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EXECUTIVE SUMMARY 

Since 1980, the 3M Company (3M) has worked with the Minnesota Pollution Control 

Agency (MPCA) in the investigation and remediation of the former Oakdale disposal site 

in Oakdale, Minnesota (Site). The Site consists of three former waste disposal areas, 

identified as the Abresch, Brockman, and Eberle areas, that had received wastes from the 

3M St. Paul area sites, the 3M Cottage Grove, Minnesota facility, and other 

companies/entities from the 1940s to 1960. Investigations and follow-up actions have 

been previously completed for the Brockman and Eberle areas. The subject of this report 

is the Abresch area which will be referred to as the Site. 

In the early 1980s, 3M conducted an investigation to characterize the presence of volatile 

organic compounds (VOCs) in various environmental media and to develop an 

understanding of Site hydrogeology. In July 1983, 3M entered into a Consent Order with 

the MPCA and the United States Environmental Protection Agency (USEPA) to perform 

remedial actions at the site. Subsequently, 3M removed waste materials and impacted 

soils from the Site and, in 1985, installed a groundwater recovery system to remove 

shallow groundwater impacted by VOCs and other constituents at, and adjacent to, 

suspected source areas. 3M has operated the groundwater recovery system continuously 

since 1985 to contain the shallow- groundwater impacted by the VOCs. 3M conducts 

routine groundwater monitoring to track remediation progress. There are currently seven 

pumping wells and a monitoring well network. Since the start of the remediation 

program at the Site, several 5-year reviews have been conducted with the MPCA and 

USEPA. The groundwater recovery system is effectively capturing shallow groundwater 

to the south of Highway 5. 

More recently, 3M has been working with the MPCA to examine the presence and extent 

of fluorochemicals (FCs) at the Site. 3M conducted an initial screening level sampling of 

the Site in 2004 and FCs were detected in the discharge from the groundwater recovery 

system. Subsequently, 3M directed WESTON to conduct the enhanced sampling 

activities at the Site. The results of the assessment were presented in the Grounah~ater 

Data Assessment Report Fluorochemical Investigation (Groundwater Data Assessment 
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Report), which was submitted to the MPCA in July 2005. MPCA approved the 

Groundwater Data Assessment Report and had additional requests for investigative work. 

In October 2005, WESTON prepared the Supplemental Fluorochemical (FC) 

Investigation Work Plan for the Oakdale Site (Supplemental FC Work Plan), which 

incorporated the recommendations presented in the Groundwater Data Assessment 

Report and those requested by MPCA. From November 2005 through March 2006, 3M 

implemented the supplemental FC assessment program at the Site in accordance with the 

MPCA-approved Supplemental FC Work Plan and further MPCA requests. The results 

of the program were presented in the Supplemental Fluorochemical (FC) Data 

Assessment Report, which was submitted to the MPCA in September 2006. 

The plan for thrther Site characterization was presented in Addendum 1 to the 

Supplemental Fluorochemical (FC) Investigation Work Plan, which was submitted to 

MPCA in November 2006. The purpose of this further site characterization was to refine 

the understanding of site hydrogeology and the groundwater recovery system on the site- 

wide shallow groundwater and surface water and to collect additional soil data in the 

Abresch area north of Minnesota State Highway 5 (Highway 5) to evaluate potential 

interim remedial measures (IRMs) for this area. 

The Assessment of the Effectiveness of the Existing Grounahvater Recovery System report 

was submitted to the MPCA in April 2007. This Remedial Investigation Report [Soil 

Supplemental Data Assessment Addendum 1] provides a description of the additional 

soil characterization activities and a summary of analytical results for the area north of 

Highway 5. Soil boring sampling locations are shown in Figure ES. 

3M has entered into a Settlement Agreement and Consent Order (Consent Order) for the 

purpose of providing remedial investigations and response actions to address FCs at the 

Site. The Consent Order became effective on May 22, 2007. It requires that 3M conduct 

a Remedial Investigation/Feasibility Study (RI!FS) with respect to release or threatened 

release of FCs at and from the Site. In the Consent Order, MPCA acknowledges that 3M 

has already completed a significant amount of work at the Site and that the following 

documents are in partial satisfaction of the RI/FS requirements: 
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Groundwater Data Assessment Report Fluorochemical Investigation (July 
2005) 

Supplemental Fluorochemical Data Assessment Report ( September 2006) 

Assessment of the Effectiveness of the Existing Groundwater Recovery 
System (April 2007) 

It is further stated in the Consent Order that by June 15, 2007, 3M shall submit a RI 

report which summarizes the above MPCA-approved investigations, and shall include an 

FS workplan to address possible response actions. Accordingly, pending MPCA 

approval, this document is the Remedial Investigation Report, and together with the three 

documents listed above, constitutes the RI program for the Site. The FS Work Plan will 

is being submitted concurrently with the RI Report as a separate document. 

The following is a summary of key observations from the remedial investigation 

activities conducted in accordance with Addendum 1 to the Supplemental Fh¢orochemical 

Investigation (FC) Work Plan: 

FCs levels in soil samples from borings ASB31 through ASB43 confirmed 
concentrations that were consistent with the 2005 FC data from soil borings GP01 
through GP08 (see Figure ES for locations). 

Generally lower FC concentrations were observed for surface soil samples 
collected. These results are expected since clean fill was brought in and graded 
during the 1983-1984 remediation at the Site. The range of FC concentrations for 
five key compounds detected in surface soils north of Highway 5 are as follows: 
perfluorooctane sulfonate (PFOS) - 24.6 to 1,460 ppb, perfluorooctanoic acid 
(PFOA) - 0.8 to19.0 ppb, perfluorohexane sulfonate (PFHS) - ND (not detected) 
to 9.4 ppb, perfluorobutanoic acid (PFBA) - ND to 12.5 ppb, and perfluorobutane 
sulfonate (PFBS) - ND to 2.8 ppb. No surface samples for VOCs were collected 
based on the low OVM readings taken at the Site. 

The range of FC concentrations for the December 2006 sampling, for all soil 
depths, are as follows: PFOS - 20.6 to 108,000 ppb, PFOA - 0.8 to 18,500 ppb, 
PFHS - ND to 5,585 ppb, PFBA - ND to 1,600 ppb, and PFBS - ND to 224 ppb. 

The FCs with the greatest levels detected were PFOS and PFOA. Concentrations 
of these two compounds ranged from 0.8 to 108,000 ppb. PFBA, PFBS and 
PFHS were detected at concentrations ranging from ND to 5,585 ppb. The 
remaining seven compounds ranged from ND to 1,230 ppb. 
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The data generated from samples collected in December 2006 is consistent with 
that from samples collected in November/December 2005. Taken in combination, 
this data provides good delineation of FC concentrations in the study area, i.e., the 
area where soil borings were installed. 

¯ The combined 2005 and 2006 soil data indicates significantly lower 
concentrations at all depths for samples collected on the western, northern and 
eastern edges of the study area. 

The highest concentrations for PFOS, PFOA and PFBA were observed in the 3.5 
to 9 feet below ground surface (ft bgs) depth range within the study area. 

Soil samples collected from borings ASB31, ASB32, and ASB40 for VOC 
analysis indicate the presence of VOCs, such as benzene, toluene, ethylbenzene, 
and xylenes (BTEX), 1,2,4-trimethylbenzene (1,2,4-TMB), 1,3,5-TMB, 
isopropylbenzene, n-propylbenzene, and p-isopropyltoluene and other VOCs such 
as 1,1,2-trichloroethane (1,1,2-TCA), 1,2-dichloroethane (1,2-DCA), methyl 
isobutyl ketone (MIBK), acetone, methyl ethyl ketone (MEK), 
tetrachloroethylene (PCE), and trichloroethylene (TCE). The VOC compounds 
observed are consistent with those detected in routine monitoring of the 
groundwater recovery system that has been in continuous operation at the Site 
since 1985 to contain and remove such compounds. The groundwater pumped 
from this system is discharged to the Metropolitan Council of Environmental 
Services (MCES) sanitary sewer system for treatment. 

According to the Washington County topographic survey, the bottom elevation of 
the ditches along the north side of Highway 5 is between 1002 and 1004 feet 
AMSL. Hydrographs for wells W22 and W26 depicting groundwater elevations 
from 1985 to 2006, indicate that the highest groundwater elevations are lower 
than the bottom elevation of the ditches. These findings indicate that groundwater 
from the site is not entering the ditches along the north side of Highway 5. 

In accordance with the requirements of the Consent Order Section VI and Exhibit C, 

Section III.E.3, the development and screening of response action alternatives for the Site 

soil and groundwater will be based on the List of Possible Technology Types, as 

endorsed by the MPCA Commissioner in his approval of the RI Report and FS Work 

Plan, and any other technology types identified by 3M or the MPCA Commissioner prior 

to the approval of the RI Report. 

Possible general response actions have been identified for the Site based on the 

information and data provided in the RI. In accordance with MPCA and EPA guidance 

on conducting feasibility studies, the general response actions, response technology type, 
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and associated process options have been subjected to an initial screening process on the 

basis of technical implementability. The general response action/technology types and 

process options that have been retained as the List of Possible Technology Types are as 

follows: 

LIST OF POSSIBLE, TECHNOLOGY TYPES 

¯ 

Groundwater 

¯ 

Removal - Excavation 

Treatment - Thermal 
Incineration 

Disposal - Landfill 
- New landfill 
- Existing landfill 

Containment - Cap 
- Soil/clay cap 
- Engineered multilayer cap 

Institutional and Site Controls - Access restrictions 
- Deed restrictions 
- Fencing 

No action 

Collection - Groundwater recovery/Subsurface drain 

- Recovery wells 
- Interceptor trench 

Treatment - Physical 
- Activated carbon 
- Ion exchange resin 
- Reverse osmosis 
- Air stripping 

Discharge - Off-site 
Off-site POTW 

Containment - Cap/Vertical barriers 
- Soil/clay cap 
- Engineered multilayer cap 
- Slurry wall 
- Sheet piling 
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Treatment - Off-site 
Off-site POTW 

Institutional and Site Controls 
- Deed restrictions 
- Fencing 
- Alternate water supply 
- Monitoring 

No action 

Upon approval of the RI Report and FS Work Plan by MPCA, these technology types and 

associated process options will be assembled into response action alternatives for 

screening and further evaluation. The FS Work Plan, which provides a description of the 

response alternative development, screening, and evaluation process, is being submitted 

concurrently with this RI Report. 
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1. INTRODUCTION 

1.1 BACKGROUND AND SITE ASSESSMENT HISTORY 

Since 1980, the 3M Company (3M) has worked with the Minnesota Pollution Control 

Agency (MPCA) in the investigation and remediation of the former Oakdale disposal site 

in Oakdale, Minnesota (Site). The Site consists of three former waste disposal areas, 

identified as the Abresch, Brockman, and Eberle areas, that had received wastes from the 

3M St. Paul area sites, the 3M Cottage Grove, Minnesota facility, and other 

companies/entities from the 1940s to 1960. Investigations and follow-up actions have 

been previously completed for the Brockman and Eberle areas. The subject of this report 

is the Abresch area which will be referred to as the Site. 

In the early 1980s, 3M conducted an investigation to characterize the presence of volatile 

organic compounds (VOCs) in various environmental media and to develop an 

understanding of Site hydrogeology. In July 1983, 3M entered into a Consent Order with 

the MPCA and the United States Environmental Protection Agency (USEPA) to perform 

remedial actions at the Site. Subsequently, 3M removed waste materials and impacted 

soils from the Site and, in 1985, installed a groundwater recovery system to remove 

shallow groundwater impacted by VOCs and other constituents at, and adjacent to, 

suspected source areas. 3M has operated the groundwater recovery system continuously 

since 1985 to contain the shallow- groundwater impacted by the VOCs. 3M conducts 

routine groundwater monitoring to track remediation progress. There are currently seven 

pumping wells and a monitoring well network. Since the start of the remediation 

program at the Site, several 5-year reviews have been conducted with the MPCA and 

USEPA. The groundwater recovery system is effectively capturing shallow groundwater 

to the south of Highway 5. 

More recently, 3M has been working with the MPCA to assess the presence and extent of 

fluorochemicals (FCs) at the Site. 3M conducted an initial screening level sampling of 

the Site in 2004 and FCs were detected in the discharge from the groundwater recovery 

system. Subsequently, the MPCA requested that 3M prepare an enhanced sampling plan 
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to further assess occurrence of FCs in the Site groundwater. 3M submitted an enhanced 

sampling plan, prepared by Weston Solutions, Inc. (WESTON®) in February 2005. In 

March 2005, after receiving MPCA approval, 3M began implementing the enhanced 

sampling activities at the Site. 

The results of the assessment were presented in the Grounch~ater Data Assessment 

Report Fluorochemical Investigation (Groundwater Data Assessment Report) 

(WESTON, July 2005), which was submitted to the MPCA in July 2005. Based upon the 

findings presented in the report, 3M recommended that additional assessment activities 

be conducted at the site. In a letter to 3M dated 7 September 2005, the MPCA approved 

the Groundwater Data Assessment Report and had additional requests for assessment 

work. Accordingly, WESTON prepared the Supplemental Fluorochemical (FC) 

Investigation Work Plan for the Oakdale Site (Supplemental FC Work Plan) (WESTON, 

October 2005), which incorporated the recommendations presented in the Groundwater 

Data Assessment Report and those requested by MPCA in the 7 September 2005 

correspondence to 3M. The Supplemental FC Work Plan was submitted to the MPCA on 

7 October 2005 and approved by the MPCA on 31 October 2005 with requests for 

additional assessment activities. 

From November 2005 through March 2006, 3M implemented the supplemental FC 

assessment program at the Site in accordance with the MPCA-approved Supplemental FC 

Work Plan and the subsequent request for additional activities by the MPCA. The results 

of the program were summarized in the Supplemental Fluorochemical (FC) Data 

Assessment Report (WESTON, September 2006), which was submitted to the MPCA in 

September 2006. 

Addendum 1 to the Supplemental Fluorochemical (FC) Investigation Work Plan 

(WESTON, November 2006) was submitted to the MPCA in November 2006 and 

subsequently approved by the MPCA. Under Addendum 1, additional field work was 

performed by WESTON at the Site in December 2006. The objectives of the additional 

field work were to: 

M:~I2CON 53CWOLDERS.0-9X3M-OAKDALEvDec 20068oil Investigati~l\OakdaleDec2006 Report Soils Revdoc.doc 

1-2 

2163.0013 

3M MN04969198 



Refine the understanding of the site hydrogeology and evaluate the effectiveness 
of the existing groundwater extraction wells, and 

Collect additional soil samples from the area north of Highway 5 for FC analysis 
and evaluate possible response actions for this area. 

In discussions with the MPCA, it was agreed that two reports would be prepared. The 

first report would address the effectiveness of the groundwater recovery system. 

Accordingly, the Assessment of the Effectiveness of the E~cisting Gro~mdwater Recovery 

System report was submitted to the MPCA on 9 April 2007 (WESTON, April 2007). The 

second report would present the findings of the remaining Addendum 1 assessment 

activities along with possible response actions for the Site. Accordingly, this Remedial 

Investigation Report [Soil Supplemental FC Data Assessment Addendum 1] constitutes 

the second submittal, which has been prepared to address the remainder of the Addendum 

1 assessment activities. 

3M has entered into a Settlement Agreement and Consent Order (Consent Order) for the 

purpose of providing remedial investigations and response actions to address FCs at the 

Site. The Consent Order became effective on May 22, 2007. It requires that 3M conduct 

a Remedial Investigation/Feasibility Study (RI!FS) with respect to release or threatened 

release of FCs at and from the Site. In the Consent Order, MPCA acknowledges that 3M 

has already completed a significant amount of work at the Site and that the following 

documents are in partial satisfaction of the RI!FS requirements: 

¯ Groundwater Data Assessment Report Fluorochemical Investigation (July 
2005) 

¯ Supplemental FluorochemicalData Assessment Report ( September 2006) 

¯ Assessment of the Effectiveness of the Existing Groundwater Recovery 
System (April 2007) 

It is further stated in the Consent Order that by June 15, 2007, 3M shall submit a RI 

report which summarizes the above MPCA approved investigations, and shall include a 

FS workplan to address possible response actions. Accordingly, pending MPCA 

approval, this document is the Remedial Investigation Report, and together with the three 
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documents listed above, constitutes the entire RI program for the Site. The FS Work Plan 

is being submitted concurrently with the RI report as a separate document. 

1.2 REPORT ORGANIZATION 

This Remedial Investigation Report is organized into the following sections: 

Section 1 - Introduction. This section contains the Site background and 
assessment history. 

Section 2 - Site Setting. This section contains a description of the Site location 
and geology. 

Section 3 - Snmmary of Field Activities. This section contains a description of 
the soil sampling activities that were conducted in the area north of Highway 5 in 
December 2006 and the well abandonment activities on the adjacent Menards 
retail property. 

Section 4 - Results of the Assessment. This section contains an explanation of 
the data reduction process, a summary of the soil sampling analytical results from 
the December 2006 soil sampling event, and a discussion of the topography of the 
area north of Highway 5 with respect to historic groundwater elevation data from 
monitoring wells W22 and W26. 

Section 5 - Sum~nary of Observations. Section 5 contains a summary of key 
observations from the RI activities conducted in accordance with Addendum 1 to 
the Supplemental Fhtorochemical (FC) blvestigation Work Plan. 

Section 6 - Development and Screening of Response Action Alternatives. 
This section contains a summary of the initial technology evaluation that was 
performed to prepare the List of Possible Technology Types to address FCs in soil 
and groundwater at the Site. It also contains an abbreviated discussion on the FS 
Work Plan (submitted concurrently with this report), which provides a detailed 
explanation of the FS process that will be followed so that a response action 
alternative or alternatives can be selected and implemented at the site. 

Tables and figures are provided at the end of the report for ease of review. 
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2. SITE SETTING 

2.1 SITE LOCATION AND DESCRIPTION 

The focus of this report is the area north of Minnesota State Highway 5 (Highway 5) at 

the Abresch area, which is shown in Figure 1. The Abresch area is approximately 55 

acres and most of it is owned by 3M. The Thomas Griffith landscaping business is 

located on the southeast corner of the area, and Highway 5 and associated right-of-way 

passes through the northern part of the area. The Site is currently undeveloped and 

generally inaccessible due to wetlands and low-lying drainage areas along with fencing 

that restricts access to portions of the site property. As shown in Figure 1, the site 

straddles Highway 5. It is bounded to the north by upper 35th Street; to the east by 

Hadley Avenue and commercial businesses; to the south by a railroad right-of-way; and 

to the west by Granada Avenue and commercial property. 

The ground surface elevation north of Highway 5 is elevated relative to the neighboring 

properties. Two small ponds are present in northeast and northwest corners of the 

property, and a small drainage ditch is present that originates at the pond in the northwest 

corner of the site, and extends in a southerly direction under Highway 5. This drainage 

ditch was dry in December 2006 and was observed to contain flowing water during wet 

seasons and/or following storm events. 

2.2 SITE GEOLOGY 

Geologic data collected during previous site investigations (Barr, 1982, 1984) indicate 

that the Site is immediately underlain by a complex system of unconsolidated sediments. 

An upper (shallow) alluvium composed predominantly of silty sand with interbeds of 

sandy clay till is encountered in the shallow subsurface, and a lower alluvium composed 

of clean sand to silty sand. The upper and lower alluvium (basal) sands are separated 

across most of the Site by a prominent till bed approximately 20 feet in thickness. 

Borings constructed in the western part of the site indicate a gap in the till allowing 

contact between the upper and lower sand sequences. The estimated lateral extent of this 
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gap in the till is reflected by hatch marks shown in Figure 2. The alluvium and glacial till 

sequences are approximately 65 to 90 feet thick at the Site. Figure 3 presents a north- 

south cross section through the Site, and the cross section orientation is shown in Figure 

The Site is located over the eastern portion of the Twin City Basin, and as a result, the 

underlying sedimentary bedrock formations dip, generally, to the west. The uppermost 

subcropping bedrock unit in the vicinity of the Site is the Decorah Shale, which is 

described as a greenish-gray or olive-gray, fissile, fossiliferous shale. This unit is 

discontinuous beneath the Site and is no more than 6 to 8 feet thick. Soil boring logs 

indicate that the Decorah Shale does not extend under the southern half of the area 

(Figure 2). 

The unit underlying the Decorah Shale is the Platteville Limestone. This unit is 

described as a medium- to very fine-grained dolomite or dolomitic limestone and is 

approximately 20 to 35 thick in the area of the Site. The Platteville likely subcrops in 

areas where the Decorah shale is believed to be absent. The Platteville is characterized 

by fractures and solution channels. 

The Platteville Limestone is underlain by the Glenwood Shale, which is described as a 

green-gray or olive gray, fissile, fossiliferous shale containing scattered limestone beds. 

The Glenwood acts as a confining unit in the area restricting the vertical movement of 

groundwater from the Platteville Limestone to the underlying bedrock aquifers. It has a 

sharp non-erosional contact with the overlying Platteville Limestone, while its lower 

boundary grades into the underlying St. Peter Sandstone. The reported thickness of the 

Glenwood Shale is 3 to 6 feet in the area of the Site. 

Underlying the Glenwood Shale is the St. Peter Sandstone. This unit is described a light 

yellow or white, well-sorted, quartzose sandstone. It is an aquifer of importance in the 

Twin Cities area and is intercepted by industrial, commercial and residential wells in the 

Twin Cities area. The St. Peter Sandstone is estimated to be between 150 and 165 feet 

thick in the vicinity of the Site. 
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The Prairie du Chien Group underlies the St. Peter Sandstone and is predominantly 

comprised of fine-to medium-grained dolomite and sandy dolomite with some 

interbedded quartzose sandstone. The Group is 125 to 135 feet thick in the vicinity of the 

Site. Groundwater flow in the Prairie du Chien Group is controlled by fractures, joints, 

and solution channels. 

The Prairie du Chien Group is underlain by the Jordan Sandstone, which is described as a 

coarse- to medium-grained quartzose sandstone. Since no aquitard separates the Prairie 

du Chien and the Jordan sandstone, they are often considered to be one hydrologic unit, 

although the rate of groundwater movement through the two units can be significantly 

different. Together, the two units form the primary bedrock aquifer in the Twin Cities 

area and are used as the source of water by most of the suburban communities that rely 

on groundwater. Most new municipal and industrial wells constructed for potable water 

supply purposes are required to be cased through the Praire du Chien Group. The Jordan 

Sandstone is approximately 80 to 85 thick in the vicinity of the Site. 
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3. SUMMARY OF FIELD ACTIVITIES 

3.1 SOIL SAMPLING 

Soil sampling activities were conducted in accordance with the Supplemental FC Work 

Plan and Addendum 1. Field procedures were consistent with MPCA site 

characterization and sampling guidance and standard operating procedures (SOPs) 

previously established under the FC assessment program. 

On 4 December and 5 December 2006, WESTON constructed thirteen soil borings at the 

Site north of Highway 5 using Geoprobe® drilling technology. The soil boring locations 

for this sampling event (ASB31 to ASB43) and the previous soil sampling event (GP01 

to GP08), which was performed in November and December 2005, are presented in 

Figure 4. 

