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SE Metro PFC InvestigationsSE Metro PFC Investigations
2003:2003: PFCs detected at 3MPFCs detected at 3M--Cottage Grove plantCottage Grove plant

20042004--2005:2005: Investigation of disposal areasInvestigation of disposal areas
PFOS and PFOA detected in Oakdale city wells PFOS and PFOA detected in Oakdale city wells 
19 ll d i i i d i L k El19 ll d i i i d i L k El19 well advisories issued in Lake Elmo19 well advisories issued in Lake Elmo

2006 2006 -- present:present: Increased PFC analytical Increased PFC analytical 
capacity and lowered drinking water criteria capacity and lowered drinking water criteria 
resulted in expanded investigation arearesulted in expanded investigation area

11 iti ff t d 204 ll d i i11 iti ff t d 204 ll d i i11 communities affected; 204 well advisories11 communities affected; 204 well advisories
200+ Lake Elmo homes connected to city water200+ Lake Elmo homes connected to city water
Oakdale city water filtration plant builtOakdale city water filtration plant builtOakdale city water filtration plant builtOakdale city water filtration plant built
Remedial actions planned at 4 sitesRemedial actions planned at 4 sites





PFCs of Interest in Southeast PFCs of Interest in Southeast 
Metro AreaMetro AreaMetro AreaMetro Area

PFOS:PFOS: CC88FF1717SOSO33
--

Perfluorooctane sulfonate and its saltsPerfluorooctane sulfonate and its salts

PFOA:PFOA: CC88FF1515OO22
--

Perfluorooctanoic acid and its saltsPerfluorooctanoic acid and its saltsPerfluorooctanoic acid and its saltsPerfluorooctanoic acid and its salts

PFBA:PFBA: CC44FF77OO22
--

44 77 22
Perfluorobutanoic acid and its saltsPerfluorobutanoic acid and its salts

Occasional detects:Occasional detects: PFPeA PFHxAPFPeA PFHxAOccasional detects: Occasional detects: PFPeA, PFHxA, PFPeA, PFHxA, 
PFHxS, PFBSPFHxS, PFBS



MDH Drinking Water GuidelinesMDH Drinking Water GuidelinesMDH Drinking Water GuidelinesMDH Drinking Water Guidelines

Health Risk Limits (promulgated in rule):Health Risk Limits (promulgated in rule):Health Risk Limits (promulgated in rule):Health Risk Limits (promulgated in rule):
PFOSPFOS: 0.3 ppb: 0.3 ppb
PFOAPFOA: 0 3 ppb: 0 3 ppbPFOAPFOA: 0.3 ppb : 0.3 ppb 

Health Based Value (not promulgated):Health Based Value (not promulgated):( p g )( p g )
PFBAPFBA: 7.0 ppb: 7.0 ppb

Protective for both longProtective for both long term/lifetime and fetal exposuresterm/lifetime and fetal exposuresProtective for both longProtective for both long--term/lifetime  and fetal exposuresterm/lifetime  and fetal exposures
Based on slight liver and thyroid effectsBased on slight liver and thyroid effects



PFCs Behave in Unique WaysPFCs Behave in Unique Ways
Do not break down in the environmentDo not break down in the environmentDo not break down in the environmentDo not break down in the environment
•• CC--F bond F bond 

D t d b dil t if t i lD t d b dil t if t i lDo not adsorb readily to aquifer materialsDo not adsorb readily to aquifer materials
•• Infiltrate rapidly to the groundwaterInfiltrate rapidly to the groundwater
•• Move nearly as fast as the groundwaterMove nearly as fast as the groundwater•• Move nearly as fast as the groundwaterMove nearly as fast as the groundwater
•• Travel long distancesTravel long distances

Chemical structure similar to fatty acidsChemical structure similar to fatty acids
•• Readily adsorbed into blood serum of living Readily adsorbed into blood serum of living 

organismsorganismsorganismsorganisms
•• May, in part, explain long halfMay, in part, explain long half--lives in the bodylives in the body

PFOA





Bedrock Structure
S. Washington Co.

Regional Scale (kms):
Bedrock Valleys – eroded as 
deep as the Jordan in some 
areas; associated karst inareas; associated karst in 
St. Peter and Prairie du 
Chien

Faults – NE-SW trendingFaults NE SW trending 
faults associated with St. 
Croix Anticline; up to 150 
ft. displacement (Mossler, 
2003)2003)

Large Scale (10-100s m):
Joint Sets – and associated 
karst development in OPDCkarst development in OPDC

Small Scale (cm-10s m):
Fractures – bedding plane 
and vertical; esp inand vertical; esp. in 
Shakopee & upper 1/3 
Oneota; varies spatially 
(Tipping, et al, 2006)



Groundwater Flow

• A “groundwater divide”A groundwater divide  
extends from north to 
south beneath the county

E t f th “di id ”• East of the “divide” 
groundwater flows to the 
St. Croix River

• West of the “divide” 
groundwater flows to the 
Mississippi River

• Close to where the two 
rivers meet, the flow 
“fans out” toward eitherfans out  toward either 
river

• Locally, groundwater 
flow and “divide” are 
influenced by pumping 
wells



Result: Extremely Result: Extremely 
Large PlumesLarge Plumes

Over 100 sq. mi.Over 100 sq. mi.
Models did not predictModels did not predict

PFBA most widespread PFCPFBA most widespread PFC
More PFBA in source areasMore PFBA in source areas
More mobileMore mobile

Distribution controlled by Distribution controlled by 
Bedrock featuresBedrock features
Groundwater pumpingGroundwater pumpingGroundwater pumpingGroundwater pumping
Surface waterSurface water

Several “anomalous” areas Several “anomalous” areas --
id f SWid f SW GWGWevidence of SWevidence of SW--GW GW 

interaction?interaction?
PFOS in Lake ElmoPFOS in Lake Elmo
PFBA beyond the “divide”PFBA beyond the “divide”PFBA beyond the dividePFBA beyond the divide
PFBA across Mississippi R.PFBA across Mississippi R.



