
Genesis and Response to a Genesis and Response to a 
PerfluorochemicalPerfluorochemical (PFC) (PFC) 

MegaplumeMegaplume –– Washington County,Washington County,MegaplumeMegaplume Washington County, Washington County, 
MinnesotaMinnesota

Midwest Ground Water Association
October 2, 2012

Ginny YinglingGinny Yingling
Minnesota Department of HealthMinnesota Department of Health

Environmental Health DivisionEnvironmental Health Division



CoCo--AuthorsAuthorsCoCo AuthorsAuthors

 Ingrid VerhagenIngrid Verhagen –– MPCA Closed LandfillMPCA Closed Landfill Ingrid Verhagen Ingrid Verhagen MPCA, Closed Landfill MPCA, Closed Landfill 
ProgramProgram

 Fred Campbell Fred Campbell –– MPCA, Superfund MPCA, Superfund 
PPProgramProgram



Acknowledgement & DisclaimerAcknowledgement & DisclaimerAcknowledgement & DisclaimerAcknowledgement & Disclaimer

The work described in this presentation was The work described in this presentation was 
partly funded by the Agency for Toxic partly funded by the Agency for Toxic 
Substances and Disease Registry (ATSDR).  Substances and Disease Registry (ATSDR).  
The opinions expressed in this presentation The opinions expressed in this presentation 
do not necessarily represent the opinions of do not necessarily represent the opinions of 
ATSDR or the Minnesota Department of ATSDR or the Minnesota Department of 
Health.Health.



Perfluorochemicals (PFCs)Perfluorochemicals (PFCs)( )( )
 Surfactants (Surfactants (surfsurface ace actactive ageive agentsnts) with unique ) with unique 

chemical propertieschemical propertieschemical propertieschemical properties

 Used for many years in products that resist heat, Used for many years in products that resist heat, 
stains water oil and greasestains water oil and greasestains, water, oil and greasestains, water, oil and grease

 Many other specialized industrial and commercial Many other specialized industrial and commercial 
uses (operative word:uses (operative word: nonnon--stickstick))uses (operative word: uses (operative word: nonnon--stickstick))



PFCs Behave in Unique WaysPFCs Behave in Unique Ways
 Do not break down in the environmentDo not break down in the environment Do 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 l Do not adsorb readily to aquifer materialsDo not adsorb readily to aquifer materials
•• Infiltrate rapidly to the groundwaterInfiltrate rapidly to the groundwater
•• Little or no retardationLittle or no retardation•• Little or no retardationLittle or no retardation
•• 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



PFCs Are Globally DistributedPFCs Are Globally Distributed
Numerous studies have documented 
PFOS, PFOA, and other PFCs (but not 
PFBA) i ildlif ld id i l diPFBA) in wildlife worldwide, including 
deep sea and arctic species.

Human blood samples from US, Europe, 
and Asia also detect PFCs – primarily
PFOS and PFOA rarely PFBA –PFOS and PFOA, rarely PFBA 
concentrations higher in very 
young and the elderly

Atmospheric transport of PFC 
precursor chemicals is believed 
to be a major mechanism in the 
global distribution



Why Are PFCs An Issue in MN?Why Are PFCs An Issue in MN?

•• 3M Corporation manufactured PFCs since 3M Corporation manufactured PFCs since 
1940’s1940’s1940 s1940 s

•• In 2000, announced phaseIn 2000, announced phase--out of PFOA out of PFOA 
production by 2002production by 2002production by 2002production by 2002

•• Also produced PFOS and PFBSAlso produced PFOS and PFBS

•• Other PFC research and development onOther PFC research and development on--
going, but no “large quantity” generationgoing, but no “large quantity” generation

•• PFC wastes disposed of onPFC wastes disposed of on--site and at 3 site and at 3 
major offmajor off--site disposal areassite disposal areasmajor offmajor off--site disposal areassite disposal areas





