
5/26/2016

1

SUBSURFACE FATE AND 

TRANSPORT OF POLY- AND 

PERFLUOROALKYL SUBSTANCES 

(PFAS)
Jennifer Guelfo, PhD

State Agencies Liaison, Brown SRP

May 23, 2016

15/26/2016

2

INTRODUCTION: ENVIRONMENTAL DISTRIBUTION

Consumer/ 
industrial products



5/26/2016

2

3

OVERVIEW

• Key sources and pathways

• Ideal subsurface transport

• Factors impacting ideal transport

• Conceptual model considerations
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PFAS GROUNDWATER SOURCE/PATHWAY OVERVIEW 

Vadose ZoneSpills & Improper 
disposal
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Vadose ZoneSpills & Improper 
disposal

Atmospheric 
deposition

Biosolids
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PFAS GROUNDWATER SOURCE/PATHWAY OVERVIEW 
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SOURCE/PATHWAY: SPILLS, ‘IMPROPER’ DISPOSAL2,3

• [PFAS] in groundwater 
0.0013-126 μg/L

• Manufacturing max = 126 
μg/L PFBA

• Plating max = 0.018 μg/L 
PFOS

• Data from other 
secondary industrial (e.g. 
textiles, paper)?0.001
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A closer look at AFFF groundwater impacts

• Most groundwater 
[PFAS] greater in 
AFFF vs. 
manufacture, 
plating

SOURCE/PATHWAY: SPILLS, ‘IMPROPER’ DISPOSAL4-7
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A special look at AFFF groundwater impacts

• Max AFFF 1 = PFHxS, 462 μg/L

• Max AFFF 2 = PFOA, 6570 μg/L
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•Max AFFF 4 = 6:2 FtS, 173 μg/L

SOURCE/PATHWAY: SPILLS, ‘IMPROPER’ DISPOSAL4-7
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A special look at AFFF groundwater impacts

• Max AFFF 1 = PFHxS, 462 μg/L

• Max AFFF 2 = PFOA, 6570 μg/L
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SOURCE/PATHWAY: BIOSOLIDS APPLICATION8,9
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Biosolids • WWTP received industrial
effluent incl. ECF, telomer

• Present in municipal
biosolids, potential to leach 
but…

• No documented impact to 
GW

Transformation Products?
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SOURCE/PATHWAY: SURFACE WATER – GROUNDWATER10

• GW-SW interactions in MN 
aid in spread of  PFBA plume

• ~100 square miles

• [PFAS] near GW-SW 
exchange:

• PFBA: 0.29-3.4 μg/L
• PFOA: 0.067-3 μg/L
• PFOS: 0.058-3.3 μg/L
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SOURCE/PATHWAY: LANDFILLS11-14

Additional landfill data:
• Near 3M in MN, GW 

[PFAS] near landfill:
• PFOA = 65 μg/L
• PFOS = 30 μg/L

• Near 3M in MN, landfill 
leachate PFAS:
• PFHxA = 29 μg/L
• PFOA = 82 μg/L
• PFOS = 31 μg/L

PFAS in municipal landfill leachate
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SOURCE/PATHWAY: LANDFILLS11-14

Additional landfill data:
• Near 3M in MN, GW 

[PFAS] near landfill:
• PFOA = 65 μg/L
• PFOS = 30 μg/L

• Near 3M in MN, landfill 
leachate PFAS:
• PFHxA = 29 μg/L
• PFOA = 82 μg/L
• PFOS = 31 μg/L
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SOURCE/PATHWAY: ATMOSPHERIC DEPOSITION15-19

Considerations:
• Proximity to sources: manufacturing, WWTP, landfill
• How to separate atmospheric vs. other impacts at these 

sites?
• May contribute to background in soils, surface water

Media Value Units Constituent Reference
Rural air 0.000125 μg/m3 6:2 FTOH Jahnke et al., 2007
Urban air 0.000275 μg/m3 8:2 FTOH Jahnke et al., 2007
Manufacturing air 0.9 μg/m3 PFOA (only) Davis et al., 2007
WWTP Air 12.29 μg/m3 6:2 FTOH Ahrens et al., 2011
Landfill Air 17.38 μg/m3 8:2 FTOH Ahrens et al., 2011
Urban Rain 0.042 μg/L PFOA Eschauzier et al., 2010
Urban Snow 0.0196 μg/L PFOA Kim and Kannan, 2007
GW from atm. dep. 78 μg/L PFOA (only) Davis et al., 2007
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TRANSPORT: IDEAL

