |within 1 within 1/4 g
usein gal=4; mile=1; mile=1; Covered=2; mile=1; mile=4; within o
Entity Location Training Location Notes training=8 [ >10gal=6 [No=0 No=0 No=0 No=0 1 mile=2; No=0 5
St. Cloud Technical 1540 Northway Drive
College St. Cloud Various fire departments Multiple training locations, site not ranked.
Training with various foam
brands, whatever the
On-site (10%) and at trainee dept. has on hand
1920 Lee Blvd various fire departments [and whatever is least
South Central College [North Mankato (90%). expensive. bs that there is no on-site training with Class B foam.
Off-site at various fire
departments:
2101 NW 15th Av Litchfield, Ortonville,
Ridgewater College Willmar Prinsburg, Morris Class A foam use only, multiple training locations; site not ranked.
Have not trained in many
Riverland Community  |1900 8th Av NW years, recall one training
College Austin event in Preston, MN. Foam brands not specified. |Class A and training foam use only, multiple training locations; site not ranked.
3M Foams (FC 600F, FC
602, ATC 3x3, FC 603) no
longer used for training.
Ansul Thunderstorm
Flint Hills Resources, FC600A used for training.
Pine Bend Refinery Fire SW corner of refinery Other departments train on
Dept. Rosemount site, 1255 Clayton Blvd. |site. 8 6 1 1 4 3 0 23
Switched from 3M to Ansul
Thunderstorm foam in
~2000. Use ~250 gallon
foam for training; non-
training foam use varies.
Marathon Petroleum Site located in Special Well
Refinery St. Paul Park Refinery fire training grourConstruction Area. 8 6 3 3 5 3 2 30
Per Wrenshall Fire Chief,
Former Wrenshall Highway 1, historic training with foam
Refinery Wrenshall on-site. 8® 6 3 3 0 3 2 25
15000 Hwy 115 No on-site training with  [Class A foam type Fire-Trol
Camp Ripley Little Falls foam. Fire Foam 103B No on-site training with foam, Class A foam use only; site not ranked.
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TABLE 2
CLASS B FOAM USE RANKING SUMMARY

MINNESOTA AIRPORT AND REFINERY FIRE DEPARTMENTS AND TRAINING SCHOOLS

Delta Project No. 19382DEL08

Site Ranking Criteria
Annual
Class B
Foam Surface
Usage in Water Wetlands Water Wells| WPA/SWAA:
Training: Nearby: Nearby: Nearby: site in WPA
Foam Type:|5 gal or within 1/4  [within 1/4 [Karst Area: within 1/4 and/or b=
3M current [less=2; mile=3; mile=3; Active=5; mile=3; SWAA=5; _g
or former 6to 10 within 1 within 1 Transition=4; |within 1 within 1/4 g
usein gal=4; mile=1; mile=1; Covered=2; mile=1; mile=4; within o
Entity Location Training Location Notes training=8 [ >10gal=6 [No=0 No=0 No=0 No=0 1 mile=2; No=0 5
Ansul 3% used for training.
Historic use of military
Trained until recently at |protein foam in
Metropolitan Airports Humphrey remote ramp |1960s/1970s. Historic use
Commission at or de-icing pad. Plugged |of 3M foam through ~2000.
Minneapolis/St. Paul drains, collected spent  |Class A foam type 1%
Airport MSP foam for off-site disposal [Lorcon. 8 6 3 3 5 3 5 33
Various on-site locations
as selected by FAA
Inspector, usually a
runway. "Short bursts" of
foam required in training
Rochester Airport Fire by FAA. Firefighters train
Dept. Rochester at facility in Duluth. 0 2 3 3 5 3 0 16
Active site investigation for
PFCs at former fire training
Minnesota Air National site under direction of
Guard - Duluth No current on-site MPCA. 3M foam still used
International Airport Duluth training with foam. in fire response. 8® 6 3 3 0 3 0 23
Notes:
(a) Foam type or training use not specified, 3M foam use for training assumed.
(b) 3M foam not currently used in training, but currently used in fire response. Site ranked based on use of foam in fire response.
(c) Ranking assumes maximum use of 3M foam in training exercises.
WPA: Wellhead Protection Area
SWAA: Source Water Assessment Area
DELTA
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TABLE 3
Sample Collection Summary
Minnesota Firefighting Foam Training and Discharge Sites
Delta Project No. 19382DEL08

Sampled Media

#Borings Boring Soil Surface Soil Groundwater Groundwater from Upgradient
Site Advanced Samples Samples from Borings Existing Well Groundwater Sediment Surface Water |Notes
MSP Airport
Minneapolis, MN 7 X X X X X Soil samples not collected from borings.
Marathon Refinery
St. Paul Park 0 X X Sampled existing wells only, no borings advanced.
Flint Hills Resources Pine Bend Refinery
Rosemount 0 X X Sampled existing wells only, no borings advanced.
Kenyon Fire Department Training Site
Slee Street
Kenyon 2 X Groundwater not encountered in borings.
Claremont Fire Department Training Site
Claremont Fire Station, Behind 2 X Groundwater not encountered in borings.
Claremont Fire Department Training Site
Claremont Fire Station, Front 1 X Groundwater not encountered in borings.
Harmony Fire Department Training Sites
Harmony Municipal Tree/Brush Dump 2 X X
Harmony Fire Department Training Sites
Harmony Fire Station 2 X Groundwater not encountered in borings.
Bemidji Fire Department Training Site
Bemidji Regional Airport 2 X X
Fridley Fire Department Training Site
North Metro Fire Training Center
Fridley 2 X X X Sediment sample collected from an on-site wetland.
Burnsville Fire Department Training Site
ABLE Fire Training Center
Burnsville 3 X X Groundwater collected from boring B-3 only.
Goodview Fire Department Training Site
Storm Sewer Discharge Point Samples collected at storm sewer discharge point
Goodview 0 X X only.
No. St. Paul Fire Department Training Site
No. St. Paul Public Works Facility 2 X X X
Richfield Fire Department Training Site
Richfield Ice Arena 4 X X X X
Rochester Fire Department Training Site
Olmsted County Fairgrounds
Rochester 2 X Groundwater not encountered in borings.
Luverne Fire Department Training Site
Municipal Tree/Brush Dump
Luverne 3 X X
Lake Superior College ERTC Samples collected at underground pipe discharge
Duluth 0 X X X point and from on-site wetland.
River Grove Marina
Inver Grove Heights 0 X X
Kandiyohi County Landfill
New London 0 X X Sampled existing wells only, no borings advanced.
Crystal Airport
Crystal 2 X X X X
Kings Cove Marina
Hastings 0 X X X
Up North Plastics Samples collected along storm water ditch and
Cottage Grove 0 X X X associated pond.
WAFTA
St. Bonifacius 0 X Sampled existing wells only.
Duluth International Airport
Former Fire Training Areas 6 X Soil samples not collected from borings.

DELTA
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TABLE 4

Soil and Sediment Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites
Delta Project No. 19382DEL08

Perfluorinated carboxylic acids

Perfluorinated sulfonates

#Perfluorinated Carbon Chains:

»~ [Perfluorobutanoic acid (PFBA)

o1 [Perfluoro-n-pentanoic acid (PFPeA)

o [Perfluorohexanoic acid (PFHxA)

~ [Perfluoroheptanoic acid (PFHpA)
o [Perfluorooctanoic acid (PFOA)
© [Perfluorononanoic acid (PFNA)

5 |Perfluorodecanoic acid (PFDA)

= [Perfluoroundecanoic acid (PFUNA)

13 [Perfluorododecanoic acid (PFDoA)

» [Perfluorobutanoic sulfonate (PFBS)

o [Perfluorohexane sulfonate (PFHXS)

o [Perflourooctane sulfonate (PFOS)

o [Perfluorooctane sulfonylamide (PFOSA)

Harmony Fire Dept. Training Area, Tree/Brush Dump

Training Frequency:

Annual or less since ~2006

Last Training Event™:

2008

Foam Usage per Training
Event:

5 gallons or less

Foam Brand: variety, including Ansulite

Sample [Sample
Sample ID Depth Date Laboratory
Harmony B-1 SL 0-4' 0-4 ft. 4/23/2009  [Axys < 0.0955 | <0.0955 | <0.0955 | <0.0955 | <0.0955 [ <0.0955 | <0.0955 | <0.0955 [ <0.0955| <0.191 | <0.191 [ <0.191 | <0.0955
Harmony B-1 SL 4-8' 4-8 ft. 4/23/2009  [Axys <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.201 | <0.201 | <0.201 | <0.101
Harmony B-2 SL 0-4' 0-4 ft. 4/23/2009  [Axys < 0.0947 | <0.0947 | <0.0947 | <0.0947 | <0.0947 | <0.0947 | <0.0947 | <0.0947 [ <0.0947 | <0.189 | <0.189 [ <0.189 | <0.0947
Harmony B-2 SL 4-8' 4-8 ft. 4/23/2009 [Axys < 0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.192 | <0.192 [ <0.192 | <0.0962
Harmony Fire Dept. Training Area, Harmony Fire Station
Training Frequency: Annual or less, 1994 thru 1999
Last Training Event®: 1999
Foam Usage per Training
Event: 5 gallons or less
Foam Brand: variety, including Ansulite

Sample [Sample
Sample ID Depth Date Laboratory
Harmony B-3 SL 0-4' 0-4 ft. 4/23/2009  [Axys < 0.0977 0.2 <0.0977| 0.161 |[<0.0977| 0.125 | <0.0977 [ <0.0977 | <0.0977 | <0.195 [ <0.195 | <0.195 | <0.0977
Harmony B-3 SL 4-8' 4-8 ft. 4/23/2009  [Axys < 0.0950 | <0.0950 | <0.0950 | <0.0950 | <0.0950 [ <0.0950 | <0.0950 | <0.0950 [ <0.0950 | <0.190 | <0.190 [ <0.190 | <0.0950
Harmony B-4 SL 0-4' 0-4 ft. 4/23/2009  |Axys <0.0989 | 0.253 0.133 0.15 < 0.0989 | <0.0989 [ <0.0989 | <0.0989 | <0.0989 [ <0.198 | <0.198 | <0.198 [ <0.0989
Harmony B-4 SL 4-8' 4-8 ft. 4/23/2009 |Axys <0.100 | <0.100 | <0.100 [ <0.100 | <0.100 | <0.100 [ <0.100 | <0.100 | <0.100 | <0.200 | <0.200 | <0.200 | <0.100
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TABLE 4

Soil and Sediment Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites

Delta Project No. 19382DEL08

Perfluorinated carboxylic acids

Perfluorinated sulfonates

#Perfluorinated Carbon Chains:

»~ [Perfluorobutanoic acid (PFBA)

o1 [Perfluoro-n-pentanoic acid (PFPeA)

o [Perfluorohexanoic acid (PFHxA)

~ |Perfluoroheptanoic acid (PFHpA)

o [Perfluorooctanoic acid (PFOA)

© [Perfluorononanoic acid (PFNA)

5 |Perfluorodecanoic acid (PFDA)

= [Perfluoroundecanoic acid (PFUNA)

13 [Perfluorododecanoic acid (PFDoA)

» [Perfluorobutanoic sulfonate (PFBS)

o [Perfluorohexane sulfonate (PFHXS)

o [Perflourooctane sulfonate (PFOS)

o [Perfluorooctane sulfonylamide (PFOSA)

Burnsville Fire Dept. Training Area, ABLE Fire Training Center

Training Frequency:

3 times since 1989

Last Training Event™: 2004
Foam Usage per Training
Event: 5-10 gallons
Foam Brand: Ansul

Sample [Sample
Sample ID Depth Date Laboratory
Burnsville B-1 SL 0-4' 0-4 ft. 4/24/2009  |Axys 1.73 5.32 3.27 6.72 11.4 10.2 4.37 0.537 0.542 <0.192 2.63 102 < 0.0962
Burnsville B-1 SL 4-8' 4-8 ft. 4/24/2009  |Axys 0.132 1.54 1.77 8.46 14.8 <0.0956 | <0.0956 | <0.0956 | <0.0956 | <0.191 11 1.62 < 0.0956
Burnsville B-2 SL 0-4' 0-4 ft. 4/24/2009  |Axys 0.796 3.08 1.69 1.05 5.78 7.92 <0.0992 | <0.0992 | <0.0992 | <0.198 | <0.198 2.8 < 0.0992
Burnsville B-2 SL 4-8' 4-8 ft. 4/24/2009 |Axys 1.83 4.81 3.97 4.14 0.355 | <0.0985 | <0.0985 | <0.0985 | <0.0985 | <0.197 1.2 <0.197 | <0.0985
North St. Paul Fire Dept. Training Area, Public Works Facility
Training Frequency: semi-annual, 5-10 times total
Last Training Event®: 2008
Foam Usage per Training
Event: 5-10 gallons
Foam Brand: 3M

Sample [Sample
Sample ID Depth Date Laboratory
No St Paul B-1 SL 0-4' 0-4 ft. 5/6/2009 AXys < 0.0926 | <0.0926 | <0.0926 | <0.0926 | <0.0926 [ <0.0926 | <0.0926 | <0.0926 [ <0.0926 | <0.185 | <0.185 [ <0.185 | <0.0926
No St Paul B-1 SL 4-8' 4-8 ft. 5/6/2009 AXYS < 0.0998 | <0.0998 | <0.0998 | <0.0998 | <0.0998 [ <0.0998 | <0.0998 | <0.0998 [ <0.0998 | <0.200 | <0.200 [ <0.200 | <0.0998
No St Paul B-2 SL 0-4' 0-4 ft. 5/6/2009 AXys < 0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 [ <0.0954 | <0.0954 | <0.0954 [ <0.0954 | <0.191 | <0.191 [ <0.191 | <0.0954
No St Paul B-2 SL 4-8' 4-8 ft. 5/6/2009 AXYS < 0.0978 | <0.0978 | <0.0978 | <0.0978 | <0.0978 [ <0.0978 | <0.0978 | <0.0978 [ <0.0978 | <0.196 | <0.196 [ <0.196 | <0.0978
No St Paul B-3 SL 0-2' 0-2 ft. 5/6/2009 AXys <0.0972 | <0.0972 | <0.0972 | <0.0972 | 0.107 | <0.0972 | <0.0972 | <0.0972 | <0.0972 | <0.194 | <0.194 0.623 | <0.0972
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TABLE 4

Soil and Sediment Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites
Delta Project No. 19382DEL08

Perfluorinated carboxylic acids

Perfluorinated sulfonates

#Perfluorinated Carbon Chains:

»~ [Perfluorobutanoic acid (PFBA)

o1 [Perfluoro-n-pentanoic acid (PFPeA)

o [Perfluorohexanoic acid (PFHxA)

~ [Perfluoroheptanoic acid (PFHpA)
o [Perfluorooctanoic acid (PFOA)
© [Perfluorononanoic acid (PFNA)

5 |Perfluorodecanoic acid (PFDA)

= [Perfluoroundecanoic acid (PFUNA)

13 [Perfluorododecanoic acid (PFDoA)

» [Perfluorobutanoic sulfonate (PFBS)

o [Perfluorooctane sulfonylamide (PFOSA)

o [Perfluorohexane sulfonate (PFHXS)
o [Perflourooctane sulfonate (PFOS)

Richfield Fire Dept. Training Area, Richfield Ice Arena

Training Frequency: occasional
Last Training Event™: 1999
Foam Usage per Training
Event: 30-40 gallons
Foam Brand: 3M

Sample [Sample
Sample ID Depth Date Laboratory
Richfield B-1 0-4' 0-4 ft. 5/7/2009 AXYS <0.0932| 0.226 0.191 0.433 1.36 1.44 0.095 | <0.0932 | <0.0932 | <0.186 1.26 104 0.21
Richfield B-1 4-8' 4-8 ft. 5/7/2009 AXys 0.322 1.43 0.905 0.592 1.11 1.89 < 0.0966 | <0.0966 | <0.0966 | <0.193 1.44 102 < 0.0966
Richfield B-2 0-4' 0-4 ft. 5/7/2009 AXxys 0.464 1.33 1.07 0.85 2.32 5.03 0.306 <0.186 | <0.186 | <0.373 13 401 0.47
Richfield B-2 4-8' 4-8 ft. 5/7/2009 AXys 1.04 4.52 4.7 3.28 5.02 4.83 <0.379 | <0.379 | <0.379 | <0.757 32.2 666 <0.379
Richfield B-3 0-4' 0-4 ft. 5/7/2009 AXYS <0.0942 | <0.0942 | 0.314 0.309 1.49 <0.0942 | <0.0942 | <0.0942 | <0.0942 | <0.188 21.9 56.4 < 0.0942
Richfield B-3 4-8' 4-8 ft. 5/7/2009 AXys 0.173 0.439 1.02 0.283 0.336 <0.104 | <0.104 | <0.104 | <0.104 0.57 2.35 9.33 <0.104
Richfield B-4 0-8' 0-8 ft. 10/8/2009 |Axys <0.0956 | <0.0956 | <0.0956 | <0.0956 | 0.129 | <0.0956 | <0.0956 | <0.0956 | <0.0956 | <0.191 0.236 4.52 < 0.0956
Kenyon Fire Dept. Training Area, Slee Street
Training Frequency: bi-annual
Last Training Event™: 2004
Foam Usage per Training
Event: < 5 gallons
Foam Brand: variety, including 3M

Sample [Sample
Sample ID Depth Date Laboratory
Kenyon B-1 SL 0-4' 0-4 ft. 5/15/2009 |Axys <0.0963 | <0.0963 | <0.0963 | 0.111 | <0.0963 | <0.0963 | <0.0963 | <0.0963 | <0.0963 | <0.193 | <0.193 | <0.193 | <0.0963
Kenyon B-1 SL 0-4' 0-4 ft. 5/15/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Kenyon B-1 SL 4-8' 4-8 ft. 5/15/2009 |Axys <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.189 | <0.189 | <0.189 | <0.0944
Kenyon B-1 SL 4-8' 4-8 ft. 5/15/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Kenyon B-2 SL 0-4' 0-4 ft. 5/15/2009 |Axys <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.187 | <0.187 | <0.187 | <0.0937
Kenyon B-2 SL 0-4' 0-4 ft. 5/15/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Kenyon B-2 SL 4-8' 4-8 ft. 5/15/2009 |Axys <0.0943 | <0.0943 | <0.0943 | <0.0943 | <0.0943 | <0.0943 | <0.0943 | <0.0943 | <0.0943 | <0.189 | <0.189 | <0.189 | <0.0943
Kenyon B-2 SL 4-8' 4-8 ft. 5/15/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
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TABLE 4
Soil and Sediment Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites
Delta Project No. 19382DEL08

Perfluorinated carboxylic acids Perfluorinated sulfonates

»~ [Perfluorobutanoic acid (PFBA)

o1 [Perfluoro-n-pentanoic acid (PFPeA)
o [Perfluorohexanoic acid (PFHxA)

~ [Perfluoroheptanoic acid (PFHpA)
o [Perfluorooctanoic acid (PFOA)

© [Perfluorononanoic acid (PFNA)

= [Perfluoroundecanoic acid (PFUNA)
13 [Perfluorododecanoic acid (PFDoA)
» [Perfluorobutanoic sulfonate (PFBS)
o [Perfluorohexane sulfonate (PFHXS)

5 |Perfluorodecanoic acid (PFDA)

#Perfluorinated Carbon Chains:

o [Perfluorooctane sulfonylamide (PFOSA)

o [Perflourooctane sulfonate (PFOS)

Claremont Fire Dept. Training Area, Back of Fire Station

Training Frequency: 1 time
Last Training Event™: Fall 2008
Foam Usage per Training
Event: 5 gallons or less
Foam Brand: 3M

Sample [Sample
Sample ID Depth Date Laboratory
Claremont B-1 SL 0-4' 0-4 ft. 5/15/2009 |Axys < 0.0907 | <0.0907 [ <0.0907 | <0.0907 | <0.0907 [ <0.0907 | <0.0907 | <0.0907 | <0.0907 | <0.181 | <0.181 0.308 | <0.0907
Claremont B-1 SL 0-4' 0-4 ft. 5/15/2009 |MPI 0.413 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.773 <0.2 <0.2
Claremont B-1 SL 4-8' 4-8 ft. 5/15/2009 |Axys < 0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.193 0.224 0.321 | <0.0966
Claremont B-1 SL 4-8' 4-8 ft. 5/15/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Claremont B-2 SL 0-4' 0-4 ft. 5/15/2009 |Axys <0.0936 | <0.0936 | 0.385 | <0.0936| 0.154 | <0.0936 | <0.0936 | <0.0936 [ <0.0936 | 0.491 1.65 24.7 0.129
Claremont B-2 SL 4-8' 4-8 ft. 5/15/2009 |Axys <0.0958 | <0.0958 | <0.0958 | <0.0958 | <0.0958 | <0.0958 | <0.0958 | <0.0958 | <0.0958 | <0.192 | <0.192 0.25 < 0.0958
Claremont Fire Dept. Training Area, Front of Fire Station
Training Frequency: annually or less
Last Training Event®: approximately 2007
Foam Usage per Training
Event: 5 gallons or less
Foam Brand: 3M

Sample [Sample
Sample ID Depth Date Laboratory
Claremont B-3 SL 0-4' 0-4 ft. 5/15/2009 |Axys 0.114 0.167 0.427 0.232 0.174 | <0.0912 | <0.0912 [ <0.0912 | <0.0912 2.39 5.25 3.46 < 0.0912
Claremont B-3 SL 4-8' 4-8 ft. 5/15/2009 |Axys <0.0935 | <0.0935 | <0.0935 | <0.0935 | <0.0935 [ <0.0935 | <0.0935 | <0.0935 [ <0.0935 | <0.187 0.561 0.988 | <0.0935
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TABLE 4

Soil and Sediment Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites

Delta Project No. 19382DEL08

Perfluorinated carboxylic acids

Perfluorinated sulfonates

#Perfluorinated Carbon Chains:

»~ [Perfluorobutanoic acid (PFBA)

o1 [Perfluoro-n-pentanoic acid (PFPeA)

o [Perfluorohexanoic acid (PFHxA)

~ |Perfluoroheptanoic acid (PFHpA)

o [Perfluorooctanoic acid (PFOA)

© [Perfluorononanoic acid (PFNA)

5 |Perfluorodecanoic acid (PFDA)

= [Perfluoroundecanoic acid (PFUNA)

13 [Perfluorododecanoic acid (PFDoA)

» [Perfluorobutanoic sulfonate (PFBS)

o [Perfluorohexane sulfonate (PFHXS)

o [Perflourooctane sulfonate (PFOS)

o [Perfluorooctane sulfonylamide (PFOSA)

Luverne Fire Dept. Training Site, Tree/Brush Dump

Training Frequency: 1 time
Last Training Event™: 2005
Foam Usage per Training
Event: 5 gallons
Foam Brand: unknown