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

PFOS CPFOS C FF SOSO PFOS:  CPFOS:  C88FF1717SOSO33
--

PerfluorooctanePerfluorooctane sulfonatesulfonate and its saltsand its salts

 PFOA:  CPFOA:  C88FF1515OO22
--

PerfluorooctanoicPerfluorooctanoic acid and its saltsacid and its salts

 PFBA:  CPFBA:  C44FF77OO22
--

PerfluorobutanoicPerfluorobutanoic acid and its saltsacid and its salts

 Other PFCs detected: Other PFCs detected: PFPeAPFPeA, , PFHxAPFHxA, , 
PFHxSPFHxS, PFBS, PFBS



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

 Health Risk Limits:Health Risk Limits:
PFOS: 0 3 ppbPFOS: 0 3 ppb PFOS: 0.3 ppbPFOS: 0.3 ppb

 PFOA: 0.3 ppb PFOA: 0.3 ppb 
 PFBA: 7.0 ppbPFBA: 7.0 ppb PFBA: 7.0 ppbPFBA: 7.0 ppb
 PFBS: 7.0 ppbPFBS: 7.0 ppb

 Protective 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 Based on slight liver and thyroid effectsBased on slight liver and thyroid effects
 Waiting for more toxicology studies to set HRL for Waiting for more toxicology studies to set HRL for PFHxSPFHxS





Bedrock Structure
S. Washington Co.

Regional Scale (kms):
Bedrock Valleys – eroded 
as deep as the Jordan inas deep as the Jordan in 
some areas; associated 
karst

l i d i hFaults – associated with 
St. Croix Anticline; up to 
150 ft. displacement

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

Small Scale (cm-10s m):
Fractures – bedding 
plane and vertical; esp. 
in OPDC



Bedrock Valleys

Deep b ied alle sDeep buried valleys 
provide conduits for 
groundwater and 
contaminant migration tocontaminant migration to 
Prairie du Chien & Jordan

Karst development in p
both the St. Peter and 
Prairie du Chien  proximal 
to bedrock valleys 

id idprovides rapid 
distribution pathways 
into these aquifers. 

Note location of Wash. 
Co. landfill and 3M-
Woodbury disposal siteWoodbury disposal site 
relative to bedrock 
valleys



Groundwater Flow
A d t di id• A groundwater divide 

extends from north to 
south beneath the county

• East of the divide 
groundwater flows to the 
St. Croix River

• West of the divide 
groundwater flows to the 
Mississippi RiverMississippi River

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

• Locally groundwater• Locally, groundwater 
flow may be influenced 
by pumping wells



Result: Extremely Result: Extremely 
Large PlumesLarge Plumes

 Over 100 sq. mi.Over 100 sq. mi.
 4 major aquifers4 major aquifers
 8 municipal systems8 municipal systemsp yp y
 >1,000 private wells>1,000 private wells
 Much larger than predicted Much larger than predicted 

by modelsby models

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

 Distribution controlled by:Distribution controlled by:
 Bedrock featuresBedrock features
 Groundwater Groundwater -- Surface water Surface water 

interactionsinteractionsinteractionsinteractions
 Groundwater pumpingGroundwater pumping

 Several “anomalous” areasSeveral “anomalous” areas
 PFOS in Lake ElmoPFOS in Lake Elmo PFOS in Lake ElmoPFOS in Lake Elmo
 Crossing groundwater divideCrossing groundwater divide
 Isolated patches of PFCsIsolated patches of PFCs
 PFBA across Mississippi R.PFBA across Mississippi R.