At each boring location, soil samples were collected continuously to a depth of 15 feet 

below ground surface (ft bgs) for descriptive logging and to vertically evaluate soil 

conditions. The soil was described by an experienced geologist noting color, texture, 

moisture content, and any staining, debris, or odors. Aliquots of soil were also screened 

for total organic vapors using an organic vapor meter (OVM). OVM readings were 

recorded onto the boring logs. A copy of the boring logs is provided in Appendix A. 

Soil samples also were collected for laboratory analyses. In accordance with the Work 

Plan and Addendum 1, discrete soil samples were collected from the borings at the 0 - 

0.5, 1.5 - 2.0, 3.5 - 4, and 5.5 - 6 ft bgs depth intervals. Since a shallow discrete sample 

from 0-0.5 ft bgs had been collected from previous borings GP04, GP05, and GP08, a 

sample was not collected from this interval at borings ASB39, ASB41, and ASB43, 

which were constructed at or near the same locations as GP04, GP05 and GP08, 

respectively. An additional discrete soil sample was collected from each boring within 

the 5 - 10 ft bgs interval. The depth selected for this sample was based on OVM 

measurements and visual soil observations at each location. 
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The soil samples were submitted to Exygen Research Laboratory of State College, 

Pennsylvania for FC analysis. Twelve FC parameters were analyzed under Good 

Laboratory Practices (GLP) Protocol P0002561 that has been established for analyses of 

all the samples collected as part of the FC assessment programs being conducted at 3M’s 

Minnesota sites. WESTON collected additional samples as part of the investigation 

quality assurance and quality control (QA/QC) program. These included duplicate 

samples, equipment rinsate blanks, and trip blanks. A summary of the collected soil and 

QA/QC samples is presented in Table 1. 

Three soil samples also were collected for VOC analysis. The samples were collected at 

separate boring locations based on significant OVM screening data for the site. The 

borings selected for VOC sampling included ASB31 (7-8 ft bgs), ASB32 (5-6 ft bgs), and 

ASB40 (8-9 ft bgs). The samples were submitted to Severn Trent Laboratories (STL) of 

University Park, Illinois for VOC analysis. 

3.2 WELL ABANDONMENT 

Three nested wells (RW39, RW40, and PL43) were constructed in the southeastern 

corner of the Menards retail property for the 2006 assessment activities. Menards has 

constructed a new- store facility on the property and requested that the wells be abandoned 

and removed upon completion of sampling. The wells have been sampled twice for FCs 

and the analytical results are summarized in Table 2. As indicated in the table, the FCs 

were not detected or detected at low concentrations (e.g., the maximum detected FC 

concentration was 0.0511 ppb PFBS). 

In accordance with the MPCA-approved Addendum 1 to the Supplemental 

Fh¢orochemical (FC) Investigation Work Plan and with the State of Minnesota Water 

Well Code, wells RW39, RW40, and PL43 were abandoned on December 13, 2006 by 

American Engineering Testing, Inc., a Minnesota-licensed driller. A copy of the well 

sealing records is provided in Appendix B. 

M:~I2CON 53CWOLDERS.0-9X3M-OAKDALE~Dec 2006Soil Investigati~l\OakdaleDec2006 Report Soils Revdoc.doc 

3-2 

3M MN04969205 

2163.0020 



4. RESULTS OF THE ASSESSMENT 

4.1 SUMMARY OF THE ANALYTICAL DATA REDUCTION PROCESS 

Analytical data for FCs have been reported in Interim Reports from Exygen Research 

Laboratory. In instances where quality control (QC) data on spike or surrogate spike 

recoveries associated with a sample were outside an assessed accuracy of + 30%, QC 

data were reviewed and the accuracy assessed on a sample by sample basis. For data 

outside an assessed accuracy of + 60%, or where the endogenous concentrations of the 

analyte in a medimn were over three times greater than the highest spike concentration, 

the data are not reported (NR) because they do not meet data quality objectives. Other 

data reported with non-numerical values include results that are assigned ND (not 

detected) because the analyte was not detected at, or above, the Limit of Quantitation 

(LOQ). 

In addition to each primary sample analysis, a duplicate sample analysis was performed. 

Re-extraction and reanalysis were performed to provide quantitative results or confirm 

initial analytical results of selected samples. The primary and duplicate results were 

reduced to a single value in order to simplify reporting. The data reduction process 

consisted of calculating the average concentration (arithmetic mean) for sets comprised 

of numeric values. In instances with mixed numeric values and non-numeric values 

(ND), the numeric values were carried through to represent the media concentrations. It 

should be noted that this data reduction convention is conservative and may result in 

overestimation of actual concentrations. 

4.2 SOIL SAMPLING ANALYTICAL RESULTS 

The FC and VOC analytical results for the soil samples collected north of Highway 5 in 

December 2006 are summarized in Tables 3 and 4, respectively. Table 5 presents a 

summary of the OVM readings recorded in the field. A copy of the soil analytical data 

packages is provided in Appendix C. It should be noted per the agreement with the 

MPCA, that the FC analytical data packages in Appendix C have been provided without 
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their appendices due to their large size and to facilitate paper reduction. The data 

packages including appendices are on file with WESTON and can be provided upon 

request. 

To facilitate a comparison of the data and to be consistent with data presentation in the 

2006 Supplemental Data Assessment Report, the FC analytical summarized in Table 3 

includes: perfluorobutane sulfonate (PFBS), perfluorohexane sulfonate (PFHS), 

perfluorooctane sulfonate (PFOS) and perfluorooctanoic acid (PFOA).    Since 

perfluorobutanoic acid (PFBA) is a recent compound of interest, it also is included. A 

complete data summary table including all 12 FC compounds is provided in Appendix B. 

Generally lower concentrations are observed for surface soil samples (0 - 0.5 ft bgs) 

collected. These results are expected since clean fill was brought in and graded during 

the 1983-1984 remediation at the Site. The range of FC concentrations for five key 

compounds detected in surface soils north of Highway 5 are as follows: PFOS - 24.6 to 

1,460 ppb, PFOA- 0.8 to19.0 ppb, PFHS - ND (not detected) to 9.4 ppb, PFBA - ND to 

12.5 ppb, and PFBS - ND to 2.8 ppb. No surface samples for VOCs were collected based 

on the low OVM readings taken at the Site and summarized in Table 5. 

The range of FC concentrations for the December 2006 sampling, for all soil depths, are 

as follows: PFOS - 20.6 to 108,000 ppb, PFOA - 0.8 to 18,500 ppb, PFHS - ND to 5,585 

ppb, PFBA - ND to 1,600 ppb, and PFBS - ND to 224 ppb. 

The FCs with the greatest levels detected in soils were PFOS and PFOA. Concentrations 

of these two compounds ranged from 0.8 to 108,000 ppb. PFBA, PFBS, and PFHS were 

detected at concentrations ranging from ND to 5,585 ppb. The remaining seven 

compounds ranged from ND to 1,230 ppb. 

To be consistent with data presentation in the 2006 Supplemental Data Assessment 

Report, Figure 5 depicts the PFOA and PFOS soil concentrations. Since PFBA is a 

recent compound of interest, it is also included. 

As shown in Table 4, several VOCs were detected in the soil samples. The primary 

VOCs detected were: benzene, toluene, ethylbenzene, and xylenes (BTEXs), as well as, 
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1,2,4-trimethylbenzene (TMB), 1,3,5-TMB, isopropylbenzene, n-propylbenzene and p- 

isopropyltoluene. Other VOCs detected in the soil samples include: 1,1,2- 

tricholoroethane (TCA), 1,2-dichloroethane (DCA), 4-methyl-2-pentanone (MIBK), 

acetone, methyl ethyl ketone (MEK), tetrachoroethene (PCE), and trichloroethene (TCE). 

The VOC compounds observed are consistent with those detected in routine monitoring 

of the groundwater recovery system that has been in continuous operation at the Site 

since 1985 to contain and remove such compounds. The groundwater pumped from this 

system is discharged to the Metropolitan Council of Environmental Services (MCES) 

sanitary sewer system for treatment. 

4.3 TOPOGRAPHIC SURVEY MAP 

Topographic survey data for the study area was obtained from the Washington County 

Survey and Land Management Division. The topography was available at 2 ft contour 

intervals to aid in establishing ground surface elevations north and south of State 

Highway 5, and for various surface water and drainage features in the study area. These 

include the drainage ditches along State Highway 5 and surface elevations for other 

ditches and wetlands in the area. The topographic survey map, as well as the site monitor 

and groundwater recovery well network, is shown in Figure 6. An enlarged topographic 

survey map of the area north of Highway 5 is shown in Figure 7. 

A comparison was made between the elevation of drainage ditches along the north side of 

Highway 5 and historical groundwater elevations observed in monitor wells north of 

Highway 5 to assess whether groundwater could be discharging to these ditches. As 

shown in the topographic contours in Figure 7, the lowest elevation of the drainage 

ditches on the north side of Highway 5 is between 1002 and 1004 feet above mean sea 

level (ft AMSL). This drainage ditch is between monitor well W26 and Highway 5. A 

hydrograph depicting historical groundwater elevation data from 1985 through to 2006 

for monitor wells W22 and W26 is presented in Figure 8. As shown in Figure 8, the 

groundwater elevation data for monitor wells W22 and W26 are lower than the estimated 

elevation of the lowest lying on-site drainage ditch to the north of Highway 5. The actual 

groundwater elevation beneath the drainage ditch would be lower than the elevation for 
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monitor well W26 since groundwater elevations decline to the south. To further illustrate 

this point, cross section A-A’ in Figure 9 shows with respect to the ditch, the highest, 

lowest and average water level elevations recorded at groundwater monitoring well W26 

during the period extending from 1985 to 2006. The location of cross section A-A’ is 

shown in Figure 7. As shown in Figure 9, the highest elevation recorded at W26 

occurred on October 7, 1985 and the lowest occurred on November 5, 2001. Both of 

these elevations were below the bottom of the ditch. During the time period extending 

from 1985 to 2006, groundwater levels at W26 have fluctuated between the two extremes 

and have averaged 999 feet above mean sea level, well below the bottom of the ditch. 

These findings indicate that groundwater is not entering the ditches along the north side 

of Highway 5. 
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5. SUMMARY OF OBSERVATIONS 

The following is a summary of key observations from the RI activities conducted in 

accordance with Addendum 1 to the Supplemental Fluorochemical Investigation (FC) 

Work Plan: 

FCs levels in soil samples from borings ASB31 through ASB43 confirmed 
concentrations that were consistent with the 2005 FC data from soil borings GP01 
through GP08. 

Generally lower FC concentrations were observed for surface soil samples 
collected. These results are expected since clean fill was brought in and graded 
during the 1983-1984 remediation at the Site. The range of FC concentrations for 
five key compounds detected in surface soils north of Highway 5 are as follows: 
PFOS - 24.6 to 1,460 ppb, PFOA- 0.8 to19.0 ppb, PFHS - ND (not detected) to 
9.4 ppb, PFBA - ND to 12.5 ppb, and PFBS - ND to 2.8 ppb. No surface samples 
for VOCs were collected based on the low OVM readings taken at the Site. 

The range of FC concentrations for the December 2006 sampling, for all soil 
depths, are as follows: PFOS - 20.6 to 108,000 ppb, PFOA - 0.8 to 18,500 ppb, 
PFHS - ND to 5,585 ppb, PFBA - ND to 1,600 ppb, and PFBS - ND to 224 ppb. 

The FCs with the greatest levels detected in soils were PFOS and PFOA. 
Concentrations of these two compounds ranged from 0.8 to 108,000 ppb. PFBA, 
PFBS, and PFHS were detected at concentrations ranging from ND to 5,585 ppb. 
The remaining seven compounds ranged from ND to 1,230 ppb. 

The data generated from samples collected in December 2006 is consistent with 
that from samples collected in November/December 2005. Yaken in combination, 
this data provides good delineation of FC concentrations in the study area, i.e., the 
area where soil borings were installed. 

¯ The combined 2005 and 2006 soil data indicates significantly lower 
concentrations at all depths for samples collected on the western, northern and 
eastern edges of the study area. 

The highest concentrations for PFOS, PFOA and PFBA were observed in the 3.5 
to 9 ft bgs depth range within the study area. 

Soil samples collected from borings ASB31, ASB32, and ASB40 for VOC 
analysis indicate the presence of VOCs, such as BTEX, 1,2,4-TMB, 1,3,5-TMB, 
isopropylbenzene, n-propylbenzene, and p-isopropyltoluene and other VOCs such 
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as 1,1,2-TCA, 1,2-DCA, MIBK, acetone, MEK, PCE, and TCE. The VOC 
compounds observed are consistent with those detected in routine monitoring of 
the groundwater recovery system that has been in continuous operation at the Site 
since 1985 to contain and remove such compounds. The groundwater pumped 
from this system is discharged to the MCES sanitary sewer system for treatment. 

According to the Washington County topographic survey, the bottom elevation of 
the ditches along the north side of Highway 5 is between 1002 and 1004 feet 
AMSL. Hydrographs for wells W22 and W26 depicting groundwater elevations 
from 1985 to 2006, indicate that the highest groundwater elevations are lower 
than the bottom elevation of the ditches. These findings indicate that groundwater 
from the site is not entering the ditches along the north side of Highway 5. 
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= 

DEVELOPMENT AND SCREENING OF RESPONSE ACTION 
ALTERNATIVES 

In accordance with the requirements of the Consent Order Section VI and Exhibit C, 

Section III.E.3, the development and screening of response action alternatives for the Site 

soil and groundwater will be based on the List of Possible Technology Types, as 

endorsed by the MPCA Commissioner in his approval of the R1 Report and FS Work 

Plan, and any other technology types identified by 3M or the MPCA Commissioner prior 

to the approval of the RI Report. The following section provides the List of Possible 

Technology Types for the Site and a description of the process that was used to develop 

this list. 

The FS Work Plan, which is being submitted concurrently with this report, includes a 

description of how this list will be used to develop response action alternatives, which 

will be screened for further evaluation. The FS Work Plan also provides an explanation 

of the screening process and thrther evaluation of the retained response action 

alternatives, as well as, a recommendation for implementation of the selected response 

action alternative and associated conceptual design. 

6.1 LIST OF POSSIBLE TECHNOLOGY TYPES 

It is important to note that soil and groundwater at the Site are being considered as 

separate operable units. As such, a technology evaluation is provided for each media so 

that media-specific technologies can be combined into response action alternatives for 

each media. 

General response actions have been identified for the Site based on the information and 

data provided in this RI. The general response actions, response technology type, and 

associated process options are presented in Table 6 for soil and Table 7 for groundwater 

along with a brief description of the process option and a screening comment. In their 

guidance, EPA states "During this screening step, process options and entire technology 

types are eliminated from further consideration on the basis of technical 

implementability", (EPA,1988). The general response action!technology types and 

M:~I2CON 53CWOLDERS.0-9X3M-OAKDALEvDec 20068oil Investigati~l\OakdaleDec2006 Report Soils Revdoc.doc 

6-1 

3M MN04969212 

2163.0027 



process options that have been retained as the List of Possible Technology Types from 

this initial screening are summarized below: 

LIST OF POSSIBLE, TECHNOLOGY TYPES 

¯ 

Groundwater 

¯ 

Removal - Excavation 

Treatment - Thermal 
Incineration 

Disposal - Landfill 
- New landfill 
- Existing landfill 

Containment - Cap 
- Soil/clay cap 
- Engineered multilayer cap 

Institutional and Site Controls - Access restrictions 
- Deed restrictions 
- Fencing 

No action 

Collection - Groundwater recovery/Subsurface drain 

- Recovery wells 
- Interceptor trench 

Treatment - Physical 
- Activated carbon 
- Ion exchange resin 
- Reverse osmosis 
- Air stripping 

Discharge - Off-site 
Off-site POTW 

Containment - Cap/Vertical barriers 
- Soil/clay cap 
- Engineered multilayer cap 
- Slurry wall 
- Sheet piling 

Treatment - Off-site 
Off-site POTW 
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Institutional and Site Controls 
- Deed restrictions 
- Fencing 
- Alternate water supply 
- Monitoring 

No action 

Upon approval of the RI Report and FS Work Plan by MPCA, these technology types and 

associated process options will be assembled into response action alternatives for 

screening and further evaluation. The FS Work Plan, which provides a description of the 

technology screening and response alternative development, screening and evaluation 

process, is being submitted concurrently with this R! Report. 
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Table 1 Summary of Soil and QA/QC Samples - December 2006 
Area North of Highway 5 

Oakdale, MN 

Soil 

Borin~l 

ASB31 

ASB32 

ASB33 

ASB34 

ASB35 

ASB36 

ASB37 

Sample Sample Interval 
Sample ID Matrix (ft bgs) 

©KMN-SB-ASB31-0-0 Soil 0-0.5 

©KMN-SB-ASB31-0-15 Soil 1.5 - 2.0 

OKMN-SB-ASB31-0-35 Soil 3.5 - 4.0 

©KMN-SB-ASB31-0-55 Soil 5.5 - 6.0 

OKMN-SB-ASB31-0-70 Soil 7.0 - 7.5 

©KM N-SB-ASB31-0-61204 Soil 7.5 - 8.0 

©KMN-SB-ASB32-0-0 Soil 0-0.5 

OKMN-SB-ASB32-0-15 Soil 1.5 - 2.0 

©KMN-SB-ASB32-DB-15 Soil 1.5 - 2.0 

OKMN-SB-ASB32-0-35 Soil 3.5 - 4.0 

©KMN-SB-ASB32-0-55 Soil 5.5 - 6.0 

OKMN-SB-ASB32-0-61204 Soil 5.5 - 6.0 

OKMN-SB-ASB32-0-75 Soil 7.5 - 8.0 

©KM N-SB-ASB32-RB-61204 Water -- 

OKMN-SB-ASB33-0-0 Soil 0-0.5 

©KMN-SB-ASB33-0-15 Soil 1.5 - 2.0 

OKMN-SB-ASB33-0-35 Soil 3.5 - 4.0 

OKMN-SB-ASB33-DB-35 Soil 3.5 - 4.0 

©KMN-SB-ASB33-0-55 Soil 5.5 - 6.0 

©KMN-SB-ASB33-0-85 Soil 8.5 - 9.0 

©KMN-SB-ASB34-0-0 Soil 0-0.5 

OKMN-SB-ASB34-0-15 Soil 1.5 - 2.0 

©KMN-SB-ASB34-0-35 Soil 3.5 - 4.0 

©KMN-SB-ASB34-0-55 Soil 5.5 - 6.0 

©KMN-SB-ASB34-0-85 Soil 8.5 - 9.0 

©KMN-SB-ASB35-0-0 Soil 0-0.5 

OKMN-SB-ASB35-0-15 Soil 1.5 - 2.0 

©KMN-SB-ASB35-0-35 Soil 3.5 - 4.0 

©KMN-SB-ASB35-DB-35 Soil 3.5 - 4.0 

©KMN-SB-ASB35-0-55 Soil 5.5 - 6.0 

©KMN-SB-ASB35-0-85 Soil 8.5 - 9.0 

OKMN-SB-ASB36-0-0 Soil 0-0.5 

©KMN-SB-ASB36-0-15 Soil 1.5 - 2.0 

OKMN-SB-ASB36-DB-15 Soil 1.5 - 2.0 

©KMN-SB-ASB36-0-35 Soil 3.5 - 4.0 

OKMN-SB-ASB36-0-55 Soil 5.5 - 6.0 

OKMN-SB-ASB36-0-95 Soil 9.5 - 10.0 

©KM N-SB-ASB36-RB-61204 Water -- 

OKMN-SB-ASB37-0-0 Soil 0-0.5 

©KMN-SB-ASB37-0-15 Soil 1.5 - 2.0 

OKMN-SB-ASB37-0-35 Soil 3.5 - 4.0 

OKMN-SB-ASB37-DB-35 Soil 3.5 - 4.0 

©KMN-SB-ASB37-0-55 Soil 5.5 - 6.0 

OKMN-SB-ASB37-0-75 Soil 7.0 - 7.5 

Date 
Sampled 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

FCs 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Sample Parameter / Type 
Equipment 

VOCs Duplicate Rinsate 

X 

X 

X 

X 

X 

X 

X 

X 

X 

~t bgs = feet below ground surface. 

Samples include QA/QC samples consisting of duplicate samples (DB), equipment rinsate samples (RB), 
and laboratory-prepared trip blanks. 
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Table 1 Summary of Soil and QA/QC Samples - December 2006 (continued) 
Area North of Highway 5 

Oakdale, MN 

Soil 

Borin~l 

ASB38 

ASB39 

ASB40 

ASB41 

ASB42 

ASB43 

TRI P 1 

TRI P 2 

Sample ID Matrix (ft bgs) 

OKMN-SB-ASB38-0-0 Soil 0-0.5 

OKMN-SB-ASB38-0-15 Soil 1.5 - 2.0 

OKMN-SB-ASB38-0-35 Soil 3.5 - 4.0 
©KMN-SB-ASB38-DB-35 Soil 3.5 - 4.0 

OKMN-SB-ASB38-0-55 Soil 5.5 - 6.0 

©KMN-SB-ASB38-0-80 Soil 8.0 - 8.5 

©KMN-SB-ASB39-0-15 Soil 1.5 - 2.0 
©KMN-SB-ASB39-DB-15 Soil 1.5 - 2.0 

©KMN-SB-ASB39-0-35 Soil 3.5 - 4.0 

OKMN-SB-ASB39-0-55 Soil 5.5 - 6.0 

©KMN-SB-ASB39-0-70 Soil 7.0 - 7.5 

OKMN-SB-ASB40-0-0 Soil 0-0.5 
©KMN-SB-ASB40-0-15 Soil 1.5 - 2.0 

OKMN-SB-ASB40-0-35 Soil 3.5 - 4.0 

OKMN-SB-ASB40-0-55 Soil 5.5 - 6.0 

©KMN-SB-ASB40-0-61205 Soil 8.5 - 9.0 

OKMN-SB-ASB40-0-90 Soil 9.0 - 9.5 
©KMN-SB-ASB41-0-15 Soil 1.5 - 2.0 

OKMN-SB-ASB41-0-35 Soil 3.5 - 4.0 

OKMN-SB-ASB41-0-55 Soil 5.5 - 6.0 

©KMN-SB-ASB41-0-90 Soil 9.0 - 9.5 

OKMN-SB-ASB41-DB-90 Soil 9.0 - 9.5 
©KMN-SB-ASB42-0-0 Soil 0-0.5 

OKMN-SB-ASB42-0-15 Soil 1.5 - 2.0 

OKMN-SB-ASB42-0-35 Soil 3.5 - 4.0 

©KMN-SB-ASB42-0-55 Soil 5.5 - 6.0 

OKMN-SB-ASB42-0-70 Soil 7.0 - 7.5 
©KM N-SB-ASB42-RB-61204 Water -- 
OKMN-SB-ASB43-0-15 Soil 1.5 - 2.0 

©KMN-SB-ASB43-0-35 Soil 3.5 - 4.0 

©KMN-SB-ASB43-0-55 Soil 5.5 - 6.0 
©KMN-SB-ASB43-0-90 Soil 9.0 - 9.5 

©KMN-SB-TRIP1-0-61204 Water -- 
OKMN-SB-TRIP1-LS-61204 Water -- 
OKMN-SB-TRIP1-HS-61204 Water -- 
OKMN-SB-TRIP2-0-61204 Water -- 
©KMN-SB-TRIP2-LS-61204 Water -- 
©KMN-SB-TRIP2-HS-61204 Water -- 

Sampled FCs 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

5-Dec-06 
5-Dec-06 

5-Dec-06 

5-Dec-06 

5-Dec-06 

5-Dec-06 
5-Dec-06 

5-Dec-06 

5-Dec-06 

5-Dec-06 

5-Dec-06 
5-Dec-06 

5-Dec-06 

5-Dec-06 

5-Dec-06 

5-Dec-06 
5-Dec-06 

5-Dec-06 

5-Dec-06 

5-Dec-06 

5-Dec-06 
5-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 

4-Dec-06 
4-Dec-06 
4-Dec-06 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

Sample Parameter / Type 
VOCs Duplicate Rinsate 

It bgs = feet below ground surface. 