PFOS in the Lake Elmo AreaPFOS in the Lake Elmo AreaPFOS in the Lake Elmo AreaPFOS in the Lake Elmo Area



Predicted PFC PlumePredicted PFC Plume











GroundwaterGroundwater--Surface Water Surface Water 
Interaction Effect on PFC MigrationInteraction Effect on PFC MigrationInteraction Effect on PFC MigrationInteraction Effect on PFC Migration

Raleigh CreekRaleigh CreekRaleigh CreekRaleigh Creek
Allowed transport of PFOS and other PFCs from 3MAllowed transport of PFOS and other PFCs from 3M--
Oakdale site to Eagle Pt. Lake and Lake ElmoOakdale site to Eagle Pt. Lake and Lake Elmo
May account for PFOS in fish in Lake ElmoMay account for PFOS in fish in Lake Elmo

Stormwater discharge from Washington Co.Stormwater discharge from Washington Co.Stormwater discharge from Washington Co. Stormwater discharge from Washington Co. 
landfill (1988landfill (1988--1995)1995)

Discharged to Raleigh Creek approximately:Discharged to Raleigh Creek approximately:
•• 1,000+ lb PFBA1,000+ lb PFBA
•• 75+ lb PFOA75+ lb PFOA
•• 1.5+ lb PFOS1.5+ lb PFOS

Helped spread PFCs (esp. PFBA) beyond expected Helped spread PFCs (esp. PFBA) beyond expected 
areaarea



MatrixMatrix PFOSPFOS PFOAPFOA
SWSW 7.57.5 9.59.5 MatrixMatrix PFOSPFOS PFOAPFOA

SWSW 2 42 4 2 72 7SedSed 6969 4141
GWGW 2727 8080

SWSW 2.42.4 2.72.7
SedSed 8181 1212
GWGW 0.70.7 1.241.24

MatrixMatrix PFOSPFOS PFOAPFOA
SWSW 2.62.6 2.62.6
S dS d 290290 1414

MatrixMatrix PFOSPFOS PFOAPFOA
SedSed 290290 1414
GWGW 0.030.03 0.040.04

SWSW 2.22.2 3.13.1
SedSed 11.711.7 2.22.2
GWGW 3.13.1 2.92.9









PFBA Beyond the “Divide”PFBA Beyond the “Divide”PFBA Beyond the “Divide”PFBA Beyond the “Divide”



PFBA Distribution

“Finger” of PFBA extends 
eastward to newer  
development north of 
Sunfish Lake.

Likely due to: 

• location of infiltration 

pond

• bedrock valley

• high transmissivity zone        

in the OPDC

Permitted PFCs to migrate 
“ ” d t“across” groundwater 
divide



Tipping et al (2006)Tipping, et. al. (2006)

High Transmissivity Zone – Prairie du Chien

Tipping, et al (2006) noted that the Shakopee and upper 
1/3 of the Oneota has ubiquitous solution widened 
fractures.  Fracture abundance increases as the depth to 
the Shakopee decreases.



Affected wells

Infiltration Pond

Prepared by MDH Drinking Water Protection Section, 2008



PFBA Across the Mississippi PFBA Across the Mississippi pppp
RiverRiver



??

Possible Migration Pathways for PFCs ToPossible Migration Pathways for PFCs To 
Reach Hastings City Wells

Groundwater, Surface Water-Ground Water Interactions, 
or a Combination ?



ConclusionsConclusions
PFCs are highly conservative in the environmentPFCs are highly conservative in the environment

Can migrate through a diversity of surface and ground Can migrate through a diversity of surface and ground 
t i t l ti l h d b dt i t l ti l h d b dwater environments relatively unchanged beyond water environments relatively unchanged beyond 

dilutiondilution

This makes PFCs an excellent tracer of surfaceThis makes PFCs an excellent tracer of surfaceThis makes PFCs an excellent tracer of surface This makes PFCs an excellent tracer of surface 
water water –– ground water interactionsground water interactions

Lake Elmo:  PFOS and PFBALake Elmo:  PFOS and PFBA
Hastings?Hastings?

PFCs also make excellent structural tracersPFCs also make excellent structural tracersPFCs also make excellent structural tracersPFCs also make excellent structural tracers
PFBA has been used in tracer studiesPFBA has been used in tracer studies
Distribution reflects regional to smallDistribution reflects regional to small--scale structural scale structural 
f t i W hi t Cf t i W hi t Cfeatures in Washington Co.features in Washington Co.

•• Also microAlso micro--scale structures and flow paths, if we could scale structures and flow paths, if we could 
evaluate itevaluate it
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Q ti ?Q ti ?Questions?Questions?