Sample [Sample
Sample ID Depth Date Laboratory
Luverne B-1 SL 0-4' 0-4 ft. 5/22/2009 |Axys < 0.0962 | <0.0962 [ <0.0962 | <0.0962 | <0.0962 [ <0.0962 | <0.0962 | <0.0962 [ <0.0962 | <0.192 | <0.192 | <0.481 | <0.241
Luverne B-1 SL 0-4' 0-4 ft. 5/22/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Luverne B-1 SL 4-8' 4-8 ft. 5/22/2009 |Axys < 0.0981 | <0.0981 [ <0.0981 | <0.0981 | <0.0981 [ <0.0981 | <0.0981 | <0.0981 [ <0.0981 | <0.196 | <0.196 | <0.490 | <0.245
Luverne B-1 SL 4-8' 4-8 ft. 5/22/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Luverne B-2 SL 0-4' 0-4 ft. 5/22/2009 |Axys < 0.0954 | <0.0954 [ <0.0954 | <0.0954 | <0.0954 [ <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.191 | <0.191 0.481 <0.239
Luverne B-2 SL 0-4' 0-4 ft. 5/22/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Luverne B-2 SL 4-8' 4-8 ft. 5/22/2009 |Axys <0.100 | <0.100 | <0.100 [ <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.200 | <0.200 | <0.500 | <0.250
Luverne B-2 SL 4-8' 4-8 ft. 5/22/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Luverne B-3 SL 0-4' 0-4 ft. 5/22/2009 |Axys < 0.0974 | <0.0974 [ <0.0974 | <0.0974 | <0.0974 | <0.0974 | <0.0974 | <0.0974 | <0.0974 | <0.195 | <0.195 | <0.487 | <0.244
Luverne B-3 SL 0-4' 0-4 ft. 5/22/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Luverne B-3 SL 4-8' 4-8 ft. 5/22/2009 |Axys < 0.0984 | <0.0984 [ <0.0984 | <0.0984 | <0.0984 [ <0.0984 | <0.0984 | <0.0984 | <0.0984 | <0.197 | <0.197 | <0.492 | <0.246
Luverne B-3 SL 4-8' 4-8 ft. 5/22/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2
Fridley Fire Dept. Training Site, North Metro Fire Training Center
Training Frequency: occasional
Last Training Event®: 1994/1995
Foam Usage per Training
Event: < 5 gallons
Foam Brand: 3M

Sample [Sample
Sample ID Depth Date Laboratory
Fridley B-1 SL 0-4' 0-4 ft. 5/27/2009  |Axys 0.242 0.422 0.413 0.27 0.291 0.144 <0.100 | <0.100 | <0.100 | <0.201 1.25 43 < 0.100
Fridley B-1 SL 4-8' 4-8 ft. 5/27/2009 |Axys <0.101 | <0.101 | <0.101 [ <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.201 | <0.201 2.45 <0.101
Fridley B-2 SL 0-4' 0-4 ft. 5/27/2009  |Axys 1.34 1.67 2.78 0.735 0.699 <0.102 | <0.102 | <0.102 | <0.102 3.01 23.4 3.48 <0.102
Fridley B-2 SL 4-8' 4-8 ft. 5/27/2009 |Axys 0.601 1.13 1.53 0.335 0.493 | <0.0950 | <0.0950 [ <0.0950 | <0.0950 1.32 14.2 1.31 < 0.0950
Fridley B-3 Sediment 6" 0.5 ft. 5/27/2009 |Axys <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.193 | <0.193 18.3 < 0.0966

Page 5 of 9




TABLE 4

Soil and Sediment Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites
Delta Project No. 19382DEL08

Perfluorinated carboxylic acids

Perfluorinated sulfonates

#Perfluorinated Carbon Chains:

»~ [Perfluorobutanoic acid (PFBA)

o1 [Perfluoro-n-pentanoic acid (PFPeA)

o [Perfluorohexanoic acid (PFHxA)

~ [Perfluoroheptanoic acid (PFHpA)
o [Perfluorooctanoic acid (PFOA)
© [Perfluorononanoic acid (PFNA)

5 |Perfluorodecanoic acid (PFDA)

= [Perfluoroundecanoic acid (PFUNA)

13 [Perfluorododecanoic acid (PFDoA)

» [Perfluorobutanoic sulfonate (PFBS)

o [Perfluorohexane sulfonate (PFHXS)

o [Perflourooctane sulfonate (PFOS)

o [Perfluorooctane sulfonylamide (PFOSA)

Rochester Fire Dept. Training Area, Olmsted County Fairground

Training Frequency:

annual

Last Training Event™:

2001/2002

Foam Usage per Training
Event:

5 gallons or less

Foam Brand: 3M

Sample [Sample
Sample ID Depth Date Laboratory
Rochester B-1 SL 0-4' 0-4 ft. 5/28/2009 |Axys 0.207 <0.0979 | <0.0979 | <0.0979 | <0.0979 | <0.0979 [ <0.0979 | <0.0979 | <0.0979 | <0.196 0.361 0.559 < 0.0979
Rochester B-1 SL 4-8' 4-8 ft. 5/29/2009 |Axys < 0.0957 | <0.0957 | <0.0957 | <0.0957 | <0.0957 | <0.0957 | <0.0957 | <0.0957 | <0.0957 [ <0.191 | <0.191 | <0.191 | <0.0957
Rochester B-2 SL 0-4' 0-4 ft. 5/28/2009 |Axys 0.142 < 0.0999 0.173 <0.0999 | <0.0999 | <0.0999 | <0.0999 | <0.0999 | <0.0999 | <0.200 1.7 1.12 < 0.0999
Rochester B-2 SL 4-8' 4-8 ft. 5/29/2009 |Axys <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.0949 [ <0.190 | <0.190 | <0.190 | <0.0949
Goodview Fire Station, Storm Drain Outflow
Training Frequency: 6 times in 20 years
Last Training Event®: 2004/2005
Foam Usage per Training
Event: 5 gallons
Foam Brand: Ansul

Sample [Sample
Sample ID Depth Date Laboratory
Goodview Sed-1 0-6in.  [10/19/2009 [Axys <0.0883 [ <0.0883 [ <0.0883 [ <0.0883 [ <0.0883 [ <0.0883 [ <0.0883 [ <0.0883 [ <0.0883 | <0.177 [ <0.177 [ 0.332 [ <0.0883
Bemidji Fire Dept. Training Area, Bemidji Airport
Training Frequency: annual
Last Training Event™: 2008/2009
Foam Usage per Training
Event: 5 gallons
Foam Brand: 3M

Sample [Sample
Sample ID Depth Date Laboratory
Bemidji B-1 SL 0-4' 0-4 ft. 11/5/2009 |Axys <0.0951 | <0.0951 0.216 < 0.0951 0.118 <0.0951 | <0.0951 | <0.0951 | <0.0951 | <0.190 3.12 55.7 0.112
Bemidji B-1 SL 4-8' 4-8 ft. 11/5/2009 |Axys <0.0913 | <0.0913 | <0.0913 | <0.0913 0.498 <0.0913 | <0.0913 | <0.0913 | <0.0913 0.267 3.98 56 < 0.0913
Bemidji B-2 SL 0-4' 0-4 ft. 11/5/2009 |Axys 0.184 0.322 1.44 0.143 1.31 0.099 <0.0933 | <0.0933 | <0.0933| <1.87 13.99 1200) 18.5
Bemidji B-2 SL 4-8' 4-8ft. 11/5/2009 |Axys <0276 | <0.276 | 04119 | 09179 | 196 | <0.276 | <0.276 | <0.276 | <0.276 | 09577 | 147® 606 | <0.276
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TABLE 4
Soil and Sediment Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites
Delta Project No. 19382DEL08

Perfluorinated carboxylic acids

Perfluorinated sulfonates

#Perfluorinated Carbon Chains:

»~ [Perfluorobutanoic acid (PFBA)

o1 [Perfluoro-n-pentanoic acid (PFPeA)

o [Perfluorohexanoic acid (PFHxA)

~ |Perfluoroheptanoic acid (PFHpA)

o [Perfluorooctanoic acid (PFOA)

© [Perfluorononanoic acid (PFNA)

5 |Perfluorodecanoic acid (PFDA)

= [Perfluoroundecanoic acid (PFUNA)

13 [Perfluorododecanoic acid (PFDoA)

» [Perfluorobutanoic sulfonate (PFBS)

o [Perfluorohexane sulfonate (PFHXS)

o [Perflourooctane sulfonate (PFOS)

o [Perfluorooctane sulfonylamide (PFOSA)

River Grove Marina Fire, Inver Grove Heights

Date of Foam Discharge: [9/26/2009
Foam Usage 15 gallons
Foam Brand: Ansul
Sample [Sample
Sample ID Depth Date Laboratory
River Grove Sed-1 0-6 in. 11/18/2009 [MPI <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.667 <0.667 <0.667 <0.333
River Grove Sed-2 0-6 in. 11/18/2009 [MPI <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.667 <0.667 <0.667 <0.333
River Grove Sed-3 0-6 in. 11/18/2009 |MPI <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 <0.667 <0.667 <0.667 <0.333
Lake Superior College ERTC
Training Frequency: unknown, 1994-1996
Last Training Event™: 1996
Foam Usage per Training
Event: unknown
Foam Brand: 3M or other
Sample [Sample
Sample ID Depth Date Laboratory
ERTC SS-1 0-6 in. 11/25/2009 |Axys <0.0998 | 0.205 0.794 0.139 0.495 | <0.0998 | <0.0998 | <0.0998 | <0.0998 | < 0.200 3.49 83.5 4.54
ERTC Sed-1 0-6 in. 11/25/2009 |Axys <0.0917 | <0.0917 | <0.0917 | <0.0917 | 0.225 | <0.0917 | <0.0917 | <0.0917 | <0.0917 | <0.183 1.2 57.5 6.52
ERTC Sed-2 0-6 in. 11/25/2009 |Axys 0.218 0.536 1.72 0.268 1.26 0.184 0.101 0.174 | <0.0933 1.47 19.6 538 181
MSP Airport
Training Frequency: unknown
Last Training Event™: 2001
Foam Usage per Training
Event: 5-10 gallons
Foam Brand: 3M
Sample [Sample
Sample ID Depth Date Laboratory
MSP Sed-1 0-6 in. 1/19/2010 |Axys <0.484 | <0.484 | <0484 | <0484 | 138 1.89 17.3 2.5 156 | <0968 | <0968 | 8.84 | 355
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TABLE 4

Soil and Sediment Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites

Delta Project No. 19382DEL08

Perfluorinated carboxylic acids

Perfluorinated sulfonates

#Perfluorinated Carbon Chains:

»~ [Perfluorobutanoic acid (PFBA)

o1 [Perfluoro-n-pentanoic acid (PFPeA)

o [Perfluorohexanoic acid (PFHxA)

~ |Perfluoroheptanoic acid (PFHpA)

o [Perfluorooctanoic acid (PFOA)

© [Perfluorononanoic acid (PFNA)

5 |Perfluorodecanoic acid (PFDA)

= [Perfluoroundecanoic acid (PFUNA)

13 [Perfluorododecanoic acid (PFDoA)

» [Perfluorobutanoic sulfonate (PFBS)

o [Perfluorohexane sulfonate (PFHXS)
o [Perflourooctane sulfonate (PFOS)

o [Perfluorooctane sulfonylamide (PFOSA)

Crystal Airport

Date of Foam Discharge: [June 2009
Foam Usage per Training
Event: unknown
Foam Brand: Fire Aide 2000

Sample [Sample
Sample ID Depth Date Laboratory
Crystal B-1 SL 0-4' 0-4 ft. 1/20/2010 |Axys <0.486 | <0.486 | <0.486 | <0.486 | <0.486 | <0.486 | <0.486 | <0.486 | <0.486 | <0.972 | <0.972 | <0.972 | <0.486
Crystal B-1 SL 4-8' 4-8 ft. 1/20/2010 |Axys <0.493 | <0.493 | <0.493 | <0.493 | <0.493 | <0.493 | <0.493 | <0.493 | <0.493 | <0.985 | <0.985 | <0.985 | <0.493
Crystal B-2 SL 0-4' 0-4 ft. 1/20/2010 |Axys <0.488 | <0.488 | <0.488 | <0.488 | <0.488 | <0.488 | <0.488 | <0.488 | <0.488 | <0.977 | <0.977 | <0.977 | <0.488
Crystal B-2 SL 4-8' 4-8 ft. 1/20/2010 |Axys <0.490 | <0.490 | <0.490 | <0.490 | <0.490 | <0.490 | <0.490 | <0.490 | <0.490 | <0.979 | <0.979 | <0.979 | <0.490
Crystal SS-1 2 ft. 1/20/2010 |Axys < 0.498 0.929 <0.498 | <0.498 | <0.498 | <0.498 | <0.498 | <0.498 | <0.498 | <0.996 | <0.996 | <0.996 | <0.498
Crystal Sed-1 0-6 in. 1/20/2010 |Axys <0.513 | <0.513 | <0.513 | <0513 | <0513 | <0513 | <0.513 | <0.513 | <0.513 <1.03 <1.03 <1.03 <0.513
Crystal Sed-2 0-6 in. 1/20/2010 |Axys 0.467 1.16 < 0.404 0.491 0.654 0.412 0.863 1.17 2.47 < 0.807 1.03 7.1 1.45
Kings Cove Marina, Hastings Fire
Date of Foam Discharge: |[October 2002
Foam Usage 305 gallons
Foam Brand: 3M

Sample [Sample
Sample ID Depth Date Laboratory
Kings Cove Marina Soil Surficial  [12/3/2009  [MPI <0.333 <0.333 <0.333 <0.333 <0.333 <0.333 1.11 2.07 10.4 <0.667 <0.667 <0.667 <0.333
Kings Cove Marina Sed 1 Surficial |12/3/2009  [MPI <0.333 <0.333 <0.333 <0.333 0.841 <0.333 <0.333 <0.333 <0.333 <0.667 <0.667 1.34 <0.333
Kings Cove Marina Sed 2 Surficial  [12/3/2009 [MPI <0.333 <0.333 0.773 <0.333 0.736 <0.333 <0.333 <0.333 <0.333 <0.667 4.44 6.12 <0.333
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TABLE 4
Soil and Sediment Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites
Delta Project No. 19382DEL08

Perfluorinated carboxylic acids Perfluorinated sulfonates

»~ [Perfluorobutanoic acid (PFBA)

o1 [Perfluoro-n-pentanoic acid (PFPeA)
o [Perfluorohexanoic acid (PFHxA)

~ [Perfluoroheptanoic acid (PFHpA)
o [Perfluorooctanoic acid (PFOA)

© [Perfluorononanoic acid (PFNA)

= [Perfluoroundecanoic acid (PFUNA)
13 [Perfluorododecanoic acid (PFDoA)
» [Perfluorobutanoic sulfonate (PFBS)
o [Perfluorohexane sulfonate (PFHXS)

5 |Perfluorodecanoic acid (PFDA)

#Perfluorinated Carbon Chains:

o [Perfluorooctane sulfonylamide (PFOSA)

o [Perflourooctane sulfonate (PFOS)

Up North Plastics, Cottage Grove Fire

Date of Foam Discharge: [12/1/2002
Foam Usage 4,000 gallons or more
Foam Brand: unknown

Sample [Sample
Sample ID Depth Date Laboratory
Up North Plastics Soil 1 Surficial 7/16/2009|Axys 2.45 0.419 0.682 0.189 1.18 0.342 0.642 2.46 1.27 0.296 20.6 258 8.91
Up North Plastics Soil 2 Surficial 7/16/2009|Axys 0.985 | <0.0982| 0.205 0.115 0.381 | <0.0982 | <0.0982 [ 0.341 0.343 <0.196 2.07 59.1 2.99
Up North Plastics Soil 3 Surficial 7/16/2009|Axys 0.203 <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.202 | <0.202 | <0.202 | <0.101
Up North Plastics Soil 4 Surficial 7/16/2009|Axys <0.0964 | <0.0964 | 0.233 | <0.0964 | 0.172 | <0.0964 | 0.097 1.88 <0.0964 | <0.193 3.91 355 16.5
Up North Plastics Soil 5 Surficial 7/16/2009|Axys 3.82 0.628 0.477 0.266 8.29 <0.0964 | <0.0964 [ 0.122 0.128 0.199 0.712 7.48 0.428
Up North Plastics Sed 1 Surficial 7/16/2009|Axys 0.659 | <0.0965 | <0.0965 [ <0.0965| 0.406 | <0.0965 | <0.0965 | <0.0965 | <0.0965| <0.193 | <0.193 1.15 < 0.0965
Up North Plastics Sed 2 Surficial 7/16/2009|Axys 3.37 0.195 0.19 <0.110 0.957 0.113 <0.110 0.165 0.713 0.284 1.65 104 0.782
Up North Plastics Sed 3 Surficial 7/16/2009|Axys 14.2 1.94 1.32 0.608 14.6 <0.104 | <0.104 | <0.104 0.188 <0.207 0.764 16.3 <0.104
Up North Plastics Sed 4 Surficial 7/16/2009|Axys 2.35 0.265 0.143 <0.119 1.49 <0.119 0.331 0.657 1.24 <0.238 0.596 13.6 0.325
Up North Plastics Sed Dup |Surficial 7/16/2009|Axys 1.25 <0.102 | <0.102 | <0.102 0.726 <0.102 | <0.102 | <0.102 | <0.102 | <0.204 | <0.204 1.67 <0.102
Notes:

PFC results are in nanograms per gram (ng/g), which is equivalent to parts per billion.
PFC compounds soil results reported on a dry weight basis.

Bolded type indicates detection above the laboratory method detection limit.
Non-detect results presented as less than the laboratory detection limit.

Axys: Axys Analytical Services LTD

MPI: MPI Research

(1) Last training event prior to sampling, dates are approximate

(2) Results based on analysis of a dilution of the sample extract.

DELTA
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TABLES

Groundwater and Surface Water Analytical Results, PFCs

Minnesota Fire Foam Training and Discharge Sites

Delta Project No. 19382DEL08

#Perfluorinated Carbon Chains:

» |Perfluorobutanoic acid (PFBA)

o |Perfluorooctanoic acid (PFOA)

» |Perfluorobutanoic sulfonate (PFBS)
o |Perfluorohexane sulfonate (PFHxS)
o |Perflourooctane sulfonate (PFOS)

% o1 |Perfluoro-n-pentanoic acid (PFPeA)

% o |Perfluorohexanoic acid (PFHxA)
% ~ |Perfluoroheptanoic acid (PFHpA)

% © |Perfluorononanoic acid (PFNA)

% 5 |Perfluorodecanoic acid (PFDA)

% = |Perfluoroundecanoic acid (PFUnA)

% 5 |Perfluorododecanoic acid (PFDoA)

% o |Perfluorooctane sulfonylamide (PFOSA)

Health-Based Limits:[| 7000® 300”0 7000? | RAA® | 300®
Harmony Fire Dept. Training Area, Tree/Brush Dump
Training Frequency: Annual or less since ~2006
Last Training Event™®: 2008
Foam Usage per Training
Event: 5 gallons or less
Foam Brand: variety, including Ansulite
Sample ID Sample Date |Laboratory
Harmony B-1 GW 4/23/2009 Axys 73 | 327 | 267 [ <249 [ 7 [ <249 <2.49 <2.49 <2.49 <498 [ <498 | 833 [ <249
Harmony B-2 GW 4/23/2009 Axys 904 | 252 | <246 | <246 | 692 | <246 <2.46 <2.46 <2.46 <492 | <492 | 674 | <246
North St. Paul Fire Dept. Training Area, Public Works Facility
Training Frequency: semi-annual, 5-10 times total
Last Training Event™®: 2008
Foam Usage per Training
Event: 5-10 gallons
Foam Brand: 3M
Sample ID Sample Date |Laboratory
No St Paul B-1 GW 5/6/2009 Axys 137 | 133 | 132 [ 883 | 138 [ <349 <3.49 <3.49 <3.49 <699 [ 141 [ <699 [ <349
No St Paul B-2 GW 5/6/2009 Axys 145 | 155 | 141 | 822 | 132 | <250 < 2.50 < 2.50 < 2.50 <501 | 148 | <501 | <250
Richfield Fire Dept. Training Area, Richfield Ice Arena
Training Frequency: occasional
Last Training Event™®: 1999
Foam Usage per Training
Event: 30-40 gallons
Foam Brand: 3M
Sample ID Sample Date |Laboratory
Richfield B-1 GW 5/7/2009 AXys 1070 3470 3500 819 50.3 <18.8 <18.8 <18.8 <18.8 737 76.2 <37.7 <18.8
Richfield B-2 GW 5/7/2009 AXys 1240 4890 4170 1920 1330 <914 <914 <914 <914 <183 <183 <183 <914
Richfield B-3 GW 5/7/2009 AXys 201 331 888 217 458 < 66.7 < 66.7 < 66.7 < 66.7 293 689 <133 < 66.7
Legion Lake SW-1 8/27/2009 AXys 4.02 <7.21 <251 3.55 5.69 3.63 3.92 <251 <251 <5.02 <5.02 13.2 <251
*Richfield B-4 GW 29 ft. 10/8/2009 AXys 228 10.3 10.3 5.43 38.7 <2.48 <2.48 <2.48 <2.48 < 4.96 71.4 < 4.96 <2.48
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TABLES

Groundwater and Surface Water Analytical Results, PFCs

Minnesota Fire Foam Training and Discharge Sites

Delta Project No. 19382DEL08

#Perfluorinated Carbon Chains:

» |Perfluorobutanoic acid (PFBA)

o |Perfluorooctanoic acid (PFOA)

» |Perfluorobutanoic sulfonate (PFBS)

o |Perfluorohexane sulfonate (PFHxS)

o |Perflourooctane sulfonate (PFOS)

% o1 |Perfluoro-n-pentanoic acid (PFPeA)

% o |Perfluorohexanoic acid (PFHxA)
% ~ |Perfluoroheptanoic acid (PFHpA)

% © |Perfluorononanoic acid (PFNA)

% 5 |Perfluorodecanoic acid (PFDA)

% = |Perfluoroundecanoic acid (PFUnA)

% 5 |Perfluorododecanoic acid (PFDoA)

% o |Perfluorooctane sulfonylamide (PFOSA)