Samples include QA/QC samples consisting of duplicate samples (DB), equipment rinsate samples (RB), 
and laboratory-prepared trip blanks. 
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Table 2 Summary of FC Concentrations Detected in Groundwater Samples 
from Menards Retail Property Wells 

Oakdale, MN 

Sample Location Sample Date Average PFBS Average PFHS Average PFOS Average PFOA 
(ppb, ng/mL) (ppb, ng/mL) (ppb, ng/mL) (ppb, ng/mL) 

02-Mar-06        0.0511         ND            ND             ND 
RW39 

19-Sep-06 ND* ND^ ND° 0.0330 

02-Mar-06 ND ND ND 0.0366 
RW40 

19-Sep-06 ND* ND^ ND° 0.0292 
02-Mar-06        ND            ND            ND             ND 

PL43 
19-Sep-06 ND* ND^ ND° ND 

DB = Field Duplicate 

ND = Not detected at or above 0.0250 ng/mL 

ND* = Not detected at or above 0.0254 ng/rnL 

ND^ = Not detected at or above 0.0253 ng/rnL 

ND° = Not detected at or above 0.0393 ng/rnL 

M:\ECON_530\F©LDERS.0-9\3M-OAKDALE\Dec 2006 Soil Investigation\Table 20akdale - Menards Wells Data.xls 
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Table 3 Summary of FC Concentrations Detected in Soil Samples - December 2006 

Area North of Highway 5 

Oakdale, MN 

Sample 
Sample Average* PFBA Average* PFBS Average* PFHS Average* PFOS Average* PFOA 

Sample ID 
Location 

Interval (ppb, ng/g) (ppb, ng/g) (ppb, ng/g) (ppb, ng/g) (ppb, ng/g) 
(ft bgs) Dry Weight Dry Weight Dry Weight Dry Weight Dry Weight 

OKM N-SB-ASB31-0-0000 0 - 0.5 12.5 N R N R N R 6.35 

OKM N-SB-ASB31-0-0015 1.5 - 2.0 N R 6.39 N R 2038 N R 
OKM N-SB-ASB31-0-0035 ASB31 3.5 - 4.0 219 40.2 581 63350 NR 

OKM N-SB-ASB31-0-0055 5.5 - 6.0 227 19.4 1232 42200 6040 

OKM N-SB-ASB31-0-0070 7.0 - 8.0 337 36.7 N R 64200 9130 

OKM N-SB-ASB32-0-0000 0 - 0.5 N R 2.77 9.35 1300 19.0 
OKMN-SB-ASB32-0-0015 1.5 - 2.0 NR (303) 67.5 (86.2) 935 (1174) 37300 (28300) 4420 (3380) 
OKM N-SB-ASB32-0-0035 ASB32 3.5 - 4.0 812 84.7 NR 108000 11800 
OKM N-SB-ASB32-0-0055 5.5 - 6.0 883 96.1 1180 N R 5460 

OKM N-SB-ASB32-0-0075 7.5 - 8.0 1420 N R 204 N R 1960 

OKM N-SB-ASB33-0-0000 0 - 0.5 7.46 N R 0.612 129 4.29 

OKM N-SB-ASB33-0-0015 1.5 - 2.0 10.8 5.70 N R 4865 642 
OKMN-SB-ASB33-0-0035 ASB33 3.5 - 4.0 13.1 (10.1) 3.78 (NR) NR (50.7) 3630 (5035) NR (NR) 
OKM N-SB-ASB33-0-0055 5.5 - 6.0 N R 17.3 188 5430 755 
OKM N-SB-ASB33-0-0085 8.5 - 9.0 N R N R 1180 10105 3470 

OKM N-SB-ASB34-0-0000 0 - 0.5 N R N D 0.455 N R 7.61 

OKM N-SB-ASB34-0-0015 1.5 - 2.0 9.15 N R 22.0 5375 N R 

OKM N-SB-ASB34-0-0035 ASB34 3.5 - 4.0 49.3 8.65 142 8690 NR 
OKM N-SB-ASB34-0-0055 5.5 - 6.0 N R 26.3 1035 69400 4640 

OKM N-SB-ASB34-0-0085 8.5 - 9.0 1600 224 5585 17550 18050 
OKM N-SB-ASB35-0-0000 0 - 0.5 NR 0.570 N R 235 13.3 

OKM N-SB-ASB35-0-0015 1.5 - 2.0 38.5 12.9 N R 9220 957 

OKMN-SB-ASB35-0-0035 ASB35 3.5 - 4.0 NR (26.3) 22.8 (20.2) NR (115) 32100 (27950) 2975 (NR) 
OKM N-SB-ASB35-0-0055 5.5 - 6.0 146 53.8 445 26600 13050 
OKM N-SB-ASB35-0-0085 8.5 - 9.0 N R 98.3 83.3 N R 3875 

OKM N-SB-ASB36-0-0000 0 - 0.5 11.9 0.434 2.36 1460 16.1 
OKMN-SB-ASB36-0-0015 1.5 - 2.0 52.4 (NR) 7.37 (9.42) 62.7 (68.0) NR (23400) 1073 (1040) 
OKM N-SB-ASB36-0-0030 ASB36 3.5 - 4.0 NR 24.6 NR 37250 1615 

OKM N-SB-ASB36-0-0055 5.5 - 6.0 400 22.4 N R 11450 2715 

OKM N-SB-ASB36-0-0095 9.5 - 10 442 17.0 11.8 88.7 N R 
OKM N-SB-ASB37-0-0000 0 - 0.5 3.90 0.599 2.37 N R N R 

OKM N-SB-ASB37-0-0015 1.5 - 2.0 6.93 2.53 16.4 5515 242 
OKMN-SB-ASB37-0-0035 ASB37 3.5 - 4.0 NR (4.66) 0.900 (1.14) 7.68 (10.6) 2755 (3205) 88.3 (96.4) 
OKM N-SB-ASB37-0-0055 5.5 - 6.0 N R 1.90 8.08 17050 10.5 

OKM N-SB-ASB37-0-0075 7.5 - 8.0 NR 0.178 0.664 672 13.7 

OKM N-SB-ASB38-0-0000 0 - 0.5 1.86 0.583 1.91 346 18.6 
OKM N-SB-ASB38-0-0015 1.5 - 2.0 2.01 0.798 6.04 974 82.1 

OKMN-SB-ASB38-0-0035 ASB38 3.5 - 4.0 7.05 (7.78) 2.01 (2.01) 8.88 (9.47) 1110 (1405) 119 (137) 
OKM N-SB-ASB38-0-0055 5.5 - 6.0 12.1 2.58 10.5 1630 N R 

OKM N-SB-ASB38-0-0080 8.0 - 8.5 17.6 1.76 N R N R N R 

OKM N-SB-ASB39-0-0015 1.5 - 2.0 28.4 (31.2) 9.13 (11.5) 73.3 (88.5) 6405 (5710) 446 (483) 
OKM N-SB-ASB39-0-0035 3.5 - 4.0 82.5 10.6 172 13300 1027 

ASB39 
OKM N-SB-ASB39-0-0055               5.5 - 6.0        306            22.7             N R             N R            1400 

OKM N-SB-ASB39-0-0070 7.0 - 7.5 192 13.5 208 N R 944 
OKM N-SB-ASB40-0-0000 0 - 0.5 N R 0.287 N D 209 N R 

OKM N-SB-ASB40-0-0015 1.5 - 2.0 0.368 0.504 0.865 206 6.79 

OKM N-SB-ASB40-0-0035 ASB40 3.5 - 4.0 1.41 0.496 2.26 374 22.1 

OKM N-SB-ASB40-0-0055 5.5 - 6.0 2.89 0.536 1.01 133 14.0 
OKM N-SB-ASB40-0-0090 9.0 - 9.5 4.46 0.513 0.777 37.9 27.3 

OKM N-SB-ASB41-0-0015 1.5 - 2.0 9.80 6.99 73.6 5740 658 
OKM N-SB-ASB41-0-0035               3.5 - 4.0        43.8            11.1            30.5            1685            723 

ASB41 
OKM N-SB-ASB41-0-0055 5.5 - 6.0 30.2 7.50 29.5 2350 558 

OKMN-SB-ASB41-0-0090 9.0- 9.5 107 (99.0) 4.19 (4.09) 3.90 (3.68) 20.6 (22.7) 62.4 (58.1) 
OKM N-SB-ASB42-0-0000 0 - 0.5 N D N D N D 24.6 0.845 
OKM N-SB-ASB42-0-0015 1.5 - 2.0 N D 0.284 N D 59.7 1.03 

OKM N-SB-ASB42-0-0035 ASB42 3.5 - 4.0 8.46 4.19 11.6 168.5 138 
OKM N-SB-ASB42-0-0055 5.5 - 6.0 9.77 4.69 16.7 N R 222 
OKM N-SB-ASB42-0-0070 7.0 - 7.5 16.8 4.14 5.16 75.8 62.9 

OKM N-SB-ASB43-0-0015 1.5 - 2.0 7.39 4.28 14.1 207 53.9 

OKM N-SB-ASB43-0-0035               3.5 - 4.0        34.8            6.63            103            3855            476 
ASB43 

OKM N-SB-ASB43-0-0055 5.5 - 6.0 90.6 15.7 193 5310 964 

OKM N-SB-ASB43-0-0090 9.0 - 9.5 39.3 8.78 29.6 182 259 

ND - Not detected ator above acceptable LOQ. 

NR = Not reported due to quality cortrol failures. 

* Average values were calculated using the arithmetic mean of the primary and laboratory duplicate sample. In instances where either the primary or laboratory duplicate samples 

was designated "ND" the value is shown. 

Note: Concentrations in parentheses are field duplicate results. 
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Table 4 

Summary of Volatile Organic Compound (VOCs) Detected in Soil Samples - December 2006 

Area North of Highway 5 

Oakdale, MN 

ASB31 ASB32 ASB40 
Parameter 7.5 - 8.0 ft bgs 5.5 - 6.0 ft bgs 8.5 - 9.0 ft bgs 

(pglkg, ppb) (pg/kg, ppb) (pg/kg, ppb) 
1,1,1,2-Tetrachloroethane 
1,1,1 -Trichloroethane 
1,1,2,2-Tetra chloroethane 
1,1,2-Trichloroethane 
1,1 -Dichloroethane 
1,1 -Dichloroethene 
1,1 -Dichloropropene 
1,2,3-Trichlorobenze ne 
1,2,3-Trichloropropane 
1,2,4-Trimethylbenzene 
1,2-Dibromo-3-chloropropane 
1,2-Dibromoethane 
1,2-Dichloroethane 
1,2-Dichloropropane 
1,3,5-Trimethylbenzene 
1,3-Dichloropropane 
2,2-Dichloropropane 
2-Chlorotoluene 
2-Hexanone 
4-Chlorotoluene 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromobenzene 
Bromochloromethane 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,2-Dichloroethene 
cis-1,3-Dichloropropene 
Dibromochloromethane 
Dibromomethane 
Dichlorodifluoromethane 
Ethylbenzene 
Isopropylbenzene 
m&p-Xylenes 
Methyl Ethyl Ketone 
Methylene chloride 
Methyl-tert-butyl-ethe r (MTBE) 
n-Butylbenzene 
n-Propylbenzene 
o-Xylene 
p-lsopropyltoluene 
sec-Butylbenzene 
Styrene 
tert-Butylbenzene 
Tetrachloroethene 
Toluene 
trans-1,2-Dichloroethylene 
trans-1,3-Dichloropropene 
Trichloroethene 
Trichlorofluoromethane 
Vinyl Chloride 
Percent Solids 

pg/kg : micrograms per kilograrr 
ppb - parts per billior 

<920 <7900 <1800 
<460 <3900 <900 
<460 <3900 <900 
3900 <3900 <900 
<460 <3900 <900 
<460 <3900 <900 
<460 <3900 <900 
<920 <7900 <1800 
<920 <7900 <1800 
12000 68000 61000 
<920 <7900 <1800 
<920 <7900 <1800 
4000 <3900 <900 
<460 <3900 <900 
2800 15000 11000 
<460 <3900 <900 
<460 <3900 <900 
<460 <3900 <900 
<920 <7900 <1800 
<460 <3900 <900 

43000 70000 26000 
7900 <16000 12000 
1300 2900 1200 
<920 <7900 <1800 
<920 <7900 <1800 
<920 <7900 <1800 
<920 <7900 <1800 
<920 <7900 <1800 
<920 <7900 <1800 
<460 <3900 <900 
<460 <3900 <900 
<920 <7900 <1800 
<460 <3900 <900 
<920 <7900 <1800 
<460 <3900 <900 
<460 <3900 <900 
<920 <7900 <1800 
<920 <7900 <1800 
<920 <7900 <1800 

54000 200000 56000 
1300 <7900 <1800 

120000 450000 120000 
37000 <7900 <1800 
<920 <7900 <1800 
<920 <7900 <1800 
<460 <3900 <900 
1300 <7900 3300 

50000 170000 51000 
1000 <7900 10000 
<460 <3900 6100 
<460 <3900 <900 
<460 <3900 <900 
1200 <3900 1300 

210000 1100000 420000 
<460 <3900 <900 
<460 <3900 <900 
4100 13000 <450 
<920 <7900 <1800 
<230 <2000 <450 
89.0 92.1 82.5 

< = Result is not detected at or greater than the given reporting limit. 
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Table 5 Summary of Organic Vapor Meter (OVM) Readings - December 2006 

Area North of Highway 5 

Oakdale, MN 

OVMScreening Data for Soil(pa~s per million) 
Depth 

(ftbgs) ASB31 ASB32 ASB33 ASB34 ASB35 ASB36 ASB37 ASB38 ASB39 ASB40 ASB41 ASB42 ASB43 

0-1 1.9 3.3 3.3 3.3 4 11 3.3 11.2 3.3 1.9 3.3 3.2 1.9 

2-3 435 946 333 599 743 613 33 45 152 1.9 792 40 171 

4-5 1054 1241 872 1269 674 567 145 481 705 47 863 15 555 

6-7 698 1339 984 1116 603 455 408 94 9 115 324 15 524 

8-9 NS NS 1146 877 892 529 NS 148 5 648 209 24 782 

10-11 1213 1202 937 994 756 557 443 391 4.6 820 172 35 173 

12-13 341 341 145 207 756 550 504 688 4.6 262 50 23 142 

14-15 341 214 45 20 NS 334 226 156 4 66 20 11 50 

DTW NA 12 11.2 13.2 NA 14 12.5 13.2 12.7 8.2 13 10.5 13.2 

BTD 15 15 15 15 15 15 15 15 15 15 15 15 15 

fl bgs = feet below ground surface 

DTW = depth to water (ft bgs) 

BTD = boring total depth (ft bgs) 

SoilsRept_Tables.xlsTable5 
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Table 6 Initial Screening of Technologies and Process Options - Soil 
Oakdale, MN 

General 
Remedial 

Response Technology Types Process Options Description Screening Comments 
Action 

Removal Excavation Excavation Excavate impacted soil from the site 

Chemical treatment Oxidation/reduction 
Treat impacted soil with a chemical 

oxidation!reduction technology 

Frcatmcnt 

Physical 

Biological 

Solidification/ 
stabilization 

Anaerobic/aerobic 

Mixing of impacted soil with a stabilizing agent 

such as cement kiln dust (CKD) to prevent the 

leaching of constituents 

Treat impacted soil with a biological technology 

to break down constituents using a microbial 

population 

Retained for further screening 

Not feasible due to the lack of existing 
technologies proven to effectively 

treat/destroy FCs 

Not feasible due to the fact that stabilization 
has not been proven to reduce leaching of 

FCs and this technology type would result in 

a significant volume increase 

Not feasible as FCs are recalcitrant 
compounds and to date, there have been no 

microbial populations identified that can 

significantly affect the biodegradation of FCs 

Thermal Incineration 
Treat impacted soil by incineration to destroy 

Retained for further screening 
constituents 

Dispose impacted soil in a newly 
Retained for further screening New 

constructed/dedicated landfill 
Disposal Landfill 

Dispose impacted soil in an existing regulated 
Existing 

landfill 
Retained fbr further screening 

Installation of soil/clay cover over impacted soil 

Soil/clay to prevent direct contact and/or reduce Retained fbr further screening 

infiltration 
Containment Cap 

Installation of a multilayer engineered cap over 

Engineered cap unpacted soil to prevent direct contact and Retained for further screening 

reduce/eliminate infiltration to impacted soil 

Deed restrictions 
Dccd for the Sitc property would include 

Retained for further screening 
Institutional restrictions on soil disturbance 

Access restrictions 
Site Controls Install fence aromad site to limit acess to 

Fencing 
unpacted soil 

Retained for further screening 

No Action None Not applicable No action Retained fbr a baseline comparison 
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Table 7 Initial Screening of Technologies and Process Options - Groundwater 

Oakdale, MN 

General 
Remedial Technology 

Response Process Options Description Screening Comments 

Action 
Types 

Groundwater recovery Install wells for extraction of impacted 
Retained for further screening Groundwater recovery wells 

groundwater 

Collection 

Treatment 

Subsurface drain 

Physical 

On-site 

Interceptor trench 

Carbon adsorption 

Ion exchange resin 

Reverse osmosis 

Air stripping 

Local stream 

Install subsurface perforated pipe surrounded 

by porous media to collect impacted 

grouudwater 

Adsorption of constituents onto activated 
carbon by passing impacted groundwater 

through vessels containing activated carbon 

Adsorption of constituents onto ion 

exchange resin by passing impacted 

groundwater through vessels containing 

ionic resin 

Separation process that uses pressure to 
force water through a membrane that retains 

the solutc on onc sidc and allows water 
molecules to pass to the other side. 

Mix largc volumcs of air ~vith ~vatcr in a 
packed column or tray stripper to promote 

transfer of constituents to air 

Discharge extracted groundwater to a local 

stream 

Not feasible in areas where there is an ongoing 
ground~vater pumping system operating at the 
site m~d this technology would interfere with 

its effective implementation. Will be 
considered for areas outside of pumping 

influence. 

Retained for further screening 

Retained for further screening 

Retained for further screening 

Retained for further screening for removal of 

VOCs 

Discharge 

Discharge extracted groundwater to the 
Retained for further screening Off-site POTW 

POTW 

Not feasible as the existing groundwater 
extraction system is already set up to 
discharge to the POTW 
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General 

Response 

Action 

Containment 

Table 7 Initial Screening of Technologies and Process Options - Groundwater (continued) 

Oakdale, MN 

Remedial Technology 

Types 
Process Options Description Screening Comments 

Installation of soil/clay cover to reduce 
Soil/clay 

infiltration to groundwater 
Retained for further screening 

Cap 

Engineered cap 

Slurry wall 

Vertical barriers 

Installation of a multilayer engineered cap 
over impacted soil to reduce/eliminate 
infiltration to groundwater 

Trench arotmd impacted groundwater is 

filled with a soil bentonite slurry to cut off 

horizontal groundwater flow and contain 

impacted groundwater 

Sheets of steel are driven into bedrock 

around the impacted groundwater axea to cut 

off horizontal groundwater flow and contain 

impacted groundwater 

Sheet piling 

Retained for further screening 

There is an ongoing groundwater pumping 
system operating at the site axed this 

technology could interfere with its effective 
implementation. Also, the location of 

Highway 5 through the subject area would 
prevent installation of a continuous wall. 

However, this technology is being retained for 
further screening for limited application in 

axeas not influenced by pumping. 

There is an ongoing groundwater pumping 
system operating at the site aJ~d this 
technology could interfere with its effective 

implementation. Also, the location of 
High~vay 5 through the subject area would 

prevent installation of a continuous wall. 
Ho~vever, this technology is being retained for 

further screening for limited application in 
~xeas not influenced by pumping. 
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Table 7 Initial Screening of Technologies and Process Options - Groundwater (continued) 

Oakdale, MN 

General 

Response 

Action 

Treatment 

Remedial Technology 
Types 

Chemical 

Biological 

Process Options 

0xidation/reduction 

Aerobic/anaerobic 

Description 

Treat impacted groundwater with a chemical 
oxidation/reduction technology 

Treat impacted groundwater with a 
biological technology to break dmvn 
constituents using a microbial population 

Screening Comments 

Not feasible due to the lack of existing 

technologies proven to effectively 

treat/destroy FCs 

Not feasible as FCs are recalcitrant 
compounds and to date, there have been no 

microbial populations identified that caaa 
significantly ~£fect the biodegradation of FCs 

Extracted groundwater discharged to POTW 
Off-site POTW 

for treatment 
Retained for further screening 

Aeration 

Sparging of air down wells into the 

groundwater to volatilize constituents from 
the groundwatcr 

Downgradient trench filled with adsorptive 
or reactive media (e.g., activated carbon or 

zero valent iron) to remove constituents from 
the groundwatcr. 

Inject chemicals into the groundwater by 

mcaaas of wells to treat impacted 

groundwater 

Permeable 
treatment/reactive barriers 

In situ 

Chemical injection 

Not feasible since FCs do not have Hemy’s 

Law Constants in the range acceptable [’or this 

technology and do not readily transfer from 

the water to air phase 

Not feasible as there is an ongoing 
ground~vater pumping system operating at the 
site this technology would interfere with its 

effective implementation; this technology is of 
uncertain effectiveness and could reqnire 

multiple replacement of trench materials over 
time as they are spent 

Not feasible due to the lack of existing 
technologies proven to effectively 

treat/destroy FCs and the reduced ability to 
control injectate flow in a heterogeneous 

subsurface geology 
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General 

Response 

Action 

Table 7 Initial Screening of Technologies and Process Options - Groundwater (continued) 

Oakdale, MN 

Rcmcdial Tcchnology 
Types 

Process Options Description Screening Comments 

Deed for the Site property_ would include 

Deed restrictions restrictions on installation of groundwater Retained tbr further screening 

Access restrictions supply ~vells 

Install fence around site to limit access to 
Institutional Fencing Retained for further screening 

Controls 
impacted groundwater/surface water ponds 

Alternate water supply Bottled water/public water Supply alternate water source Retained for further screening 

Monitoring Groundwater monitoring Continue groundwater monitoring at wells Retained for further screening 

No Action None Not applicable No action Retained for a baseline comparison 

POTW - Publicly-owned treatment works 
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APPENDIX A 
SOIL BORING LOGS - AREA NORTH OF HIGHWAY 5 

ASB31 through ASB43 (2006) 

GP01 through GP08 (2005) 
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3M MN04969240 

2163.0055 



3M MN04969241 

2163.0056 



: 

3M MN04969242 

2163.0057 



3M MN04969243 

2163.0058 



3M MN04969244 

2163.0059 



i 

3M MN04969245 

2163.0060 



3M MN04969246 

2163.0061 



3M MN04969247 

2163.0062 



3M MN04969248 

2163.0063 



3M MN04969249 

2163.0064 



3M MN04969250 

2163.0065 



3M MN04969251 

2163.0066 



3M MN04969252 

2163.0067 



3M MN04969253 

2163.0068 



3M MN04969254 

2163.0069 



3M MN04969255 

2163.0070 



3M MN04969256 

2163.0071 
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3M MN04969258 
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3M MN04969259 
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APPENDIX B 
WELL SEALING RECORDS 

3M MN04969261 

2163.0076 



CONSULTANT~ 

ENV{RONMENTAL 

GEOTECHN~CAL 
MATERIALS 

FORENSICS 

REPORT OF MONITORING WELL ABANDONMENT 

PROJECT: 

MENARD’S SITE 

OAKDALE, MINNESOTA 

AET JOB NO.: 0.1-03287 

REPORTED TO: 

WESTON SOLUTIONS, 12xlC. 
1400 WESTON WAY, BLDG. 5-2 
WEST CHESTER, PA 19380 

ATTN: JA][ KESARI 

DATE: ,DECEMBER t8, 2006 

INTRODUCTION 

On December 13, 2006, we sealed 3 monitoring wells, at the project site. The wells were sealed in 

accordance with the State of Minnesota Water Well Code. The work was done as directed by Weston 

Solutions, Inc. 