• Measured in laboratory (equilibrium) scenarios
• Isotherms not always linear, PFAS slightly nonlinear
• Primary process impacting perfluoroalkyl acids, once released
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• Primary impacts on 
sorption: foc, chain length 
(some exceptions)

• Other factors: 
functional group, pH, 
Ca2+

TRANSPORT: IDEAL20-21



5/26/2016

9

Sorption and Retardation

• The velocity of water relative to 

velocity of contaminant

• Retardation factor (R):

R
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TRANSPORT: IDEAL
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• Chain length dependent 
breakthrough

• Increased foc = slower 
transport

TRANSPORT: IDEALIn Prep
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TRANSPORT: NON-IDEALIn Prep

Early breakthrough

Tailing?

• Short chain: equilibrium

• Long chain: Early 
breakthrough, tailing = 
rate-limited (kinetic) 
effects

• Most relevant for longer 
chains, higher foc

• Particularly pumping 
scenarios 

20

Co-Contaminant effects:

• Multiple PFAS –
competitive sorption?

• AFFF sites
• Other AFFF components
• Hydrocarbon constituents
• Chlorinated solvents
• NAPL

• Other types of sites?-4	
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PATHWAY: NON-IDEAL TRANSPORT21
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PFHxA PFOA PFOS

No evidence of differential transport.

PATHWAY: NON-IDEAL TRANSPORT4

Total Precursors in groundwater:

• Oxygen infusion wells

• [Precursor] elevated outside
of oxygen infusion areas

• Elevated precursors = areas 
for potential [PFAA] ↑

22

TRANSPORT: NON-IDEAL4
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CONCEPTUAL MODEL CONSIDERATIONS

Source/Pathway: 

• Max [PFAS] of mg/L (AFFF) to 
low μg/L (bisolids, GW-SW)

• Target PFAS vary by source

• PFOA/PFOS not always max

• Precursors indirect source of 
PFCAs/PFSAs

Transport:
• Non-ideal transport likely: 

kinetics, co-contaminants, 
transformation

• Plume lengths of miles possible

23

Source

Pathway

Receptor

RISK

24

REFERENCES CITED

1. Wang, Z.; Cousins, I. T.; Scheringer, M.; Buck, R. C.; Hungerbühler, K. Global Emission Inventories for C4–C14 

Perfluoroalkyl Carboxylic Acid (PFCA) Homologues from 1951 to 2030, Part I: Production and Emissions from 

Quantifiable Sources. Environ. Int. 2014, 70, 62–75.

2. MDEP. PERFLUOROCHEMICAL CONTAMINATION IN SOUTHERN WASHINGTON COUNTY, NORTHERN 

DAKOTA COUNTY, AND SOUTHEASTERN RAMSEY COUNTY, MINNESOTA; 2012.

3. MPCA (Minnesota Pollution Control Agency). PFC’s in Minnesota’s Ambient Environment; 2008; pp 1–91.

4. McGuire, M. E.; Schaefer, C.; Richards, T.; Backe, W. J.; Field, J. A.; Houtz, E.; Sedlak, D. L.; Guelfo, J. L.; Wunsch, 

A.; Higgins, C. P. Evidence of Remediation-Induced Alteration of Subsurface Poly- and Perfluoroalkyl Substance 

Distribution at a Former Firefighter Training Area. Environ. Sci. Technol. 2014, 48 (12), 6644–6652.

5. Moody, C. A.; Field, J. A. Determination of Perfluorocarboxylates in Groundwater Impacted by Fire-fighting Activity. 

Env. Sci Technol 1999, 33 (16), 2800–2806.

6. Houtz, E. F.; Higgins, C. P.; Field, J. A.; Sedlak, D. L. Persistence of Perfluoroalkyl Acid Precursors in AFFF-

Impacted Groundwater and Soil. Environ. Sci. Technol. 2013, 130725144806004.

7. Schultz, M. M.; Barofsky, D. F.; Field, J. A. Quantitative Determination of Fluorotelomer Sulfonates in Groundwater by 

LC MS/MS. Env. Sci Technol 2004, 38 (6), 1828–1835.