Health-Based Limits:[| 7000® 300”0 7000? | RAA® | 300®
Luverne Fire Dept. Training Site, Tree/Brush Dump
Training Frequency: 1 time
Last Training Event®: 2005
Foam Usage per Training
Event: 5 gallons
Foam Brand: unknown
Sample ID Sample Date |Laboratory
Luverne B-1 GW 8 ft. 5/22/2009 Axys <2.53 <2.53 <2.53 <2.53 <2.53 <2.53 <2.53 <2.53 <2.53 <5.05 18.1 <5.05 <2.53
Luverne B-1 GW 8 ft. 5/22/2009 MPI <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0® <25.0 <25.0
Luverne B-2 GW 12 ft. 5/22/2009 Axys <2.55 <2.55 3.78 <2.55 2.73 <2.55 <2.55 <2.55 <2.55 <5.10 22.8 18.4 <2.55
Luverne B-2 GW 12 ft. 5/22/2009 MPI <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 25.1 <25.0" <25.0
Luverne B-3 GW 12 ft. 5/22/2009 Axys <2.53 3.99 11.3 <2.53 3.39 <2.53 <2.53 <2.53 <2.53 <5.07 21.4 20.1 <2.53
Luverne B-3 GW 12 ft. 5/22/2009 MPI <25.0 <250 | <2507 [ <250 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 288 | <25.0% | <250
Fridley Fire Dept. Training Site, North Metro Fire Training Center
Training Frequency: occasional
Last Training Event®: 1994/1995
Foam Usage per Training
Event: < 5 gallons
Foam Brand: 3M
Sample ID Sample Date |Laboratory
Fridley B-1 GW 5/27/2009 Axys 376 | 34 271 | 232 | 327 | <427 <4.27 <4.27 <427 | 152 98.9 21.9 <4.27
Fridley B-2 GW 5/27/2009 Axys 883 [ 972 166 | 595 | 868 [ <539 <5.39 < 5.39 <539 [ 182 1330 35 < 5.39
MSP Airport
Training Frequency: unknown
Last Training Event®: 2001
Foam Usage per Training
Event: 5-10 gallons
Foam Brand: 3M
Sample ID Sample Date |Laboratory
MSP Airport B-1 GW 5/29/2009 Axys 279 909 1640 317 988 42 <41.2 <41.2 <41.2 332 3090 <82.5 <41.2
MSP Airport B-2 GW 5/29/2009 Axys 190 507 817 198 958 <48.8 <48.8 <48.8 <48.8 286 2920 <97.6 <48.8
MSP Airport B-3 GW 5/29/2009 Axys 151 148 477 <135 12000 <135 <135 <135 <135 < 269 21200 281 <135
MSP Airport B-4 GW 5/29/2009 Axys < 1250 < 1250 3140 5830 286000 < 1250 < 1250 < 1250 < 1250 < 2500 145000 < 2500 < 1250
*MSP Airport B-5 GW 1/19/2010 Axys 103 81.3 168 17.5 7.29 <2.63 <2.63 <2.63 <2.63 160 110 <5.26 <2.63
*MSP Airport B-6 GW 1/19/2010 Axys 58.6 60.4 187 44.6 11.2 < 2.55 < 2.55 < 2.55 < 2.55 64.1 204 11 < 2.55
*MSP Airport B-7 GW 1/19/2010 Axys 130 233 114 <2.53 3.77 <2.53 <2.53 <2.53 <2.53 7.77 <5.05 <5.05 <2.53
CWN-14A GW 1/19/2010 Axys 40.9 32.3 42.2 17.8 19.1 < 2.54 < 2.54 < 2.54 < 2.54 <5.07 19.3 15.6 <2.54
CWN-15A GW 1/19/2010 Axys 72 15.3 20.2 7.27 56.9 <2.75 <2.75 <2.75 <2.75 9.45 202 <5.50 <2.75
Signature MW-2 GW 1/19/2010 Axys 83.7 96.8 162 69.7 79.5 <6.57 <5.40 <5.40 <5.40 151 1780 953 <5.40
MSP SW-1 1/19/2010 Axys 46.8 46 82.1 24.6 50.1 13.4 13.9 < 2.46 < 2.46 46.5 184 39 < 2.46
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TABLES
Groundwater and Surface Water Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites
Delta Project No. 19382DEL08

#Perfluorinated Carbon Chains:

» |Perfluorobutanoic acid (PFBA)

o |Perfluorooctanoic acid (PFOA)

» |Perfluorobutanoic sulfonate (PFBS)

o |Perfluorohexane sulfonate (PFHxS)

o |Perflourooctane sulfonate (PFOS)

% o1 |Perfluoro-n-pentanoic acid (PFPeA)

% o |Perfluorohexanoic acid (PFHxA)

% ~ |Perfluoroheptanoic acid (PFHpA)

% © |Perfluorononanoic acid (PFNA)

% 5 |Perfluorodecanoic acid (PFDA)

% = |Perfluoroundecanoic acid (PFUnA)

% 5 |Perfluorododecanoic acid (PFDoA)

% o |Perfluorooctane sulfonylamide (PFOSA)

Health-Based Limits:[| 7000® 300”0 7000? | RAA® | 300®
Marathon Refinery
Training Frequency: semi-annual
Last Training Event®: 2009
Foam Usage per Training
Event: 50-100 gallons
Foam Brand: Ansul, historical use of 3M
Sample ID Sample Date |Laboratory
Marathon MW-101 8/20/2009 MPI 183 403 150 12.4 36.7 <2.5 <2.5 <2.5 <2.5 479 3710 93.2 <2.5
*Marathon MW-912 8/20/2009 MPI 462 298 51.5 21.8 17.5 <2.5 <2.5 <2.5 <2.5 37.0 1580 731 <2.5
Marathon SP-11 8/20/2009 MPI 182 458 171 52.2 35.6 20.7 <2.5 <2.5 <2.5 369 4910 5770 <2.5
Marathon MW-172 8/20/2009 MPI 59.8 245 154 25.1 15.5 11.4 <2.5 <2.5 <2.5 49.0 1220 1330 <2.5
Marathon MW-156 8/20/2009 MPI 220 1730 527 200 73.1 26.9 <2.5 2.58 <2.5 462 10500 14900 <2.5
Marathon MW-156 Dupl. 8/20/2009 MPI 221 1660 534 184 814 23.7 <2.5 2.93 <2.5 502 8930 11700 2.62
Burnsville Fire Dept. Training Area, ABLE Fire Training Center
Training Frequency: 3 times since 1989
Last Training Event®: 2004
Foam Usage per Training
Event: 5-10 gallons
Foam Brand: Ansul
Sample ID Sample Date |Lab0ratory
Burnsville B-3 GW 44.5 ft. 8/27/2009 [Axys 146 | 422 | 281 | 447 | 1260 [ 817 178 | <252 | <252 | 1238 279 522 | <252
Goodview Fire Station, Storm Drain Outflow
Training Frequency: 6 times in 20 years
Last Training Event®: 2004/2005
Foam Usage per Training
Event: 5 gallons
Foam Brand: Ansul
Sample ID Sample Date |Lab0ratory
Goodview SW-1 10/19/2009  [Axys <253 | <253 | 478 [ <253 | 449 [ 256 282 [ <253 | <253 | <506 | <506 [ 819 [ <253
Bemidji Fire Dept. Training Area, Bemidji Airport
Training Frequency: annual
Last Training Event®: 2008/2009
Foam Usage per Training
Event: 5 gallons
Foam Brand: 3M
Sample ID Sample Date |Laboratory
Bemidji B-1 GW 15 ft. 11/5/2009 Axys 414 | 385 [ 145 | 375 | 49 [ <250 [ <250 [ <250 [ <250 [ 191 227 483 | <250
Bemidji B-2 GW 15 ft. 11/5/2009 Axys 211 | 555 [ 340 | 338 [ 200 [ <122 [ <122 | <122 [ <122 | 129 1490 789 | <122
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TABLES

Groundwater and Surface Water Analytical Results, PFCs

Minnesota Fire Foam Training and Discharge Sites

Delta Project No. 19382DEL08

#Perfluorinated Carbon Chains:

» |Perfluorobutanoic acid (PFBA)

o |Perfluorooctanoic acid (PFOA)

» |Perfluorobutanoic sulfonate (PFBS)

o |Perfluorohexane sulfonate (PFHxS)

o |Perflourooctane sulfonate (PFOS)

% o1 |Perfluoro-n-pentanoic acid (PFPeA)

% o |Perfluorohexanoic acid (PFHxA)
% ~ |Perfluoroheptanoic acid (PFHpA)

% © |Perfluorononanoic acid (PFNA)

% 5 |Perfluorodecanoic acid (PFDA)

% = |Perfluoroundecanoic acid (PFUnA)

% 5 |Perfluorododecanoic acid (PFDoA)

% o |Perfluorooctane sulfonylamide (PFOSA)

Health-Based Limits:[| 7000® 300”0 7000? | RAA® | 300®
River Grove Marina Fire, Inver Grove Heights
Date of Foam Discharge: 9/26/2009
Foam Usage 15 gallons
Foam Brand: Ansul
Sample ID Sample Date |Laboratory
River Grove SW-1 11/18/2009  [MPI 354 | <25 | <25 [ <25 | 279 | <25 <25 <25 | <25 [ 4.00 <25 | <25 [ <25
*River Grove SW-2 11/18/2009  [MPI 423 | <25 | <25 | <25 | <25 | <25 <25 <25 | <25 | 3.43 <25 | <25 | <25
Lake Superior College ERTC
Training Frequency: unknown, 1994-1996
Last Training Event™®: 1996
Foam Usage per Training
Event: unknown
Foam Brand: 3M or other
Sample ID Sample Date [Laboratory
ERTC SW-1 11/25/2009  |Axys 257 | 537 [ 1790 | 348 | 991 [ 318 3.45 <251 [ <251 [ 1870 9390 [ 11300 [ 360
Kandiyohi County Landfill Fire
Date of Foam Discharge: 10/1/2009
Foam Usage 545 gallons
Foam Brand: 3M, Ansul
Sample ID Sample Date |Laboratory
Kandiyohi DMW-1A 1/12/2010 Axys <2.43 <2.43 <2.43 <2.43 <2.43 <2.43 <2.43 <2.43 <2.43 < 4.87 <4.87 < 4.87 <2.43
Kandiyohi DMW-3 1/12/2010 Axys 6.1 <251 <251 <251 <251 <251 <251 <251 <251 <5.01 <5.01 <5.01 <251
Kandiyohi DMW-1A 5/4/2010 Axys <249 <249 <249 <249 <249 <249 <249 <249 <249 <4.99 <4.99 <4.99 <249
Kandiyohi DMW-3 5/4/2010 Axys 11 <249 <249 <249 <249 <249 <249 <249 <249 <4.98 <4.98 <4.98 <249
Crystal Airport
Date of Foam Discharge: June 2009
Foam Usage unknown
Foam Brand: Fire Aide 2000
Sample ID Sample Date |Laboratory
Crystal B-1 GW 5.5 ft. 1/20/2010 Axys 162 | <256 | <256 | <256 | <256 | <256 <2.56 <256 | <256 | <5.12 <512 [ <512 | <256
Crystal B-2 GW 6 ft. 1/20/2010 Axys 373 | <250 | <250 | <250 | 265 | <250 < 2.50 <250 | <250 | <5.01 <501 | 527 | <250

Page 4 of 7




TABLES

Groundwater and Surface Water Analytical Results, PFCs

Minnesota Fire Foam Training and Discharge Sites

Delta Project No. 19382DEL08

#Perfluorinated Carbon Chains:

» |Perfluorobutanoic acid (PFBA)

o |Perfluorooctanoic acid (PFOA)

» |Perfluorobutanoic sulfonate (PFBS)

o |Perfluorohexane sulfonate (PFHxS)

o |Perflourooctane sulfonate (PFOS)

% o1 |Perfluoro-n-pentanoic acid (PFPeA)

% o |Perfluorohexanoic acid (PFHxA)
% ~ |Perfluoroheptanoic acid (PFHpA)

% © |Perfluorononanoic acid (PFNA)

% 5 |Perfluorodecanoic acid (PFDA)

% = |Perfluoroundecanoic acid (PFUnA)

% 5 |Perfluorododecanoic acid (PFDoA)

% o |Perfluorooctane sulfonylamide (PFOSA)

Health-Based Limits:[| 7000® 300”0 7000? | RAA® | 300®
Flint Hills Resources Pine Bend Refinery
Training Frequency: 20-25 times per year
Last Training Event®: 2009
Foam Usage per Training
Event: 20-25
Foam Brand: Ansul, historical use of 3M
Sample ID Sample Date |Laboratory
*FHR Pine Bend MW-1 1/21/2010 Axys 179 12.5 10.1 <245 4.63 <245 <245 < 2.45 <2.45 8.67 25.9 28.5 < 2.45
FHR Pine Bend MW-3 1/21/2010 Axys 310 136 251 43.7 49.1 <2.48 <2.48 <2.48 <2.48 181 516 245 <2.48
FHR Pine Bend MW-111 1/21/2010 Axys 156 7.58 3.62 <242 3.92 <242 <242 <242 <242 <4.84 <4.84 <4.84 <242
Kings Cove Marina, Hastings Fire
Date of Foam Discharge: October 2002
Foam Usage 305 gallons
Foam Brand: 3M
Sample ID Sample Date |Laboratory
Kings Cove Marina SW-1 12/3/2009 MPI 180 10.2 9.87 3.41 25.8 <25 <25 <25 <25 17.5 17.8 13.7 <25
Kings Cove Marina Dup (SW-1) |12/3/2009 MPI 177 10.0 8.83 2.95 22.9 <25 <25 <25 <25 18.7 17.9 13.4 <25
Kings Cove Marina SW-2 12/3/2009 MPI 170 9.93 10.5 3.05 25.4 <25 <25 <25 <25 16.8 19.1 16.2 <25
Duluth International Airport
Training Frequency: unknown
Last Training Event: pre-2007
Foam Usage per Training
Event: unknown
Foam Brand: 3M and/or Chemguard
Sample ID Sample Date |Laboratory
Duluth Intl. Airport GWS-1 10/2007 Axys 2310 7160 13000 1340 4800 <45.7 <45.7 <45.7 <45.7 2000 626 <91.3 <45.7
Duluth Intl. Airport GWS-2 10/2007 Axys 482 1090 3590 534 4640 13.1 <12.4 <12.4 <12.4 913 3440 <24.8 <12.4
Duluth Intl. Airport Dup (GWS-2) |10/2007 Axys 496 1250 4370 522 4250 <12.6 <12.6 <12.6 <12.6 953 3320 <25.2 <12.6
Duluth Intl. Airport GWS-3 10/2007 Axys 1900 6940 10800 1760 6790 88.5 <43.6 <43.6 <43.6 2020 1690 98.8 <43.6
Duluth Intl. Airport GWS-4 10/2007 Axys 1110 4780 11500 2000 8780 <319 <319 <319 <31.9 1630 4070 <63.8 <319
Duluth Intl. Airport GWS-5 10/2007 Axys 6.25 1.66 3.06 1.96 6.18 <0.991 <0.991 <0.991 <0.991 2.87 33.5 3.41 <0.991
Duluth Intl. Airport GWS-6 10/2007 Axys 694 1750 2750 497 1500 14.8 <10.3 <10.3 <10.3 776 1880 < 20.6 <10.3
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TABLES
Groundwater and Surface Water Analytical Results, PFCs
Minnesota Fire Foam Training and Discharge Sites
Delta Project No. 19382DEL08
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#Perfluorinated Carbon Chains: 4 5 6 7 8 9 10 11 12 4 6 8 8
Health-Based Limits:|| 7000? ND ND ND 300”0 ND ND ND ND 7000? | RAA® | 3007 ND
WAFTA, St. Bonifacius
Training Frequency: unknown
Last Training Event: 6/12/1905
Foam Usage per Training
Event: unknown
Foam Brand: unknown
Sample ID Sample Date |Laboratory
WAFTA BG-2 5/11/2006|MDH <1000 | <1000 | <1000 NA 1000 NA NA NA NA <500 200" <500 NA
WAFTA BG-4 5/11/2006 |MDH 800" 3200 2300 NA 2100 NA NA NA NA <500 2100 2200 NA
WAFTA MW-1 5/11/2006|MDH <1000 | <1000 300 NA 7400 NA NA NA NA <500 200" <500 NA
WAFTA MW-2 5/11/2006|MDH 2400 8900 7800 NA 7900 NA NA NA NA 600 9900 9500 NA
WAFTA MW-3 5/10/2006 |MDH <1000 | <1000 [ 300 NA <1000 NA NA NA NA 200" 5100 22000 NA
WAFTA MW-4 5/10/2006 |MDH 9900 42000 | 30000 NA 43000 NA NA NA NA 1500 42000 | 118000 NA
WAFTA MW-4 5/10/2006|Exygen 14100 | 66300 | 43600 NA 41100 NA NA NA NA 1820 43800 | 114000 NA
WAFTA MW-5 5/10/2006|MDH <1000 200" 300 NA 7009 NA NA NA NA <500 700 2100 NA
WAFTA MW-5 5/10/2006|Exygen <1000 | <1000 | <1000 NA <1000 NA NA NA NA <1000 | <1000 1460 NA
WAFTA MW-7 5/11/2006 |MDH 1200 3800 3400 NA 1000 NA NA NA NA 200" 2300 3900 NA
WAFTA MW-8 5/10/2006 |MDH 90" 400" 300 NA 100" NA NA NA NA <500 <500 1300 NA
WAFTA MW-8 5/10/2006|Exygen <1000 <1000 | <1000 NA <1000 NA NA NA NA <1000 | <1000 | <1000 NA
WAFTA MW-9 5/11/2006 |MDH <1000 | <1000 | <1000 NA <1000 NA NA NA NA <500 <500 <500 NA
WAFTA MW-10 5/10/2006 |MDH 700 2000 2000 NA 2300 NA NA NA NA 500 12000 | 27000 NA
WAFTA MW-10 5/10/2006|Exygen <1000 3350 3320 NA 2270 NA NA NA NA <1000 | 11600 | 18400 NA
WAFTA MW-11 5/10/2006 |MDH <1000 | <1000 | <1000 NA <1000 NA NA NA NA <500 <500 <500 NA
WAFTA MW-11 5/10/2006|Exygen <1000 | <1000 | <1000 NA <1000 NA NA NA NA <1000 | <1000 | <1000 NA
WAFTA MW-12 5/11/2006|MDH <1000 | <1000 | <1000 NA <1000 NA NA NA NA <500 <500 <500 NA
WAFTA MW-13 5/10/2006|MDH <1000 | <1000 | <1000 NA <1000 NA NA NA NA < 500 300" <500 NA
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TABLES

Groundwater and Surface Water Analytical Results, PFCs

Minnesota Fire Foam Training and Discharge Sites

Delta Project No. 19382DEL08

» |Perfluorobutanoic acid (PFBA)
o |Perfluorooctanoic acid (PFOA)

#Perfluorinated Carbon Chains:

» |Perfluorobutanoic sulfonate (PFBS)

o |Perfluorohexane sulfonate (PFHxS)

o |Perflourooctane sulfonate (PFOS)

% o1 |Perfluoro-n-pentanoic acid (PFPeA)
% o |Perfluorohexanoic acid (PFHxA)

% ~ |Perfluoroheptanoic acid (PFHpA)
% © |Perfluorononanoic acid (PFNA)

% 5 |Perfluorodecanoic acid (PFDA)

% = |Perfluoroundecanoic acid (PFUnA)

% 5 |Perfluorododecanoic acid (PFDoA)

% o |Perfluorooctane sulfonylamide (PFOSA)

Health-Based Limits:[| 7000® 300”0 7000? | RAA® | 300®
Up North Plastics Fire
Date of Foam Discharge: December 2002
Foam Usage 4,000 gallons or more
Foam Brand: uknown
Sample ID Sample Date |Laboratory
Up North Plastics SW-1 7/16/2009|Axys 1230 64.3 34.5 12 242 <252 <252 <252 <252 20.7 32.4 <5.04 <252
Up North Plastics SW-2 7/16/2009|Axys 436 36.1 26.9 9.43 78.3 3.37 <253 <253 <253 9.42 7.4 <5.06 <253
Up North Plastics SW Dup 7/16/2009|Axys 572 39.4 28.1 9.92 87.5 <2.50 <2.50 <2.50 <2.50 10.3 10.8 7.64 <2.50
Up North Plastics
Zywiec Irrigation Well 1 7/29/2009|MDH 1242.3 51.4 0 NA 0 NA NA NA NA 0 0 0 NA
Up North Plastics
Zywiec Irrigation Well 2 7/29/2009|MDH 447 0 0 NA 0 NA NA NA NA 0 0 0 NA
Up North Plastics
Zywiec Irrigation Well 3 7/29/2009|MDH 2133.6 106.2 61 NA 55 NA NA NA NA 0 0 0 NA
Up North Plastics
Smallidge 7/29/2009|MDH 1046.3 51.6 0 NA 53.3 NA NA NA NA 0 0 0 NA
Notes:
All results and standards are in nanograms per liter (ng/L), which is equivalent to parts per trillion.
Axys: Axys Analytical Services LTD
MPI: MPI Research
MDH: Minnesota Department of Health Environmental Laboratory.
Exygen: Exygen Research
Bolded type indicates detection above the laboratory method detection limit.
Highlighted concentrations exceed the HBV or HRL.
(1) Last training event prior to sampling, dates are approximate
(2) Health-Based Value (HBV) for chronic exposure defined by the Minnesota Department of Health.
(3) Health Risk Limit (HRL) for drinking water defined by the Minnesota Department of Health.
(4) Risk Assessment Advise (RAA) set by the Minnesota Department of Health for PFHxS does not specify numeric values.
ND: No health-based limit defined.
(5) Manually Calculated Result is 18.9
(6) Manually Calculated Result is 17.1
(7) Manually Calculated Result is 23.3
(8) Manually Calculated Result is 21.7
(J) Analyte positively identified, result is below reporting limit and is estimated.
*Sample collected upgradient of fire foam training or discharge area, intended to act as "background" sample.
NA: Not analyzed

DELTA
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Graph 1 Soil and Sediment PFC Concentrations
Graph 2 Groundwater and Surface Water PFC Concentrations
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Best Practices Today for Class B Firefighting Foam

e Perfluorochemicals (PFCs) are a group of chemicals developed by 3M Corp for
use in products to make them water repellent, stain-resistant, slippery and longer
lasting.

e PFCs are not natural and do not seem to break down in the environment. Once in
the environment, they may be taken up by living things, and build up
(bioaccumulate) within the tissue of plants, animals and people.

e Scientists have been surprised to find PFCs in approximately 98% of all humans,
including people in remote areas who have never had contact with the modern
world. Studies in Minnesota have shown PFCs to be present in some ground and
surface waters, air, soil and fish. Studies are underway to see if PFCs create
health or developmental problems in people.

e PFCs are used in Class B firefighting foams to increase their effectiveness and
make them long lasting.

e The Minnesota Pollution Control Agency (MPCA) is working on a study to
understand the potential of firefighting foam as a source of PFCs in the
environment. Soil and groundwater at approximately 20 firefighting training sites
will be evaluated for PFCs. Minnesota Department of Health is sampling some
municipal wells near foam training sites.

e Results from this work will be able late in 2009. MPCA, MnSCU
Fire/EMS/Safety Center, and Fire Marshal’s Office have developed guidelines for
the training and use of Class B fire fighting foam until more answers on foam are
known.

Use of foam on fires and spills

First, Class B firefighting foam has been a lifesaver. It is meant for flammable liquid
fires and flammable liquid pools, or for combustible liquid fires. So use it if you have a
flammable liquid like gasoline on fire or a big gasoline pool in a place where it could
ignite or where it would do damage if it did ignite. Don’t automatically use it for a diesel
fuel spill, unless the diesel fuel is on fire or the situation is endangering life and property.
Don’t automatically blanket non-leaking flammable liquid tanks unless the situation
really calls for it.