WELL ABANDONMENT 

Abandonment of.the wells was done by pumping neat cement grout through a tremmie pipe starting 

from the bottom of the wells and proceeding to 2’ below the ground surface. The riser pipes were cut 

off approximately 2’ below the groined surface. The protective posts and casings were removed. 

Attached are the well owner copies of the Minnesota Department of Health Sealing Recor& We ask 

that you forward a copy to the appropriate person at 3M Company. 

550 Cleveland Avenue No~, St. Paul, IN 55114 
Phone 85~-65~9~1 ~ Toil F~ ~0-972~4 
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AET #01-03287 - Page 2 of 2 

CLOSURE 

To protect you, the public, and American Engineering Testing, this report (and all supporting 

information) is provided for your use for this specific project authorization. 

Report Prepared By: 

American Engineering Testing, Inc. 

Pat Francis 

Drilling Department Manager 
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~ OR BORiN~ LOC~ MINNE~OTA DEPARTMENT OF NEALTH 

~ WELL AND BORING SEALING RECORD 

LOCATIO~ 

ft. 
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~tb~IESOTA D~PAR~T ~ HEAL1]-I 

WELL AND BORING SEALING RECORD 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table III. Summary of PFDA, PFUnA, and PFDoA in Soil Samples 
(continued) 

C0225098 Rep OKMN -S~- A~ B 34q,~ -0085’ 

C02251.00 O~MN-S8- ASB32,0~0075 

C0225102 OKMN-SB-AS8334~00~0 

C~225f03 OKMN-SB-ASB33-04~0t5 

C0225105 Re,9 OKMN-SB-ASN33-DB*0035" 

00225106 OKMN-~8-ASB35-040O55 

OKMN-$B-ASB33-0-0085 

00225110 OKMN~S~FAS B31-0-001]o 

C,0225110 Re~ OKMN~S B-AS EG 1-0-0000* 

C422251 ~ 2 OKMN-$B.ASB3%0-1~35 

C0225112 Re# OKMN~B-ASB31=6-0O35* 

C02251r 13 OKMN’0B’AS531-0-r J055 

G0225113 Re0 OKMN-SS-ASB31xO.0855* 

C0225115 OKMN-SS-ASB32-0-0300 
C0225115 Rep OKMI~SB-AS~32=0~0000" 

C0225118 Re# O KMN-;~B -AS B32..O. 0035 . 

C0225"12,3 

0.20 
020 

333~° 2,0 

17,6"" 2.0 
2&7*° ZO 

&793" 2.0 

£: 6fi5*" 0.20 

0 498^" 0.20 

18 3~° 0.20 

11.6° 0,20 

13.0~ 0~20 

11.5" 0,20 
9 78~ 0.20 

203" 0.20 

21 8" O.Z0 

38 6’ 0,20 

0.570~ 0 20 
0,597" 0.20 

0.308~ 0,20 

3,23^" 0.20 

5.45^° 0.20 

NR 

NR 

NR 
NR 

125 0.20 

98.5 0.20 

0.20 

~22 0.20 

121 0.20 

26.8 ~ 20 

36.2 0.20 

44.5 020 

30t" 0.20 

23.7° 0.20 

&322°’ 0.20 

ND"~ 0.20 

NR 

NR 

ND~ 0.20 

ND~ 0.20 

0.465". 020 
0.467= 020 

NR 

NR. 

NR 
NR 

NR 

NR 

NR 

0497" 1320 
0.555" 0 20 

NR 
NR 

ND=~ 0.28 

1.55° 

l.B7= 020 

NR 
NR 

NR 
NR 

NR 
NR 

NR 

9.47 0.20 

7 2~ 0.20 

0 20 

7.29 020 

&31 0.20 

455 0.20 

4 82 0.20 
4.g7 0.20 

30.4~ 0.20 

NO~ 0.20 

ND" 0.20 

NR 

ND" 0.20 

ND° 0.20 

NR 
NR 

NR 

NR 

NR 

NR 

NR 

0844" 0.20 

1.08" 020 

NR 
NR 

0325^" 0 2~ 

0.458^" 0.20 

NR 

24.4° 0.20 

21.8° 0.20 

NR 

NR 

NR 

NR 

9.50" 0.20 

10.8 0.20 

8.56 0.20 

7.92 0.20 
7.84 0 20 

922 ~20 
7,54 020 

5.64 0.20 

6.8.3 0.20 

5.35 0.20 

6 1 t~ 0.20 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P000256 t 

Table III. Summary of PFDA, PFUnA, and PFDoA in Soil Samples 
(continued) 

C’to Acid PFDA Cll Acid PFUnA Ci2 Acid PFD~ 

23.3~ 0.20 2,03 0,20 2 75 0.20 

0825 0.40 
0.948 040 

0,999 0,48 

0,g56" 040 
1,63" 040 

NR 
NR 

ND O.ZO 
ND 0.20 

11 2 0 20 

873 0120 

398 0,20 

36 7 0.20 

31.3 0,20 

020 

ND 0.20 

ND 0,20 

ND 0.20 

ND 0 20 

ND~ 0.26 

0.239’ 0 20 

0.363 0.20 

0.274 0,20 

¢,.785’ 0.20 

0.972° 

0.360^ 0.20 
0,530~ 0 20 

0.20 

29’ 0 20 

13.0 0.20 
I0 6 0.20 

0.2445~ 0.20 
0.172"~ 0.20 

ND 0.20 

0,202" 0.20 
ND~ 

ND 0,20 

ND 0 20 

ND 0.20 

ND 0.20 

ND 
ND 020 

0.508~ 0,20 

0,371^ 0,20 

3.14 &20 
2 75 0.20 

277 0.20 
2’,29 0,20 

0,20 

0.20 

ND 0.20 

NO 020 

ND 0.20 

ND 0.20 

ND 0 20 
ND 0.20 

NO 0,20 

ND 0,20 

ND 020 

ND 0,20 

ND 0,20 
NO 0,20 

3_32 0.20 
251 0 20 

NO 020 
NO 13,20 i[ 

*Labo~to~ Dup[k:ate 

ND 020 

ND 0.20 

020 

020 

0.20 

ND 0.20 
ND 

0,252" 0.20 

NO" 0 20 

2 44* 0.20 
1.8"~" 0 20 

NR 

NO 0.20 

ND 0.20 

ND 0 20 
ND 0.20 

NO 0 20 
ND 0,20 

ND o.~------~ 

ND 020 

0.282~ 0,20 

NO" [320 

0_226" 0.20 

NO’ (;’.20 

ND 020 

ND 0.20 

0.600^ 0.20 
0.Ig7A " 020 

448= 0.20 

3 70 ° 0,20 

2.98 6.20 

3.9~ 0.20 

ND 0.20 
ND 0.2C, 
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~terim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table IV. Summary of PFBS, PFHS, and PFOS in Soil Samples 

0,20 

0,20 

2 16° 0.20 
1.66° 0.28 

0.20 

0,20 

9.3.9" 0.20 

9.54" 0.20 

8 77~° 0,20 

12.3~ 0,20 

NR 

NR 

75.6* 0.20 

70.8~ 0,20 

7£3= Or20 

97 7" 0,20 

7&1^~ 0,20 

52 2^° 0.20 

57.0~ 0 20 
89.0" 0,20 

NR 

NR. 

~10*. 0.20 

1,55^= 040 

0.40 
0.40 

0.20 

126 020 

158 0,20 

1030 0.20 
t040 02~ 

0,20 

NR 

NR 
N~ 

0.20 
0,20 

0.20 

0.20 

405~= 0.20 

287^‘ 0~20 

588^ 0.20 

1380~ 0.20 

14{~4.) 0.20 

1410 0.20 

1280^ 020 

1980~" 

NR 

6710 020 

6100 0.20 

469~"~ 020 

6730^ 0.20 

NR 
NR 

222~O o 20 
24.5{)0 0.20 

0.20 

020 

t%’5A 0.20 

62.3* 0 20 

FiR 
NR 

51~0 0 4~ 

3100 0.4~ 

2416 0,40 

3810~" 0.20 

7.55r0 0.20 

’9820 0.20 

68£00~ 020 

17300 0.20 

207" o 20 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No,: P0002561 

Table IV. Summary of PFBS, PFHS, and PFOS in Soil Samples 
(continued) 

~9.7~ 0,20 

20.6~ 

020 

102" 0,20 
94,5° 0.20 

0,573^° 0.20 

0.295~ 0.20 

NR 
NR 

NR 
NR 

5.97’ 0 20 
5¢2° 0.20 

NR 

18.~i" 020 
16.0" 0.20 

ND= 020 

NR 

NR 

NR 
NR 

4.g2~° 0,~0 
7.85^" 020 

27.7^ 0.20 

";2.5~ 0.20 

0.20 

38.8" 

3&5= 0.20 

33~" 0,20 

21~= 0.20 

125~ 0 20 
47 4* 020 

?~.9 0.20 
94.5 0.20 

~02 0.20 
90.1 0.20 

0.20 

020 

2O 6 0.20 

24.8 020 

1t6" 0.20 

114" 0.20 

482 020 

407 0,20 

g4.7" 0.20 

71.8° 0.20 

2.88~ 0.20 

t .88" O.20 

2"20~ 0.2.0 
"~88" 0 2O 

0:825~ 0.20 
0,3£’9" 0,2{1 

NR 

NR 

48.5° 0.20 
52.9’ 0 20 

215 0 20 

t61 0.20 

1150 0.20 

1210 0.20 

0,469" 0,20 

0,441" 020 

22.2° 0,20 
21.7~ 0.20 

NR 
NR 

NR 
NR 

91t^ 020 
25~^ 8,20 

303~ 0,20 

21~0^" 0.20 

NR 

7.09^= 0.20 

840 020 
1030 020 

1490^ 0,40 

85~* 040 

124~0" 0.40 

1120" 0.4~ 

185 020 

NR 

o 2O 
0.20 

27000 .3,20 

26200 0 20 

NR 

NR 

0_20 

&20 

NR 
NR 

151^ 0.40 

106" 040 

3780" 0.,40 
3430" 6.40 

30~0° 0.20 

4990~ &23 

020 

16900" 0,20 
331~ o 20 

NR 

NR 

55~i[I 020 
5198 0,20 

NR 

NR 

3190" 0.20 

~5~^ 020 
3~00^ 020 

36909 0,2C 

47500 0 20 

73~00 0.20 

56300 0r20 

1.3,30 020 
~270 0.20 

33900 0.20 

40700 0.20 

2Z7~~ 0.40 

10t~0o 0.40 

115(~" 0.40 

NR 

13900 0.20 

127O0 O.20 

NR 
NR 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table IV. Summary of PFBS, PFHS, and PFOS in Soil Samples 
(continued) 

i4.3 0 20 

i2 6 0.20 

0.260 o 20 
0,313 020 

0.403 020 
0,544 0,20 

0324^ 020 

0,4~5 0.20 
0.586 0,20 

0,539’ 0,20 

0.487" 0.20 

7,45 0,20 
653 0.20 

O.20 

0.20 

4,31 020 
407 o 20 

450 

3.07 0.20 

ND O 20 

ND 0.20 

&278 0.20 

4-13" 0,20 

4,20° 0,20 

4 33 0,20 

5.05 0.20 

414 0,20 

4,14 0.20 

0.20 
0.20 

?,66~ 0.20 

5.60~ 

1&1 0.20 
15.3 0.20 

0.27 0,20 

9-28 0.20 

199 0.20 

2t7 0,20 

NO 0 20 
NO 0,20 

0.760 0.ZO 

0,970 

2.76~ 020 

0 873= 0.20 
1.14’ 020 

0,20 
o.20 

790 0.20 

68,2 0 20 

31.5 0.20 

29.5 020 

32.2 0.20 

26.7 020 

3,73 0.20 

4.00 0.20 

4 13 0.20 
3.22 0.20 

NO 0.20 
NO 0,20 

ND 
ND 0,20 

12.9 0 20 

10,2 0.20 

t54 o 20 

100 0.20 

&09 0 20 
5.23 0.20 

040 0.20 

240~ 0,20 

27,4 0.20 

31.7 0.20 

NR 

NR 

183 0.20 

224 0,20 

223~ 0.20 

1864 0,20 

27!^= 0 20 

47~P" O.20 

119 020 
146 0.20 

37 5 0,20 

38.2 020 

020 

0.20 

29 5 

15 8 0.20 

75.2 0 ~ 

141~ 0,20 

0.20 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P000256t 

Table V. Summary of PFBA, PFPeA, and PFHA in Water Samples 

C4 Acid PFBA C5 ACid PFPeA 

Analyte Fo~qd Acce~bie P~qa~y~e Found Acceptable 
(ppb, ngtmL} 

..... ,. tn~rnL 

ND 0.050 

NO 0.050 

ND 0.050 

ND 0.050 

ND 0.050 

(p,pb~ r~gfmL)      LOQ 

ND 0.050 

ND 0.050 

NO 0~O50 

NO 0.050 

ND 0.050 

C6 Acid PFHA 

........... ~:~.~’~ex~n.oic Acid 

NO 0.050 

ND 0.050 

ND 

~D 0.050 

ND 0.050 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table VI. Summary of PFHpA, PFOA, and PFNA in Water Samples 

Client 

~×ygen ~= S~am~e ID 

C0225085 OKMN*SB-ASB36-RB-061204 

G022510~ O~N~9-ASB32-RB~61204 

C0225~38 ~N~2-R~-061205 

~225143 OKMN-SB~TR[PI~.0612~ 

~225146 OKMN-S~-TRIP2~6~2G4 

C8 Acid PFOA C9 Acid PFNA 
Perfl~ 

ACCeptable Ar~aly~e Found 

LOQ ~p~, n~mL) LOQ 

0.050 ND O.050 

0.o~ ND 0.050 

0.05~ NO 0.050 

0,0~ ND 0.050 

ND = Not detected at o~" above thB a~%=ptai~e LOQ. 
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Interim Report #4 - Analysis of Oakdale Soil and Wa~er Samples Exygen Study No.: P0002561 

Table VII. Summary of PFDA, PFUnA, and PFDoA in Water Samples 

Clier~t 

,, Ex~’@e,B,,!D Sample ID 

CRJ2251386 OKMN-SB-ASB3B-RB-061204 

C0225101 OKMN-SB-ASB32-RB-O61204 

C0225138 OKM N-SB+A$~2-RB-061205 

C0225143 OKMI~SB.TR{P~ -0061204 

C0225~46 OKMN*SB-TRIP2-0~061204 

ClO Acid PFDA 

{ppb, ~mL)      L~ 
~n~mL) 

ND 0.20 

ND 0,20 

ND 0_20 

~D 0.20 

ND 0.20 

NOt detected at ot above me acceptable LOQ 
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Interim Report #4 - Analysis of Oakdale Soil and Water San~les Exygen Study No.: P0002561 

Table VIII. Summary of PFBS, PFHS, and PFOS in Water Samples 

C8 Su|fonate PFOS 

(ppb, F.gim L)      L~ 

ND ~ 050 

~D 

ND 0.050 

NO 0.050 

ND O.O~ 
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Interim Report #4 - Amalysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table IX. Matrix Spike Recovery of PFBA, PFPeA, and PFHA in Soil 
Samples 

De~cdpt~o~ 

OKMN+SB-A~B37-O~055, 

OKM N-S~-ASB37-043055 

OKM N-~B~S837--043)75 

OKMN-~B-AS~36.-~000 

O~MN~B3B-0-O000 

OKMN~SB-AS~3B-O-0035 

(C6~074Spk E, 2 pp~ S~) 

O~MN-SB-ASB38~35 

OKMN-SB-ASB38-D~-O035 

OKMN SB-ASB38-DB-0035 

(C0~2~77 ~pk F, ~OO ppb ~ptke) 

OKMN-SB-A$839-DB-0015 
zoo ~pb 

OKM N--S~ -ASB36- 0430 "-. 5 

OK MN.~S~-AS B 35..,0.,001.5 

Spked 

2 

2OO 

2 

2 

2.0O 

2 

2 

2 

_3O0 

2 

200 

2 

2O0 

2 

200 

2 

200 

2 

200 

2 

C4 Acid 

Peff~uorobrg~no |¢ 

NR NR NR 

NR NR NR 

NR NR NR 

NR ~R NR 

t71 3,26 7~ 

1 tl NA NA 

I .B2 ~ NA 

6 40 NA 

6.40 104 

7,03 NA 

7.03 101 47 

11.0 ~ NA 

11 0 10~ 45 

t 6 1 NA NA 

26,6 NA NA 

26 6 123 48 

29.~ NA 

29.2 132 

487 ~ 

48.7 152 52 

NR NR 

NR N£ NR 

C5 Az:~dlPFP~A C6 ~:id PFHA 

P~uotohexanotc t~id 

5°58 NA NA 

5.58 109 52 

0,981 1.79 4O 

0,£8~ .’NA NA 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR 

725 NA NA 

725 10~ 49 

8,20 NA HA 

8 20 1 C3 47 

14 5 HA 

14.5 t~ 46 

l&5 NA NA 

19.5 115 48 

24 4 NA NA 

24.4 124 50 

29.8 NA HA 

29.8 133 62 

54,3 1~9 57 

NR NR NR 

.N~.t F-’~ d Amount 

in Samp!e Recovered Recovery 

NR NR NR 

NR NR NR 

~,472 I ~ 43 

3A72 NA 

~.14 2~0 83 

1,14 NA 

1.09 2,~ 

1,~ NA         NA 

2177 3 91 57 

2.7? NA 

3.01      4.~ 

&01 

4,66 

595 

"4 1 NA NA 

12.5 NA 
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i.¯ Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table IX. Matrix Spike Recovery of PFBA, PFPeA, and PFHA in Soil 
Samples (continued) 

OKMN-SB-ASB37-O-0035 

NR 

NR 

NA 

70 

NA 

95 

NA 

N~ 

45 

NR 

NR 

NA 

,55 

NA 

NR 

NR 

RE 

RE 

NR 

NR 

NA 

49 

NA 

50 

NA 

82 

NA 

146 

1 74 3.09 

1.74 NA         -~ 

3.67 4.76 85 

3r87 ~ 

T7 

NA 

NA 

N~A 

54 

NA 

43 

NR 

NR 

NA 

NA 

!24 

NA 

41 

NA 

NR 

NR 

NA 

8t 

65 

NA 

54 

NA 

43 

RE 

RE 

!27 

NA 

NA 

~ 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table IX. Matrix Spike Recovery of PFBA, PFPeA, and PFHA in Soil 
Samples (continued) 

OKMN-SS-ASB33-O-0035 

OKMN~-AS833~)~)03~ 

Am~t 

NR 

NA 

45 

NA 

57 

NR 

NA 

RE 

1320 

NA 

41 

NA 

NA 

NA 

4~ 

NR 

NR 

C8 ACid PFHA 

Petfltm~o~te~a~o;� 

Ami F~d 

175 

RE 

RE 

RE 

60 

~ 

RE 

RE 

84 

~ 

46 

" NA 

NR 

NR 

NR 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table IX. Matrix Spike Recovery of PFBA, PFPeA, and PFHA in Soil 
Samples (continued) 

Samp[a 

OKMN~Sg-ASB34-043015 

OKMN-SB-A~2443-O0 ~ 5 

OY2~ N-SB-A~3 ~ ~G-OOG~ 

OKMN~ASB31-0-0000 

OKMN-~B-ASB31-O~O~I 5 

OKMN-SB-A~31 

C~MN4SS-ASB3 ~ -043035 

OKM N,~B-AS~ ~ 43-0C,35 

~C~ZZ5112 Spk F, ;bOO ppb Spi~e) 

OKMN~SB=AS~31-0-0055 

OK M N--SS-ASB31 =0-~5055 

OKMN-SB-A~B3"~ -0-0070 

OKMN-SB-ASB3~ -0-0070 

OKMN-SB~ASB324~-0000 

1¢o.~ ~ s~k ~, 20~ opt> 

OKM N-~B-ASB32-O-00"~ 5 

OKMN-SB~AS~32-0-00~ 5 

OKMN~.~-ASB,32~-O055 

Amount 

s~i~ed 

2 

2 

200 

2 

200 

2 

2 

200 

2 

2OO 

2 

200 

2O0 

2 

2 

2 

2 

C4 ACid PtFBA 

Amt F~und Amount 

NR NR NR 

NR NR NR 

8.53 I~ 48 

1C. 5 NA ~ 

NR NR NR 

N~ NR N~ 

I~9 NA ~ 

2~ ~ NA 

2~ 320 57 

309 ~ NA 

3~ 408 ~ 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NA 

~2 

789 R~ RE 

759 RE RE 

81~- R~ RE 

8~ RE RE 

C5 Ac~I PFPeA 

Per~u orop~ta~oic Ac[,d ..... 