PFOS in the Lake Elmo PFOS in the Lake Elmo 
AreaArea

GroundwaterGroundwater––Surface Water Interactions Surface Water Interactions 
d th L f U i t d d Cd th L f U i t d d Cand the Law of Unintended Consequencesand the Law of Unintended Consequences



Predicted PFC PlumePredicted PFC Plume







Effect of GroundwaterEffect of Groundwater--Surface Surface 
Water Interactions on PFC MigrationWater Interactions on PFC MigrationWater Interactions on PFC MigrationWater Interactions on PFC Migration

 R l i h C k id tifi d j f t iR l i h C k id tifi d j f t i Raleigh Creek identified as major factor in Raleigh Creek identified as major factor in 
PFOS and other PFC migration into Eagle Pt. PFOS and other PFC migration into Eagle Pt. 
Lake and Lake ElmoLake and Lake ElmoLake and Lake ElmoLake and Lake Elmo
 May account for PFOS in fish in Lake ElmoMay account for PFOS in fish in Lake Elmo

 Wastewater discharge to Raleigh Creek from Wastewater discharge to Raleigh Creek from 
pumppump--out well at Washington Co. landfill out well at Washington Co. landfill 
(1988(1988 1995)1995)(1988(1988--1995) 1995) 
 Conservative estimate: 1,000+ Conservative estimate: 1,000+ lblb PFBA, 75+ PFBA, 75+ lblb

PFOA 1 5+PFOA 1 5+ lblb PFOSPFOSPFOA, 1.5+ PFOA, 1.5+ lblb PFOSPFOS





S f t flSurface water flow

Groundwater flowSurface water flow

Groundwater flow



Anomalous AreasAnomalous Areas

The Influence of Bedrock The Influence of Bedrock 
Structures Structures 





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 pp / q
widened fractures.  Fracture abundance increases as 
the depth to the Shakopee decreases.





Affected

Infiltration Pond



Bedrock Valleys &
Faultsau ts
Higher PFBA levels 
coincide with major j
bedrock valley & 
faults 
• Especially where HTZEspecially where HTZ 

subcrops

“Fingers” of plume 
b ll l ithsubparallel with 

faults

Apparently isolatedApparently isolated 
areas of PFBA a 
result of flow across 
major faults
• Along St. Croix River 
• Hastings





Theory of Plume HistoryTheory of Plume History
•• PFCs escaped from disposal sites very soon PFCs escaped from disposal sites very soon 

after waste disposal beganafter waste disposal beganafter waste disposal beganafter waste disposal began

•• Very large, deep Very large, deep plumes established plumes established quickly:quickly:
•• Persistence and mobility of PFCsPersistence and mobility of PFCs
•• High flow rates resulting from bedrock structuresHigh flow rates resulting from bedrock structures

GroundwaterGroundwater surface water interactionssurface water interactions•• GroundwaterGroundwater--surface water interactionssurface water interactions
•• Human Human interventionsinterventions

•• Current plumes are remnants largely sustained Current plumes are remnants largely sustained 
by slower PFC release from secondary flow by slower PFC release from secondary flow 
paths and matrix diffusionpaths and matrix diffusionpaths and matrix diffusionpaths and matrix diffusion

•• Concentrations extremely stableConcentrations extremely stable



Secondary Flow Paths in Fractured RockSecondary Flow Paths in Fractured Rock

From Shapiro, 2008



Response Actions Response Actions –– East Metro:East Metro:
•• Water Treatment where HRLs ExceededWater Treatment where HRLs Exceeded

•• Granular Activated Carbon (GAC)Granular Activated Carbon (GAC)
•• Oakdale city wells & 140 wholeOakdale city wells & 140 whole--house residentialhouse residential
•• Pilot study also found reverse osmosis effectivePilot study also found reverse osmosis effective



Response ActionsResponse Actions –– East Metro:East Metro:Response Actions Response Actions East Metro:East Metro:

•• Additional Site CleanupAdditional Site CleanupAdditional Site CleanupAdditional Site Cleanup
•• Waste, soil and sediment excavation (redisposed Waste, soil and sediment excavation (redisposed 

in triplein triple--lined lined cells with leachate collection)cells with leachate collection)
•• Enhanced groundwater gradient controlEnhanced groundwater gradient control

•• BiomonitoringBiomonitoringgg
•• 190 residents in areas with PFOS & PFOA190 residents in areas with PFOS & PFOA
•• 2008 and 2008 and 20102010