Second, don’t use Class B foam on car fires, ordinary structure fires, wildland fires, or
other inappropriate situations. Class A foams are meant for those situations, Class A
foams are not thought to contain PFCs.



Foam training
Foam training sessions should include discussion of when foam use is necessary, when it

can be helpful for safety, and when its use is inappropriate.

If possible, use training foams in training. Training foams are not thought to contain
PFCs. Class B foam training should not be done near surface waters or storm sewer
inlets which would allow foam to quickly drain to water.

PFCs can quickly pass through soil to groundwater. If your city has municipal wells your
city water superintendent will have a map of the “well head protection area” which shows
where the city’s wells draw their water from. Training in those protection areas or in
areas near private wells should be avoided. Train on soil where possible, and pick
organic soils as opposed to sandy and gravelly soils if possible. That will increase the
likelihood that PFCs in the foam are retained in the soil and don’t quickly wash through
to groundwater.

Foam types
There are many types of PFCs. Apparently all the AFFF type Class B foams have some

PFC content of various types. Ethanol resistant AFFF foams apparently also contain
types of PFCs. Class A foams are not thought to contain PFCs.

Firefighters’ Health

Use foams to protect the public, your firefighters, and valuable property. There is no
current concern that PFCs can enter firefighters’ bodies by occasional skin contact or
inhalation during firefighting or training.

Disposal
At this time the best disposal of Class B foams is to use it appropriately on Class B

flammable liquid spills and fires. Liquids can’t be put into the garbage. If Class B foam
is sent down the sanitary sewer it will go to the city’s wastewater treatment plant and the
PFCs in the foam probably will pass straight on through to the river or lake without being
broken down. So for now, the best advice is to store it safely where the containers won’t
get damaged until it gets used or until there are better disposal options available. That
likely will be quite some time.

Jim Stockinger - Emergency Response Specialist ~ Steve Lee - Manager

Emergency Response Unit Emergency Response and Preparedness
Minnesota Pollution Control Agency Minnesota Pollution Control Agency
also

Fire Training Captain
Linwood Fire Department

Don Beckering, State Director Jerry Rosendahl, State Fire Marshal
Fire/EMS/Safety Center Fire Marshal Division
Minnesota State Colleges and Universities Department of Public Safety
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1.0 INTRODUCTION

1.1 Purpose
Antea™ Group (formerly Delta Consultants) has worked under contract with the Minnesota Pollution Control
Agency (MPCA) investigating perfluorochemicals in Class B firefighting foams and the use of Class B firefighting
foams in Minnesota. Previous information regarding this investigation was presented in the following reports:
e Perfluorocarbon (PFC)-Containing Firefighting Foams and Their Use In Firefighting Training in Minnesota,
dated June 30, 2008 (the June 2008 Report);
e Addendum to PFC-Containing Firefighting Foams and Their Use In Firefighting Training in Minnesota,
dated October 22, 2008 (the October 2008 Addendum Report);
e  Firefighting Training Area Site Reconnaissance, Pine Bend Flint Hills Refinery, Marathon Refinery,
Burnsville Fire Training Center, and Site Access for 21 Fire Departments, dated April 3, 2009 (the April
2009 Report);
e  Report of Site Reconnaissance and Sampling at Select Firefighting Foam Training Areas in Minnesota,
dated June 30, 2009 (the June 2009 Report);
e Report of Investigation Activities at Select Firefighting Foam Training Areas and Foam Discharge Sites in
Minnesota, dated February 10, 2010 (the February 2010 Report);
e  Perfluorocarbon (PFC)-Containing Firefighting Foams and Their Use in Firefighting Training in Minnesota,
dated June 30, 2010 (the June 2010 Report);
e  Perfluorocarbon (PFC)-Containing Firefighting Foams and Their Use in Minnesota: Well Receptor Surveys
and Follow-Up Sampling at Select Sites, dated November 15, 2010 (the November 2010 Report);
e  Perfluorocarbon (PFC)-Containing Firefighting Foams and Their Use in Minnesota: Sampling at the Lake
Superior College Emergency Response Training Center, Duluth, dated February 25, 2011 (the February
2011 Report); and,
e  Perfluorocarbon (PFC)-Containing Firefighting Foams and Their Use in Minnesota: Sampling at the Hidden
Harbor Marina, Burnsville Wetland, and Bemidji Private Wells dated May 13, 2011 (the May 2011 Report).

This report summarizes data and information for activities conducted for the “PFC/Firefighting Foam” project
during the Minnesota State Fiscal Year of 2011.

1.2 Background

As a part of an overall investigation of PFCs in Minnesota, the MPCA and Minnesota Department of Health (MDH) have
been investigating firefighting foams as a possible source of PFCs in the environment. Aqueous film-forming foam, or
Class B AFFF, has a fluorochemical-based surfactant that rapidly forms a film across the fire surface, which prevents

the release of flammable fuel vapors and excludes oxygen from the fuel surface. PFCs have been identified in soil,
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sediment, surface water and groundwater samples collected from locations in Minnesota where various brands of

Class B AFFF have been used repeatedly in training exercises or in large quantity to extinguish fires.

Municipal fire departments, fire departments at major oil refineries and airports in Minnesota, fire training schools in
the State, and other knowledgeable persons were surveyed and interviewed regarding their use and knowledge of
firefighting foams. Firefighting training sites and fire sites where Class B AFFF is or was used were ranked for their
potential to release PFCs to the environment based on a number of criteria, including the following: the types and
amounts of foam used, the frequency of the training events, the environmental setting of the site, and the presence of
nearby receptors such as water supply wells and surface waters. The results of the survey and site ranking were
presented in the June 2008 Report and October 2008 Addendum Report. Both reports are available on the MPCA

website at www.pca.state.mn.us/cleanup/pfc/index.html.

Based on the site ranking, a number of firefighting training sites and fire sites where Class B AFFF was discharged were
selected for further investigation. Additional investigation activities included site reconnaissance, in-depth interviews
with knowledgeable persons, and/or sampling of potentially affected media including groundwater, soil, surface water
and/or sediments. Information and data collected at these select sites were documented in the April 2009, June 2009,
February 2010, June 2010, November 2010, February 2011 and May 2011 Reports. These reports are also available on
the MPCA website. The investigation activities found that PFCs are present in the environment (soil, groundwater,
surface water and/or sediment) at sites where Class B AFFF was discharged repeatedly in training exercises or where
large amounts of Class B foam were utilized on Class B fires. The investigations have also identified PFCs in surface
water or groundwater at concentrations above the State Health Risk Limits (HRLs) for drinking water at the following
sites:

e aformer firefighting training area behind the Richfield Ice Arena in Richfield;

e two former firefighting training areas at Minneapolis-St. Paul International (MSP) Airport;

o afirefighting training area at the Marathon Refinery in St. Paul Park;

e the Apple Valley-Burnsville-Lakeville-Eagan (ABLE) Training Center in Burnsville;

o afirefighting training area at the Bemidji Regional Airport; and,

o afirefighting training area at the Lake Superior College Emergency Response Training Center (ERTC) in Duluth.

PFC concentrations above the HRLs in groundwater were also identified by environmental consultants other than
Antea Group at a former firefighting training area at the Duluth International Airport and at the Western Area Fire
Training Academy (WAFTA) in St. Bonifacius. Sampling results for these sites are presented briefly in the June 2010
Report.

2 www.anteagroup.com
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Laboratory results for all PFC sampling conducted in association with this PFC/Firefighting Foam project are
summarized in Table 1, Groundwater and Surface Water PFC Analytical Results, and Table 2, Soil and Sediment
Analytical Results, PFCs and TOC (Total Organic Carbon).

One of the risks associated with PFCs in groundwater is to human health should a potable water well be drawing
water from an impacted groundwater aquifer. The MPCA and MDH have worked together to identify public supply
wells that may be at risk due to their proximity to firefighting foam training areas or large fire sites where Class B
AFFF was discharged. The MDH has sampled water supply wells near several fire foam training areas and while low
levels of some PFC compounds were detected in municipal well water samples, none of the water samples had PFC
concentrations higher than the HRLs or State Health-Based Values (HBVs). Groundwater sampling conducted by
the MDH is discussed briefly in the June 2010 Report.

Based on the presence of PFCs at levels above the HRLs in groundwater at the former firefighting training area in
Richfield and the known presence of private water supply wells in the area, a receptor survey was conducted in the
vicinity of the former training area in order to identify potential receptors of impacted groundwater. The survey
identified several sealed and abandoned water supply wells and groundwater monitoring wells in the survey area,
but no active water supply wells other than the municipal wells which were being sampled by MDH. Results of the
receptor survey for the former firefighting training area in Richfield are presented in the February 2010 Report.
Receptor survey results for the Duluth International Airport and the WAFTA site in St. Bonifacius are also briefly

presented in the June 2010 Report.

In 2006 and 2007 a number of groundwater samples collected by the MPCA from multiple rural and urban
locations in Minnesota were analyzed for PFCs as part of a State-wide monitoring effort of PFCs in the ambient
environment. The results of that sampling and a comparison of groundwater data collected as part of the ambient
sampling and the sampling done as part of the PFCs/Firefighting Foam project were presented in the June 2010
Report. Ambient sampling data is presented in the MPCA document PFCs in Minnesota’s Ambient Environment:

2008 Progress Report.

At the end of the State Fiscal Year 2010, the following recommendations for additional work for the
PFC/Firefighting Foam project were made in the June 2010 Report:
1. Conduct groundwater receptor surveys to evaluate risk at the following sites where PFOA and/or PFOS
concentrations in groundwater exceeded the State HRLs:
e  Marathon Refinery in St. Paul Park
e  Bemidji Regional Airport
e  ABLE Training Center in Burnsville
e  Minneapolis-St. Paul International Airport (MSP)
2. Conduct a groundwater receptor survey to evaluate risk in the area of the Lake Superior College ERTC due

to elevated PFOS and PFOA concentrations in the wetland adjacent to the training area.

3 www.anteagroup.com
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3. Continue to monitor groundwater for PFCs at the existing monitoring well located downgradient of the
fire site at the Kandiyohi County Landfill. Since the foam discharge occurred less than one year ago, it may
take time for potential PFC impacts to migrate through the soil to the water table, and to migrate with
groundwater to the location of monitoring well DMW-3. Consider installing a monitoring well closer to the
site of the fire if site activities and land use nearer the fire site are conducive to the presence of a
monitoring well.

4. At the time of sampling at Crystal Airport in January 2010, there was no water in Shingle Creek. Since PFCs
were detected in a sediment sample collected on the downstream side of Crystal Airport, but none were
detected in an upstream sediment sample, water samples should be collected at or near the locations of
the previous sediment samples to test for PFCs in Shingle Creek adjacent to Crystal Airport.

5. Follow up with inquiries, and sampling if warranted, at any large fires that occur or have occurred where

Class B AFFF is used extensively.

2.0 SCOPES OF WORK CONDUCTED IN STATE FISCAL YEAR 2011

As a result of finding PFCs at concentrations above the HRLs in groundwater or surface water at the sites identified
in Section 1.2, receptor surveys were conducted in the vicinities of these sites in Fiscal Year 2011, except for the
former firefighting training area in Richfield where a receptor survey was conducted in Fiscal Year 2010. The
purpose of the receptor surveys was to identify potential receptors of PFC-impacted groundwater or surface water.
Based on results of the receptor surveys, private wells near the Marathon Refinery, Bemidji Regional Airport, and
Lake Superior College ERTC, and surficial water bodies near Lake Superior College ERTC and the ABLE Training

Center, were sampled for PFCs.

Additional follow-up PFC sampling was also conducted in Fiscal Year 2011 at two sites: (1) groundwater samples
were collected from two existing monitoring wells at the Kandiyohi County Landfill, where Class B AFFF was used
on a fire in October 2009; and, (2) surface water and sediment samples were collected from Shingle Creek,

adjacent to Crystal Airport.

2.1 Work Order SFDE1107-2
To address the recommendations included in the June 2010 Report, Antea Group performed the following scope of
work under MPCA Work Order SFDE1107-2, dated July 23, 2010:

1. Conducted groundwater receptor surveys in the vicinity of current or former firefighting training sites at
the following locations: Marathon Refinery in St. Paul Park; Bemidji Regional Airport; ABLE Training Center
in Burnsville; MSP Airport; and, Lake Superior College ERTC in Duluth.

Conducted additional groundwater sampling from two existing wells at the Kandiyohi Landfill.
3. Conducted additional sediment and surface water sampling at Shingle Creek adjacent to the Crystal

Airport in Crystal.

4 www.anteagroup.com
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4. Prepared a report summarizing work performed as part of the scope of work (the November 2010

Report).

2.1.1 Groundwater Receptor Surveys

Groundwater receptor surveys conducted in the vicinity of the current or former firefighting training sites

identified in Section 2.1 included the following activities:

e Walking surveys were conducted in order to identify all houses and businesses, surface water bodies, water
wells, and any other features that may be a groundwater receptor. The walking surveys included the area
within 500 feet upgradient and side-gradient of the sites and 1/2-mile downgradient of the sites. Hydrological
resources used in determine groundwater flow directions at each of the sites are presented in the November
2010 Report.

e Information regarding the potable water source and water wells at the properties identified during the
walking surveys was obtained from property owners or tenants. Information was obtained through personal
interviews or via well survey questionnaires that were either left at a property or sent in the mail.

e Inquiries were made as necessary with the water supply utility regarding municipal water sources, municipal
well locations, and the availability of municipal water in the area of the sites.

e The MDH County Well Index (CWI) was searched in order to identify registered water wells located within the

survey areas.

Details and results for each of the receptor surveys are presented in the November 2010 Report. The November
2010 Report included references Findings of the surveys are summarized in Table 3, Well Receptor Summary for
Select Firefighting Foam Training Sites in Minnesota. The receptor surveys identified the following potential
groundwater receptors:

e  Marathon Refinery: As presented in the November 2010 Report, the inferred groundwater flow direction is
generally to the southwest. An April 2008 groundwater elevation contour map prepared by URS in
association with a petroleum release at the Marathon Refinery (unrelated to the firefighting foam area at the
refinery) indicated a slightly more southerly groundwater flow direction at the southeast portion of the
refinery property. Thus the receptor survey performed for this PFC/Firefighting Foam project included an
area within 1/2-mile to the south and southwest of the firefighting training area at the refinery. A figure
showing the October 2010 receptor survey area, inferred groundwater flow directions, returned well survey
questionnaires, and a MDH CWI map of wells in the survey area and associated well logs are included as

Appendix A.

Of the eleven wells shown on the CWI map in the receptor survey area, eight are either monitoring wells,

remedial wells, or abandoned wells. The remaining three wells mapped by the CWI, Unique Well nos.

5 www.anteagroup.com
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441942, 576171, and 429870, are domestic wells registered to Willie Brown or Willie’s Hidden Harbor. The
well questionnaire survey identified five active water supply wells at or owned by the Hidden Harbor Marina.
In addition to the three wells mentioned above Unique Well nos. 268354 and 559256 are registered to
Harbor Village #2 and Willie’s Hidden Harbor, respectively; however, these wells were not mapped on the
CWI. According to the owner of the Hidden Harbor Marina, the five wells are used for a variety of purposes,
including wash water and drinking water. The City of St. Paul Park confirmed that the Hidden Harbor Marina
is not connected to the municipal water supply. The Hidden Harbor Marina is located approximately 0.3 miles
south of the fire training area at Marathon Refinery. Discussion of sampling of the wells owned by the Hidden

Harbor Marina is presented in Section 2.3.1.

The Mississippi River is located approximately 600 feet west of the firefighting training area at the Marathon
Refinery. Previous sampling of water, sediments and fish tissue from the Mississippi River as part of the
PFC/Firefighting Foam project and other unrelated State projects has identified PFCs in all sampled media.
Therefore, the MPCA decided that additional sampling of surface water and sediment from the Mississippi
River near the Marathon Refinery would not provide useful data for this project due to the previously
identified presence of PFCs in the river and other regional PFC groundwater impacts associated with former
3M landfills in Washington County.

e Bemidji Regional Airport: As presented in the November 2010 Report, the regional groundwater flow
direction in the area of the Bemidji Regional Airport is generally to the southeast. The initial receptor survey
conducted in October 2010 identified one active water supply well within 1/2-mile downgradient of the
Airport. The identified well is at the Kraus Anderson construction shop located to the southeast. However,
review of the MDH CWI identified multiple residential wells located between 3/4-mile and 1 mile east and
southeast of the firefighting training area at the Bemidji Regional Airport. An expansion of the receptor

survey was conducted under a later Work Order, as discussed in Section 2.3.

Grass Lake is located approximately 1/2-mile south-southwest of the firefighting foam training area at the
Bemidji Regional Airport. According to personnel with the City of Bemidji Street Department, stormwater
flow from the airport is ultimately routed to a wetland to the north of the Airport, thus, Grass Lake does not
receive stormwater runoff from the Airport. A figure showing the October 2010 receptor survey area,
inferred groundwater flow direction, returned well survey questionnaires, and a MDH CWI map of wells in
the area and associated well logs are included as Appendix B. Discussion of the subsequent, expanded
receptor survey is presented in Section 2.3.3.

e  ABLE Training Center: As presented in the November 2010 Report, the regional groundwater flow direction in

the area of the ABLE Training Center is generally to the northwest, toward the Minnesota River. A figure
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showing the receptor survey area, completed well survey questionnaires, and a MDH CWI map of wells in the
area of the ABLE Training Center and associated well logs are included as Appendix C. No active water supply
wells were identified by the receptor survey, except for three municipal wells that were previously sampled
twice by the MDH for PFCs. A wetland or pond located across Cliff Road from the ABLE Training Center was
identified as a potential receptor for groundwater or stormwater runoff from the site.

e MSP Airport: As presented in the November 2010 Report, the regional groundwater flow direction in the area
of MSP Airport is generally to the southeast, toward the Minnesota River. A figure showing the receptor
survey area, inferred groundwater flow direction, and a MDH CWI map indicating the lack of wells within the
survey area are included as Appendix D. No water supply wells or surface waters were identified within the
receptor survey area. The Minnesota River is located approximately 1.8 miles southeast of the former
firefighting training areas at MSP Airport.

e  Lake Superior College ERTC: As presented in the November 2010 Report, the inferred groundwater flow
direction in the area of the ERTC is generally to the south, toward the St. Louis River. However, localized
features such as creeks that flow to the southeast and a historical gravel pit to the west may influence
groundwater flow at the ERTC. Therefore the receptor survey included areas within 1/2-mile to the west and
southeast. A figure showing the receptor survey area, inferred regional groundwater flow direction,
completed well survey questionnaires, and a MDH CWI map of wells in the area of the ERTC are included as
Appendix E. No well logs for the wells identified in the survey area were available on the CWI. Five active
water supply wells were identified during the walking survey at nearby houses on Highway 23 in Duluth. One
of the wells is shared by two houses. The City of Duluth Public Works Department confirmed that municipal
water is not currently utilized by the identified houses. In addition, two creeks flow near the firefighting
practice area at the ERTC, which apparently join up before flowing southward beneath Highway 23 to the
backwater of the St. Louis River. One of the creeks appears to flow through a wetland located adjacent to the

firefighting practice area. Sediments and surface waters of the wetland and creek were sampled previously.

Based on the results of the receptor surveys the following recommendations were made in the November 2010
Report:

e  pursuit of access to the five wells at the Hidden Harbor Marina for PFC sampling;

e  pursuit of access to the Kraus Anderson shop well in Bemidji for PFC sampling;

e completion of an expanded receptor survey to include private wells further east and southeast of the Bemidiji
Regional Airport;

e  pursuit of access to the wetland or pond near the ABLE Training Center in Burnsville for PFC sampling of

wetland surface water and sediment; and,
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e pursuit of access to the residential wells near the Lake Superior College for PFC sampling, and access to the

ERTC for follow-up surface water and sediment sampling for PFCs.

2.1.2 Follow-Up Sampling at Kandiyohi County Landfill
In October 2009 approximately 545 gallons of Class B AFFF were used on a fire at the Kandiyohi County Landfill.
Groundwater samples were collected from existing landfill monitoring wells DMW-1A and DMW-3 in January 2010
and May 2010. Well DMW-1A is located upgradient of the fire area, and DMW-3 is located approximately 300 to
350 feet downgradient of the fire area. A figure illustrating the approximate area of the fire and the referenced
monitoring wells is included in Appendix F. No PFCs were identified in either sample collected from DMW-1A, and
only low levels of perflourobutanoic acid (PFBA) were found in the samples collected from DMW-3 (see Table 1).
Additional sampling was recommended in the June 2010 Report to assess groundwater conditions over time

downgradient of the fire area.

Follow-up groundwater samples were collected from DMW-1A and DMW-3 on August 12, 2010, for PFC analysis.

The samples were submitted to Axys Analytical Services for analysis of PFCs.

Laboratory analysis did not detect any PFCs in the (upgradient) DMW-1A sample and only a low concentration of
PFBA in the (downgradient) DMW-3 sample, which is consistent with previous sampling results (see Table 1).
Details of and results for the follow-up sampling at Kandiyohi County Landfill are presented in the November 2010

Report.

Continued groundwater sampling from DMW-1A and DMW-3 was recommended in the November 2010 Report.
However, the MPCA decided that additional sampling was not warranted at that time since the nearest potential
groundwater receptor is located approximately one-half mile southwest of the fire area at the landfill, and
significant concentrations of PFCs have been not detected in DMW-3. With the passage of more time to allow for

PFCs, if present, to reach the monitoring wells, re-sampling of DMW-1A and DMW-3 should be reconsidered.

2.1.3 Follow-Up Sampling at Shingle Creek
Interviews with responding municipal fire departments around the Crystal Airport in Crystal indicated that Class B
AFFF may have been used in the past to respond to plane crash-related fires at the Crystal Airport. Generally, storm
water runoff flows through various pathways and drainage ditches across the airport grounds to Shingle Creek.
Shingle Creek flows along the east side of Crystal Airport to the southeast, emptying into Twin Lake. In a project
unrelated to the PFC/Firefighting Foam project, PFCs were identified in fish samples collected from Twin Lake,
including high levels of PFOS. The source of the PFOS in the fish collected from Twin Lake has not been identified to
date.

Soil, groundwater, and sediment sampling for PFCs was conducted at Crystal Airport in January 2010 from several

locations, including upstream and downstream locations in Shingle Creek adjacent to Crystal Airport. A figure

showing the January 2010 sample locations is included in Appendix G. Due to the winter season and lack of water
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in the creek, only sediment samples were collected from the Shingle Creek in January 2010. Sampling results
identified several PFC compounds in the downstream sediment sample; PFCs were not detected above laboratory
detection limits in the sediment sample collected from the upstream location in Shingle Creek (see Table 2). The
January 2010 sampling event at Crystal Airport is presented in the February 2010 and June 1010 Reports. The June

2010 Report recommended surface water sampling and follow-up sediment sampling from Shingle Creek for PFCs.

Follow-up sediment samples and surface water samples were collected from Shingle Creek on October 1, 2010,
from the same locations upstream and downstream of the Crystal Airport as the January 2010 samples. A figure
showing the October 2010 sample locations is included in Appendix G. The samples were submitted to Axys

Analytical Services for analysis of PFCs.