~t F~nd ~nt 

in ~m~e R~er~ Re:0v~ 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

E58 NA NA 

6.~ 107 50 

NR NR NR 

NR NR NR 

79.9 179 ~ 

NR NR NR 

NR NR NR 

4 67 NA ~ 

4B7 962 46 

NR NR NR 

NR NR NR 

~.4 NA ~ 

6&4 2~ 88 

~45 263 59 

C8 Acid PFHA 

Perfl~a~ro he, xanelc Acid 

Amt Found Amount 

~n ,5~mp~e Recovered Recovery 

(r~’~) ~’n~;~) (~,,!~ 

0 4=05 1 3.4 47 

0.405 NA NA 

659 NA ~ 

6 59 9g,2 46 

NR NR NR 

NR NR NR 

12.8 NA NA 

12,8 93.5 40 

NR NR NR 

NIR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

154 NA NA 

154 310 81 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 
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L 

Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table IX. Matrix Spike Recovery of PFBA, PFPeA, and PFHA in Soil 
Samples (continued) 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table IX. Matrix Spike Recovery of PFBA, PFPeA, and PFHA in Soil 
Samples (continued) 

OKM NFSB~AS~42-O-0000 

O~’M N -SS-AS B42,O ~0035 

O KMN-SIS-.,~SB42 -0-0035 

OKMN-SB*ASB42-O-0070 

OKMN-SS-ASB42-043070 

OK M:N~.qB-.AS B43-0-00"~ 5 

O KM N-.S B-AS84.3 -0--0015 
(co~z~ Spk D, ~0~ ppbS~) 

OKMN-SB-ASB43-O43090 

2 

210 

ND 

ND 

7 9~ 

8.85 

t5.0 

15.O 

677 

! 
6.77 

35.3 

(. 36-3 

12.3 

NO 

ND 

3,14 

314 

NA 

199 

NA 

4.69 

131 

13,1 

245 

24.5 

16.3 

16.3 

C6 ~:~d PFHA 

Psrfluoro h~Kan Oh;/~ctd 

Amt Found A~ou~t 

NR NR NR 

NR NR NR 

ND 1 ~ 80 

ND ~ NA 

0,357 NA NA 

15.4 ~ 

16 4 214 

16,2 ~ NA 

16.2 2~ 96 

20 B NA NA 

~8 212 

8,76 NA NA 

8.76 ~81 86 

15.5 ~ NA 

~5 5 t75 

31.5 188 7B 

~ 

84 

Averal}s: 67 Average: 70 AvePag~: 69 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table X. Matrix Spike Recovery of PFHpA, PFOA, and PFNA in 
Soil Samples 

&atoNe 

OKMN-SS-ASB37-O-O055 

OKMN-SB-ASB374343055 

OKMN-SS-ASB364343000 

(C022507~ 8pk H, 200 p~ 

OKMN~SB*ASB3fi4)-0015 

OKMN~B-ASB38-O-0815 

OKMN-SB-AS~38-O-0035 

OKMN,.~BB-ASB38-DB-0035 

O KMN-~B-ASta3~-DB43035 

OKM N-,SB-ASB38-0-0~55 

OKMN-SB*ASB39~0-O015 

(coz~soTa Spk G~ 2 p~b Spike) 

OKMN-SB-ASB39-3-00I 5 

©K~IN-SB=ASB36-0-6015 

OKk~N-SB-ASB36--0-0015 

OKMN-S~-ASB36-DB-00 ~ 5 

J ~mo~nt 
Sp~ke~ 
~,~,, t.q) 

2 

20o 

2 

2’oo 

2 

200 

2 

200 

2 

2 

2,Oo 

200 

2o0 

.2 

2 

9,32 NA NA i 

9,32 !91 91 

~2,6 NA NA 

~2.6 106 47 

171 NA ~ 

17.~ ~06 44 

73.9 NA NA 

73.9 170 4-8 

~07 NA NA 

~07 218 56 

123 NA NA 

123 220 4£ 

NR NR NR 

NR NR NR 

4t8 RE R£ 

4t8 RI~ RE 

452 RE R~ 

6,94 NA N~ 

~,R NR NR 

NR NR NR 

~.~3 NA NA 

~ NR NN 

~ NR NR 

8.~1 102 47 

&02 ~ NA 

8,02 1~ 46 

~ 9 7 NA NA 

l&7 106 43 

14.7 NA NA 

t4 7 97 5 41 

~ 7 NA NA 

~7 ~24 47 

~OB NA NA 

NR NR NR 

C9 A~id PFNA 
Pe~uo¢on c~naneic A=~ 

~nt Found Amount ........ 
~ Sample Recover~ Reoove~ 

NR NR NR 

NR NR NR 

I ~,01 51 ND 

0.175 o 974 40 

0.~75 NA NA 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

ND 0868 43 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table X. Matrix Spike Recovery of PFHpA, PFOA, and PFNA in 
Soil Samples (continued) 

NR 

NR 

4.45 

4,45 

ND 

ND 

0.281 

0.281 

NR 

NR 

NR 

NR 

NR 

NR 

AmouR[ 
Recovery 

(%) 

NR 

42 

45 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NR 

NA 

NR 

NR 

NR 

NR 

NA 

54 

NA 

45 

RE 

RE 

95 

NA 

NA 

55 

RE 

RE 

RE 

RE 

NR 

NR 

NR 

NA 

312 

NA 

201 

NA 

265 

NR 

NR 

RE 

RE 

RE 

NA 

~ 

RE 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table X. Matrix Spike Recovery of PFHpA, PFOA, and PFNA in 
Soil Samples (continued) 

sa~e 
Deso~ption 

OKMN-SB~B3543-0055 

OKMN-SB-ASB354]-0055 

OKM N~SB-ASB35-043C-85 

O~ N-SB-AS~35-O430&5 

OKMN-SB*ASB36q3~{~0 

OKMN-SB-ASB32-0-0075 

OKMN~Sg~A£~24343075 

OKM N-SB-A~B33~9~00,3O 

OKMN-SB-AS833~0-O0f 5 

OKMN-SB-A£B334)4015 

OKMN,,S£*ASB33~DB-0035 

OKM N-.SB-A.’3B33-DB-O035 

OKMN-SB-ASB33~O-0055 

O~M N-S=3-ASB33-0-0055 

OKMN-S~-ASB33-043085 

C8 Acid PFOA 

Pedt~otoect~neb Acid 

Arat FO~r~ Amount 

~n ~mple R~c~ered R~ 

2~O RE ~E 

277~ R~ RE 

NR NR NR 

NR NR NR 

12~ RE RE 

120~ RE R~ 

3300 ~ RE 

3300 R~ RE 

~3.3 NA ~ 

~3r3 ~ 4~ 

1 ~20 RE ~ 

1820 RE RE 

$91 6.91 1~ 

59@ RE RE 

¯ 5£9 RE RE 

NR NR NR 

NR NR NR 

¯ NR NN NR 

671 RE RE 

3140 RE RE 

3~40 RE ~ 

C9 Acid PFNA 

Perfborono~,~£!c Acid 

Amt F~md Amou~ 

in S~mple Recovered Recovecf 

NR NR NR 

NR NR NR 

NR NR NR 

25.0 NA NA 

25 0 ~ 10 43 

4,41 NA NA 

4,41 121 58 

NR NR NR 

NR NR NR 

NR NR NR 

&ZOO 1.25 53 

0.203 NA NA 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table X. Matrix Spike Recovery of PFHpA, PFOA, and PFNA in 
Soil Samples (continued) 

Sample 
[2~s~ri~tion 

OKMN.-SB-A,.eB34=0q30i 5 

O K,M N -S 8.-A~ 34’-0"00 ’~ 5 

{C az.’zs-m~ Spk F. ZOO p~ ~..} 

OKMN-._.~B -A 8~,3 t 43 -0000 

O~M N-SB-ASB31-0-0055 

OKMN-SB-ASB31 

OKiVIN-SB-ASB32-0-0000 

(COz;~il ~6 Spk H, :~0.~ ppb 

0 KMN:SB-A~,~32-08-0015 

{C0225117 Spk o, 200 p~ 

OKM N-SI]-AS832-0-0035 

C~.M N-S8 -A SB32-0 -0035 

OKMN-SB-AS B 3243-O055 

©KM ~-SB-ASB32-0-4~355 

C7 Acid PFHpA 

pen~l~mheptano~ A~id 

[’ ~o~t [ ~t F~ 
Am~Jn~ .............. 

2 

2 

249 

249 

0.302 ~ .25 45 

0.302 NA NA 

6.02 NA NA 

6.O2 90.8 42 

0.62£~ 1,35 36 

0,~29 N~ NA 

9r47 NA N~ 

9.47 85.9 43 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

NA NA 

284 67 

NA NA 

35~E 5"~ 

NR NR 

NR NR 

C8 Acid PFOA 

Petflu0rooctan0fc ~ld 

in Sample Rscovered R~ 

C8. Acid PFNA 

Per~luoronona~eic 

Amt Found Amount 

in Sample Recovered Recovery 

NO 0.£18 46 

ND NA NA 

NR NR NR 

NR NR NR 

52 

0.734 I 77 52 

0.734 NA NA 

NR NR NR 

NR NR 

NR NR NR 

NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

7.47 NA NA 

NR NR NR 

NR NR 

..... ,in~) 
(n~a) ................. (%) 

&89 NA NA 

6.89 ~17 55 

NR NR NR 

NR NR NR 

5~32 NA ~ 

5.32 ~ ~9 57 

NR NR N~ 

NR NR NR 

NN NR NR 

NR NR NR 

RE 

RE 

6360 RE RE 

8360 RE R~ 

16,2 NA ~ 

18.2 106 45 

4130 RE R~ 

4130 RE R~ 

3~70 RE ~S 

3t7~ RE RE 

RE 

RE 
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Interim Report #4 - Analysis of Oakda]e Soil and Water Samples Exygen Study No.: P0002561 

Table X. Matrix Spike Recovery of PFHpA, PFOA, and PFNA in 
Soil Samples (continued) 

OKMN-SB-ASB39-O.-0070 

OKMN-SB-ASB3943~0070 

OKM N--~B-ASB40-0-0~O0 

OKMN-~-AS840-0-0000 

OKM N-SB-ASB4O--Oq~15 

OKM N-SB-ASB40-04X)~ 5 

OKMN-SB-AS~40-0-0035 

OKMN-SB-ASB40-04)035 

(c0~ Spk H, L~ ppb Sl~k~) 

OKMN-~B-ASI~40-0-O055 

OKM N--S~8-A$840-043055 

C~MN-S~-ASB4O-4~090 

OKMN-£B-ASB404-~og0 

OKM N-,-~-AS84 %043035 

(602251~ Spk & 2~o ppb ,~# ,’~) 

OKMN4~B-A$841 

ONMN-SB-ASB41 

(60~2~134~ Spk F, 290 p~b Spl~} 

OKM N-SB-AS~4 

OK~M N-SB-AS~41 -O-O0eO 

2 

200 

2 

200 

2 

200 

2 

200 

2 

20O 

2 

2 

200 

2 

200 

200 

2 

200 

2 

200 

2 

200 

NA 

22£ 

lOe NA NA 

1~8 243 

5,3.0 NA NA 

53 0 213 

~R NR NR 

0.44~ 2.57 t06 

0.44~ NA NA 

1A7 2,32 58 

1.t7 NA 

2,39 5.47 154 

2.39 NA NA 

13,2 NA NA 

i3.2 206 96 

27.0 NA NA 

27 0 224 

75,4 NA NA 

75,4 254 89 

52. ~ NA NA 

52.6 214 81 

~6,4 NA NA 

~64 162 73 

C8 ~h:l PFOA C$ ,6~d PFNA 
Porf|uo~on onano[c A~id 

M~t F~d ~t 
~mple ~r~ R~ve~ 

41~ ~ 

4 ~ 1~ 63 

4,tl NA NA 

4,31 1~ 51 

4.37 I~ 68 

ND ~.72 

ND ~ .72 

ND ~ NA 

ND 1 71 

ND ~ 

ND 181 91 

NO NA NA 

ND 2.~ 117 

ND NA 

237 3.~ 45 

237 ~ NA 

~ 92 3.~ 57 

~ 92 ~ NA 

2,~8 3,01 42 

2 18 NA NA 

ND 2~4 102 

NO NA NA 

931 RE RE 

931 RE RE 

1260 RE RE 

1260 R~ RE 

855 RE RE 

NR NR NR 

NR NR NR 

6.09 NA NA 

6.09 233 t13 

20 1 NA NA 

201 179 

12,5 NA 

12.6 223 t05 

24 1 ~ 

24,1 15,3     64 

594 RE RE 

594 RE 

651 RE RE 

651 RE RE 

511 R5 RE 

511 RE RE 

55.1 270 1~7 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No,: P000256t 

Table X. Matrix Spike Recovery of PFHpA, PFOA, and PFNA in 
Soil Samples (continued) 

Sample 

OKMN-SB-A884’; -DB40090 

OKMN-SB-ASB4243~O~3 

{~Z,~I $~ gpk E, 2 ppb 

(C0225~3~ Spk C, 2 I~b 

OKMN-$B-ASB42-0-O035 

OKMN-S6-ASB434343015 

OKMN-SB~ASB43-O-0Ol 5 

C~K MN~S B~ASS4-3-0-0035 

0KMN-SB-ASB4~-0-0035 

OKMN,~B-ASB43~O4)090 

0 KMN---S B-ASS4-3 q)43090 

C7 A~I PFHpA 

Perl~oroh~t~noic A~d 

Sp~ [ ~ ~mple Ne~vere~ 

2 ~TA NA 

2 ND 2,~ 

~0 ND NA 

2 0.188 2.67 

200 0 1~ 

2 ~2,2 

200 ~ 2.2 

2 13.8      NA 

20~ 13 8 214 

2 11.7 

200 ~ ~ 7      2~ 

2 4.77 NA 

2~ 4.77 

2 ~5 5         NA 

2~ ~5.5 2~ 

2 31 2 

200 3~.2 ~7 

2 2~12 NA 

2O0 26.2 220 

105 

126 

NA 

¢24 

NA 

NA 

90 

NA 

!00 

NA 

NA 

88 

04 

NA 

97 

72 

28 

C9 ,#~:;id PF:i’~A 

Perfluoronon=anoic A~id 

in ~ Re~ 

ND 232 116 

ND ~ NA 

ND ~.~ 77 

ND I.~ 77 

ND ~ NA 

0.273 ~ 

0.~73 ~ 

0~439 I 91 74 

04~ NA NA 

ND 1 7B 89 

ND NA 

0 22~ 2.06      92 

0221 NA NA 

2.61 3.61 

2 61 NA 

NR N~ NR 

NR NR NR 

0.924 3.~ 106 

0.924 NA NA 

A~rage: 
S~a nd~trd Devia~i=~; 

51 8 NA NA 

5�.8 262 105 

0.73� NA NA 

0 949 3 68 137 

~.2 ~ NA 

90 2 3~ t49 

~.0 ~ ~ 

~o 243 94 

49 4 NA ~ 

~.4 2~ 1 ~ 

432 RE R~ 

¢32 RE ~E 

232 ~ NA 

232 514 141 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XI. Matrix Spike Recovery of PFDA, PFUnA, and PFDoA in 
Soil Samples 

S~rnp~e 

OKMN-~-ASB37~043O75 

OKMN-SB-ASB374~0075 

OKMN-SB-ASB38-0-0000 

(c~72 ~ H, ZOO ~pb 

OKMN~,B-AS838..O O035 

OKMN-~I~AS~38-04035 

OKMN-SB-ASB38- DB. 0,335 

O KMN-SB-ASB38-DO-O035 

OKMN-SB~SB384-0055 

OK M N-StB -ASB:384:FO 080 

OKM N--Oi~ASB38-043080 

OKIM N-SB-ASB39-0-420"~ 5 

OKM N-SB-AS8394)~015 

OKMN-OB-ASB3641P00~ 5 

OKMN-SB-AS83~-0430~ 5 

(0~;~50~1 ,S~ H, 200 ~ ~t~) 

P er f~u o:r0u n, docan OiC 

NR NR 

NR NR 1 

t,49 75 ND 

NA NA ND 

1,23 62 0,1£7 

"L21 48 0224 

NA NA 0.224 

1.43 48 0.702 

1,63 52 0.80"~ 

NA NA (~ 801 

1 8~3 ~5 0,930 

HA NA 0,930 

1 07 40 0.188 

NR NR NE 

NR NR 

NA NA I 49 

NR NR 

NR N~ NR 

NR NR NR 

NR NR NR 

2 

2OO 

2 

20O 

2 

z0o 

2oo 

2oo 

2 

2 

200 

2 

2OO 

2 

200 

2 

"200 

2 

2130 

2 

200 

NR 

ND 

ND 

ND 

0,252 

0.252 

0,478 

0,478 

(~.582 

0 582 

079~ 

Q79t 

0,276 

0.276 

NR 

NR 

"L72 

~ 72 

NR 

13 1 124 5,5 

~,04 2 ~4 65 

0,675 204 58 

0875 NA NA 

NR NR NR 

NR NR NR 

4.52 NA NA 

4.52 115 55 

5 t9 NA NA 

5,19 110 52 

8 27 NA NA 

8,27 102 47 

NR NR NR 

NR NR NR 

~0 7 NA NA 

103 110 5O 

10,2 NA NA 

34 2 NA NA 

33.6 NA NA 

C12 Acid PFDoA 

P~uorododocano|¢ Ac|d 

Amt ~£und Amount 

in ~mp~e Re~r~ R~V~ 

(ng/g~ (%) 

I .~ 42 

132 66 

NA NA 

1.~ 57 

NA NA 

47 

62 

NA 

2£0 80 

NA ~ 

22! ~ 

HA HA 

1 ~9 ~ 

NA NA 

NR NR 

2,5 53 

~ NA 

NR NR 

NR NR 

NR NR 

NR NR 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XI. Matrix Spike Recovery of PFDA, PFUnA, and PFDoA in 
Soil Samples (continued) 

OKMN-SS-ASB36-0-rj03O 

OKM N-SB*ASB24~0-01330 

O KI~ N -S B-AS~ 36~0,355 

OKM N4~B -AS!~36-043055 

OKMNLS~-ASB364343095 

OK.MN-SB-ASB354)~5 

!C0225084 Sp~ H, 20~ ~ $Nke} 

©KM N- f~ie,-ASB37-0-O015 

OKM N~SB-A3-337-0-0~l 5 

OKMN-SB-ASB3743-0035 

OKMNq$8-ASB37-0-0035 

(co2~,e~8 Spk H, 200 ppl~ 

OKM N - 81~-AS B 34-.0-005.5 

OKMN+SB*AS834-0-0055 

OKMN=SS,ASB34-Oq3035 

OKMN-SB-ASB34-043085 

O KM N-SI~-AS~535 -O~0000 

OKMN-SB-AS835-O-O0O0 

OKMN-SB-ASB3~5 

2OO 

2 

200 

2 

200 

2 

200 

2 

200 

2 

200 

2 

200 

2 

200 

2 

200 

2 

200 

2 

20,~ 

2 

200 

RE 

RE 

NA 

224 

"*.30 

6,246 

NR 

NR 

NA 

~09 

NA 

102 

NA 

119 

NA 

22 6 

NA 

187 

NA 

34.4 

NA 

93.6 

NR 

N~: 

48 

NA 

NA 

NA. 

79 

NA 

NA 

44 

RE 

NA 

NA 

NR 

NA 

48 

NA 

5O 

NA 

~4 

NA 

6! 

N~ 

64 

4~ 

NA 

NA 
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Interim Report #4 - Analysis of Oakdate Soil and Water Samples Exygen Study No.: P0002561 

Table XI. Matrix Spike Recovery of PFDA, PFUnA, and PFDoA in 
Soil Samples (continued) 

C10 Acid PFDA 

Perfluor odecaF, otc 

Am~Jnt I Am~ Fount{ A~nt 

Spiked I m S~mple 

(0£Vg) | 

2 

200 

2 NR 

200 NR 

2 343 

2~ 3~3 

2 227 

200 227 

2 1~4 

2~0 18.4 

2 0 832 

200 0.8Q2 

2 &538 

2~ 0.538 

2 ~3,0 

200 13.0 

2         1~2 

2OO 

2 

2~ 9.72 

2 18,7 

200 18,7 

2 31.9 

200 31 

C1~ ~! PFUnA 

. . Pe~l~otoundecano[c 

Am[ Four~5    Amount 

Recove~ R~ve~ in 

NR NR 5.73 

NR NR 573         87,0 

NR NR NR NR 

NR NR NR 

NA NA 24,8 NA 

499 78 24.8 

~ NA # 237      1. 

307 40 0.237 NA 

NA ~ NR 

1 $0 ~ NR NR 

2tI 65 ND 124 

NA NA ND NA 

1.4£ 48 e 424 1.48 

NA NA 8 424 NA 

~ ~ NR NR 

106 48 NR NR 

~ NA NR NR 

~ ~ NR NR 

139 65 NR NR 

~ ~ NR NR 

~ 38 60 NR 

NA NA 3.99 5.~ 

165 67 3 99 NA 

Re~over~ 

NA 2.2.5 

41 22,5 

NR 1~,7 

NR 11,7 

NA 30.5 

46 305 

NA ND 

NR NR 

NR NR 

62 NC’ 

53 

NR NR 

NR NR 

NR NR 

NR NR 

NR 

78 3.94 

N& 3.94 

(3!2 Acid PFI0oA 

Pe~qu o¢ododecanolc 

Amt Found    Amount 

in S,~mple Recovered Recovery 

(%) 

NA NA 

"~67 72 

NA NA 

149 69 

NA NA 

160 65 

1,16 58 

NA NA 

NR NR 

NR NR 

!.0~ 55 

NA NA 

159 50 

’NA NA 

NN        FIR 

NR 

NR NR 

NR NR 

NR NR 

NR NR 

NR NR 

69 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XI. Matrix Spike Recovery of PFDA, PFUnA, and PFDoA in 
Soil Samples (continued) 

OKMN-SB-ASB34-O-O~30 

OK~N-SB-ASB3 t -0-~170 

O~3vlN~SB-ASB31 =0=0,070 

OKMN-SB-ASB32-0-OO I~ 5 

OI<~MN- S~-AS B32-0 -0015 

OKMN~SB-ASB32-O-0035 

OKMN--SB.ASB32434)0~,5 

O~’q~l N -,S B -AS~3243,4:.055 

Amount 

2 

200 

200 

2 

2OO 

2’00 

2 

2.O0 

2 

2.O0 

2 

2O0 

2 

200 

2 

2O0 

200 

2 

0,529 1.43 45 

0,529 NA NA 

8.85 98.9 45 

0,237 t.23 50 

0.2~7 N#.. NA 

4.(]0 NA NA 

NR NR NR 

NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

2,43 3,35 46 

2,43 NA NA 

NR NR NR 

NR NR NR 

104 267 82 

132 277 73 

I12 276 82 

0.476 1,40 46 

0,476 NA .NA 

NR NR NR 

NR NR NR 

0.212 1.26 52 

0212 NA NA 

~.57 2.44 44 

157 NA NA 

NR NR N~ 

NN NR NN 

NR N~ NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

7.86 NA NA 

7.86 184 a6 

7, 30 NA ?tA 

7,30 165 79 

629 NA NA 

6,29 167 ~0 

C12 Ac:t,r.f PFr,’,’,’,’,’,’,’,’,’~A 

Amt F~ Amount 

Ssmple Re~er~ R~Ov~ 

o 873 1 70 4~ 

0.873 NA NA 

NR NR NE 

NR ~ NR 

0 328 1 39 53 

0.328 ~ NA 

NR ~ NR 

NR NR NR 

21,0 ~ ~ 

2~.0 1~ 40 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

9.32 ~ NA 

9.32 113 52 

9~2 NA ~ 

9 12 1~ 95 

735 ~ NA 

7.35 ~ ~ 

7.76 ~ NA 

7 7~ 174 83 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P000256 t 

Table XI. Matrix Spike Recovery of PFDA, PFUnA, and PFDoA in 
Soil Samples (continued) 

2 

2OO 

2 

200 

23,8 NA NA 

23_8 2:33 105 

36.3 ~ NA 

3~.3 238 101 

NA NA 

195 84 

2.83 105 

NA NA 

287 102 

NA NA 

3,27 105 

NA NA 

NR NR 

NR NR 

2.26 113 

NA NA 

NA NA 

194 92 

NA NA 

237 t01 

NA NA 

216 92 

2.15 108. 