8. Lindstrom, A. B.; Strynar, M. J.; Delinsky, A. D.; Nakayama, S. F.; McMillan, L.; Libelo, E. L.; Neill, M.; Thomas, L. 

Application of WWTP Biosolids and Resulting Perfluorinated Compound Contamination of Surface and Well Water in 

Decatur, Alabama, USA. Environ. Sci. Technol. 2011, 45 (19), 8015–8021.

9. Sepulvado, J.; Blaine, A.; Hundal, L. S.; Higgins, C. P. Occurrence and Fate of Perfluorochemicals in Soil Following 

the Land Application of Municipal Biosolids. Env. Sci Technol 2011, 45 (19), 8106–8112.

10.Yingling, Virginia. Karst Influence in the Creation of a PFC Megaplume. In NCKRI SYMPOSIUM 5 Proceedings of 

the 14th Multidisciplinary Conference on Sinkholes and the Engineering and Environmental Impacts of Karst; 

Rochester, Minnesota, 2015.

11.Cheng, J.; Vecitis, C. D.; Park, H.; Mader, B. T.; Hoffmann, M. R. Sonochemical Degradation of Perfluorooctane

Sulfonate (PFOS) and Perfluorooctanoate (PFOA) in Landfill Groundwater: Environmental Matrix Effects. Environ. 

Sci. Technol. 2008, 42 (21), 8057–8063.

12.11. Benskin, J. P.; Li, B.; Ikonomou, M. G.; Grace, J. R.; Li, L. Y. Per- and Polyfluoroalkyl Substances in Landfill 

Leachate: Patterns, Time Trends, and Sources. Environ. Sci. Technol. 2012, 46 (21), 11532–11540.

13.Oliaei, F.; Kriens, D.; Weber, R.; Watson, A. PFOS and PFC Releases and Associated Pollution from a PFC 

Production Plant in Minnesota (USA). Environ. Sci. Pollut. Res. 2013, 20 (4), 1977–1992.



5/26/2016

13

25

15.Huset, C. A.; Barlaz, M. A.; Barofsky, D. F.; Field, J. A. Quantitative Determination of Fluorochemicals in Municipal 

Landfill Leachates. Chemosphere 2011, 82 (10), 1380–1386.

16.Jahnke, A.; Ahrens, L.; Ebinghaus, R.; Temme, C. Urban Versus Remote Air Concentrations of Fluorotelomer

Alcohols and Other Polyfluorinated Alkyl Substances in Germany. Environ. Sci. Technol. 2007, 41 (3), 745–752.

17.Davis, K. L.; Aucoin, M. D.; Larsen, B. S.; Kaiser, M. A.; Hartten, A. S. Transport of Ammonium Perfluorooctanoate in 

Environmental Media Near a Fluoropolymer Manufacturing Facility. Chemosphere 2007, 67 (10), 2011–2019.

18.Ahrens, L.; Shoeib, M.; Harner, T.; Lee, S. C.; Guo, R.; Reiner, E. J. Wastewater Treatment Plant and Landfills as 

Sources of Polyfluoroalkyl Compounds to the Atmosphere †. Environ. Sci. Technol. 2011, 45 (19), 8098–8105.

19.Eschauzier, C.; Haftka, J.; Stuyfzand, P. J.; de Voogt, P. Perfluorinated Compounds in Infiltrated River Rhine Water 

and Infiltrated Rainwater in Coastal Dunes. Env. Sci Technol 2010, 44 (19), 7450–7455.

20.Kim, S.-K.; Kannan, K. Perfluorinated Acids in Air, Rain, Snow, Surface Runoff, and Lakes: Relative Importance of 

Pathways to Contamination of Urban Lakes. Environ. Sci. Technol. 2007, 41 (24), 8328–8334.

21.Higgins, C. P.; Luthy, R. G. Sorption of Perfluorinated Surfactants on Sediments. Env. Sci Technol 2006, 40 (23), 

7251–7256.

22.Guelfo, J. L.; Higgins, C. P. Subsurface Transport Potential of Perfluoroalkyl Acids at Aqueous Film-Forming Foam 

(AFFF)-Impacted Sites. Environ. Sci. Technol. 2013, 47 (9), 4164–4171.

REFERENCES CITED