Laboratory results for surface water samples Crystal SW-1 (upstream sample) and Crystal SW-2 (downstream
sample) detected concentrations of several PFC compounds; all of the concentrations were below the State HRLs
(see Table 1). Although the HRLs are not necessarily applicable to the surface water in Shingle Creek, they are
presented here and in Table 1 for comparison purposes only. The PFC concentrations detected in the upstream
sample were slightly higher than those detected in the downstream sample. Details of the sampling and laboratory
results for the surface water samples only are presented in the November 2010 Report; the laboratory results for

the sediment sample were not available at the time of the November 2010 Report.

Laboratory results for the upstream and downstream sediment samples (Crystal Sed-3 and Crystal Sed-4,
respectively) collected on October 1, 2010, were received after the November 2010 Report was finalized.
Laboratory results are included in Table 2. Laboratory analysis did not detect any PFCs in the upstream Crystal Sed-
3 sample. Low concentrations (less than 5 nanograms-per-gram (ng/g), which is roughly equivalent to parts-per-
billion) of several PFC compounds were detected in the downstream Crystal Sed-4 sample. The PFC concentrations
in Crystal Sed-4 were slightly lower than concentrations detected in downstream sample Crystal Sed-2 collected in
January 2010. PFC concentrations in all sediment samples collected from Shingle Creek were below MPCA Tier 1
Soil Reference Values (SRVs). Although the Tier 1 SRVs are not necessarily applicable to sediments in Shingle Creek,

they are presented here and in Table 2 for comparison purposes only.

Based on the relatively low concentrations of PFCs detected in sediment and surface water samples collected from

Shingle Creek adjacent to Crystal Airport, no further sampling is recommended at this time.

2.2  Work Order SFDE1111
Antea Group performed the following scope of work under MPCA Work Order SFDE1111, dated October 20, 2010,
based on results of the groundwater receptor survey and previous creek and wetland sampling at the Lake
Superior College ERTC in Duluth:

1. An access agreement was implemented between the MPCA and Lake Superior College for additional PFC

sampling of surface waters and sediments at the ERTC.
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2. Access agreements were implemented between nearby well owners and the MPCA for PFC sampling of
their water wells.

3. Surface water and sediment samples were collected at the ERTC from the wetland and the creek located
adjacent to the ERTC fire training area for PFC analysis.

4. Water samples were collected from two of the (five) private water wells located within one-half mile of
the ERTC for analysis of PFCs.

5. Sediment, surface water and well water samples were analyzed by a State-contracted laboratory for
analysis of PFCs.

6. Areport was prepared summarizing the work performed as part of the scope of work (the February 2010

Report).

2.2.1 Follow-up Sampling at Lake Superior College ERTC
Previous sampling in November 2009 of surface water and sediments from a wetland at the ERTC, as well as
sampling of soil and creek sediment below the outfall for a 6-inch perforated pipe that runs beneath the fire
training area identified PFC concentrations present in all of the media sampled (see Tables 1 and 2). A laboratory
data table specific to samples collected at and in the vicinity of the ERTC is included in Appendix H. A Site Map
showing sample locations at the ERTC is included in Appendix H. The concentrations of PFOA and PFOS detected in
the surface water sample (ERTC SW-1) collected from the wetland were higher than the HRLs. Although the HRLs
are not necessarily applicable to surface waters of the State, there was a concern that elevated concentrations of

PFOA and PFOS could reach groundwater or a drinking water aquifer that is utilized by nearby water supply wells.

An access agreement between the MPCA and Lake Superior College was executed on November 8, 2010, allowing
access for PFC sampling of a wetland and a creek at the ERTC. A copy of the access agreement is included in the
February 2011 Report.

Sediment and surface water samples were collected by Antea Group on November 18, 2010, at or near the
locations of previous sediment and surface water samples. Sample locations are shown on the Site Map included in
Appendix H. In addition, a surface water sample was collected from the creek. Sediment and surface water samples
collected from the wetland were labeled “ERTC Sed-3"” and “ERTC SW-2". The sediment and surface water samples
collected from the creek were labeled “ERTC Sed-4” and “ERTC SW-3.” The samples were submitted to Axys

Analytical Services for analysis of PFCs.

Laboratory analysis detected approximately similar PFC concentrations in ERTC Sed-4 as previous creek sediment
sample ERTC Sed-1, and in ERTC Sed-3 as previous wetland sediment sample ERTC Sed-2 (see Table 2). PFC
concentrations in all sediment samples, and soil sample ERTC SS-1 collected previously, were below MPCA Tier 1
SRVs. Although the Tier 1 SRVs are not necessarily applicable to soils and sediments at the ERTC, they are
presented here and in Table 2 for comparison purposes only.
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The PFC concentrations detected in wetland surface water sample SW-2 were lower than concentrations in the
November 2009 wetland sample SW-1 (see Table 1). PFOS concentrations detected in both surface water samples
SW-1 and SW-2 exceeded the HRL, with concentrations of 11,300 nanograms per liter (ng/L) and 7,640 ng/L,
respectively. The PFOA concentration of 991 ng/L detected in the November 2009 SW-1 sample exceeded the HRL
of 300 ng/L, but the PFOA concentration of 290 ng/L detected in SW-2 in November 2010 was below the HRL. The
PFOS concentration of 7,630 ng/L detected in the creek surface water sample (ERTC-SW-3) also exceeded the HRL.
Although the HRLs are not necessarily applicable to surface waters at the ERTC, they are presented here for

comparison purposes only.

Details of and results for the follow-up sampling at Lake Superior College ERTC are presented in the February 2011

Report.

2.2.2 Well Sampling near Lake Superior College ERTC
The groundwater receptor survey conducted in September and October 2010 identified six residences within one-
half mile of the ERTC that utilized drinking water from five private wells; two of the houses shared one well (see
Table 3). The locations of the residences are shown on a map of the ERTC surrounding area included in Appendix
H. The City of Duluth Public Works Department confirmed that the houses within the receptor survey area are not
connected to the municipal water supply, but that a water main is available to one of the properties, at 11825
Highway 23.

Access agreements were sent to the owners of the identified residences with private wells, requesting access to
their residences to collect water samples from private wells for analysis of PFCs. Three of the well owners provided
access to the MPCA and Antea Group as their contractor to sample their wells. However, a sampling appointment
for the residence at 11825 Highway 23 s was cancelled and was not rescheduled. Copies of the access agreements

are included in the February 2011 Report.

On November 19, 2010, water samples were collected from private wells at two residences located within one-half
mile of the Lake Superior College ERTC, at 10801 and 11601 Highway 23 in Duluth. The sample collected from the
residence at 10801 Highway 23 was labeled “ERTC-10801,” and the sample collected at 11601 Highway 23 was
labeled “ERTC-11601.” The samples were submitted to Axys Analytical Services for analysis of PFCs.

The only PFC compounds detected in the water well samples collected from the private water wells at 10801 and
11601 Highway 23 were PFOS and perfluorohexane sulfonate (PFHxS). The PFOS concentrations of 6.49 ng/L and
7.26 ng/L were below the HRL of 300 ng/L. The concentrations of PFHxS detected in the well water samples were
11.2 ng/L and 9.63 ng/L; the RAA for PFHxS does not include a numerical standard. All of the other PFC compounds
were not detected above laboratory detection limits in either well water sample. Sample results are included on

Table 1. Sample results were provided to the home owners.
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Details of and results for the private well sampling associated with the Lake Superior College ERTC are presented in
the February 2011 Report.

2.3 Work Order SFDE1113
Antea Group performed work under MPCA Work Order SFDE1113, dated November 30, 2010, based on results of

the groundwater receptor surveys conducted in the vicinities of the firefighting training areas at the following
locations: Marathon Refinery, Bemidji Regional Airport, and the ABLE Training Center. The scope of work

performed under Work Order SFDE1113 included the following activities:

1. An access agreement was executed between the MPCA and the owner of the Hidden Harbor Marina to
allow sampling of five water supply wells at the Marina for PFC analysis. Water samples were collected
from these wells and submitted for laboratory analysis of PFCs.

2. An access agreement was executed between the MPCA and the City of Burnsville to allow surface water
and sediment sampling for PFCs at the wetland or pond located on City property north of the ABLE
Training Center. A surface water sample and a sediment sample were collected and submitted for
laboratory analysis of PFCs.

3. A well receptor survey was conducted for the neighborhood located approximately 3/4-mile east of the
Bemidji Regional Airport.

4. Access agreements were executed between the MPCA and select well owners in Bemidji for sampling of
their water wells for PFCs. Water samples were collected from the select wells and submitted for
laboratory analysis of PFCs.

5. Areport was prepared summarizing the work performed as part of the scope of work (the May 2010

Report).

2.3.1 Sampling at the Hidden Harbor Marina

Sampling of select existing groundwater monitoring wells near and upgradient of the firefighting training area at
the Marathon Refinery was conducted in August 2009. Laboratory analysis of five water samples plus one duplicate
sample identified PFCs in all of the samples, including PFOS concentrations above the HRL. The laboratory
analytical results are included in Table 1. Sampling at the Marathon Refinery is discussed in the February 2010

Report.

As discussed in Section 2.1.1, the groundwater receptor survey conducted in the vicinity of Marathon Refinery in
October 2010 identified five water supply wells owned by the owner of the Hidden Harbor Marina, as follows:
e Unique Well No. 268354 at the marina workshop that is used for non-potable uses such as toilets and
cleaning boats (labeled “Well A- Hidden Harbor” for sampling purposes).
e Unique Well No. 559256 at the marina that supplies water to the on-site restaurant and to marina boat
customers (“Well B-Hidden Harbor”).
e Aresidential well located at the house associated with the marina. This house is currently being used as
the shower house for marina customers. The unique well number for this well is unknown (“Well C-Hidden
Harbor”).
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o Avresidential well located at the house at 1001 Oak Street, just south of the marina. The unique well
number for this well is unknown (“Well D-Hidden Harbor”).

e Unique Well No. 429870 at the house at 115 10th Avenue West, just south of the marina (“Well E-Hidden
Harbor”).

Unique Well nos. 441942 and 576171 are likely associated with Well C and Well D, however, insufficient
information was readily available to match up the physical wells with the unique well numbers. A figure showing

the locations of the sampled wells at the Hidden Harbor Marina is included as Appendix .

An access agreement between the MPCA and the owner of the Hidden Harbor Marina allowed for sampling of the
above-identified wells. Water samples were collected from all five wells on March 3, 2011. The well samples were

labeled as indicated above and submitted to Axys Analytical Services for analysis of PFCs.

Laboratory results for the well samples collected at the Hidden Harbor Marina are summarized on Table 1.
Laboratory analysis detected low levels of perfluorinated carboxylic acids in three of the Hidden Harbor Marina
well samples: the water well at the restaurant (Unique No. 559256/Well B), and the houses at 1001 Oak Street
(Well D) and 115 10th Avenue West (Unique No. 429870/Well E). All detected PFC concentrations were below the
HRL or other drinking water health-based values defined by the MDH (see Table 1). Sampling results were provided

to the owner of the Hidden Harbor Marina.

The PFC compound that was detected above the HRL at the Marathon Refinery was PFOS, which is a perfluorinated
sulfonate. No perfluorinated sulfonates were detected in any of the Hidden Harbor Marina well samples, only
perfluorinated carboxylic acids were detected in the Hidden Harbor Marina well samples. Based on the different
types of PFC compounds detected in the wells at the Marathon Refinery and the Hidden Harbor wells, the PFC
impacts in groundwater at the Hidden Harbor Marina do not appear to be from the firefighting training area at the

Marathon Refinery.

The City of St. Paul Park is included in an area of Washington County known to have low levels of PFC groundwater
impacts associated with landfills where 3M wastes were historically dumped. Assessment and monitoring data

associated with the 3M wastes in Washington County are available at the MPCA and MDH websites.

Details of and results of the Hidden Harbor Marina well sampling are presented in the May 2011 Report.

2.3.2 Sampling at Wetland Near the ABLE Training Center
Groundwater sampling was conducted at the ABLE Training Center in August 2009. A groundwater sample was
collected from soil boring B-3. (Attempts to collect groundwater samples from borings B-1 and B-2 were
unsuccessful.) Laboratory analysis of the groundwater sample (Burnsville B-3 GW 44.5 ft.) detected several PFCs in

the sample, including PFOA and PFOS at concentrations above the HRL (see Table 1).
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As discussed in Section 2.1.1, the groundwater receptor survey conducted in the vicinity of the ABLE Training
Center did not identify any water supply wells except for the municipal wells already sampled by the MDH. A
wetland or pond located across Cliff Road from the ABLE Training Center was identified as a potential receptor for

storm water runoff. The wetland is on property owned by the City of Burnsville.

An access agreement executed between the MPCA and the City of Burnsville allowed for sampling of the surface
water and sediment from the wetland for PFCs. A surface water sample (Burnsville Pond SW-1) and a sediment
sample (Burnsville Pond Sed-1) were collected from the wetland on April 20, 2011. The sample locations are shown
on a figure included as Appendix J. The well samples were submitted to Axys Analytical Services for analysis of
PFCs.

The laboratory results for the surface water sample collected at the Burnsville wetland are included on Table 1.
Low levels of perfluorinated carboxylic acids were detected in the surface water sample, at concentrations below
the HRL or other drinking water health-based values defined by the MDH. The State drinking water criteria are not
necessarily applicable to surface waters, but are discussed here for comparison purposes only. There are no
surface water criteria for PFCs applicable to the sampled wetland in Burnsville. Details of the sampling from the
Burnsville wetland, and laboratory results for the surface water sample only, are presented in the May 2011

Report; the laboratory results for the sediment sample were not available at the time of the May 2011 Report.

Laboratory results for the sediment sample collected from the Burnsville wetland were received after the May
2011 Report was finalized. Laboratory results are included in Table 2. Laboratory analysis detected relatively low
concentrations of PFCs in the Burnsville Pond Sed-1 sample, at concentrations below the MPCA Tier 1 SRVs.
Although the Tier 1 SRVs are not necessarily applicable to sediments at the wetland in Burnsville, they are

presented here and in Table 2 for comparison purposes only.

The types of PFC compounds detected in soil and groundwater samples collected from soil borings at the ABLE
Training Center are similar to those detected in the Burnsville Pond samples. The PFCs detected in the Burnsville
pond/wetland may or may not be from the ABLE Training Center, as stormwater runoff entering the pond/wetland
may be picking up PFCs from other potential sources in the area. An assessment of other potential PFC sources in
the area was not completed as part of this project. Since the PFC concentrations in the Burnsville Pond samples
were relatively low an assessment of other potential PFC sources in the area does not appear to be warranted at

this time.

2.3.3 Expanded Well Survey and Sampling Near the Bemidji Regional Airport
Soil and groundwater sampling was conducted in November 2009 at the area in front of the fire station at the
Bemidji Regional Airport, where the Bemidji Fire Department trains periodically with Class B AFFF. Soil and
groundwater samples were collected from two soil borings, B-1 and B-2. Laboratory analysis of the groundwater

samples identified several PFCs, including PFOS at concentrations above the HRL (see Table 1).
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As discussed in Section 2.1.1, Antea Group conducted a groundwater receptor survey in October 2010 of the area
located within one-half mile south and southeast of the training area at the Bemidji Airport. This initial receptor
survey identified one active water supply well, the Kraus Anderson shop well. Information regarding the October

2010 receptor survey is presented in the November 2010 Report.

Other domestic water wells were known to exist outside the October 2010 receptor survey area. The MDH
expressed some concern that shallow domestic wells located in a neighborhood between 3/4-mile and 1 mile east
of the fire foam training area at the airport could potentially be impacted by the PFC groundwater impacts. Thus, a
recommendation was made in the November 2010 Report to conduct a receptor survey in this area and sample a

select number of wells identified in the survey.

Well survey letters were mailed to the owners of 33 properties in the neighborhood immediately east of the
Bemidji Regional Airport in December 2010. Completed well surveys were returned by 17 well owners; the
completed surveys identified 13 active wells in the neighborhood. A table summarizing all properties surveyed and
survey responses received is included in Appendix K. A map showing the survey area is also included in Appendix
K.

Of the thirteen active wells identified during the survey, six of the wells were selected for PFC sampling. The wells
were selected so as to sample from varying depths and locations within the survey neighborhood. A seventh well,

the well at the Kraus Anderson shop, was also selected for PFC sampling.

Access agreements between the MPCA and the selected seven well owners allowed for the sampling of their wells
for PFCs. The wells were sampled on March 24, 2011, with the following exception: the well owner at 2120 Anne
Street NW was not available on the day of sampling. The locations of the wells sampled are included on the map of
the survey area included in Appendix K. A laboratory-supplied sample jar, nitrile sampling gloves, and cooler were
left at 2120 Anne Street NW by Antea Group personnel on March 24, 2011. The property owner collected a sample
from the well on March 29, 2011 and shipped the sample in the cooler provided to Antea Group. The well samples
were labeled as follows:

e Bemidji 2021 Anne

e  Bemidji 2326 Bardwell

e  Bemidji 3481 Laurel

e Bemidji 2316 Bardwell

e Bemidji 2103 Anne

e  Bemidji Kraus Anderson

e Bemidji 2120 Anne

Water samples were submitted to Axys Analytical Services for laboratory analysis of PFCs. Details of the sampling
from the wells in Bemidji are presented in the May 2011 Report; the laboratory results for the water samples were
not available at the time of the May 2011 Report.
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Laboratory analysis of the well samples did not detect any PFCs in the following samples: Bemidji 2021 Anne,
Bemidji 2326 Bardwell, Bemidji 3481 Laurel, and, Bemidji 2120 Anne. Low levels of PFBA were detected in the
Bemidji 2316 Bardwell and Bemidji Kraus Anderson samples, at concentrations higher than PFBA levels detected in
soil boring samples B-1 and B-2 collected at the airport. Low levels of PFHxS and PFOS were detected in the Bemidji
2103 Anne sample. All PFC concentrations detected were below the HRLs or HBVs. Laboratory results are included
on Table 1.

The well at 2103 Anne Street NW is reportedly 55 feet deep; a search of the MDH CWI did not locate the well log.
This is the only well sampled where PFOS was detected; PFOS is the PFC compound detected in groundwater above
the HRL at the Bemidji Regional Airport borings. The wells at 2021 and 2120 Anne Street NW are located on
adjoining properties to 2103 Anne Street NW and are both reportedly 30 feet deep; no PFCs were detected in
either of these wells. The well at 2326 Bardwell Drive NW is reportedly 52 feet and is situated roughly between the
firefighting training area at the Bemidji Regional Airport and the house at 2103 Anne Street NW and is of similar
depth to the well at 2103 Anne Street NW; however, no PFCs were detected in the well sample collected at 2326
Bardwell Drive NW.

The data collected during this investigation is inconclusive in determining whether or not the PFCs detected in the
wells at 2103 Anne Street NW, 2316 Bardwell Drive NW, and the Kraus Anderson shop are due to the discharge of
Class B AFFF at the Bemidji Regional Airport.

3.0 CONCLUSIONS AND RECOMMENDATIONS

3.1 MSP Airport

No potential groundwater receptors were identified in the receptor survey area at MSP Airport. Antea Group
recommends no further actions at this time with regards to PFCs in the soil and groundwater at the former fire

training areas at MSP Airport.

3.2 Kandiyohi County Landfill

Three rounds of groundwater sampling have been collected from existing monitoring wells since the October 2009
fire at the Kandiyohi County Landfill. Laboratory analyses of the groundwater samples have detected similar
concentrations of PFBA in DMW-3, which is presumably located downgradient of the site of the landfill fire. No
other PFC compounds were detected in groundwater samples from DMW-3, and no PFCs have been detected in

upgradient groundwater samples collected from DMW-1A.

At all of the firefighting foam training sites where groundwater was sampled as part of the PFC/Firefighting Foam
investigation, foam training occurred either historically or over the course of several years time. There are no other
sites besides the Kandiyohi County Landfill where groundwater was sampled so soon after the release of Class B

AFFF, thus, there are no comparable sites to evaluate “breakthrough” data for PFC migration through soil and
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groundwater to a monitoring point. The lack of significant concentrations of PFCs detected in groundwater at
DMW-3 may be due to travel time associated with both the migration of PFC-containing Class B AFFF from the
surface of the landfill where foam was discharged to the water table, and the transport of PFCs in groundwater to
the location of DMW-3.

Antea Group recommends additional sampling of groundwater at DMW-1A and DMW-3 to continue monitoring for
PFCs in groundwater associated with the October 2009 discharge of firefighting foam. If significant concentrations
of PFCs are detected at DMW-3 in the future, sampling for PFCs at the private well located approximately 1/2-mile

downgradient should be considered.

3.3 Crystal Airport
Based on the relatively low concentrations of PFCs detected in soil and groundwater samples collected at Crystal
Airport and in sediment and surface water samples collected from Shingle Creek adjacent to Crystal Airport, no

further sampling at Crystal Airport or Shingle Creek is recommended at this time.

3.4 Lake Superior College ERTC

Based on the sediment and water samples collecting during this assessment, the elevated levels of PFCs detected in
the creek and wetland sediment and surface water samples at the ERTC do not appear to be impacting the nearby
drinking water supply wells at or above drinking water standards. According to the former and current program
supervisors at the ERTC, Class B AFFF is no long used in training. The former program supervisor interviewed as part
of this PFC/Firefighting Foam investigation indicated Class B AFFF hadn’t been used at the ERTC since
approximately 1996. No further assessment of PFCs at the Lake Superior College ERTC is recommended at this

time.

3.5 Marathon Refinery

Sampling results for the water well samples collected from the five wells at the Hidden Harbor Marina indicate
concentrations of PFCs are below the State HRL or other drinking water health-based values defined by the MDH.
Based on the type of PFC compounds detected in the wells at the Marathon Refinery and the Hidden Harbor wells,
the PFC impacts in groundwater at the Hidden Harbor Marina do not appear to be from the firefighting training
area at the Marathon Refinery. The Marathon Refinery’s fire department switched from 3M Class B alcohol
resistant (AR)-AFFF to Ansul-brand AR-AFFF in approximately 2000. Spent foam and water used at the fire training
area at the refinery is routed via storm sewers to an on-site wastewater treatment plant. No further well sampling
at Marathon Refinery or the Hidden Harbor Marina in association with the PFC/Firefighting Foam project is

recommended at this time.

3.6 ABLE Training Center, Burnsville

Relatively low levels of PFCs were detected in the surface water and sediment samples collected from the pond or
wetland located downgradient of the ABLE Training Center. According to fire department personnel from Apple

Valley, Burnsville, Lakeville and Eagan interviewed during this PFC/Firefighting Foam investigation, Class B AFFF has
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not been used at the ABLE Training Center since approximately 2004. No further sampling in association with PFCs

identified at the ABLE Training Center in Burnsville is recommended at this time.