NA NA 

411 182 B9 

2,04 3,61 79 

2,04 NA ~ 

ND 2.30 1 ~ 5 

NO ~ ~ 

0.191 2,14 97 

0,19~ NA r~ 

ND 2.47 ~24 

ND ~ NA 

ND 2.37 119 

ND NA ~ 

ND 22~ 11t 

ND ~ NA 

0.397 2,~ 1~3 

0 397 NA NA 

2.~ 4 ~ 90 

2,65 NA NA 

2-32 4~4 9~ 

2,32 ~ NA 

ND 1 85 93 

ND NA ~ 

2 20.1 

200 20.1 

2 0,736 

200 [;’, 736 

2 &826 

200 0.825 

2 117 

200 1.17 

2 NR 

2,30 NR 

2 bid 

2~J NO 

2 961 

200 9,01 

2 34.1 

200 34.1 

2 31 1 

200 31.t 

2 ND 

C12 Acid PFD4:~ 

Am1 Found Amount 
in S~mple Reco~red Recovery 
{n,£~) (n~i,~} (%) 

6.10 NA NA 

0,10 217 105 

&15 NA NA 

5.15 170 82 

252 4,77 113 

2,52’ NA NA 

NC" 2 v2 136 

NC NA NA 

ND 2,28. t14 

ND NA NA 

ND 1.92 96 

ND NA NA 

N D 2,94 147 

NO NA NA 

NO 2.19 110 

ND NA NA 

0.213 2.60 I19 

0213 NA NA 

1 83 3.78 98 

1,83 NA NA 

NR NR NR 

NR NR NR 

ND 1.78 89 

ND NA NA {coz, s131 spk H, 20~ p~ Slake} 200 ND 
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Interim Re’port #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XI. Matrix Spike Recovery of PFDA, PFUnA, and PFDoA in 
Soil Samples (continued) 

OKMN-SB-AS841 -DB-O090 

OKMN-SB-ASB41 ~DB4)00O 

OKMN-Sg-AS~424343000 

OKMN-SS-A:SB42-0q3000 

OF-.M N-SB-AS~4243-0018 

O.K M N-SB~AS,E4 24",~0 "18 

(CrJ?-25135 Spk D, 200 ppb ~Nt~} 

CKMN..SB~ASB42.0 0055 

OKMN-,~B-ASB42-0-0055 

OKM N-S B..ASB42-.0-0070 

C~<M N-SB-AS~M243-0070 

OKMN 88-AS[~,43-04~015 

{0B225139 Sl:.k 13 2 ppb Slake) 

OKM N"SB=~43-O~015 

OKMN-SS-AS843-O-0035 

OKMN*,SS-AS643-O-OC,35 

OKMN-~B-AS843-0-0090 

O KM N- SB -A$843-0-4~090 

Spiked 

2 

20o 

2 

2O0 

2 

200 

2 

200 

2 

2O0 

2 

200 

2 

20O 

2 

20O 

2 

200 

2 

200 

0.210 NA NA 

0,299 2.59 i 15 

0.29£ NA NA 

0796 3.9~ 159 

0.796 N~ NA 

0.396 NA NA 

0.601 2 77 108 

0 N3! ~A NA 

10 0 NA NA 

10.0 192 91 

I0.6 NA NA 

10 6 166 78 

O, ~ ~,7 2,49 ! 15 

0187 NA NA 

C11 A~d PFUnA 
Perfluoroundec.anok: A~id 

C’~2 Acid PFDoA 

Perr’l u o ro d o d ec.,maolc Acid 

in Sample Recovered Recovery 

(~’#) (ngig~ (%) 

ND 2.10 105 

NO 239 120 

ND ~ NA 

t18 

0.232 2.38 107 

0232 NA ~ 

0,202 2.41 110 

0.202 ~ NA 

ND 2,21 111 

ND ~ NA 

&365 2 69 1 !~ 

0.365 ~ ~ 

3,72 4.~ ~ 

372 NA ~ 

309 4.~ 72 

309 NA NA 

ND 2.49 125 

ND NA NA 

ND 2 10 105 

ND NA NA 

ND NA NA 

ND 2 36 118 

ND NA 

ND NA NA 

ND 229 ~15 

ND NA NA 

ND 2.54 127 

ND NA NA 

2.65 4t0 73 

2.65 NA NA 

2.69 3,gl 61 

2.69 NA NA 

ND 2.12 106 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XII. Matrix Spike Recovery of PFBS, PFHS, and PFOS in Soil 
Samples 

2 

2 

2O0 

2 

2O0 

2 

200 

2 

200 

2 

250 

2 

200 

2 

200 

2 

260 

2 

200 

2 

2 

N~ 

~A 

NA 

t ~8 

NA 

2,96 

NA 

3,$2 

NA 

2.47 

NA 

NA 

t09 

NA 

116 

103 

NA 

t10 

7.18 

7.18 

&6t4 

1.76 

5.45 

5.45 

805 

8.55 

49 

£.60 

NR 

68.7 

82.8 

5B.3 

58.3 

62,7 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XII. Matrix Spike Recovery, of PFBS, PFHS, and PFOS in Soil 
Samples (continued) 

NR 

NR NR NR 

NR NR 

NR NR 

’10.5 NA 

’10,6 132 61 

2 1,1 5.,16 153 

2 1 ~ NA NA 

"~5.,1 NA NA 

t5.,1 114 49 

7 12 NA NA 

7.12 102 47 

9 67 NA NA 

9.67 ’125 58 

128 NA NA 

128 :~06 89 

945 RE RE 

94.5 RE RE 

4060 RE RE 

4080 RE RE 

NR NR NR 

NR NR MR 

NR NR NR 

NR NR 

C8 Sulfo~ate PFO8 
perff~orooctanes~ffon~te 

Am~ Found Amount 
in Sample Recc~e’ed Recover/ 

343130 ~ 

10300 RE 

267 

MR NR NR 

MR NR NR 

5080 RE RE 

5080 RE RE 

2550 RE RE 

2550 RE RE 

2930 RE RE 

2930 RE RE 

7840 RE RE 

63200 RE RE 

83200 RE RE 

128~30 RE RE 

¢2800 RE RE 

205 N~ NA 

205 288 42 

8610 RE RE 

8510 RE RE 
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Interim Report #4 - Analysis of Oakdale Soil and. Water Samples Exygen Study No.: P0002561 

Table XII. Matrix Spike Recovery of PFBS, PFHS, and PFOS in Soil 
Samples (continued) 

2 

2 

20O 

2 

20O 

2 

20(~ 

2 

200 

2 

200 

5.31 

53~ 

343 

~0 

NR 

NR 

200 

NR 

C4 Su]fonate PFBS C6 Suifonate PFHS C8 Sufforta~ PFO8 

21 2 

2t ,2 

i8.8 

49,5 

49.5 

83.4 

83.4 

0360 

0360 

NR 

NR 

NP, 

NR NR NR 

NR NR NR 

~ 07 NA NA 

~-07 I~7 45 

R~ 

409       R£ 

708 161 45 

1 97 3,64 84 

!. 97 NA NA 

~-89 NA NA 

"8,3 305 

0.557 2.17 

NR NR NR 

NR NR NR 

NR NR NR 

NR NR NR 

464 NA NA 

464 180 67 

167 NA NA 

~O?0 RE RE 

29806 RE RE 

2980C. RE RE 

2610~- RE RE 

24500 RE RE 

24500 RE P-.E 

NR NP, NR 

NR NR NR 

1210 RE RE 

12!0 RE RE 

NR NR NR 

NR NR NR 

I~7 NA NA 

I ~7 257 70 

4070 RE RE 

4070 RE RE 

3290 RE RE 

3290 RE RE 

4610 RE RE 

4610 RE RE 

4820 R~ RE 

22800 R~ RE 

I ’370 RE RE 22800 R~= RE 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XII. Matrix Spike Recovery of PFBS, PFHS, and PFOS in Soil 
Samples (continued) 

Sample 
................ Deception 

O KM N-,SB-A~B34-O-00~3 

OKMN-SB-ASBa4XI-000O 

C’KMN "~B -,t~SB 34-0 -C4} 15 

CIKM N-,SB-AS 634.-0~0~ 15. 
spike) 

OKMN-S B,AS"331 ’-0-O015 

OK MN"SB -ASR 31- 04::’015 

OKM N-SB-AS 631-0-0{,35 

OKMN-~R=AS631 ~0-0~35 

OKMN’-SB-A~B32-D-O0O0 

OKMN--SB-ASB32",O-0030 

O KMN-.~B-A8 632.-0-0015 

OKMN-SB-ASB32,~*0036 

O F-J~N-S B-AS B 32.,0 - 003 S 
(co~s~’~ s~ F, ;me ppb 

OKMN4.~ASB324~,C~55 

OK.MN ~oAS~32-0-005~ 

C4 Sulfonate PFB8 C6 Sulfonate PFH8 
Peffluorob uta nesuJformte Pedlu otoh ~,p,~, uWona t e 

A~t Found Amoun~ "A~ F~ 

Sam9~ R~v~ ~ in Sarape Re~vem~ 

ND S.0O 60 0.4t2 

ND NA NA 0412      NA 

NR NR NR 20,4 NA 

NR NR NR 20,4 

NR NR NR NR 

NR NR NR N~ NR 

5 89 ~ NA NR NR 

18 2 ~ NA 827 

18.2 172 77 827 

17.6 NA NA 1120 

17 6 128 55 1~20 

33,5 NA NA ~R NR 

33.5 155 61 NR NR 

2,37 3.30 47 &02 NA 

237 ~ NA &02 

63.1 NA ~ 876 RE 

~3.I 14~ 43 876 

8t. 1 NA NA 1100 

81.1 225 72 ~ 100 RE 

79 t NA NA NR 

89,1 ~ NA 1 ~0 

239 75 1~     RE 69.1 

.55 

NA 

NA 

50 

NR 

NR 

NR 

RE 

RE 

RE 

RE 

NR 

NA 

RE 

RE 

NR 

R~ 

C8 Sulfonate PFOS 

601C= ~ RE 

18~ RE RE 

~ RE RK 

5!~0 R~ RE 

67~0 RE ~ 

58~0 R~ RE 

56~0 RE RE 

1110 RE RE 

~tt0 RE RE 

~0 RE RE 

2~500 ~ RE 

26500 RE RE 

I01 ~0 RE RE 

101000 RE RK 

NR NR NR 
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Interim Report #4 -Analysis of Oakdale Soil and Water Samples Exygen Study No,: P000256t 

Table XII. Matrix Spike Recovery of PFBS, PFHS, and PFOS in Soil 
Samples (continued) 

OKMN-SB-ASB394~-0035 

O KJ~N-SB-ASB39-O-0035 

GKMN ~S E,-AS;~ 39-0-0055 

OKMN-SB-ASB39-04)055 

Q KMN-SB-A,SB39~0*0070 

OKMN-SB-ASB404]q}Ot5 

OK~ N ~SB*AS~0~0~0~.35 

OKMN-SB-ASB40-D-0~35 

OKMN-SB-ASB4.t -0-00&5 

OKM N,,,.S,~-AS6414MX)35 

OKMN-SB-ASB41-0-0055 

OKMN-SE~AS541 

O~N-SB-AS~4I 4)-0090 

OKMI’4-S B-AS F_.4 t -0~ 0090 

2 

2~0 

2 

200 

2 

200 

2 

200 

2 

200 

2 

200 

2 

200 

2. 

200 

2 

2O8 

2 

200 

2 

2,30 

2 

200 

9.57 NA 

g, 57 182 68 

20.4 NA NA 

20.4 t93 66 

12.2 NA 

12.2 182 85 

,3.238 2.2.c. 103 

0.238 NA NA 

0.452 ! .96 75 

0.45:2 NA NA 

0.451 2.58 t06 

0451 NA NA 

0,.�83 2 30 

0 483 NA NA 

0453 1 65 68 

0 453 NA NA 

6,30 NA NA 

0.38 186 

10.1 NA NA 

10rl 196 92 

6,86 NA NA 

0,86 194 

3.70 5.96 1 ’;3 

370 NA NA 

156 

156 

NR 

188 

188 

ND 

ND 

0.777 

0.777 

2.08 

0 9O8 

0.9O8 

0 688 

0.856 

66,4 

664 

27 5 

27.5 

27.0 

27.0 

3.~ 

NA NA 12160 

347 9O 12100 

NR NR NR 

NA ~ NR 

360 ~ NR 

2.58 1~ 173 

NA ~ !73 

2.£7 ~10 

NA ~ 185 

3,~ 73 339 

NA NA 339 

3.6£ 139 120 

2~ ~ 33 4 

NA NA 5~8~ 

2~ 87 

NA ~ 1520 

240 106 1520 

NA NA 2!50 

263 1t8 2150 

5.82 1t9 

NA N~ 

Petl~u o~3o ¢t~res u ffon ~t~ 

Amt Found    ~nt 

NR NR 

NR NR 

N~ 

394 11t 

NA NA 

42£ 1~ 

NA ~ 

29O 85 

NA NA 

2t6 91 

RE         ~E 

RE RE 

RE R~ 

R~ RE 

RE RE 

~ NA 

214 ~ 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XII. Matrix Spike Recovery of PFBS, PFI-IS, and PFOS in Soil 
Samples (continued) 

OKMN~SB*ASB42-D-O00~ 

(c~3~ sp~ F, ~00 ~ 

Ot4MN -SB-AS 842 ~04~315 

OKMN--SS-ASB42-0-0035 

OKMN~SS-AS842-0-0035 

OKMN~S B-AS~Z-0-0055 

OFd~ N~S B-ASB42-0-0055 

OKMN-S~t~ASB43-0-D015 

OKMN -._£B-ASB43-O-0015 

(COZ2~39 S~k 9, ZOO ~ 

OKMN~B-ASB43-0-0O35 

OK MN-.S E~-A584~4~0 C~55 

OF~MN-S B-AS 843-43-0055 

2 

200 

200 

2 

200 

2 

200 

2 

2 

200 

2 

200 

2 

200 

2 

20(} 

2 

200 
OKMN-S~-AS 843-0-00¢~0 

200 ~ 

78 20.2 NA 

NA 20.2 216 

88 21.3 HA 

NA 21 3 223 

~15 54.9 NA 

NA 54.9 267 

NA 

NA 67.3 NA 

84 t90 352 

NA 35~0 RE 

~ 35~0 RE 

NA NR NR 

103 NR NR 

77 Aven~ge: 

364 5 14 75 

3.64 NA NA 

N 0 2.07 104 

ND NA NA 

&2,81 236 105 

02~31 NA NA 

3.93 52.5 68 

3.93 NA NA 

4 28 NA NA 

4 25 182 89 

3.69 5,51 91 

3A]g NA NA 

3.~2 4,97 53 

3. 82 NA NA 

~.CG NA NA 

0 {3~ 208 101 

14. I NA NA 

14.1 

787 NA NA 

7 87 199 96 

3.28 484 

3.28 NA 

ND 1 76 

ND NA 

ND 2.2g 

N~3 NA 

108 NA 

108 20~ 

152 NA 

t52 213 

4.60 NA 

4.60 182 

12.9 NA 

12,9. 181 

93.7 NA 

93.7 292 

173 NA 

173 31,8 

266 NA 

26 6 233 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

.2" 

Table XIII. Matrix Spike Recovery of PFBA, PFHA, PFHpA, and 
PFOA in Re-extracted Soil Samples 

OKMN-SB-AS~38-0=0035 

OKMN~D-ASE~39-0-00~5 

OKMN-S~ASB39-.0-0015 

OKMIq-S~ASB:3~G0030 

OKMN-SI~SB36-0-003D 

OKMN~.~IB~ASB37-O-Cl)35 

2~0 

8000 

20000 

2~00 

400O 

2450    5470     7~ 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XIII. Matrix Spike Recovery of PFBA, PFHA, PFHpA, and 
PFOA in Re-extracted Soil Samples (continued) 

C4 Acid PFBA 

t160      2670      26 

3000 

423O    16400 152 

2990 

2770 

NR 

599 

3570~3 113 

2700 91 

NR    NR 

3760 97 

1180 73 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XIII. Matrix Spike Recovery of PFBA, PFHA, PFHpA, and 
PFOA in Re-extracted Soil Samples (continued) 

Acid P~HA 

OK, MN-SB-ASB31-0.003.5 

OKMN-S B-.A~B31-0-0035 

OKMN~SB,ASB324~OD00 

C4 Acid PFBA 
Pe~luorob~-anaic Acid 

2~ 

2~ 

4~00 

2000 

2~00 

20~ 759 2060 

80000 

~00 

4~00 

2~00 

NR    NR    NR 

8360 16400     "~01 

4130 15:,%0 142 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XIII. Matrix Spike Recovery of PFBA, PFHA, PFHpA, and 
PFOA in Re-extracted Soil Samples (continued) 

OKMN-SB-ASN3g-~-O055 

OKMN-SB-AS B4"~-0-O035 

OKtAN-SB,ASB43-O’-OO35 

OK[’,~N-,SB- AS B 43- 0 -0035 

OKMN-S,~-A~B43-6- 0055 

2000 

,8O0 

4000 

~3OO 

1260 4440 

855 1850 124 

651 1270 77 

5,1 ~ 300 99 

432 1500 134 

1470 76 

Exygen Research 
~nendment Number 1 

Page 74 of 224 

3M MN04969303 

2163.0118 



Interim Report #4 - Analysis of Oakdale Soil and. Water Samples Exygen Study No.: P0002561 

Table XIV. Matrix Spike Recovery of PFDA, PFHS, and PFOS in 
Re-extracted Soil Samples 

AmolJ~t 
Spiked 

Ct0 ,Aci,~ PFDA C,6 SulfonaVa PFH~ 

Amt Found    Amour~ 
in ,&~m.ple Recovete~ N~covery 

2~00 

8OO 

2O0O 

2000 

20~ 

8000 

2000 

2~00 

20000 

2000 

40OOO 

4000 

20000 

8000 

4000 

4000 

2950 

Amt Found    AmouNt 

in Sampl~ Recc~ered Recovery 

C8 Sulfonate PP08 

Amt Fo~d ~ni 

Sam#e Re~d Re~v~ 

~,?~ ..... 

152~ 32~ ~ 

622 1300 85 

10~0 3270 !13 

1270 ~30 103 

1490 3~0 107 

60013 t25~0 8~ 

5350 t 3000 107 

NR NR NR 

21030 44B00 

34300 78400 

10300 30700 102 

6080 18600 109 

2,550 6~00 105" 

2930 6710 ~45 

7840 i 6900 
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Interim Report #4 - _Analysis of Oakdale Soil and Water Samples Exygen Study No,: P0002561 

Table XIV. Matrix Spike Recovery of PFDA, PFHS, and PFOS in 
Re-extracted Soil Samples (continued) 

Sample 

OKM N.~,qB~AS B35-0q) 015 

O KM N-SB-AS B35--0-0O 15 

OKMN.SB~ASB35oDB43035 

4000 

OKMNqSB-ASB35-DB~5 

OKM N÷,SB-ASB35q)-0055 

OKMN*SB~ASB3543-0055 

O KM N-S,~A,.SB 32~ ~ 0075 

(C0225"h30 Spk G, 2000 pt~b ~otke } 

OKMN-S~-ASB33-04035 

OKMN÷SB-ASB33- DB-0035 

OKM N-SB-ASB33-O’-0055 

© KM N--S. B-AS8 ~3~0,-0 C,435 

2.00O 

8O00 

40000 

2000 

20000 

2000 

20000 

4000 

40000 

2.000 

2000O 

4000 

2000 

2000 

800 

4000 

4000 

4000 

4000 

20000 

945     3100     ~08 

4060 1 i 200 89 

409 2730 116 

1070     5940     122 

63200 117000 135 

12800 38000 120 

8510 30200 108 

29600 78300 121 

2~100 70900 1~2 

24530 4f500 ~15 

121:0 3290 104 

NR NR NR 

4070 7410 84 

3200 94~0 

46t:0 7380 69 

4820 6020 60 

22680 36~00 70 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XIV. Matrix Spike Recovery of PFDA, PFtlS, and PFOS in 
Re-extracted Soil Samples (continued) 

OKMN~B-AS834-O-0015 

OKMN--SB-AS83; -O4X) 15 

OKMN~B4kS£31.424)035 

OILMN.-SB-AS~3 ~ 4243035 

OKMN-SB-ASB3~ 43-005,5 

OKM N=SB-ASB32--0.-0030 

0 KMN-SB-,~.SB&2-DB-00’I 5 

O~MN-,SB-A.~5832-DS-0015 

O KM N-SS-ASEI3#-’0-OG~ 5 

80O0 

2000 

8800 

4OO00 

2000 

8000 

40000 

2O00 

8000 

2000 

2O00 

8000 

40000 

20000 

2O0O 

2000O 

20’30 

80’O0 

4O0O0 

20OO 

2r_x300 

827 2960 1 D7 

NR     NR     NR 

878 255~ 84 

1100        3050 

NR NR NR 

21,00 

5~I0 13700 109 

~8~0 3780 9fi 

575~O 086’50 103 

38800 664,S~3 70 

588(30 9~30 82 

~110 3380 114 

34503 64600 75 

265co 52200 129 

101000 142000 51 

NR HE MR 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XIV. Matrix Spike Recovery of PFDA, PFHS, and PFOS in 
Re-extracted Soil Samples (continued) 

OKMN-S B-ASB41-0~O0i 5 

OK~N-~B-ASB4-1-0,-00~15 

OKMN-$B-ASB41-0+0035 

OKMN-SB-ASB41-0.0055 

OKMN-SB-ASB41-0+0055 

OKMN-SB,ASB43+0-O035 

OKMN-S~-ASB43-0+0035 

OKMN-SB-AS843-0-0055 

OKMN~SB-ASB434-0055 

Spiked 

2000 

80O 

4OO0 

8O0 

8OO0 

8O0 

800 

2000 

800 

4000 

8000 

C8 Suffonate PFOS 

Per’I]u 0ro0cta~esuif0r~at e 

tn Sample IReco~r~KI Recav-_.ry 

NR     NR 

NR NR NR 

5t8D 13700 i07 

1520 2070 69 

21~0 4100 g~ 

,     NR 

Average:    93 

3510 ~560 

Average:    103 

24 St=ndardDavi~on:    24 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XV. Matrix Spike Recovery of PFBA, PFPeA, and PFHA in 
Water Samples 

S~mple 

OKMN-SB-TRIPI -LS4361204 

OF&IN-SB~TR~P1 

ONMN-SB-TRP2*LS-O~ 1204 

OF, MN~B-TRtP2 -H~-0~ 1204 

0.25 

5O 

0 25 

5,0 

ND 0.272 109 ND 0.210 64 ND 0.225 

NO 5,23 "~05 NO 4.96 99 ND 5,10 

ND 0 285 114 ND 0.281 112 ND 0 253 

ND 6.05 121 

I 
ND 5.07 1,31 ND 4.40 

~0 

~o~ 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XVI. Matrix Spike Recovery of PFHpA, PFOA, and PFNA in 
Water Samples 

