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Background

• Per & Polyfluoroalkyl Substances (PFAS)

• Emerging Compounds of Concern
• Perfluorooctane Sulfonate (PFOS)
• Perfluorooctanic acid (PFOA)

• Thousands of compounds
• Carbon-fluoride bond strong
• Shown to bioaccumulate
• Analytical challenges
• Health Advisory Levels 10s of ng/L (ppt) 
• Fate & transport not well understood



In Situ Current Approaches

– Proven

• Colloidal activated carbon

– Development

• Ion exchange resin

• Biochar

• Powdered activated carbon

• Sonochemical

• Foam Fractionization

• Oxidants

Background

Source: Xiao et al.,2017



Study Site #1
• Petroleum Hydrocarbon Spill

• Source excavated
• Residue PHCs in soil and groundwater

• BTEX < 300 ug/L
• F1 < 2,000 ug/L
• F2 < 3,500 ug/L

• PFAS
• PFOS up to 1,450 ng/L
• PFOA up to 3,260 ng/L 

• Geology & Hydrogeology
• Silty sand with sand lens
• Unconfined
• K ~ 2.6 m/day
• V ~ 1 m/day

Groundwater Flow

PFOA

PFOS



Study Site #1
• Based on Pore Volume

• One event
• Direct Push 
• Geology Specific Tools
• Multiple Locations
• Multiple Intervals
• Low Pressure

• <25 psi
• Low Volume

• ~100 to 200 litres/location



Study Site #1
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Study Site # 1

• Relatively simple hydrogeologic system

• Successful removal of various PFAS 
for greater than 5 years

• Successful treatment of PHCs for 
greater than 5 years

• Modeling suggests CAC should last 
greater than 50 years



Study Site #2

• Large Petroleum Hydrocarbon Facility
• Large BTEX plume with PFAS present

• BTEX ~ 680 ug/L
• GRO ~ 3,500 ug/L

• 22 PFAS analyzed, 6 detected
• PFBA up to 6,200 ng/L
• PFHxA up to 16,100 ng/L
• PFHpA up to 6,080 ng/L
• PFNA up to 140 ng/L
• PFOA up to 450 ng/L
• PFPeA up to 24,000 ng/L



Study Site # 2

• Geology
• Fine-grained sand
• Zone of medium grained sand (~1 inch thick)

• Hydrogeology
• Unconfined aquifer
• Water table ~17 ft below surface
• Mean K 5 x 10-5 m/sec
• Groundwater velocity ~ 200 ft/year

• Geochemistry
• Iron & sulfate reducing



Study Site # 2

• Six permeable reactive barriers/zones created using:
• Colloidal activated carbon
• Powdered activated carbon
• Biochar
• Ion exchange resin
• Sodium persulfate- unactivated
• Hydrogen peroxide

• Injection
• Grid – 1.5 m spacing
• Direct push technology
• Multiple vertical intervals



Study Site # 2
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Study Site # 2

• Breakthrough observed throughout target zone 
• Except for CAC
• Hydrogen peroxide & persulfate 

breakthrough in 90 days

• High C > Low C PFAS 

• Sulphonates > Carboxylates

• CAC > PAC> IER > Biochar > Hydrogen peroxide 
= persulfate



Study Site #3

• Industrial Facility - China
• Comingled

• TCE up to 985 ug/L
• 1,2 cis DCE up to 258 ug/L
• Vinyl chloride up to 54 ug/L

• 5 PFAS detected
• PFBA up to 795 ng/L
• PFHxA up to 3,240 ng/L
• PFOA up to 420 ng/L
• PFPeA up to 12,800 ng/L
• PFOS up to 2,140 ng/L

• Geology
• Silty sand

• Hydrogeology
• Unconfined aquifer
• Water table ~3.2 m below surface
• K: 5 x 10-6 to 6.3 x 10-4 m/sec 
• Groundwater velocity ~ 9 m/year

• Geochemistry
• Iron & sulfate reducing



Study Site #3
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Study Site #3
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Study Site # 3

• Treatment with 3 months of application
• Comingled with TCE, 1,2 DCE and vinyl 

chloride

• Strong reduction conditions, dichlorination 
of TCE noted, treatment for greater than 2 
years

• Removal of PFAS to below 10 ng/L for 
greater than 2 years

• Greater than 99% of samples within target 
injection zone had CAC present



Study Site #4

• Residential/Small Industrial 
• Complex geology

• Silty sand
• Sand
• Fractured rock

• 5 PFAS detected within the 3 
aquifers
• PFBA up to 795 ng/L
• PFHxA up to 3,240 ng/L
• PFOA up to 420 ng/L
• PFPeA up to 12,800 ng/L
• PFOS up to 2,140 ng/L



Study Site #4
PFHxA

PFPeA



Study Site # 4

• Removal of PFAS within unconsolidated 
aquifers within 3 months to below 10 ng/L 
for greater than 1.5 years

• Greater than 99% of samples within target 
injection zone had CAC present within 
consolidation aquifers

• Breakthrough of C4-C5 carboxylic acids 
within fractured rock aquifer before 
sulfonic acids
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