3.7 Bemidji Regional Airport

PFC concentrations detected in groundwater samples collected from nearby private wells were below the State
HRL or other drinking water health-based values defined by the MDH. PFC concentrations detected in nearby
municipal wells sampled by the MDH were also below the HRL or other drinking water health-based values.
According to the training officer for the Bemidji Fire Department, they no longer train with Class B AFFF but use
dish soap instead for training purposes. No further PFC sampling at the Bemidji Regional Airport or nearby wells

appears warranted at this time.

3.8 Large Fire Sites

Sampling conducted as part of the MPCA’s PFCs/Firefighting Foam investigation has identified PFCs in soil,
groundwater, surface water and sediments at sites where significant quantities of Class B AFFF were discharged
either repeatedly over time at a training site, or during a fire response. While the use of Class B AFFF is necessary
and should be used to protect lives and property at a Class B fire, the release or migration of PFC-containing Class B
AFFF to non-paved surfaces or surface water bodies will likely result in the release of PFCs to the environment. The
release of PFC-containing Class B AFFF in or near environmentally sensitive areas such as Wellhead Protection
Areas, areas with shallowly underlying karst bedrock, or lakes or streams may inadvertently provide an exposure
pathway that may potentially impact human health via drinking water, direct exposure, or fish consumption. At
large fire sites were significant quantities of Class B AFFF are discharged, the MPCA may want to assess the
environmental setting, the presence of nearby surface waters, the presence of water supply wells in the area, and
the potential risk posed to identified receptors. Water sample collection from private wells or surface water bodies

for PFCs may be warranted dependent upon results of the assessment.
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4.0 REMARKS

The recommendations contained in this report represent Antea Group’s professional opinions based upon the
currently available information and are arrived at in accordance with currently accepted professional standards.
This report is based upon a specific scope of work requested by the client. The contract between Antea Group and
its client outlines the scope of work, and only those tasks specifically authorized by that contract or outlined in this
report were performed. This report is intended only for the use of Antea Group’s client. Antea Group will not and
cannot be liable for unauthorized reliance by any other third party. Other than as contained in this paragraph,

Antea Group makes no express or implied warranty as to the contents of this report.

/\/aw.q Zo&wﬁ Date: _ July 1,2011

ﬁahcy Roj‘-\in'g
Project Gdologist

Reviewed by:

//Z/ é/ Date: _ July 1, 2011

John Estes
Project Manager
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TABLE 1

Groundwater and Surface Water PFC Analytical Results

Minnesota Fire Foam Training and Discharge Sites
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Sample ID Date Laboratory
Harmony B-1 GW 4/23/2009 |Axys 7.3 3.27 2.67 <2.49 7 <2.49 < 2.49 <2.49 < 2.49 <4.98 <4.98 8.33 <2.49
Harmony B-2 GW 4/23/2009 |Axys 9.04 2.52 < 2.46 <2.46 6.92 <2.46 < 2.46 <2.46 < 2.46 < 4,92 <4.92 6.74 <2.46
No St Paul B-1 GW 5/6/2009 AXys 137 13.3 13.2 8.83 13.8 <3.49 <3.49 <3.49 <3.49 <6.99 14.1 <6.99 <3.49
No St Paul B-2 GW 5/6/2009 AXxys 145 15.5 14.1 8.22 13.2 < 2.50 < 2.50 < 2.50 < 2.50 <5.01 14.8 <5.01 < 2.50
Richfield B-1 GW 5/7/2009 Axys 1070 3470 3500 819 50.3 <18.8 <18.8 <18.8 <18.8 737 76.2 <37.7 <18.8
Richfield B-2 GW 5/7/2009 Axys 1240 4890 4170 1920 1330 <914 <914 <914 <914 <183 <183 <183 <914
Richfield B-3 GW 5/7/2009 AXys 201 331 888 217 458 < 66.7 <66.7 < 66.7 <66.7 293 689 <133 <66.7
Legion Lake SW-1 8/27/2009 |Axys 4.02 <7.21 <251 3.55 5.69 3.63 3.92 <251 <251 <5.02 <5.02 13.2 <251
*Richfield B-4 GW 29 ft. 10/8/2009 |[Axys 228 10.3 10.3 5.43 38.7 < 2.48 < 2.48 <2.48 < 2.48 <4.96 71.4 <4.96 < 2.48
Luverne B-1 GW 8 ft. 5/22/2009 |Axys < 2.53 < 2.53 < 2.53 < 2.53 < 2.53 < 2.53 < 2.53 < 2.53 < 2.53 <5.05 18.1 <5.05 <2.53
Luverne B-1 GW 8 ft. 5/22/2009 |MPI <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0% <25.0 <25.0
Luverne B-2 GW 12 ft. 5/22/2009 |Axys < 2.55 < 2.55 3.78 < 2.55 2.73 < 2.55 < 2.55 < 2.55 < 2.55 <5.10 22.8 18.4 < 2.55
Luverne B-2 GW 12 ft. 5/22/2009 [(MPI <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 25.1 <25.0© <25.0
Luverne B-3 GW 12 ft. 5/22/2009 |Axys < 2.53 3.99 11.3 < 2.53 3.39 < 2.53 <2.53 < 2.53 <2.53 < 5.07 21.4 20.1 < 2.53
Luverne B-3 GW 12 ft. 5/22/2009 [MPI <25.0 <250 | <25.0° | <250 <25.0 <25.0 <25.0 <25.0 <25.0 <25.0 28.8 <25.0" | <250
Fridley B-1 GW 5/27/2009 |Axys 37.6 34 27.1 23.2 32.7 <4.27 <4.27 <4.27 <4.27 15.2 98.9 21.9 <4.27
Fridley B-2 GW 5/27/2009 |Axys 88.3 97.2 166 59.5 86.8 <5.39 <5.39 <5.39 <5.39 182 1330 35 <5.39
MSP Airport B-1 GW 5/29/2009 |Axys 279 909 1640 317 988 42 <41.2 <41.2 <41.2 332 3090 <825 <41.2
MSP Airport B-2 GW 5/29/2009 |Axys 190 507 817 198 958 <48.8 <48.8 <48.8 <48.8 286 2920 <97.6 <48.8
MSP Airport B-3 GW 5/29/2009 |Axys 151 148 A77 <135 12000 <135 <135 <135 <135 < 269 21200 281 <135
MSP Airport B-4 GW 5/29/2009 |Axys < 1250 <1250 3140 5830 286000 < 1250 < 1250 < 1250 < 1250 < 2500 145000 < 2500 < 1250
*MSP Airport B-5 GW 1/19/2010 |[Axys 103 81.3 168 17.5 7.29 < 2.63 < 2.63 < 2.63 < 2.63 160 110 <5.26 < 2.63
*MSP Airport B-6 GW 1/19/2010 [Axys 58.6 60.4 187 44.6 11.2 <255 <255 <255 < 2.55 64.1 204 11 <255
*MSP Airport B-7 GW 1/19/2010 [Axys 130 233 114 <2.53 3.77 <253 <253 <253 <2.53 7.77 <5.05 <5.05 <253
CWN-14A GW 1/19/2010 |Axys 40.9 32.3 42.2 17.8 19.1 <2.54 < 2.54 <2.54 < 2.54 < 5.07 19.3 15.6 <2.54
CWN-15A GW 1/19/2010 [Axys 72 15.3 20.2 7.27 56.9 <2.75 < 2.75 < 2.75 < 2.75 9.45 202 <5.50 < 2.75
Signature MW-2 GW 1/19/2010 [Axys 83.7 96.8 162 69.7 79.5 <6.57 <5.40 <5.40 <5.40 151 1780 953 <5.40
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Sample ID Date Laboratory
MSP SW-1 1/19/2010 |Axys 46.8 46 82.1 24.6 50.1 13.4 13.9 < 2.46 <2.46 46.5 184 39 <2.46
Marathon MW-101 8/20/2009 [MPI 183 403 150 12.4 36.7 <2.5 <2.5 <2.5 <2.5 479 3710 93.2 <2.5
*Marathon MW-912 8/20/2009 [MPI 462 298 51.5 21.8 17.5 <2.5 <2.5 <2.5 <2.5 37.0 1580 731 <2.5
Marathon SP-11 8/20/2009 |[MPI 182 458 171 52.2 35.6 20.7 <2.5 <2.5 <2.5 369 4910 5770 <2.5
Marathon MW-172 8/20/2009 |MPI 59.8 245 154 25.1 15.5 11.4 <2.5 <25 <2.5 49.0 1220 1330 <2.5
Marathon MW-156 8/20/2009 |[MPI 220 1730 527 200 73.1 26.9 <2.5 2.58 <2.5 462 10500 14900 <2.5
Marathon MW-156 Dupl. 8/20/2009 [MPI 221 1660 534 184 81.4 23.7 <2.5 2.93 <2.5 502 8930 11700 2.62
Well A - Hidden Harbor 3/3/2011 Axys <251 <251 <251 <251 <251 <251 <251 <251 <251 <5.02 <5.02 <5.02 <251
Well B - Hidden Harbor 3/3/2011 AXys 94.3 3.11 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49 <4.98 <4.98 <4.98 <2.49
Well C - Hidden Harbor 3/3/2011 AXys <2.51 <251 <2.51 <251 <2.51 <251 <251 <251 <251 <5.03 <5.03 <5.03 <251
Well D - Hidden Harbor 3/3/2011 AXxys 965 67.5 34.4 <11.8 61.5 <11.8 <11.8 <11.8 <118 <235 <235 <235 <11.8
Well E - Hidden Harbor 3/3/2011 Axys 542 < 16.5 < 16.5 < 16.5 < 16.5 < 16.5 < 16.5 < 16.5 < 16.5 <33.1 <33.1 <33.1 < 16.5
Burnsville B-3 GW 44.5 ft. 8/27/2009 [Axys 146 422 281 447 1260 81.7 17.8 <252 <252 12.8 279 522 <252
Burnsville Pond SW-1 4/20/2011 [Axys 10.8 < 2.55 <2.55 2.82 4.16 <2.55 <2.55 <2.55 < 2.55 <5.10 <5.10 <5.10 < 2.55
Goodview SW-1 10/19/2009 |Axys <253 < 2.53 4.78 < 2.53 4.49 2.56 2.82 < 2.53 <253 < 5.06 <5.06 8.19 <253
Bemidji B-1 GW 15 ft. 11/5/2009 |Axys 4.14 3.85 14.5 3.75 49 < 2.50 <2.50 < 2.50 < 2.50 19.1 227 483 <2.50
Bemidji B-2 GW 15 ft. 11/5/2009 |Axys 21.1 55.5 340 33.8 200 <12.2 <12.2 <12.2 <12.2 129 1490 789 <12.2
Bemidji 2021 Anne 3/24/2011 [Axys < 2.50 < 2.50 <2.50 < 2.50 <2.50 < 2.50 <2.50 < 2.50 <2.50 <4.99 <4.99 <4.99 <2.50
Bemidji 2326 Bardwell 3/24/2011 |Axys < 2.46 < 2.46 < 2.46 < 2.46 < 2.46 < 2.46 < 2.46 < 2.46 < 2.46 <491 <4.91 <491 < 2.46
Bemidji 3481 Laurel 3/24/2011 [Axys <252 <252 <252 <252 <252 <252 <252 <252 <252 <5.05 < 5.05 <5.05 <252
Bemidji 2316 Bardwell 3/24/2011 [Axys 5.04 < 2.56 < 2.56 < 2.56 < 2.56 <2.56 < 2.56 <2.56 < 2.56 <5.12 <5.12 <5.12 < 2.56
Bemidji 2103 Anne 3/24/2011 [Axys <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 <4.96 6.52 5.76 <2.48
Bemidji Kraus Anderson 3/24/2011 [Axys 6.68 <251 <251 <251 <251 <251 <251 <251 <251 <5.02 <5.02 <5.02 <251
Bemidji 2120 Anne 3/29/2011 [Axys <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 <4.97 <4.97 <4.97 <2.48
River Grove SW-1 11/18/2009 |MPI 3.54 <2.5 <2.5 <2.5 2.79 <2.5 <2.5 <2.5 <2.5 4.00 <2.5 <2.5 <2.5
*River Grove SW-2 11/18/2009 |MPI 4.23 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <2.5 <25 3.43 <2.5 <2.5 <2.5
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ERTC SW-1 11/25/2009 |Axys 257 537 1790 348 991 31.8 3.45 <251 <2.51 1870 9390 11300 360
ERTC SW-2 11/18/2010 |Axys 76.8 144 476 66.2 290 22.4 <249 | <249 | <249 315 2630 7640 134
ERTC SW-3 11/18/2010 |Axys 35 62.8 366 39.5 234 5.62 <2.49 < 2.49 <2.49 135 1510 7630 385
ERTC-10801 11/29/2010 |Axys < 2.50 < 2.50 < 2.50 < 2.50 < 2.50 < 2.50 < 2.50 < 2.50 < 2.50 <5.00 11.2 6.49 < 2.50
ERTC-11601 11/29/2010 [Axys <247 <2.47 <247 <247 <247 <2.47 <247 <2.47 <247 <4.95 9.63 7.26 <247
Kandiyohi DMW-1A 1/12/2010 [Axys <243 <243 <243 <243 <243 <243 <243 <243 <243 <4.87 <4.87 <4.87 <243
Kandiyohi DMW-3 1/12/2010 [Axys 6.1 <251 <251 <251 <251 <251 <251 <251 <251 <5.01 <5.01 <5.01 <251
Kandiyohi DMW-1A 5/4/2010 AXxys <2.49 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49 <2.49 <4.99 <4.99 <4.99 <2.49
Kandiyohi DMW-3 5/4/2010 AXys 11 < 2.49 < 2.49 < 2.49 < 2.49 < 2.49 < 2.49 < 2.49 < 2.49 < 4.98 < 4.98 < 4.98 < 2.49
Kandiyohi DMW-1A 8/12/2010 |Axys <2.54 <254 <2.54 <254 <2.54 <254 <2.54 <254 < 2.54 <5.09 <5.09 <5.09 < 2.54
Kandiyohi DMW-3 8/12/2010 |Axys 7.61 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 <2.48 < 4,95 <4.95 < 4.95 <2.48
Crystal B-1 GW 5.5 ft. 1/20/2010 |Axys 16.2 <256 < 2.56 <256 < 2.56 <256 < 2.56 <2.56 < 2.56 <512 <5.12 <512 < 2.56
Crystal B-2 GW 6 ft. 1/20/2010 |Axys 37.3 <250 < 2.50 <250 2.65 <250 < 2.50 <250 < 2.50 <5.01 <5.01 5.27 < 2.50
Crystal SW-1 10/1/2010 |Axys 35.7 5.54 5.62 3.31 6.28 <2.48 <2.48 <2.48 <2.48 < 4.97 < 4.97 8.18 <2.48
Crystal SW-2 10/1/2010 |Axys 25.4 4.58 4.91 < 2.58 5.95 < 2.58 <2.58 <258 <2.58 <b5.16 <5.16 <b5.16 <2.58
*FHR Pine Bend MW-1 1/21/2010 |Axys 179 12.5 10.1 < 2.45 4.63 < 2.45 <2.45 < 2.45 <2.45 8.67 25.9 28.5 < 2.45
FHR Pine Bend MW-3 1/21/2010 |Axys 310 136 251 43.7 49.1 <2.48 <2.48 < 2.48 <2.48 181 516 245 <2.48
FHR Pine Bend MW-111 1/21/2010 |Axys 156 7.58 3.62 <2.42 3.92 <2.42 <242 <2.42 <2.42 < 4.84 < 4.84 < 4.84 <2.42
Kings Cove Marina SW-1 12/3/2009 |MPI 180 10.2 9.87 3.41 25.8 <25 <25 <25 <25 17.5 17.8 13.7 <25
Kings Cove Marina Dup (SW-1) ([12/3/2009 |MPI 177 10.0 8.83 2.95 22.9 <25 <25 <25 <25 18.7 17.9 13.4 <2.5
Kings Cove Marina SW-2 12/3/2009 |MPI 170 9.93 10.5 3.05 25.4 <25 <25 <25 <25 16.8 19.1 16.2 <25
Duluth Intl. Airport GWS-1 10/2007 AXys 2310 7160 13000 1340 4800 <457 <45.7 <457 <45.7 2000 626 <91.3 <45.7
Duluth Intl. Airport GWS-2 10/2007 AXys 482 1090 3590 534 4640 13.1 <124 <124 <124 913 3440 <24.8 <124
Duluth Intl. Airport Dup (GWS-2) [10/2007 AXys 496 1250 4370 522 4250 <12.6 <12.6 <12.6 <12.6 953 3320 <25.2 <12.6
Duluth Intl. Airport GWS-3 10/2007 AXxys 1900 6940 10800 1760 6790 88.5 <43.6 <43.6 <43.6 2020 1690 98.8 < 43.6
Duluth Intl. Airport GWS-4 10/2007 AXyS 1110 4780 11500 2000 8780 <31.9 <31.9 <31.9 <31.9 1630 4070 <63.8 <31.9
Duluth Intl. Airport GWS-5 10/2007 Axys 6.25 1.66 3.06 1.96 6.18 <0.991 | <0991 | <0.991 | <0.991 2.87 33.5 3.41 <0.991
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Duluth Intl. Airport GWS-6 10/2007  |Axys 694 1750 2750 497 1500 14.8 <10.3 <10.3 <10.3 776 1880 <20.6 <10.3
WAFTA BG-2 5/11/2006|MDH <1000 | <1000 | <1000 NA 1000 NA NA NA NA < 500 200" <500 NA
WAFTA BG-4 5/11/2006|MDH goo™) 3200 2300 NA 2100 NA NA NA NA < 500 2100 2200 NA
WAFTA MW-1 5/11/2006|MDH <1000 | <1000 300" NA 7400 NA NA NA NA < 500 200" < 500 NA
WAFTA MW-2 5/11/2006|MDH 2400 8900 7800 NA 7900 NA NA NA NA 600 9900 9500 NA
WAFTA MW-3 5/10/2006|MDH <1000 | <1000 300" NA < 1000 NA NA NA NA 200" 5100 22000 NA
WAFTA MW-4 5/10/2006|MDH 9900 42000 30000 NA 43000 NA NA NA NA 1500 42000 | 118000 NA
WAFTA MW-4 5/10/2006]|Exygen 14100 66300 43600 NA 41100 NA NA NA NA 1820 43800 | 114000 NA
WAFTA MW-5 5/10/2006|MDH < 1000 200" 300" NA 700" NA NA NA NA <500 700 2100 NA
WAFTA MW-5 5/10/2006]|Exygen <1000 | <1000 | < 1000 NA <1000 NA NA NA NA <1000 | <1000 1460 NA
WAFTA MW-7 5/11/2006|MDH 1200 3800 3400 NA 1000 NA NA NA NA 200" 2300 3900 NA
WAFTA MW-8 5/10/2006|MDH 90" 400" 300" NA 100" NA NA NA NA < 500 < 500 1300 NA
WAFTA MW-8 5/10/2006]|Exygen <1000 <1000 | <1000 NA < 1000 NA NA NA NA <1000 | <1000 | <1000 NA
WAFTA MW-9 5/11/2006|MDH <1000 | <1000 | <1000 NA < 1000 NA NA NA NA <500 <500 <500 NA
WAFTA MW-10 5/10/2006|MDH 700" 2000 2000 NA 2300 NA NA NA NA 500 12000 27000 NA
WAFTA MW-10 5/10/2006]Exygen < 1000 3350 3320 NA 2270 NA NA NA NA <1000 | 11600 18400 NA
WAFTA MW-11 5/10/2006|MDH <1000 | <1000 | <1000 NA < 1000 NA NA NA NA <500 <500 <500 NA
WAFTA MW-11 5/10/2006]|Exygen <1000 | <1000 | <1000 NA < 1000 NA NA NA NA <1000 | <1000 | <1000 NA
WAFTA MW-12 5/11/2006|MDH <1000 | <1000 | <1000 NA < 1000 NA NA NA NA <500 <500 <500 NA
WAFTA MW-13 5/10/2006 |MDH <1000 | <1000 | <1000 NA <1000 NA NA NA NA < 500 300" < 500 NA
Up North Plastics SW-1 7/16/2009|Axys 1230 64.3 345 12 242 <2.52 <252 <252 <252 20.7 32.4 < 5.04 <252
Up North Plastics SW-2 7/16/2009|Axys 436 36.1 26.9 9.43 78.3 3.37 <2.53 <2.53 <253 9.42 7.4 <5.06 <253
Up North Plastics SW Dup 7/16/2009|Axys 572 30.4 28.1 9.92 87.5 <2.50 <2.50 <2.50 <250 10.3 10.8 7.64 <250
Up North Plastics
Zywiec Irrigation Well 1 7/29/2009|MDH 1242.3 51.4 0 NA 0 NA NA NA NA 0 0 0 NA
Up North Plastics
Zywiec Irrigation Well 2 7/29/2009|MDH 447 0 0 NA 0 NA NA NA NA 0 0 0 NA
Up North Plastics
Zywiec Irrigation Well 3 7/29/2009|MDH 2133.6 106.2 61 NA 55 NA NA NA NA 0 0 0 NA
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TABLE 1

Groundwater and Surface Water PFC Analytical Results
Minnesota Fire Foam Training and Discharge Sites

o1 |Perfluoro-n-pentanoic acid (PFPeA)
o |Perfluorohexanoic acid (PFHxA)
~ |Perfluoroheptanoic acid (PFHpA)

» |Perfluorobutanoic acid (PFBA)
o |Perfluorooctanoic acid (PFOA)

#Perfluorinated Carbon Chains:

© |Perfluorononanoic acid (PFNA)

5 |Perfluorodecanoic acid (PFDA)

2 |Perfluoroundecanoic acid (PFUNA)

» [Perfluorobutanoic sulfonate (PFBS)

o [Perflourooctane sulfonate (PFOS)

% IS |Perfluorododecanoic acid (PFDoA)

Y
j:'; o |Perfluorohexane sulfonate (PFHxS)

% o |Perfluorooctane sulfonylamide (PFOSA)

Health-Based Limits:|| 7000 ND ND ND 300@ ND ND ND 7000 © 3007
Sample ID Date Laboratory
Up North Plastics
Smallidge 7/29/2009|MDH 1046.3 51.6 0 NA 53.3 NA NA NA NA 0 0 0 NA
Notes:

All results and standards are in nanograms per liter (ng/L), which is equivalent to parts per trillion.
Axys: Axys Analytical Services LTD

MPI: MPI Research

MDH: Minnesota Department of Health Environmental Laboratory.

Exygen: Exygen Research

Bolded type indicates detection above the laboratory method detection limit.

Highlighted concentrations exceed the Health-Based Limit.

(1) Health-Based Value (HBV) for chronic exposure defined by the Minnesota Department of Health.
(2) Health Risk Limit (HRL) for drinking water defined by the Minnesota Department of Health.

(3) Risk Assessment Advice (RAA) set by the Minnesota Department of Health for PFHxS does not specify humeric values.

ND: No health-based limit defined.

(4) Manually Calculated Result is 18.9

(5) Manually Calculated Result is 17.1

(6) Manually Calculated Result is 23.3

(7) Manually Calculated Result is 21.7

(J) Analyte positively identified, result is below reporting limit and is estimated.