OKMN=SB-TRIP2-LS-061204 

I204 

SF~ed 

0.25 

50 

0.25 

5,O 

C? A~d PFHpA C8 A~d PFOA 
Perf~uoro~t~no[c Acid Pe~f~uotooctano~c ~i~ 

in ~mple Recov~ ~a ~pl~ ~’e~d R~v~ [ i~ Sample 

ND 0 i80 72 ND 0.320 128 ~ NO 

ND 4.35 B7 ND 5.~7 113 ~ ND 

NO 0.18~ 75 ND 0.2?O ~08 ND 

NO 4.70 ~ ND &~ ~20 ND 

Acid PFNA 
Petfl~o~ononanoic Acid 

0220 88 

5.42 108 

0.257 103 

Average: 99 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No,: P0002561 

Table XVII. Matrix Spike Recover), of PFDA, PFUnA, and PFDoA in 
Water Samples 

Acid PFUnA 
Pedluoroun(lecano~c ACkl 

1’~6 

107 

C12 Acid Pff~oA 

Pe#l~orodod~no[~ 

in S~ple Re~ver~ R~very 

(ng/mL) {n~imL) (%) 

NO O 186 74 

ND 5 29 

ND 0240 

ND 4 79 98 

Average: w=10 Average: 112 

Standard Deviation: �4 Standard Deviatt0~: 6 

No~e: Sinc~ th~s summary tabh~ shows rouffdad results, reco~t ry values r~¥ vary slighE~ from the values in the raw data, 

ND = No~ detected at or above the B¢~pt~b~ LOQ reNrted on T~b~ Vii 
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Interim Report #4 - A~alysis of Oakdale Soil and Water Samples Exygen Study No.: P000256t 

Table XVIII. Matrix Spike Recovery of PFBS, PFHS, and PFOS in 
Water Samples 

93 

OKMNqS~TRIPI*LS4?61204 

s~) 0‘25 [ ND 0:233 

204 

OKMN~B*TRI~-LS-~I204 
$pi~} 0.25 [ ND 0.276 

OKMN-SB-TR~P2-N~2~ 

~1 5.0 ~ NO 4.~ 

ND 0,280 112 NO 0.2’{ 1 84 

ND 5.t2 102 NO 3 94 79 

NO 0.260 104 NC- 0.182 73 

ND 5.~ 109 NO 4,51 90 

NO~e: Since t]ds summary tal~ shows rounded resuitso recovew values r~y yaw sligNiy from t~e values in the taw ~a, 
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interim Report #4 - _Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Table XIX. Total Percent Solids for Soil Samples 

ExygenID 

C0225070 

C0225071 

C0225072 

C0225073 

C0225074 

C0225075 

C0225076 

C0225077 

C0225078 

C0225079 

C0225080 

C0225081 

C0225082 

C0225083 

C0225084 

C0225086 

C0225087 

C0225088 

C0225089 

C0225090 

C0225091 

C0225092 

C0225093 

C0225094 

C0225095 

C0225098 

C0225097 

C0225098 

C0225099 

C0225100 

C0225102 

C0225103 

C0225104 

C0225105 

Client 
Sample ID To~l Percent Solids (%) 

OKMN-SB-ASB37-0-0055 88.85 

OKMN~SB-ASB37-0-0075 92 

OKMN-SB-ASB38-0-O000 91.90 

OKMN-SB-ASB38-0-0015 90.28 

OKMN-SB-AS838-0-0035 90.70 

OKMN-SB-ASB38-DB-0035 90,37 

OKMN-SBoASB38-0-0055 91.16 

OKMN-SB-AS838-0-0080 91.45 

OKMN-SB-ASB39-0-00! 5 93.69 

OKMN-SB-ASB39*DB-0015 93.58 

OKMN-SB~AS836-0-00t 5 93,03 

OKMN-SB-ASB36-DB-00"I 5 92.13 

OKMN-S B-ASB36-0-0030 92.17 

OKMN-SB-AS836-0-0055 90,29 

OKMN-SB-ASB36-0-0095 89,67 

OKMN-SB-ASB37-0-0000 89.26 

OKMN-SB-ASB37-0-0015 92.06 

OKMN-SB-ASB37-0-0035 92.71 

ONMN-SB-ASB37-DB-0035 91.50 

OKMN-SB-ASB34-O-0035 90.20 

OKMN-SB-ASB34-0-0055 91.10 

OKMN-SB-ASB34-0-0085 72.66 

OKMN-SB-ASB~,5-0-0000 87.00 

O KMN-SB-AS B35-0-0015 92.24 

OKMN-SB-ASB35-0-0035 92,98 

OKMN-SB-ASB35-DB-0035 93.49 

OKMN-SB-ASB35-0-0055 92.0t 

O KMN -S B-ASB35-0-0085 85.07 

O KM N -SBoASB36-0-0000 82.83 

OKM N-S B-ASB32-0-0075 92.84 

OKMN-SB-ASB33-0-0000 91.02 

OKMN-SB-ASB33-0-0015 93.28 

OKMN-SB-ASB33-0-0035 90,80 

OKMN-SB-ASB33-DB-0035 g t .46 
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Interim Report #4 - Analysis. of Oakdale SoiI and Water Samples Exygen Study No.: P000256 t 

Table XIX. Total Percent Solids for Soil Samples (continued) 

ExygenlD 

C0225106 

C0225107 

C0225108 

C0225109 

C0225110 

C02251!1 

C0225112 

C0225113 

C0225114 

C0225115 

C0225316 

C0225t17 

C0225t18 

C0225119 

C0225120 

C0225121 

C0225122 

C0225123 

C0225124 

C0225125 

C0225126 

C0225127 

C0225128 

C0225129 

C0225130 

C0225131 

C0225132 

C0225133 

C0225134 

C02251.35 

C0225t36 

C0225137 

C0225139 

C0225140 

C0225141 

C0225442 

Client 
Sample ID Total Percent Solids (%) 

OKMN-SB-ASB33-O-0055 88.77 

OKMN-SB-ASB33-0-0085 90.62 

OKMN-SB-ASB34-0-0000 90.59 

OKMN-SB-ASB34-0-0015 93.19 

OKMN-SB-AS831-0-0000 83,8t 

OKMN-SB-ASB3!-0-0015 92.!6 

OKM N-S B-ASB31-0-0035 90,80 

OKM N-SB-ASB31-0~0055 90,88 

OKMN-SB-ASB3 t-0-0070 91,58 

OKMN=SB-ASB32-0-O000 85..68 

OKMN-SB-ASB32-0-0015 93.54 

OKMN-SB-ASB32-DB-0015 93.93 

OKMN-SB-ASB32-0-0035 93.45 

OKMN-SB-ASB32-0-0055 92.51 

OKMN-SB-ASB39~0-0035 90.63 

OKMN-SB-ASB39-0-0055 89.85 

OKMN-SS-ASB39-0-0070 90.57 

OKMN-SB-ASB40-0-0000 83,06 

OKMN-SB-ASB40-0-0015 89.85 

OKMN-SB-ASB40-0-0035 90.82 

OKMN-SB-ASB40-0-0055 90.21 

OKMN-SB-AS840-0-0090 88.24 

OKMN-SB-AS84t-0-0015 90.19 

OKMN-SB-AS841-0-0035 90.16 

OKMN-SB-ASB41-0-0055 91.51 

OKMN-SB-AS841-0-0090 88,38 

OKMN-SS-ASB41-DB-0090 89.18 

OKMN-SB-ASB42-0-0000 86.50 

OKMN-SB-ASB42-0-0015 91..9~ 

OKMN-SB-ASB42o0-0035 93,79 

OKMN-SB-ASB42-0-0055 90.56 

OKMN-SB-ASB42-0-0070 89.06 

OKMN-S B-ASB43-0-00 ~, 5 91.69 

OKMN-S B-ASB43-0-0035 90.90 

OKMN~S B-ASB43-0-0055 89.60 

OKMN~S E~-ASB43~0*0090 89,72 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No,: P0002561 

FIGURES 

Exygen Research 
Amendment Number 1 

Page 85 of 224 

3M MN04969314 

2163.0129 



!: " Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Figure 1. Typical Non-Extracted Calibration Curve for PFBA in 
50:.50 Acetonitrile:Water 
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Interim Report #4 - A~nalysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Figure 2. Non-Extracted Standards of PFBA in 50:50 
Acetonitrile:Water, 0.025 ng/mL and 0.05 ng/mL, 
Respectively 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

i!° 

Figure 3. PFBA in a Control Blank, a 2.0 ng/g Fortified Control 
Spike A, and a 20 ng/g Fortified Control Spike B, 
Respectively 

4 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Figure 4. Chromatogram Representing a Soil Sample Analyzed for 
PFBA (Exygen ID: C0225092, Data Set: 011207A) 
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Interim Report #4 - Analysis ofOakdale Soit and Water Samples Exygen Study No.: P0002561 

Figure 5. PFBA in a Reagent Blank, a 0.25 ng/mL Fortified Reagent 
Spike A, and a 2.5 ng/mL Fortified Reagent Spike B, 
Respectively 

32t3 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Figure 6. Chromatogram Representing a Water Sample Analyzed 
for PFBA (Exygen ID: C0225143, Data Set: 020207C) 
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Interim Report #4 - .Analysis of Oakdale Soil and.Water Samples Exygen Study No.: P0002561 

Figure 7. Typical Non-Extracted Calibration Curve for PFPeA in 
50:50 Acetonitrile:Water 
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Interim Report #4 = Analysis of Oakdale Soil. and Water Samples Exygen Study No.: P0002561 

Figure 8. Non-Extracted Standards of PFPeA in 50:50 
Acetonitrile:Water, 0.025 ng/mL and 0.05 ng/mL, 
Respectively 
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Interim Report #4- Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Figure 9. PFPeA in a Control Blank, a 2.0 ng/g Fortified Control 
Spike A, and a 20 ng/g Fortified Control Spike B, 
Respectively 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Figure 10. Chromatogram Representing a Soil Sample Analyzed for 
PFPeA ~xygen ID: C0225092, Data Set: 011207A) 

Exygen Research 
Amendment Number 1 

Page 95 of 224 

3M MN04969324 

2163.0139 



Interim Report #4 - Anatysis of Oakdale Soil and. Water Samples Exygen Study No.: P0002561 

Figure 11. PFPeA in a Reagent Blank, a 0.25 ng/mL Fortified Reagent 
Spike A, and a 2.5 ng/mL Fortified Reagent. Spike B, 
Respectively 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Figure 12. Chromatogram Representing a Water Sample Analyzed 
for PFPeA (Exygen ID: C0225101, Data. Set: 020207C) 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Figure 13. Typical Non-Extracted Calibration Curve for PFHA in 
50:50 Acetonitrile:Water 

Exygen Research 
Amendment Number 1 

Page 98 of 224 

3M MN04969327 

2163.0142 



Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No,: P0002561 

Figure 14. Non-Extracted Standards of PFHA in 50:50 
Acetonitrile:Water, 0.025 ng/mL and 0.05 ng/mL, 
Respectively 
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Interim Report #4- Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Figure 15. PFHA in a Control Blank, a 2.0 ng/g Fortified Control 
Spike A, and a 20 ng/g Fortified Control Spike B, 
Respectively 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No,: P0002561 

Figure 16. Chromatogram Representing a Soil Sample Analyzed for 
PFHA (Exygen ID: C0225092, Data Set: 011207A) 
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Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Figure 17. PFHA in a Reagent Blank, a 0.25 ng/mL Fortified Reagent 
Spike A, and a 2.5 ng/mL Fortified Reagent Spike B, 
RespectiveLy 
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Acid (PFOA), Perfluorononanoic Acid (PFNA), Perfluorodecanoic Acid (PFDA), 

Perfluoroundecanoic Acid (PFUnA), Perfluorododecanoic Acid 0~FDoA), 
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DATA REQUIREMENTS 
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Interim Report #.4 -Analysis of Oakdate Soil and Water Samples Exygen Study No,: P0002561 

GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT 

Exygen Study Number P0002561, entitled "Analysis of Perfluorobutanoic Acid (PFBA), 
Perfluoropentanoic Acid (PFPeA), Perffuorohexanoic Acid (PFHA), Perflt~oroheptanoic 
Acid (PFHpA), Perfluorooctanoic Acid (PFOA), Perfluorononanoic Acid 0~FNA), 
Perfluorodecanoic Acid (PFDA), Perfluorotmdecanoic Acid (PFUnA), 
Perfluorododecanoic    Acid    (PFDoA),    Perfluorobutanesulfonate    (PFBS), 
Perfluorohexanesulfonate (PFHS), and Perfluorooctanesulfonate (PFOS) in Water, Soil 
and Sediment Using LCiMSiMS for the 3M Cottage Crrove Monitoring Program Phase 
2," conducted for 3M Company, is being performed in compliance with EPA TSCA 
Good Laboratory Practice Standards 40 CFR 792 by Exygen Research. 

Charles Simons 
Principal Investigator 
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SUMMARY OF CHANGES AND REASON FOR AMENDMENT 

The limits of quantitation (LOQ.’s) for the water samples analyzed in this interim, report 
were incorrect. When the water samples were prepared for extraction and analysis, the 
samples were diluted by a factor of 2 in the initial preparation. The calibration standards 
did not receive the same preparation before analysis therefore the dilution was not 
factored into the original LOQ’s calculated for the data sets. After reviewing the data sets 
and the results obtained for the equipment rinseate blank and trip blank water salnples, it 
was determined to raise all LOQ values for each data set by a factor of 2. The incorrect 
LOQ values for the blank samples had no affect on the overall results reported for the soil 
smnptes. 

1.0 SUMMARY 

Exygen Research extracted and analyzed soil and water samples for the determination of 
perftuorobutanoic acid (PFBA), perfluoropentanoic acid (PFPeA), perfluorohexanoic acid 
(PFHA), perfluoroheptanoic acid (PFHpA), perfluorooctanoic acid (PFOA), 
perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA), perfluoroundecanoic 
acid (PFUnA), perfluorododecanoic acid (PFDoA), perfluorobutanesulfonate (PFBS), 

perfluorohexanesulfonate (PFHS), and perfluorooctanesulfonate (PFOS) according to 3M 
Environmental Laboratory Method ETS-8-012.1 (Appendix B). 

The limit of quantitation (LOQ) for the analytes in the soil samples are listed in Tables I, 

II, III, and IV. The target LOQ for the method for soil samples was 0.2 ng/g. The limit 
of quantitation (LOQ) for the analytes in the water samples .are listed in Tables V, VI, 
VII, and VIII. The nominal LOQ for the method for water samples was 0.050 ngimL. 
After evaluation of the reagent blanks (method blanks) for each analyte used for the 
analysis, the LOQ was determined. In some cases, the LOQ was raised due to the 
evaluation. A discussion of the process used to evaluate the reagent blarlks can be found 
in subsection 6.4. 

An. alyticat results for the analysis ofPFBA, PFPeA, and PFHA found in the soil samples 

are stmamarized in Table I. Fortification recoveries for PFBA, PFPeA, and PFHA in the 
soil sanaples are detailed in Table IX. The average percent recoveries _+ standard 
deviations for PFBA, PFPeA, and PFHA i.n the soil samples were 67 _+ 23%, 70 + 24%, 

and 69 ± 23%, respectively..~-~alytical results for the analysis of PFHpA, PFOA, and 
PFNA found in the soil samples are summarized in Table II. Fortification recoveries ~br 
PFHpA, PFOA, and PFNA in the soil samples are detailed in Table X. The average 

percent recoveries _+ standard deviations for PFHpA, PFOA, and PFNA in the soiI 

samples were 72 + 28%, 82 + 35%, and 67 + 23%, respectively. Analytical results for the 
analysis of PFDA, PFUnA, and PFDoA found in the soil samples are summarized in 
TabLe IIL Fortification recoveries for PFDA, PFUm~, and PFDoA in the soil samples 
are detailed in Table XI. The average percent recoveries _ standard deviations ~br 

PFDA, PFUnA, and PFDoA in the soil samples were 75 _+ 28%, 75 + 26%, and 77 _+ 

Exygen Research 
Amendment Number 1 

Page 15 of 224 

3M MN04969349 

2163.0164 



Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

29%, respectively. Analytical results for the analysis ofPFBS, PFHS, and PFOS found in 
the soil samples are summarized in Table IV. Fortification recoveries for PFBS, PFHS, 
and PFOS in the soil samples are detailed in Table XII. The average percent recoveries 

+ standard deviations for PFBS, PFItS, and PFOS in the soil samples were 68 _+ 24%, 77 

_+ 29%, and 89 + 22%, respectively. 

A total of 48 samples needed re-extraction and re-analysis due to the significantly high 
endogenous analyte residues found in the samples relative to initial matrix spike 
concentrations. The samples required a higher fortification level to obtain fortification 
recoveries. Fortification recoveries for PFBA, PFHA, PFHpA and PFOA in the re- 

extracted soil samples are detailed in Table XIII. The average percent recoveries _+ 
standard deviations for PFBA, PFHA, PFHpA and PFOA in the re-extracted soil samples 
were 72 _+ 15%, 91 + I0%, 93 + 14%, and 104 + 28%, respectively. Fortification 
recoveries for PFDA, PFHS and PFOS in the re-extracted soil samples are detailed in 
Table XIV. Only one smnple was re-extracted and re-analyzed for PFDA, and its 

fortification recovery was 9 t %. The average percent recoveries _+ standard deviations for 
PFHS and PFOS in the re-extracted soil samples were 93 + 24% and 103 + 24%, 
respectively. 

The assessed accuracy for the majority of the samples reported is +/-’30%. The 
accuracies were assessed for each sample by reviewing the matrix spike whose spiking 
level most closely matches the endogenous concentration found in the sample. Due to the 
number of samples with matrix spike recoveries outside the 70% to 130% recovery range 
of acceptm~ce for +/- 30% accuracy for the Oakdale study site, some samples have an 
expanded assessed accuracy ranging up to +/- 60% as noted in Tables I - IV. 

Quantitative results were obtained for the majority of soil samples and anatytes. The 
percentage of results reported for soil samples for PFBA, PFPeA, and PFHA were 77.1%, 
84.3%, and 78.6%, respectively. The percentage of results reported for soil samples for 
PFHpA, PFOA, and PFNA were 81.4%, 82.9%, and 50.0%, respectively. The percentage 
of results reported for soiI samples for PFDA, PFUnA, and PFDoA were 84.3%, 74.3%, 
and 78.6%, respectively. The percentage of results reported for soil samples for PFBS, 
PFHS, and PFOS were 91.4%, 81.4%, and 84.3%, respectively. All other results were 
designated as not reported (NR) due to quality control failures. 

Analytical results for the analysis of PFBA, PFPeA, and PFHA fotm.d in the water 
samples are surmnariz~d in Table V. Fortification recoveries for PFBA, PFPeA, and 

PFHAin the water samples are detailed in Table XV. The average percent recoveries + 
standard deviations for PFBA, PFPeA, and PFHA in the water samples were 112 + 7%, 

99 ± 12%, and 95 _+ 7%, respectively. AnNytical results for the analysis of PFHpA, 
PFOA, and PFNA found in the water samples are summarized in Table VI. Fortification 
recoveries for PFHpA, PFOA, and PFNA in the water samples are detailed in Table XVI. 

The average percent recoveries _+ standard deviations for PFHpA, PFOA, and PFNA in 
the water samples were 82 _+ 10%, ti7 + 9%, and 99 _+ 9%, respectively. Anal~ical 
results for the analysis of PFDA, PFUnA, and PFDoA found in the water san~pies are 
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summarized in Table VII, Fortification recoveries for PFDA, PFUnA, and PFDoA in the 
water samples are detailed in Table X’~qI. The average percent recoveries + standard 
deviations for PFDA, PFUrlA, and PFDoA in the water samples were 110 + 14%, 1 t2 _+ 
6%, and 93 + 13%, respectively. Analytical results for the analysis ofPFBS, PFHS, and 
PFOS found in the water samples are summarized in Table VIII. Fortification recoveries 
for PFBS, PFHS, and PFOS in the water samples are detailed in Table XVlII. The 

average percent recoveries _+ standard deviations for PFBS, PFHS, and PFOS in the water 

samples were 96 + t 1%, 107 _+ 4%, and 82 + 7%, respectively. Quantitative results were 
obtained for all water samples and analytes. 

Total percent solid results for the soil samples are detailed in Table XIX. 

2.0 OBJECTIVE 

The objective of the analytical part of this study was to determine levels of 

perfluorobutanoic acid (PFBA), perftuoropentanoic acid (PFPeA), perfluorohexanoic acid 
(PFHA), perfluoroheptanoic acid (PFHpA), perfluorooctanoic acid (PFOA), 
perfluorononanoic acid (PFNA), perfluorodecanoic acid (PFDA), perfluorotmdecanoic 
acid (PFUnA), perfluorododecanoic acid (PFDoA), perfluorobutanesulfonate (PFBS), 
perfluorohexanesulfonate (PFHS), and perfluorooctanesulfonate (PFOS) in soil and water 
according to Protocol P0002561 (Appendix A). 

3.0 INTRODUCTION 

This report details the results of the analysis for the determination of PFBA, PFPeA, 
PFHA, PFHpA, PFOA, PFNA, PFDA, PFUnA, PFDoA, PFBS, PFHS, and PFOS in soil 
and water using the 3M Environmental Laboratory analytical method ETS-8-012.1 
entitled, "Method of Analysis for the Determination of Perflttorobutanoic Acid (PFBA), 

Perfluoropentanoie Acid (PFPeA), Perfluorohexanoic Acid (PFHA), Perftuoroheptanoic 
Acid (PFHpA), Perfluorooctanoic Acid (PFOA), Perfluorononanoic Acid (PFNA), 

Perfluorodeeanoic Acid (PFDA), Perfluoroundecanoic Acid (PFUnA), 
Perftuorododecanoic Acid (PFDoA), Perfluorobutanesul fonat e (PFBS), 
Perfluorohexanesutfonate (PFHS), and Perfluorooctanesulfonate (PFOS) in Water, Soil 
and Sediment by LCiMSiMS." 

The study was initiated on October 20, 2006, when the study director signed protocol 
nun~ber P0002561. The analytical start date for this interim report was January- I0, 2007, 
and the analytical termination date for this interim report was April 10, 2007. 
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4.0 ANALYTICAL TEST SAMPLES 

A total of seventy-nine samples (Exygen ID C0225070 - C0225148 from login ID 
L00010298), seventy soils and nfiae waters, were received at ambient temperature on 
December 11, 2006 from Tim Frinak at Weston Solutions, Inc. The nine water samples 
represented three rinse blanks, ~’o trip blanks, and four associated trip blank field spikes. 
All samples were logged in by Exygen personnel and placed in refrigerated storage. 

Sample identification (ID) codes for the soil samples are of the form OKMN-SB-ASBxx- 
x(x)-xxxx and are composed of the strings described below: 

The first string defines the general sampling area where OKMN - Oakdale disposal site. 

The second string defines the sample type where SB = soil boring. 

The third string indicates the sampling location where ASBxx defines the soil boring 
location. 

The fourth string describes the sample aliquot where 0 = primary sample volume, DB = 
duplicate sample and RB = equipment rinseate blank. 

The final string is the topmost portion of the sampling interval (i.e.’0000 = 0.0 feet, 0015 
= 1.5 feet, 0030 = 3.0 feet, etc.). 

Sample log-in and chain of custody information is located in the raw data package 
associated with this interim report. Storage records wi!! be kept at Exygen Research. 

5.0 REFERENCE MATERIAL 

The requisition infomaation for the reference materials used in this study is listed below. 