•• Garden & House Dust Garden & House Dust StudyStudy
•• Preliminary results indicate plant uptake of PFCsPreliminary results indicate plant uptake of PFCsPreliminary results indicate plant uptake of PFCs, Preliminary results indicate plant uptake of PFCs, 

but below levels of health concernbut below levels of health concern



Health ImplicationsHealth Implications

Most private wells have only PFBA at Most private wells have only PFBA at p yp y
levels below health concernlevels below health concern
 Doesn’t accumulate in the bodyDoesn’t accumulate in the bodyyy

Areas with levels of PFCs above health Areas with levels of PFCs above health 
concern have been identified and concern have been identified and 
addressedaddressed
 Clean city waterClean city water
 Carbon filter systemsCarbon filter systems



BiomonitoringBiomonitoring Shows Shows 
Effectiveness of ResponseEffectiveness of ResponseEffectiveness of ResponseEffectiveness of Response

PFCs decreased in blood of people drinking treated water PFCs decreased in blood of people drinking treated water 
(but average concentrations still above national averages)(but average concentrations still above national averages)



Response Actions Response Actions –– Statewide:Statewide:

 Fish Fish Studies & Consumption AdvisoriesStudies & Consumption Advisories

 Ambient Groundwater MonitoringAmbient Groundwater Monitoring

Fi T i i Sit I ti tiFi T i i Sit I ti ti Fire Training Site InvestigationsFire Training Site Investigations

 Wastewater Treatment Wastewater Treatment Plant EffluentPlant Effluent

 Landfill Sampling (groundwater, leachate, Landfill Sampling (groundwater, leachate, 
condensate)condensate)condensate)condensate)

 Air & Precipitation MonitoringAir & Precipitation Monitoring



Conclusions:
• PFCs are highly mobile and• PFCs are highly mobile and 
persistent in the environment

• This allows them to 
t t l lgenerate extremely large 

plumes

• Smaller chain PFCs, such as 
PFBA, move more rapidly and 
are more widespread, than 
longer-chain PFCs. 

• You must consider unusual 
pathways and sources for 
PFCs – take nothing for g
granted and know the local 
geology 

• Stable concentrations• Stable concentrations 
suggest plumes establish 
rapidly and then stabilize
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Questions?Questions?



More Information:More Information:
MDH general PFC Information:MDH general PFC Information:
http://www health state mn us/divs/eh/hazardous/topics/pfcs/index htmlhttp://www health state mn us/divs/eh/hazardous/topics/pfcs/index htmlhttp://www.health.state.mn.us/divs/eh/hazardous/topics/pfcs/index.htmlhttp://www.health.state.mn.us/divs/eh/hazardous/topics/pfcs/index.html

MDH Reports: MDH Reports: 
http://www health state mn us/divs/eh/hazardous/topics/pfcs/reports htmlhttp://www health state mn us/divs/eh/hazardous/topics/pfcs/reports htmlhttp://www.health.state.mn.us/divs/eh/hazardous/topics/pfcs/reports.htmlhttp://www.health.state.mn.us/divs/eh/hazardous/topics/pfcs/reports.html

MDH Health Risk Limits: MDH Health Risk Limits: 
htt // h lth t t /di / h/ i k/ id / /t bl ht lhtt // h lth t t /di / h/ i k/ id / /t bl ht lhttp://www.health.state.mn.us/divs/eh/risk/guidance/gw/table.htmlhttp://www.health.state.mn.us/divs/eh/risk/guidance/gw/table.html

MPCA PFC Investigations:MPCA PFC Investigations:
http://www.pca.state.mn.us/index.php/waste/wastehttp://www.pca.state.mn.us/index.php/waste/waste--andand--cleanup/cleanupcleanup/cleanup--
programsprograms--andand--topics/topics/perfluorochemicalstopics/topics/perfluorochemicals--pfc/perfluorochemicalspfc/perfluorochemicals--
pfcs.html?menuid=&redirect=1pfcs.html?menuid=&redirect=1