*Sample collected upgradient of fire foam training or discharge area, intended to act as "background" sample.
NA: Not analyzed

ANTEA GROUP
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TABLE 2
Soil and Sediment Analytical Results, PFCs and TOC
Minnesota Fire Foam Training and Discharge Sites

Mean Total Organic Carbon (TOC)

#Perfluorinated Carbon Chains:

» [Perfluorobutanoic acid (PFBA)

o1 |Perfluoro-n-pentanoic acid (PFPeA)

o |Perfluorohexanoic acid (PFHxA)

o |Perfluorooctanoic acid (PFOA)

© |Perfluorononanoic acid (PFNA)

R [Perfluoroundecanoic acid (PFUnA)

IS |Perfluorododecanoic acid (PFDoA)

» [Perfluorobutanoic sulfonate (PFBS)

o |Perfluorohexane sulfonate (PFHxS)

o |Perflourooctane sulfonate (PFOS)

% ~ |Perfluoroheptanoic acid (PFHpA)

% o |Perfluorooctane sulfonylamide (PFOSA)

& |& |S |Perfluorodecanoic acid (PFDA)

Tier 1 Residential SRV:|| 77000 ND ND 2100 ND ND ND ND ND 2100 ND

Tier 2 Recreational SRV:|| 94000 ND ND ND 2500 ND ND ND ND ND 2600 ND ND

Tier 2 Industrial SRV: || 500000 ND ND ND 13000 ND ND ND ND ND ND 14000 ND ND

Sample [Sample
Sample ID Depth Date Laboratory

Harmony B-1 SL 0-4' 0-4 ft. 4/23/2009 |Axys < 0.0955 [ <0.0955 | <0.0955 | <0.0955 | <0.0955 | <0.0955 | <0.0955 | <0.0955 | <0.0955 | <0.191 <0.191 <0.191 | <0.0955 3230
Harmony B-1 SL 4-8' 4-8 ft. 4/23/2009 |Axys <0.101 <0.101 <0.101 <0.101 <0.101 <0.101 <0.101 <0.101 <0.101 <0.201 <0.201 <0.201 <0.101 1720
Harmony B-2 SL 0-4' 0-4 ft. 4/23/2009 |Axys <0.0947 | <0.0947 | <0.0947 | <0.0947 | <0.0947 | <0.0947 | <0.0947 | <0.0947 | <0.0947 | <0.189 <0.189 <0.189 | <0.0947 6150
Harmony B-2 SL 4-8' 4-8 ft. 4/23/2009 [Axys <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.192 | <0.192 | <0.192 | <0.0962 1260
Harmony B-3 SL 0-4' 0-4 ft. 4/23/2009 [Axys <0.0977 0.2 <0.0977| 0.161 | <0.0977| 0.125 | <0.0977 | <0.0977 | <0.0977 | <0.195 | <0.195 | <0.195 | <0.0977 2380
Harmony B-3 SL 4-8' 4-8 ft. 4/23/2009 [Axys <0.0950 | <0.0950 | <0.0950 | <0.0950 | <0.0950 | <0.0950 | <0.0950 | <0.0950 | <0.0950 | <0.190 | <0.190 | <0.190 | <0.0950 1770
Harmony B-4 SL 0-4' 0-4 ft. 4/23/2009 [Axys <0.0989 | 0.253 0.133 0.15 <0.0989 | <0.0989 | <0.0989 | <0.0989 | <0.0989 | <0.198 | <0.198 | <0.198 | <0.0989 2380
Harmony B-4 SL 4-8' 4-8 ft. 4/23/2009 [Axys <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.200 | <0.200 | <0.200 | <0.100 1500
Burnsville B-1 SL 0-4' 0-4 ft. 4/24/2009 |Axys 1.73 5.32 3.27 6.72 11.4 10.2 4.37 0.537 0.542 <0.192 2.63 102 < 0.0962 21700
Burnsville B-1 SL 4-8' 4-8 ft. 4/24/2009 |Axys 0.132 1.54 1.77 8.46 14.8 < 0.0956 | <0.0956 | <0.0956 [ <0.0956 | <0.191 11 1.62 < 0.0956 2240
Burnsville B-2 SL 0-4' 0-4 ft. 4/24/2009 [Axys 0.796 3.08 1.69 1.05 5.78 7.92 <0.0992 | <0.0992 | <0.0992 | <0.198 | <0.198 2.8 < 0.0992 22300
Burnsville B-2 SL 4-8' 4-8 ft. 4/24/2009 [Axys 1.83 4.81 3.97 4.14 0.355 | <0.0985 | <0.0985 | <0.0985 | <0.0985 | <0.197 1.2 <0.197 | <0.0985 12400

Burnsville Pond Sed-1 0-6 in. 4/20/2011 [Axys <0.0986 | <0.0986 | <0.0986 | <0.0986 | <0.0986 | <0.0986 | 0.168 0.371 0.787 <0.197 | <0.197 0.87 0.122 NA
No St Paul B-1 SL 0-4' 0-4 ft. 5/6/2009 Axys <0.0926 | <0.0926 | <0.0926 | <0.0926 | <0.0926 | <0.0926 | <0.0926 | <0.0926 | <0.0926 | <0.185 | <0.185 | <0.185 | <0.0926 19600

No St Paul B-1 SL 4-8' 4-8 ft. 5/6/2009 AXys <0.0998 | <0.0998 | <0.0998 | <0.0998 | <0.0998 | <0.0998 | <0.0998 | <0.0998 | <0.0998 | <0.200 | <0.200 | <0.200 | <0.0998 624
No St Paul B-2 SL 0-4' 0-4 ft. 5/6/2009 AXys <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.191 | <0.191 | <0.191 | <0.0954 27400

No St Paul B-2 SL 4-8' 4-8 ft. 5/6/2009 Axys <0.0978 | <0.0978 | <0.0978 | <0.0978 | <0.0978 | <0.0978 | <0.0978 | <0.0978 | <0.0978 | <0.196 <0.196 <0.196 | <0.0978 796
No St Paul B-3 SL 0-2' 0-2 ft. 5/6/2009 Axys <0.0972 | <0.0972 | <0.0972 | <0.0972 0.107 <0.0972 | <0.0972 | <0.0972 | <0.0972 | <0.194 <0.194 0.623 < 0.0972 12700
Richfield B-1 0-4' 0-4 ft. 5/7/2009 AXyS <0.0932 | 0.226 0.191 0.433 1.36 1.44 0.095 | <0.0932 | <0.0932 | <0.186 1.26 104 0.21 2170

Richfield B-1 4-8' 4-8 ft. 5/7/2009 AXys 0.322 1.43 0.905 0.592 1.11 1.89 < 0.0966 | <0.0966 | <0.0966 | <0.193 1.44 102 < 0.0966 355
Richfield B-2 0-4' 0-4 ft. 5/7/2009 AXys 0.464 1.33 1.07 0.85 2.32 5.03 0.306 <0.186 | <0.186 | <0.373 13 401 0.47 8370
Richfield B-2 4-8' 4-8 ft. 5/7/2009 AXys 1.04 4.52 4.7 3.28 5.02 4.83 <0.379 | <0.379 | <0.379 | <0.757 32.2 666 < 0.379 6100
Richfield B-3 0-4' 0-4 ft. 5/7/2009 AXys <0.0942 | <0.0942 0.314 0.309 1.49 <0.0942 | <0.0942 [ <0.0942 | <0.0942 | <0.188 21.9 56.4 <0.0942 13100
Richfield B-3 4-8' 4-8 ft. 5/7/2009 AXys 0.173 0.439 1.02 0.283 0.336 <0.104 <0.104 <0.104 <0.104 0.57 2.35 9.33 <0.104 36900

Richfield B-4 0-8' 0-8 ft. 10/8/2009 |Axys <0.0956 | <0.0956 | <0.0956 | <0.0956 | 0.129 | <0.0956 | <0.0956 | <0.0956 | <0.0956 | <0.191 0.236 4.52 < 0.0956 NA
Kenyon B-1 SL 0-4' 0-4 ft. 5/15/2009 |Axys < 0.0963 | <0.0963 | <0.0963 0.111 <0.0963 | <0.0963 | <0.0963 | <0.0963 | <0.0963 | <0.193 <0.193 <0.193 | <0.0963 26300

Kenyon B-1 SL 0-4' 0-4 ft. 5/15/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
Kenyon B-1 SL 4-8' 4-8 ft. 5/15/2009 |Axys <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.0944 | <0.189 <0.189 <0.189 | <0.0944 23600

Kenyon B-1 SL 4-8' 4-8 ft. 5/15/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
Kenyon B-2 SL 0-4' 0-4 ft. 5/15/2009 |Axys <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.0937 | <0.187 | <0.187 | <0.187 | <0.0937 13300

Kenyon B-2 SL 0-4' 0-4 ft. 5/15/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
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TABLE 2
Soil and Sediment Analytical Results, PFCs and TOC
Minnesota Fire Foam Training and Discharge Sites

Mean Total Organic Carbon (TOC)

#Perfluorinated Carbon Chains:

» [Perfluorobutanoic acid (PFBA)

o1 |Perfluoro-n-pentanoic acid (PFPeA)

o |Perfluorohexanoic acid (PFHxA)

o |Perfluorooctanoic acid (PFOA)

© |Perfluorononanoic acid (PFNA)

R [Perfluoroundecanoic acid (PFUnA)

IS |Perfluorododecanoic acid (PFDoA)

» [Perfluorobutanoic sulfonate (PFBS)

o |Perfluorohexane sulfonate (PFHxS)

o |Perflourooctane sulfonate (PFOS)

% ~ |Perfluoroheptanoic acid (PFHpA)

% o |Perfluorooctane sulfonylamide (PFOSA)

& |& |S |Perfluorodecanoic acid (PFDA)

Tier 1 Residential SRV:[[ 77000 ND ND 2100 ND ND ND ND ND 2100 ND
Tier 2 Recreational SRV:|| 94000 ND ND ND 2500 ND ND ND ND ND 2600 ND ND
Tier 2 Industrial SRV: [ 500000 ND ND ND 13000 ND ND ND ND ND ND 14000 ND ND
Sample [Sample
Sample ID Depth Date Laboratory
Kenyon B-2 SL 4-8' 4-8 ft. 5/15/2009 |Axys <0.0943 | <0.0943 [ <0.0943 | <0.0943 | <0.0943 | <0.0943 | <0.0943 | <0.0943 | <0.0943 | <0.189 | <0.189 | <0.189 | <0.0943 25600
Kenyon B-2 SL 4-8' 4-8 ft. 5/15/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
Claremont B-1 SL 0-4' 0-4 ft. 5/15/2009 |Axys < 0.0907 | <0.0907 | <0.0907 | <0.0907 | <0.0907 | <0.0907 | <0.0907 | <0.0907 | <0.0907 | <0.181 | <0.181 0.308 < 0.0907 217000
Claremont B-1 SL 0-4' 0-4 ft. 5/15/2009 [MPI 0.413 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 0.773 <0.2 <0.2 NA
Claremont B-1 SL 4-8' 4-8 ft. 5/15/2009 |Axys < 0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | <0.0966 | < 0.0966 | <0.0966 [ <0.0966 | < 0.193 0.224 0.321 < 0.0966 14800
Claremont B-1 SL 4-8' 4-8 ft. 5/15/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
Claremont B-2 SL 0-4' 0-4 ft. 5/15/2009 |Axys < 0.0936 | <0.0936 0.385 < 0.0936 0.154 < 0.0936 | <0.0936 | <0.0936 | <0.0936 0.491 1.65 24.7 0.129 184000
Claremont B-2 SL 4-8' 4-8 ft. 5/15/2009 |Axys < 0.0958 | <0.0958 | <0.0958 | <0.0958 | <0.0958 | <0.0958 | <0.0958 | <0.0958 [ <0.0958 | <0.192 | <0.192 0.25 < 0.0958 7500
Claremont B-3 SL 0-4' 0-4 ft. 5/15/2009 |Axys 0.114 0.167 0.427 0.232 0.174 <0.0912 | <0.0912 | <0.0912 | <0.0912 2.39 5.25 3.46 < 0.0912 35200
Claremont B-3 SL 4-8' 4-8 ft. 5/15/2009 |Axys <0.0935 | <0.0935 [ <0.0935 | <0.0935 | <0.0935 | <0.0935 | <0.0935 | <0.0935 | <0.0935 | <0.187 0.561 0.988 < 0.0935 453
Luverne B-1 SL 0-4' 0-4 ft. 5/22/2009 |Axys <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.0962 | <0.192 <0.192 <0.481 <0.241 12500
Luverne B-1 SL 0-4' 0-4 ft. 5/22/2009 [MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
Luverne B-1 SL 4-8' 4-8 ft. 5/22/2009 |Axys <0.0981 | <0.0981 | <0.0981 | <0.0981 | <0.0981 | <0.0981 [ <0.0981 [ <0.0981 [ <0.0981 | <0.196 | <0.196 | <0.490 | <0.245 13300
Luverne B-1 SL 4-8' 4-8 ft. 5/22/2009 [MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
Luverne B-2 SL 0-4' 0-4 ft. 5/22/2009 |Axys <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.0954 | <0.191 <0.191 0.481 <0.239 10300
Luverne B-2 SL 0-4' 0-4 ft. 5/22/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
Luverne B-2 SL 4-8' 4-8 ft. 5/22/2009 [Axys <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.100 | <0.200 | <0.200 | <0.500 | <0.250 14400
Luverne B-2 SL 4-8' 4-8 ft. 5/22/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
Luverne B-3 SL 0-4' 0-4 ft. 5/22/2009 |Axys <0.0974 | <0.0974 | <0.0974 | <0.0974 | <0.0974 | <0.0974 | <0.0974 | <0.0974 | <0.0974 | <0.195 <0.195 <0.487 <0.244 7860
Luverne B-3 SL 0-4' 0-4 ft. 5/22/2009 |MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
Luverne B-3 SL 4-8' 4-8 ft. 5/22/2009 |Axys <0.0984 | <0.0984 | <0.0984 | <0.0984 | <0.0984 [ <0.0984 | <0.0984 | <0.0984 | <0.0984 | <0.197 <0.197 <0.492 < 0.246 39500
Luverne B-3 SL 4-8' 4-8 ft. 5/22/2009 [MPI <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 <0.2 NA
Fridley B-1 SL 0-4' 0-4 ft. 5/27/2009 |Axys 0.242 0.422 0.413 0.27 0.291 0.144 <0.100 <0.100 < 0.100 <0.201 1.25 43 <0.100 55700
Fridley B-1 SL 4-8' 4-8 ft. 5/27/2009 |Axys <0.101 <0.101 <0.101 <0.101 <0.101 <0.101 <0.101 <0.101 <0.101 <0.201 <0.201 2.45 <0.101 1670
Fridley B-2 SL 0-4' 0-4 ft. 5/27/2009 [Axys 1.34 1.67 2.78 0.735 0.699 <0.102 | <0.102 | <0.102 | <0.102 3.01 23.4 3.48 <0.102 11400
Fridley B-2 SL 4-8' 4-8 ft. 5/27/2009 |Axys 0.601 1.13 1.53 0.335 0.493 < 0.0950 | <0.0950 | <0.0950 | < 0.0950 1.32 14.2 1.31 < 0.0950 19800
Fridley B-3 Sediment 6" 0.5 ft. 5/27/2009 |Axys < 0.0966 | <0.0966 | <0.0966 | <0.0966 | < 0.0966 | < 0.0966 | < 0.0966 | <0.0966 | <0.0966 | <0.193 | <0.193 18.3 < 0.0966 14800
Rochester B-1 SL 0-4' 0-4 ft. 5/28/2009 |Axys 0.207 <0.0979 | <0.0979 | <0.0979 | <0.0979 | <0.0979 | <0.0979 | <0.0979 [ <0.0979 | <0.196 0.361 0.559 < 0.0979 4100
Rochester B-1 SL 4-8' 4-8 ft. 5/29/2009 |Axys < 0.0957 | <0.0957 | <0.0957 | <0.0957 | <0.0957 | <0.0957 | <0.0957 | <0.0957 [ <0.0957 | <0.191 | <0.191 | <0.191 | <0.0957 1440
Rochester B-2 SL 0-4' 0-4 ft. 5/28/2009 |Axys 0.142 < 0.0999 0.173 <0.0999 | <0.0999 | <0.0999 | <0.0999 | <0.0999 | <0.0999 | <0.200 1.7 1.12 < 0.0999 4780
Rochester B-2 SL 4-8' 4-8 ft. 5/29/2009 |Axys <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.0949 | <0.190 <0.190 <0.190 | <0.0949 431
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TABLE 2
Soil and Sediment Analytical Results, PFCs and TOC

Minnesota Fire Foam Training and Discharge Sites
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TABLE 2
Soil and Sediment Analytical Results, PFCs and TOC
Minnesota Fire Foam Training and Discharge Sites

Mean Total Organic Carbon (TOC)

#Perfluorinated Carbon Chains:

» [Perfluorobutanoic acid (PFBA)

o1 |Perfluoro-n-pentanoic acid (PFPeA)

o |Perfluorohexanoic acid (PFHxA)

o |Perfluorooctanoic acid (PFOA)

© |Perfluorononanoic acid (PFNA)

R [Perfluoroundecanoic acid (PFUnA)

IS |Perfluorododecanoic acid (PFDoA)

» [Perfluorobutanoic sulfonate (PFBS)

o |Perfluorohexane sulfonate (PFHxS)

o |Perflourooctane sulfonate (PFOS)

% ~ |Perfluoroheptanoic acid (PFHpA)

% o |Perfluorooctane sulfonylamide (PFOSA)

& |& |S |Perfluorodecanoic acid (PFDA)

Tier 1 Residential SRV:[ 77000 ND ND 2100 ND ND ND ND ND 2100 ND
Tier 2 Recreational SRV:|| 94000 ND ND ND 2500 ND ND ND ND ND 2600 ND ND
Tier 2 Industrial SRV: | 500000 ND ND ND 13000 ND ND ND ND ND ND 14000 ND ND
Sample [Sample
Sample ID Depth Date Laboratory
Bemidji B-1 SL 0-4' 0-4 ft. 11/5/2009  |Axys <0.0951 [ <0.0951 | 0216 |<0.0951| 0.118 |[<0.0951 [ <0.0951 [ <0.0951 | <0.0951 | <0.190 | 3.12 55.7 0.112 6230
Bemidji B-1 SL 4-8' 4-8 ft., 11/5/2009  |Axys <0.0913 | <0.0913 | <0.0913 | <0.0913 | 0.498 | <0.0913 | <0.0913 | <0.0913 | <0.0913 | 0.267 3.98 56 <0.0913 535
Bemidiji B-2 SL 0-4' 0-4 ft. 11/5/2009  [Axys 0.184 0.322 1.44 0.143 1.31 0.099 | <0.0933 | <0.0933 | <0.0933 | <1.87 | 13.9% | 1200 18.5 3540
Bemidji B-2 SL 4-8' 4-8 ft. 11/5/2009  |Axys <0.276 | <0.276 | 0.411% | 0.917% | 196® | <0.276 | <0.276 | <0.276 | <0.276 | 0.957% [ 147® 606" | <0.276 487
River Grove Sed-1 0-6in.  [11/18/2009 [MPI <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.667 | <0.667 | <0.667 | <0.333 NA
River Grove Sed-2 0-6in.  [11/18/2009 [MPI <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.667 | <0.667 | <0.667 | <0.333 NA
River Grove Sed-3 0-6in.  [11/18/2009 [MPI <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.667 | <0.667 | <0.667 | <0.333 NA
ERTC SS-1 0-6in.  |11/25/2009 |Axys <0.0998 | 0.205 0.794 0.139 0.495 | <0.0998 | <0.0998 | <0.0998 | <0.0998 | <0.200 3.49 83.5 454 NA
ERTC Sed-1 0-6in.  |11/25/2009 |Axys <0.0917 | <0.0917 | <0.0917 | <0.0917 | 0.225 | <0.0917 | <0.0917 | <0.0917 | <0.0917 | <0.183 1.2 57.5 6.52 NA
ERTC Sed-2 0-6in.  |11/25/2009 |Axys 0.218 0.536 1.72 0.268 1.26 0.184 0.101 0.174 | <0.0933| 1.47 19.6 538 181 NA
ERTC Sed-3 0-6 in. 11/18/2010 |Axys 0.118 0.202 1.01 0.171 0.75 0.149 | <0.0955 | 0.174 0.156 0.318 7.1 476 207" NA
ERTC Sed-4 0-6in.  [11/28/2010 |Axys <0.0933 | 0.135 0.628 0.119 0.581 | <0.0933 | <0.0933 | <0.0933 | <0.0933 | <0.187 3.52 51.3 1.95 NA
MSP Sed-1 0-6in.  [1/19/2010 [Axys <0.484 | <0484 | <0.484 | <0.484 1.8 1.89 17.3 2.5 15.6 <0.968 | <0.968 8.84 3.55 NA
Crystal B-1 SL 0-4' 0-4 ft. 1/20/2010 |Axys <0.486 | <0.486 | <0.486 | <0.486 | <0.486 | <0.486 | <0.486 | <0.486 | <0.486 | <0.972 | <0972 | <0.972 [ <0.486 458
Crystal B-1 SL 4-8' 4-8 ft, 1/20/2010 |Axys <0.493 | <0.493 | <0.493 | <0.493 | <0.493 | <0.493 | <0.493 | <0.493 | <0.493 | <0.985 | <0.985 | <0.985 | <0.493 5610
Crystal B-2 SL 0-4' 0-4 ft. 1/20/2010 |Axys <0.488 | <0.488 | <0.488 | <0.488 | <0.488 | <0.488 | <0.488 | <0.488 | <0.488 | <0.977 [ <0.977 | <0.977 | <o0.488 3840
Crystal B-2 SL 4-8' 4-8 ft, 1/20/2010 |Axys <0.490 | <0.490 | <0.490 | <0.490 | <0.490 | <0.490 | <0.490 | <0.490 | <0.490 | <0.979 | <0.979 | <0.979 [ <0.490 569
Crystal SS-1 2 ft. 1/20/2010 |Axys <0.498 | 0929 | <0.498 | <0.498 | <0.498 | <0.498 | <0.498 | <0.498 | <0.498 | <0.996 | <0.996 | <0.996 | <0.498 NA
Crystal Sed-1 0-6in.  [1/20/2010 [Axys <0513 | <0513 | <0513 | <0513 | <0513 | <0513 | <0513 | <0513 | <0513 | <1.03 | <103 | <1.03 | <0513 NA
Crystal Sed-2 0-6in.  [1/20/2010 [Axys 0.467 1.16 <0.404 | 0.491 0.654 0.412 0.863 1.17 2.47 < 0.807 1.03 7.1 1.45 NA
Crystal Sed-3 0-6in.  [10/1/2010 |Axys <0.376 | <0.376 | <0.376 | <0.376 | <0.376 | <0.376 | <0.376 | <0.376 | <0.376 | <0.752 | <0.752 | <0.752 | <0.376 NA
Crystal Sed-4 0-6in.  [10/1/2010 [Axys <0.474 | <0474 | <0.474 | <0474 | <0.474 | <0474 | <0.474 | 0.661 1.65 <0949 | <0949 [ 464 1.13 NA
Kings Cove Marina Soil 0-4in.  [12/3/2009 [MPI <0.333 | <0.333 | <0.333 | <0.333 | <0.333 | <0.333 1.11 2.07 10.4 <0.667 | <0.667 | <0.667 | <0.333 NA
Kings Cove Marina Sed 1 0-4in.  [12/3/2009 [MPI <0.333 | <0.333 | <0.333 | <0.333 | 0.841 | <0.333 | <0.333 | <0.333 | <0.333 | <0.667 | <0.667 1.34 <0.333 NA
Kings Cove Marina Sed 2 0-4in.  [12/3/2009 |[MPI <0.333 | <0.333 | 0.773 | <0.333 | 0.736 | <0.333 | <0.333 | <0.333 | <0.333 | <0.667 4.44 6.12 <0.333 NA
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TABLE 2
Soil and Sediment Analytical Results, PFCs and TOC
Minnesota Fire Foam Training and Discharge Sites