ComDoun~ Exy~en Inventory No. .Supplier Received Date 
PFBA SP0008071 Oakwood Products, Inc. 09/08/06 
PFPeA SP0003847 Sigma-Aldrich, Inc. 01/07/04 
PFHA SP0008073 Oakwood Products, Inc. 09/08/06 

PFHpA SP0008069 Oakwood Products, Inc. 09/08/06 
PFOA SP0008065 Oalcwood Products, Inc. 09/08/06 
PFNA SP0008066 Oakwood Products, Inc. 09/08/06 
PFDA SP0008064 Oakwood Products, Inc. 09/08/06 

PFUnA SP0008067 Oakwood Products, Inc. 09/08/06 
PFDoA SP0008068 Oaka,vood Products, Inc. 09/08/06 
PFBS SP000.8058 3M Environmental Laboratory. 09/06/06 
PFBS SP0008956 3M Environmental Laboratory 02/19/07 

Exygen Research 
Amendment Number 1 

Page 18 of 224 

3M MN04969352 

2163.0167 



Interim Report #4 - Analysis of Oakdale Soil and Water Samples Exygen Study No.: P0002561 

Compound Exvgen Inventory No. Supplier Received Date 
PFHS SP0008057 3M Environmental Laboratory 09/05/06 
PFHS SP0008961 3M Environmental Laboratory 02/19/07 
PFOS SP0002694 Fluka Corporation 04./23/03 

The lots, purities, and expiration dates for the reference materials are listed below. All 
materials were stored refrigerated except for PFBS and PFHS which were stored frozen. 

Compound 
PFBA 
PFPeA 
PFHA 

PFHpA 
PFOA 
PFNA 
PFDA 

PFUnA 

Exygen Inventor}., No. Lot # ~ Expiration Date 
SP0008071 U02C 99 09./08/08 
SP0003847 20524JB 99.1 01/07/09 
SP0008073 3131 98 09/08/08 
SP0008069 H3002 99 09/08/08 
SP0008065 Y 16G 98 09/08/08 
SP0008066 H7568 99 09/08/08 
SP0008064 Y31J 98 09/08/08 
SP0008067 U 11N 99 09/08/08 

Exygen Invemory No, Lot # P~y (%) Expiration Date 
SP0008068 Y0 t J 98 09/08/08 
SP0008058 2 97.3 01/17/08 
SP0008956 2 97.3 01/18/t7 
SP0008057 NB t 20067-69 98.6 10/18/07 
SP0008961 NB 12006%69 98.6 10/18/16 
SP0002694 43018011 101.2 10131/07 

Compound 
PFDoA 
PFBS 
PFBS 
PFHS 
PFHS 
PFOS 

The molecular structures of the standards are given on the following pages: 

PFBA 
Chemical Name: Perfluorobutanoic Acid or Heptafluorobut~zic Acid 
Molecular Weight: 214 
Transitions Monitored: 213 --,,- 169 
Structure: 

F 
F 

~F F 
PFPeA 

Chemical Name: Perfluoropentanoic Acid or Nonafluoropentanoic Acid 
Molecular Weig1-~t: 264 
Transitions Monitored: 263 -~ 219 
Structure: 

F ~OH 
F F 
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PFItA 
Chemical Name: Perfluorohexanoic Acid 
Molecular Weight: 314 
Transitions Monitored: 313 ~ 269 
Structure: 

~F 
F 

F F 

F F F 

PFItpA 
Chemical Name: Perfluoroheptanoic Acid 
Molecular Weight: 364 
Transitions Monitored: 363 --, 319 
Structure: 

PFOA 

F ~OH 

F F F 

Chemical Name: Perfluorooctanoic acid 
Molecular Weight: 414 
Transitions Monitored: 4t3--, 369 
Structure: 

F F 

F F F 

F 

F 

0 

PFNA 
Chemical Name: Perfluorononanoic acid 
Molecular Weight: 464 
Trar~_sitions Monitored: 463 --, 4t9 
Structure: 

Exygen Study No.: P0002561 
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PFDA 
Chemical Name: PerfIuorodecanoic acid 
Molecular Weight: 514 
Transitions Monitored: 513 ~ 469 
Structure: 

F F 
F 

F F F F F 

PFUnA 
Chemical Nmne: Perfluoroundecanoic acid 
Molecular Weight: 564 
Transitions Monitored: 563 -, 519 
Structure: 

Exygen Study No.: P0002561 

F F 

F F F F F 

PFDoA 
Chemical. Name: Perfluorododecanoic acid 
Molecular Weight: 614 
Transitions Monitored: 613--- 569 
Structure: 

F F F F 
F 

F F F F F F 

PFBS 

Chemical Name: Perfluorobutanesutfonate 
Molecular Weight: 338 supplied as the potassium salt (C4F9SO3-K+) 

Transitions Monitored: 299 -+ 80, 99 
Structure: 
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PFHS 
Chemical Name: Perfluorohexanesulfonate 
Molecular Weight: 438 supplied as the potassium salt (C6F]3SO~-K+) 

Transitions Monitored: 399 -+ 80, 99 
Structure: 

F F F 

F~SO3 F F F 

PFOS 
Chemical Name: Perftuorooctanesulfonate 
Moleculaa" Weight: 538 supplied as the potassium salt (CsF17SO3-K+) 

Transitions Monitored: 499 -~ 80, 99 
Structure: 

F F F F 
F 

F 

6.0 DESCRIPTION OF ANALYTICAL METHOD 

The 3M Environmental Laboratory analy-tical method ETS-8-012.1 entitled, "Method of 
Analysis for the Detenrdnation of Perfluorobutanoic Acid (PFBA), Perfluoropentanoic 
Acid (PFPeA), Perfluorohexanoic Acid (PFHA), Perfluoroheptanoic Acid (PFHpA), 

Perfluorooctanoic Acid (PFOA), Pcrfluorononanoic Acid (PFNA), Perfluorodecanoic 
Acid (PFDA), Perfluoroundecanoic Acid (PFUnA), Perfluorododecanoic Acid (PFDoA), 
Perfluorobutanesul fonate    (PFBS),    Perfluorohexanesulfonate    (PFHS),    and 
Perfluorooctanesulfonate (PFOS) in Water, Soil and Sediment by LC/MSiMS" was used 
for sample analysis in this study. 

6.1 Extraction Procedure for Soil 

A 1 gram aliquot of the soil sample was used for the extraction procedm’e. The sample 
was weighed into a 15 mL polypropylene centrifuge tube. The appropriate samples were 
fortified and 8 mL of 80:20 acetonitrile:water was added. The samples were capped 
tightly and shaken. The samples were placed into an ultrasonic bath at room temperature 
for -2 hours. The samples were then centrifuged at -3000 rpm for 10 minutes, A portion 
of the supemate was then transferred to an autosampler vial~ Each sample was analyzed 
y ~w~gvI~ MS e.lectrospray. 
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6.2 Extraction Procedure for Water 

A 10 mL aliquot of the water sample.was used for the extraction procedure. The sample 
was measured into a 50 mL polypropylene centrifuge tube. The appropriate samples were 
fortified and 10 mL of acetonitrile was added. The samples were capped tightly and 
shaken. The samples were placed into an ultrasonic bath at room temperature for-2 
hours. The samples were then cenWift~ged at ~3000 rpm for I0 minutes. A portion of the 
supernate was then transferred to an autosampler vial. Each sample was analyzed by 
LCiMSiMS electrospray. 

6.3 Preparation of Standards and Fortification SoLutions 

A stock standard solution of each anatyte was prepared as specified in the method. The 
stock standard solutions were prepared at a concentration of t0,000 ggimL by dissolving 
1.0 g of the sta~dards (corrected for purity and salt content, if necessary) in acetonitrile. 
From these solutions, a 1000 ggimL mixed fortification standard solution was prepared 
by taking t0 mL of the stocks and bringing the volume up to 1.00. mL with acetoni.trite. 
By taking 10 mL of the 1000 pgimL mixed fortification standard and bringing the volume 
up to 100 mL with acetortitrite, a 100 g~/mL mixed fortification standard was prepared. 
By taking 10 mL of the 100 pgimL mixed fortification standard and bringing the volume 
up to 100 mL with acetonitrile, a 10 ggimL mixed fortification standard was prepared. 
By taking 10 mL of the 10 ggimL mixed fortification standard and bringing the volume 
up to ! 00 mL with acetonitrile, a t.0 ggimL mixed fortification standard was prepared. 
By taking 10 mL of the 1.0 pgimL mixed fortification standard and bringing the volume 
up to 100 mL with acetonitrile, a 0.t ggimL mixed fortification standard was prepared. 
By taki.ng 10 mL of the 0.1 ggimL mixed fortification standard and bringing the volume 
up to 100 mL with acetonitrile, a 0.01 ggimL mixed fortification standard was prepared. 
A set of external calibration standards containing all analytes were prepared in 50:50 
acetonitrile:water. The following concentrations were prepared: 

Cone. of Fort Aliquot Fina! Volume Final Cone. of 
Solution Vohtme of Calibration Std. 

................. ~_ngimL) (mL) Solution (mL) (ngim~) 
100 5.0 100 5,0 
100 2.5 100 2.5 
t00 1,0 100 1.0 
5.0 10 100 0.50 
2.5 10 100 0.25 
1.0 10 I00 0. i0 
0.5 10 100 0.05 

0.25 i 0 t00 0.025 

The stock standard solution and the I000 #gimL standard solution were stored in a 
freezer (-20° + 5°C) when not in use. All other fortification and calibration standard 
solutions were stored in a refrigerator (4° + 2°C) when not m use. ocum~,ma,o, w 
standard preparation is !ocated in the raw data package associated with this interim report. 
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6.4 Chromatography 

Quantification of the analytes was accomplished by LC!MSiMS electrospray. The 
retention time of all anal3~tes can be found in Section 6.6. Method blanks prepared for 
each data set were used to determine the LOQ. In instances where there were no peaks in 
the method blanks, the LOQ was determined by the concentration of the lowest standard 
injected in the analytical run that met the 70-130% recovery range of its known value. In 
instances where there were peaks detected in the method blanks, the blanks were 
evaluated. If the average of the responses ofalt the method blanks was less than 50 % of 
the response of the lowest standard meeting the recovery criteria, then the LOQ was 
determined by the lowest standard. If the average of the responses of all the method 
blanks was greater than 50 % of the response of the lowest standard meeting the recovery 
criteria, then the LOQ was raised to the standard that met the less than 50 % criteria. 

6.5 Instrument Sensitivi~ 

The smallest standard amount injected during the chromatographic run had 
concentration of 0.025 ngimL of all analytes. 

6.6 Description of LC/MS/MS Instruments and Operating Conditions 

Instruments: API 5000 Biomolecular Mass Analyzer 

Interface: 
Computer: 

Sot~are: 

HPLC: 

HPLC Column: 
Column Temp.: 
Injection VOlo: 

Mobile Phase (A): 
Mobile Phase (B): 

AP14000 Biomolecular Mass Analyzer 
SCIEX Turbo Ion Spray Liquid Introduction Interface 
DELL Precision 360 
DELL OptiPlex GX400 
PE SCIEX Analyst 1.4.1 
Hewlett Packard (HP) Series 1200 
Hewlett Packard (HP) Series t i00 

lip Quat Pump 
HP Vacuum. Degasser 
~P Autosampler 
HP Celumn Oven 

Phenomenex Luna C8 (2) Mercury, 2n~n x 4 ram, 3#m 

~35° C 
10 ~tL 

2 mM Ammonium Acetate in water 
Methanol 

Time (rain) % A % B 
0.0 90 10 
0.5 90 10 
2.0 t0 90 
5,0 10 90 
5.1 0 t00 
6.0 0 100 
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Time (rain) % A % B 
6.I 90 10 
10.0 90 10 

Total run time: -10 rain 
Flow Rate: 0.75 mLimin 
Ions monitored: 
Anals~ Mode Transition Monitored 
PFBA negative 213 --> 169 
PFPeA negative 263 --~ 219 
PFHA negative 313 --> 269 

PFHpA negative 363 --~ 319 
PFOA negative 413 -~ 369 
PFNA negative 463 -~ 4t9 
PFDA negative 5 t 3 -+ 469 
PFUnA negative 563 --~ 519 
PFDoA negative 613 ---> 569 
PFBS negative 299 --~ 80, 99 
PFHS negative 399 -~ 80, 99 
PFOS negative 499 -~ 80, 99 

Exygen Study No.: P0002561 

Retention Time 
~3.1 rmn. 
-3.6 mm. 

-3.6 m~n. 
~3.7 mm. 

-3.8 mtn. 

-4.0 ram. 
~4.1 rmn. 

-4,2 mm. 
-4.3 mln. 

-3.6 nun. 

-3.8 mm. 
-3.9 mm. 

(min} 

6.7 Quantitation and Example Calculation 

Ten microliters of sample or calibration standard was in~ected into the LCiMSiMS. The 
peak area was measured and the standard curve was generated (using Iix fit weighted 
linear regression) by Analyst software using eight, concentrations of standards. The 
concentration was determined from the following equations. 

Equation I calculated the mount of analyte fotmd (in ng/mL, based on peak area) using 
the standard curve (linear regression parameters) generated by the Analyst software 
program. 

Equation 1’ 
Analyle found (ngimL) = (Peak area - intercet~t) x EDF x PEDF 

slope 

Where: EDF = Extraction Dilution Factor, factor by which the sample volume xvas 

diluted during the extraction (EDF =2 for water samples and EDF =t for 
soil samples). 

PEDF = Post Extraction Dilution Factor, factor by which the final volume was 
diluted, if necessary. 

For the soil sample, equa.tion 2 was used to conveg the amomnt of mqal>~c fotmd in ng/n~ 
to ng~g (ppb). 
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E~luation 2: 

.amalyte found (ppb) = lanai:etc, fo~d (ngimL) x volume extracted (8 mL)] 
sample weight (1 g) 

Equation 3 was then used to calculate the amount of analyte found in ppb based on dry 
weight. 

Equation 3: 

Analyte found (ppb) dry weight = analyte found (,ppb) x [100% /total solids(%)] 

NOTE: Total solids (%) = [dry weight (g) / wet weight (g)] x 100% 

For samples fortified with known aa].]ounts of analyte prior to extraction, Equation 4 was 
used to calculate the percent recovery. 

Equation 4: 
For water samples: 
Recovery (%) = 

(total m~alvte found (ngimL) - average analvte in sample (n~imL)) x 100% 
analyte added (n~mL) 

For soil samples (based on wet weight): 
Recovery (%) = 

(total analvt~ found (ngig) :7~average analvte in sample (n_~’g)) x 100% 
analyte added (ng/g) 

An example of a calculation using an actual sample folto~vs: 

Soil sampte Exygen ID: C0225127 Spike F (Set: 0t2407C), fortified at 200 ngig with 
PFHpA where: 

peak area 

intercept 
slope 
extraction dilution factor 
post extraction dilution factor 
ngig PFDoA added (fort level) 
average amt in corresponding sample 
total percent solid 

512736 
4230 
197000 
1 
10 
200 ngig 
13.2 ngig (Set: 0t2407C) 
88.24 % 

From equation 1: 
Analyte foun.d (ngimL) = [512736-4230]x 1 x 10 

! 97000 
= 25.8 ngimL 
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From equation 2: 
Analyte found, wet weight (ngig) = (25.8 nWmL x 8 mL) 

lg 
= 206 ngig 

From equation. 3: 
/Xmalyte found (n~/g, ppb) dry weight = 206 ngig x [100% / 88.24%] 

From equation 4: 
% Recovery 

233 ng/g 

= (206 n~g - t3.2 ngig) x 100% 
200 ng/g 

= 96% 

NOTE: Numbers may differ slightly from raw" data due to rounding. 

7.0 EXPERIMENTAL DESIGN 

For water samples designated as trip blank field matrix spikes, all analytes were added at 
a known concentration to the bottles in the laboratory before being shipped to the field. 
The samples were filled to a 100 mL volumetric fill line in the field. For the soil samples 
designated as laboratory matrix spikes, all analytes were added to the samples after they 
were aliquotted in the laboratory, before the extraction solvent was added to the samples. 

The soil samples were extracted in thirty-one sets. Each set included four control blanks 

(method blanks), three control blanks fortified at one lower level and three control blanks 
fortified at one higher level of known concentrations. Twenty-three of the sets contained 
three sample sites, one set contained one sample site, and the last seven sets contained re- 
extractions of soil samples that required a higher fortification level. For each sample site, 
a sampIe, a laboratory replicate, and two taborato~ matrix spikes were prepared and 
extracted. 

The water samples were extracted in one set. The set included four reagent blanks 
(method blanks), three reagent blaaks fortified at one Iower level and three reagent blanks 
fortified at one higher level of known concentrations. The set contained three rinse 
blanks, two trip blanks, and four associated trip blank field spikes. 

8.0 RESULTS 

Analytical results for the analysis ofPFBA, PFPeA, and PFHA found in the soil samples 
are summarized in Table L Fortification recoveries for PFBA, PFPeA~ and PFHA in the 

soil soa-nples m-e detailed in Table iX. The average percent recoveries + stan.dard 
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deviations for PFBA, PFPeA, and PFHA in the soil sampIes were 67 _+ 23%, 70 + 24%, 
and 69 + 23%, respectively. Analytical results for the analysis of PFHpA, PFOA, and 
PFNA found in the soil smnples are summarized in Table II, Fortification recoveries for 
PFHpA, PFOA, and PFNA in the soil samples are detailed in Table X. The average 

percent recoveries _.+ standard deviations for PFHpA, PFOA, and PFNA in the soil 
samples were 72 _+ 28%, 82 _+ 35%, and 67 _+ 23%, respectively. Analytical results for the 
analysis of PFDA, PFUnA, and PFDoA found in the soil samples are summarized in 
Table III, Fortification recoveries for PFDA, PFUnA, and PFDoA in the soil sanaples 

are detailed in Table XI. The average percent recoveries _-2- standard deviations for 
PFDA, PFUnA, and PFDoA in the soil samples were 75 _+ 28%, 75 + 26%, and 77 + 
29%, respectively. Analytical results for the analysis of PFBS, PFHS, and PFOS found in 
the soil samples are smnmarized in Table IV, Fortification recoveries for PFBS, PFHS, 
and PFOS in the soil smnples are detailed in Table XII. The average percent recoveries 
_+ standard deviations for PFBS, PFHS, and PFOS in the soil samples were 68 _+ 24%, 77 

± 29%, and 89 _+ 22%, respectively. 

A total of 48 samples needed re-extraction and re-analysis due to the significantly high. 
endogenous analyte residues found in the samples relative to initial matrix spike 
concentrations. The samples required a higher fortification level to obtain fortification 
recoveries. Fortification recoveries for PFBA, PFHA, PFHpA and PFOA in the re- 

extracted soil samples are detailed in Table XIII. The average percent recoveries _+ 
standard deviations for PFBA, PFHA, PFHpA and PFOA in the re*extracted soil samples 
were 72 + 15%, 91 _+ 10%, 93 ± 14%, and 104 + 28%, respectively. Fortification 
recoveries for PFDA, PFHS and PFOS in the re-extracted soil samples are detailed in 
Table XIV. Only one sample was re-extracted and re-analyzed for PFDA, and its 

fortification recovery was 91%. The average percent recoveries ± standard deviations for 

PFHS and PFOS in the re-extracted soil samples were 93 +_ 24% and I03 ± 24%, 
respectively. 

The assessed accuracy for the majority of the samples reported is +/- 30%. The 
accuracies were assessed for each sample by reviewing the matrix spike whose spiking 
level most closely matches the endogenous concenti-ation found in the sample. Due to the 
number of samples with matrix spike recoveries outside the 70% to 130% recovery range 
of acceptance for +/- 30% accuracy for the Oakdale study site, some samples have an 
expanded assessed accuracy ranging up to +/- 60% as noted in Tables I - IV. 

Quantitative results were obtained for the majority of soil samples and analytes. The 
percentage of results reported for soil samples for PFBA, PFPeA, and PFHA were 77.1%, 
84.3%, mad 78.6%, respectively. The percentage of results reported for soil samples for 
PFHpA, PFOA, and PFNA were 8 t.4%, 82.9%, and 50.0%, respectively. The percentage 
of results reported for soil samples for PFDA, PFUnA, and PFDoA were 84.3%, 74.3%, 
and 78.6%, respectively. The percentage of results reported for soil samples for PFBS, 
PFHS, and PFOS were 91.4%, 81.4%, and 84.3%, respectively. All other resuIts were 
designated as not reported (NN) due to quality control failures. 
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Analytical results for the analysis of PFBA, PFPeA, and PFHA found i.n the water 
samples are summarized in Table V. Fortification recoveries for PFBA, PFPeA, and 
PFHA in the water samples are detailed in Table XV. The average percent recoveries +_ 
standard deviations for PFBA, PFPeA, and PFHA in the water sanaptes were 112 _+ 7%, 

99 + 12%, and 95 + 7%, respectively. Analytical results for the analysis of PFHpA, 
PFOA, and PFNA found in the water samples are sunma.arized in Table Vl. Fortification 
recoveries for PFHpA, PFOA, and PFNA in the water sanaples are detailed in Table XVI. 

The average percent recoveries +_ standard deviations for PFHpA, PFOA, and PFNA in 

the water samples were 82 + t0%, t 17 + 9%, and 99 + 9%, respectively. Analytical 
results for the analysis of PFDA, PFUnA, and PFDoA found in the water samples are 
sttmmarized in Table VII. Fortification recoveries for PFDA, PFUnA, and PFDoA in the 
water samples are detailed in Table x~q[I. The average percent recoveries + standard 
deviations for PFDA, PFUnA, and PFDoA in the water samples were 110 +_ t4%, 112 _+ 
6%, and 93 + 13%, respectively. Analytical.results for the analysis ofPFBS, PFHS, and 
PFOS found in the water samples are summarized in Table VIIL Fortification recoveries 
for PFBS, PFHS, and PFOS in the water samples are detailed in Table XVIII. The 
average percent recoveries _+ standard deviations for PFBS, PFHS, and PFOS in the water 

samples were 96 _+ 11%, 107 + 4%, and 82 _+ 7%, respectively. Quantitative results were 
obtained for all water samples and anatytes. 

Total percent solid results for the sediment samples are detailed in Table XIX. 

9.0 CONCLUSIONS 

Except as noted above, the soil and water samples were successfully extracted and 
analyzed for PFBA, PFPeA, PFHA, PFHpA, PFOA, PFNA, PFDA, PFUnA, PFDoA, 
PFBS, PFI-IS, and PFOS according 3M Environmental Laboratory analytical method 
ETS-8-012.1. 

10.0 RETENTION OF DATA AND SAMPI,ES 

All original paper data generated by Exygen Research that pertains to this interim report 
will be sl~pped to the study director. This does not include facility-specific raw data such 
as instrument or temperatm’e logs. Exact copies of alt raw data, as we11 as a signed copy 
of the final analytical report and all original facility-specific raw data, will be retained in 
the Exygen Research archives for the period of time specified in EPA TSCA Good 
Laboratory Practice Standards 40 CFR 792. 
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Table I. Summary of PFBA, PFPeA, and PFHA in Soil Samples 
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Table I. Summary of PFBA, PFPeA, and PFHA in Soil Samples 
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Table I. Summary of PFBA, PFPeA, and PFHA in Soil Samples 
(continued) 
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Table II. Summary of PFHpA, PFOA, and PFNA in Soil Samples 
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Table II. Summary of PFHpA, PFOA, and PFNA in Soil Samples 

(continued) 
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Table II. Summary of PFHpA, PFOA, and PFNA in Soil Samples 

(continued) 
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Table III. Summary of PFDA, PFUnA, and PFDoA in Soil Samples 
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