Mean Total Organic Carbon (TOC)

o1 |Perfluoro-n-pentanoic acid (PFPeA)
o |Perfluorohexanoic acid (PFHxA)

R [Perfluoroundecanoic acid (PFUnA)
» [Perfluorobutanoic sulfonate (PFBS)
o |Perfluorohexane sulfonate (PFHxS)

IS |Perfluorododecanoic acid (PFDoA)
o |Perflourooctane sulfonate (PFOS)

» [Perfluorobutanoic acid (PFBA)
o |Perfluorooctanoic acid (PFOA)
© |Perfluorononanoic acid (PFNA)

#Perfluorinated Carbon Chains:

% o |Perfluorooctane sulfonylamide (PFOSA)

% ~ |Perfluoroheptanoic acid (PFHpA)

& |& |S |Perfluorodecanoic acid (PFDA)

Tier 1 Residential SRV:|| 77000 ND ND 2100 ND ND ND ND ND 2100 ND
Tier 2 Recreational SRV:|| 94000 ND ND ND 2500 ND ND ND ND ND 2600 ND ND
Tier 2 Industrial SRV: || 500000 ND ND ND 13000 ND ND ND ND ND ND 14000 ND ND
Sample [Sample

Sample ID Depth Date Laboratory
Up North Plastics Soil 1 AXys 2.45 0.419 0.682 0.189 1.18 0.342 0.642 2.46 1.27 0.296 20.6 258 8.91 NA
Up North Plastics Soil 2 AXxys 0.985 | <0.0982 0.205 0.115 0.381 <0.0982 | <0.0982 0.341 0.343 <0.196 2.07 59.1 2.99 NA
Up North Plastics Soil 3 AXys 0.203 <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.101 | <0.202 | <0.202 | <0.202 | <0.101 NA
Up North Plastics Soil 4 AXys <0.0964 | <0.0964 | 0.233 <0.0964 | 0.172 <0.0964 | 0.097 1.88 <0.0964 | <0.193 3.91 355 16.5 NA
Up North Plastics Soil 5 Axys 3.82 0.628 0.477 0.266 8.29 <0.0964 | <0.0964 | 0.122 0.128 0.199 0.712 7.48 0.428 NA
Up North Plastics Sed 1 AXys 0.659 < 0.0965 | <0.0965 | <0.0965 | 0.406 <0.0965 | <0.0965 | <0.0965 | <0.0965 | <0.193 | <0.193 1.15 < 0.0965 NA
Up North Plastics Sed 2 AXys 3.37 0.195 0.19 <0.110 0.957 0.113 <0.110 0.165 0.713 0.284 1.65 104 0.782 NA
Up North Plastics Sed 3 AXys 14.2 1.94 1.32 0.608 14.6 <0.104 | <0.104 | <0.104 0.188 <0.207 0.764 16.3 <0.104 NA
Up North Plastics Sed 4 AXys 2.35 0.265 0.143 <0.119 1.49 <0.119 0.331 0.657 1.24 < 0.238 0.596 13.6 0.325 NA
Up North Plastics Sed Dup AXys 1.25 <0.102 | <0.102 | <0.102 0.726 <0.102 | <0.102 | <0.102 | <0.102 | <0.204 | <0.204 1.67 <0.102 NA

Notes:

PFC results and standards are in nanograms per gram (ng/g), which is equivalent to parts per billion.
TOC results are in milligrams per kilogram (mg/kg), which is equivalent to parts per million.

Tier 1 Residential SRV: Minnesota soil reference value for chronic human exposure in a residential setting.
Tier 2 Recreational SRV: Minnesota soil reference value for exposure in a recreational setting.

Tier 2 Industrial SRV: Minnesota soil reference value for exposure in an industrial setting.
PFC compounds soil results reported on a dry weight basis.

ND: No SRV defined.

Axys: Axys Analytical Services LTD

MPI: MPI Research

TOC analyses performed by Pace Analytical Services.

Bolded type indicates detection above the laboratory method detection limit.

NA: not analyzed

(1) Results based on analysis of a dilution of the sample extract.

ANTEA GROUP
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TABLE 3
WELL RECEPTOR SURVEY SUMMARY FOR SELECT FIRFIGHTING FOAM TRAINING SITES IN MINNESOTA
OCTOBER - NOVEMBER 2010

Site # From Water Supply Use of Public Public Water Supply
Receptor Well Water Connection
Survey Map |Property Address Property Occupant (Yes or No) Well Use Supply? How Determined Confirmed? Comments
BEMIDJI REGIONAL AIRPORT
1 3824 Moberg Dr. NW Bemidji Regional Airport No NA Yes Interview, Airport Manager No
Rausch Cold Weather Testing
2 3507 Gillet Dr. NW Facility No NA Yes Interview, site personnel No
Bureau of Criminal
Apprehension, MN Dept. of
3 3700 Norris Ct. NW Public Safety No NA Yes Interview, site personnel No
4 3622 Moberg Dr. NW Great River Dentistry No NA Yes Questionnaire returned No
Interviews, current and previous site Well no. 169190 was a water supply well at this site; well has
5 3600 Moberg Dr. NW Indoor Auto Mall No NA Yes owners No been sealed.
6 3500 Moberg Dr. NW Quality Inn No NA Yes Interview, site manager No
Paul Bunyan Elementary & Interview, school district business
7 3300 Gillett Dr. NW ISD #31 Offices No NA Yes manager No
City of Bemidji Water
8 Gillett Dr. NW Treatment Facility No NA Yes Interview, City of Bemidji Public Works No
Kraus Anderson Construction
9 3168 Adams Av. NW Co. Yes Non-potable Interview, site personnel No
10 3920 Hwy. 2 W. MNDOT Northwest District No NA Yes Interview, site personnel No
ABLE TRAINING CENTER, BURNSVILLE
Site River Ridge Blvd. ABLE Fire Training Center No NA Yes Interview, Burnsville Fire Chief No
1 12205 River Ridge Blvd. Northern Tool & Equipment No NA Yes Interview, site personnel No
2 12101 Interstate 35W S. Dodge of Burnsville No NA Yes Questionnaire returned No
3 600 121st St. W. Walser Suburu No NA Yes Interview, site personnel No
4 12001 Interstate 35W S. All State Self Storage No NA Yes Interview, site personnel No
Several groundwater monitoring wells related to a historical
5 11937 Interstate 35W S. Chalet Driving Range No NA Yes Interview, property owner No dump are located on the property.
Archery range, tree/brush
6 Pleasant Av. dump No NA No Interview, Burnsville Public Works No
Bury & Carlson,
7 201 121st St. W. concrete/asphalt recycling No NA Yes Interview, site personnel No
8 25 Cliff Rd. W. Rivers Edge Business Center No NA Yes Questionnaire returned No
9 15 Cliff Rd. W. American Electric Motion No® NA Yes Questionnaire not returned No
10 12259 Nicollet Av. Nicollet Business Campus |l Unknown NA Yes Questionnaire returned No Managed by Wellington Management
11 12270 Nicollet Av. Nicollet Business Campus No NA Yes Questionnaire returned No Managed by Wellington Management
City well nos. 1, 2, 4, 5, 7, 8 nearby, locations indicated by
Interviews with Public Works Public Works personnel. No other water supply in survey
12 50 River Ridge Ct. Burnsville Public Works Yes Municipal Yes personnel NA area known to Public Works personnel.
Unique well no. 229108, industrial well, registered active.
Buildings recently demolished and site razed. Site currently
Site visit; correspondence with State, vacant. State and County cannot confirm current well status.
13 12200 River Ridge Blvd. Vacant/undeveloped Yes Industrial NA County. No No wells were observed on the property.
LAKE SUPERIOR COLLEGE ERTC, DULUTH
Site 11501 Hwy. 23 Lake Superior College ERTC No NA Yes Interview, Program Supervisor Yes
City Public Works
confirmed no
1 10401 Hwy. 23 Residence No NA No Interview, homeowner connection Residence connected to private well at 10423 Hwy. 23.
City Public Works
confirmed no
2 10423 Hwy. 23 Residence Yes Drinking No Based on other interviews connection Questionnaire not returned.
City Public Works
confirmed no
3 11801 Hwy. 23 Residence Yes Drinking No Interview, homeowner connection
City Public Works
confirmed no
4 11601 Hwy. 23 Residence Yes Drinking No Interview, homeowner connection Well depth 411 feet.
City Public Works
confirmed no
5 11605 Hwy. 23 Residence Yes Drinking No Interview, homeowner connection New well pump recently installed, depth to water ~75 feet.
City Public Works
confirmed no
6 11825 Hwy. 23 Residence Yes Drinking No Interview, homeowner connection
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TABLE 3
WELL RECEPTOR SURVEY SUMMARY FOR SELECT FIRFIGHTING FOAM TRAINING SITES IN MINNESOTA
OCTOBER - NOVEMBER 2010

Site # From Water Supply Use of Public Public Water Supply
Receptor Well Water Connection
Survey Map |Property Address Property Occupant (Yes or No) Well Use Supply? How Determined Confirmed? Comments
MSP AIRPORT
1 7150 Humphrey Drive Humphrey Terminal No NA Yes Interview, Mark Wacek, MAC No
Humphrey Terminal Parking

2 Humphrey Drive Ramp No NA Yes Interview, Mark Wacek, MAC No

3 34th Ave. S. MSP Fire Station No. 1 No NA Yes Interview, Mark Wacek, MAC No

4 34th Ave. S. Hangars 4-8 No NA Yes Interview, Mark Wacek, MAC No

5 2825 Cargo Rd. FedEx No NA Yes Interview, Mark Wacek, MAC No

6 Cargo Rd. UPS No NA Yes Interview, Mark Wacek, MAC No

South airfield lighting electrical
7 MSP Airport center No NA Yes Interview, Mark Wacek, MAC No
8 MSP Airport Glycol Management Facility No NA Yes Interview, Mark Wacek, MAC No
MARATHON REFINERY, ST. PAUL PARK

Questionnaire returned by Post Office, marked "vacant".
Municipal water connection confirmed by City Public Works

1 729 Factory St. Residence, vacant No NA Yes Questionnaire not delivered Yes Dept; assume no water supply well on property.
Two houses located on property, owned by Hidden Harbor

2 812 Front St. Residence No No Yes Questionnaire not returned Yes Marina. Marina owner not aware of water wells on property.

Confirmed no
3 388 9th Ave. Hidden Harbor Marina Yes Potable uses No Interview, property owner connection Five water supply wells located on property.
4 Lions Levee Park 7th Ave. W. NA NA NA Site reconnaissance NA No buildings with water service.

Notes:

Sites included on this Table are depicted on applicable Well Receptor Survey figures included in report.

! Receptor Survey Questionnaire indicated that if questionnaire was not returned it would be assumed that the property has no water wells, basements or sumps.

NA - Not Applicable

ANTEA GROUP
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Appendix A

Marathon Refinery Groundwater Receptor Survey Documents



LEGEND:

el

Property Occupant

Residence — 729 Factory St.
Residence — 812 Front St

Hidden Harbor Marina — 388 9th Ave.
Lions Levee Park — 7th Ave. S.

Inferred Groundwater Flow Direction

RECEPTOR SURVEY

MARATHON OIL FIRE TRAINING AREA
ST. PAUL PARK, MINNESOTA

PROJECT NO. PREPARED BY DRAWN BY
45618DELO4 | NR DD

DATE REVIEWED BY FILE NAME
06,/30/11 Marathon—1

anteagroup
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Receptor Survey Questionnaire -

PROPERTY ADDRESS: __ 3%% G“4uv. w - }-LM,LL}/M’ bex Wewr e

S
1. Is there, or has there ever been, a water well on the property? Qgsl No Unknown _
7 R . . s
If you answered No or Unknown, proceed to Question 2. 5u)l/¢1$ JU {h’“\du-/‘z /

1a. If you answered Yes, is the well active (in use), abandoned (not in use), or sealed
(decommissioned following Minnesota Department of Health [MDH] Well Code guidelines).

ﬁ&ACTIVE _____ _ABANDONED SEALED
1b. How deep is (was) the well? ____ FEET (if depth is unknown check here )
1¢. In what year was the well installed (if known)? ’é (_ms Lv‘; f;rr Su 7 L
1d. If the well was abandoned, what year was the well sealed? ~ x(,wp"z “ YJ

3e. If the well is active, for what purpose is it used? Example: (drinking water, lawn sprinkler, cooling,

etc.)

1f. Where on the property is (was) the well located?_ - Moot ‘z—u«& ot & M
/- PM./MVC.M,(‘)[ { - /%C’(Q)Lg’ /’ ,L,Zo(‘(#Ik,( {-i klx'ué WC&IE/Z,
' B

1g. If there is currently a water supply well on the property, would you grant access to the property in
order to obtain a water sample from either an indoor or outside faucet (at no cost to property owner)?

K0 + 512 feon] §] - ol

Yes No ’
Name
Telephone Number DAY or EVENING (please circle one
and state best time to reach you)

2. |s a public water supply currently utilized by the property? Yes @h‘/‘/
3. May we contact you for further information if necessary? If so, please provide your name and telephone
number.

Name —/l"‘; (VN /C,W\/Q//L[

Telephone Number__(» S/ - o0 - O&‘/Ca DAY or EVENING (please circle one

and state best time to reach you)

Please complete this form and mail it back to Delta in the enclosed self-addressed stamped envelope. Delta
thanks you in advance for taking the time to complete this form.

If you have any questions, or need help completing this form, please feel free to contact Nancy
Rodning, Delta Consultants, at (651)697-5152 or 1-800-477-7411, or Nile Fellows, MPCA, at 651-757-
2352,
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Well Log Report - 00250002

Minnesota Unique Well No. MINNESOTA DEPARTMENT OF HEALTH
County Washington Entry Date 07/25/1995
2 5000 2 Quad Inver Grove Heights WELL AND BORING Update Date 05/11/2005
Quad ID 103D RECORD Received Date
Minnesota Statutes Chapter 103I
Well Name WILLIE'S HIDDEN HARBOR Well Depth Depth Completed Date Well Completed
Township Range Dir Section Subsections Elevation 690 ft. 235 it 235 ft
27 22 W 11 ADBDCD Elevation Method 7.5 minute topographic map (+- 5 L, :
feet) Drilling Method --
Drilling Fluid Well Hydrofractured? [ Yes [ No

From Ft. to Ft.
Use Abandoned Status Sealed

Casing Type Steel (black or low carbon) Joint No Information Drive Shoe? [ Yes [
No Above/Below 0 ft.

Geological Material Color Hardness From To . . Weight Hole Diameter
PRAIRIE DU CHIEN GROUP 0 146 | Casing Diameter g

JORDAN SANDSTONE 146 230 4 in.to 220 ft. Ibs./ft.

ST. LAWRENCE FORMATION 230 235

Open Hole from 220 ft. to 235 ft.
ScreenNO  Make  Type

Diameter Slot/Gauze Length Set Between

Static Water Level

14 ft. from Land surface Date Measured 06/06/1995
PUMPING LEVEL (below land surface)

ft. after hrs. pumping g.p.m.

Well Head Completion
Pitless adapter manufacturer Model

[casing Protection ~ [] 12 in. above grade
[ At-grade (Environmental Wells and Borings ONLY)

REMARKS Grouting Information  Well Grouted? [] Yes [] No
GAMMA LOGGED 6-6-1995.

WELL SEALED 07-15-1996 BY 62119

Located by: Minnesota Geological Survey ¥§thod: Digitized - scale 1:24,000 or larger (Digitizing

ble)
Unique Number Verification: Information from . Nearest Known Source of Contamination
owner Input Date: 07/18/1996 __feet __direction __type
System: UTM - Nad83, Zone15, Meters X: 499426 Y: 4965451 Well disinfected upon completion? [] Yes [J No
Pump  [] NotInstalled Date Installed
Manufacturer's name Model number __ HP Q0 Volts

Length of drop Pipe _ft. Capacity _g.p.m  Type Material
Abandoned Wells Does property have any not in use and not sealed well(s)? [ Yes [ No
Variance Was a variance granted from the MDH for thiswell? [] Yes [ No

Borehole Geophysics Yes Well Contractor Certification

First Bedrock Prairie Du Chien Group Aquifer Muliple Minnesota Geological Survey MGS

Last Strat  St.Lawrence Depth to Bedrock 0 ft. License Business Name Lic. Or Reg. No. Name of Driller
County Well Index Online Report 250002 Printed 11/&%%38

file:/IN|/...ing/PFC%20Foam/Reports/2011-06%20F Y %202011%20Report/Appendix%20A/Well%20Log%20Report%20-%2000250002.htm[7/11/2011 8:10:41 AM]



Well Log Report - 00268354

Minnesota Unique Well No. MINNESOTA DEPARTMENT OF HEALTH
County Washington Entry Date 02/07/2007
2683 54 Quad Inver Grove Heights WELL AND BORING Update Date 03/01/2011
Quad ID 103D RECORD Received Date
Minnesota Statutes Chapter 103I
Well Name HARBOR VILLAGE #2 Well Depth Depth Completed Date Well Completed
Township Range Dir Section Subsections Elevation 718 ft. 0ft 0
27 22 W 11 ADADCA Elevation Method Calc from NED (National o '
Elevation Dataset) Drilling Method
Drilling Fluid Well Hydrofractured? [ Yes [ No

From Ft. to Ft.
Use Public Supply/non-comm.-transient PWSID  Source

Casing Type  Joint Drive Shoe? [ Yes [ No Above/Below ft.

Casing Diameter Weight Hole Diameter

Geological Material Color Hardness From To

Open Hole from ft. to ft.

Screen
Diameter Slot/Gauze Length Set Between

Static Water Level

ft. from Date Measured
PUMPING LEVEL (below land surface)
ft. after hrs. pumping g.p.m.

Well Head Completion
Pitless adapter manufacturer Model

[CICasing Protection ~ [] 12 in. above grade
[ At-grade (Environmental Wells and Borings ONLY)

Grouting Information  Well Grouted? [ Yes [ No

NO REMARKS

Located by: Washington Cty. Method: GPS SA Off (averaged)
Unique Number Verification: Info/GPS from data source Input Date: 06/10/2009
System: UTM - Nad83, Zone15, Meters X: 499620 Y: 4965494 Nearest Known Source of Contamination
0 feet __direction __type
Well disinfected upon completion? [ Yes [ No
Pump [ NotInstalled Date Installed
Manufacturer's name Model number __ HP _ Volts
Length of drop Pipe _ft. Capacity _g.p.m  Type Material
Abandoned Wells Does property have any not in use and not sealed well(s)? [] Yes [ No
Variance Was a variance granted from the MDH for thiswell? [] Yes [ No
Well Contractor Certification
First Bedrock .
Aquifer
Last Strat Depth to Bedrock  ft. License Business Name Lic. Or Reg. No. Name of Driller
County Well Index Online Report 2068354 Printed 6/28!021902 017

filex//N)/...ing/ PFC%20Foam/Reports/2011-06%20FY %202011%20Report/A ppendix%20A/Wel1%20L 0g%20Report%20-%2000268354.htm[ 7/11/2011 8:10:41 AM]



Well Log Report - 00429870

Minnesota Unique Well No. MINNESOTA DEPARTMENT OF HEALTH
County Washington Entry Date 08/15/1991
429870 Quad Inver Grove Heights WELL AND BORING Update Date 09/29/2005
Quad ID 103D RECORD Received Date
Minnesota Statutes Chapter 103I
Well Name BROWN, WILLIE Well Depth Depth Completed Date Well Completed
Township Range Dir Section Subsections Elevation 733 ft.
27 22 W 11 DAAAAA  Elevation Method CALC FROM 2-FOOT COUNTY 20 1 =t i
DEM Drilling Method Non-specified Rotary
Well Address Drilling Fluid Well Hydrofractured? [ Yes [ No

215 10TH AV W Bentonite

ST PAUL PARK MN 55071 From Ft. to Ft.

Use Domestic
Casing Type Steel (black or low carbon) Joint Welded Drive Shoe? [2] Yes [

Geological Material Color Hardness From To
GRAVEL BROWN SOFT 0 8 No Above/Below 1 ft.
LIME YELLOW HARD 8 165 ; i Weight Hole Diameter
SANDROCK YELLOW SOFT 165 220 Casing Diameter .
8 in.to 8 ft 18 Ibs./ft. 12 in.to 8 ft.
4 in.to 189 ft. 11 Ibs./ft. 8 in.to 18 ft.

Open Hole from 189 ft. to 220 ft.
ScreenNO  Make  Type

Diameter Slot/Gauze Length Set Between

Static Water Level

40 ft. from Land surface Date Measured 02/23/1987
PUMPING LEVEL (below land surface)

80 ft. after 2 hrs. pumping 20 g.p.m.

Well Head Completion
Pitless adapter manufacturer Model

[casing Protection ~ [] 12 in. above grade
[ At-grade (Environmental Wells and Borings ONLY)

Grouting Information  Well Grouted? [2] Yes [] No

NO REMARKS

Grout Material: Neat Cement from 0 to 189 ft. 5 vyrds.
Located by: Minnesota Geological Survey Method: Digitization (Screen) - Map (1:24,000)
Unique Number Verification: Information from owner Input Date: 09/07/2005
System: UTM - Nad83, Zonel5, Meters X: 499675 Y: 4965234 Nearest Known Source of Contamination

75 feet N __direction Sewer type
Well disinfected upon completion? [ Yes [J No

Pump  [] NotInstalled Date Installed 04/03/1987

Manufacturer's name GRUNDFQS Model number SP-2-12 HP 0.5 Volts 230
Length of drop Pipe 84 _ft. Capacity 12_g.p.m  Type Submersible Material Galvanized

Abandoned Wells Does property have any not in use and not sealed well(s)? [ Yes [E No

Variance Was a variance granted from the MDH for thiswell? [] Yes [ No
Well Contractor Certification

First Bedrock Prairie Du Chien Group Aquifer Jordan Kimmes-Bauer 19521 ANDERSON. L.
Last Strat  Jordan Depth to Bedro